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ABSTRACT

SCIENCE TEACHERS’ UNDERSTANDING OF SYSTEMS
AND SYSTEMS THINKING SKILLS, AND THEIR VIEWS
ON IMPLEMENTING A SYSTEMS THINKING
APPROACH IN THE CLASSROOM

In recent years, the world has been facing many serious and complex problems
such as climate change, water crisis, and health problems. More comprehensive, holis-
tic, and interdisciplinary approaches are needed to resolve such complex and global
problems. The systems thinking approach in education provides a holistic approach
that focuses on the interactions and relationships among components within complex
systems at different levels and includes systems thinking skills to solve these com-
plex problems. This study aims to investigate the understanding of science teachers
about a system and systems thinking skills, and their views on implementing a sys-
tems thinking approach in the classroom. The eight middle school science teachers
were the participants of the study. Data was collected through online interviews and
the qualitative content analysis was carried out to analyze the data. The findings re-
vealed that teachers defined the system as a part-whole relationship; systems thinking
as holistic thinking. The results showed that teachers had limited ability to think
in terms of stock flows, dynamically, and in causal loops in the context of domain-
general scenario-based questions and the water cycle. The teachers emphasized that
the systems thinking approach should be used in education and indicated different
methods and tools for teaching different subjects from the science curriculum with sys-
tems thinking. The results of the study suggest that the systems thinking and system
dynamics approach can be incorporated into teacher training curricula and workshops

to improve teachers’ competencies on knowledge, skills, and practices.
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OZET

FEN OGRETMENLERININ SISTEM VE SISTEM
DUSUNCESI BECERILERININ ANLASILMASI VE
SISTEM DUSUNCESI YAKLASIMININ SINIFLARDA
UYGULANMASINA ILISKIN GORUSLERI

Son yillarda diinya, iklim degisikligi, su krizi, ve saglik sorunlar1 gibi birgok ciddi
ve karmagik sorunla karsi karsiyadir. Bu tiir karmagik ve kiiresel sorunlarin ¢oziimu
icin daha kapsamli, biitiinciil ve disiplinler aras1 yaklagimlara ihtiya¢ duyulmaktadir.
Egitimde sistem diigiincesi yaklagimi, karmagik sistemler i¢indeki bilesenler arasinda
farkl diizeylerdeki etkilegimlere ve iligkilere odaklanan ve bu karmagik sorunlari ¢ozmek
i¢in gerekli olan sistem diiglincesi becerilerini igeren biitiinsel bir yaklagim sunmaktadir.
Caligmanin amaci, fen bilimleri 6gretmenlerinin sistem ve sistem diigiincesi becerileri
hakkindaki anlayiglarini ve sistem diisiincesi yaklagiminin sinifta uygulanmasina iligkin
goriiglerini incelemektir. Caligmanin katilimcilar: sekiz ortaokul fen 6gretmenidir. Veri-
ler cevrimici gortigmeler yoluyla toplanmig ve verileri analiz etmek igin nitel igerik
analizi yapilmistir. Bulgular, 6gretmenlerin sistemi bir parca-biitiin iligkisi; sistem
diigiincesini biitiinciil diigiinme olarak tanmimladiklarini ortaya koymustur. Sonuclar,
ogretmenlerin senaryo temelli sorular ve su dongiisii baglaminda stok akiglarla, di-
namiklerle ve nedensel dongiilerle diigiinme becerileri a¢isindan sinirh becerilere sahip
olduklarimi gostermistir. Ogretmenler, sistem diigiincesi yaklagimmin egitimde kul-
lanilmasi gerektigini vurgulamis ve fen miifredatindaki farkli konularin sistem diigtincesi
ile 6gretilmesi i¢in farkli yontem ve araglar belirtmiglerdir. Caligmanin sonuclari, sistem
diistincesi ve sistem dinamigi yaklagiminin, 6gretmenlerin bilgi, beceri ve uygulamalar
agisindan yeterliliklerini geligtirmek icin 6gretmen egitimi miifredatlari-na ve atolye

caligmalarina dahil edilebilecegini desteklemektedir.
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1. INTRODUCTION

In the 21st century, rapidly developing technology and science are driving the
economic, social, and cultural changes in humanity. At the same time, these rapid
changes bring many challenging situations to the world. In recent years, the world
has been facing many serious and complex problems such as climate change, water,
and food crisis, clean energy, economic inequalities, and health problems (Doganca
Kucuk & Saysel, 2018). The current paradigm emphasizes the ability to solve complex
problems encountered. Complex systems or problems involve multi-level organization,
interconnections, various components, and invisible dynamic processes (Hmelo-Silver
et al., 2007). Therefore, more comprehensive, holistic, and interdisciplinary approaches
are needed to solve such complex and global problems since it is not enough to approach
these problems in the context of a simple and single discipline and understanding

(Arnold & Wade, 2015; Hmelo et al., 2000).

The systems thinking approach in education provides a holistic approach that fo-
cuses on the interactions and relationships among components within complex systems
at different levels (Assaraf & Orion, 2005; Evagorou et al., 2009; Dutton-Lee et al.,
2019; Meadows, 2008; York et al., 2019) and it includes systems thinking skills that are
necessary for people to be systems thinkers and to provide solutions to these complex
problems (Fisher & Systems Thinking Association, 2023). The literature emphasizes
that systems thinking (ST) is an effective tool for dealing with the world’s problems
(Shaked & Schechter, 2017). Systems thinking is regarded as a higher-order skill that
is required in the domains of science, technology, and everyday life (Assaraf & Orion,
2005). Systems thinking skills may help individuals to view the system and complex
situations as a whole to understand how the operation of the system changes over time,
the organization and relationships of the parts within the system, the cyclic nature of
the system, and how the system relates to other systems (Assaraf & Orion, 2005) and
thus, hopefully, they can provide and evaluate alternative solutions to these complex

problems.



The multifaceted and inclusive nature of the systems thinking approach and the
development of systems thinking skills in students are consistent with the goals of
science education. Science education aims to develop students’ higher-order thinking
skills, such as scientific process and critical thinking skills, to explore connections across
the four domains of science, which are life, physical, earth, and space sciences, and to
provide solutions to complex problems, and to develop a coherent and scientifically-
grounded view of the world around them (Ministry of National Education [MoNE],
2018; Next Generation Science Standards [NGSS], 2013). Therefore, improving systems
thinking can be considered as one of the goals of science education (Bianchi et al., 2022;

Vare et al., 2022).

Moreover, science education includes various topics that can be taught using the
systems thinking approach, such as sustainable development, climate change, global
warming, water, carbon, and nitrogen cycles in the ecosystem as well as the human
body systems. These topics require people to consider their many aspects as a whole
and from a broader perspective. At this point, the systems thinking approach is the
key approach to addressing complex, multifaceted issues. However, in order to provide
students with systems thinking skills, it is important first to examine to what extent
science teachers have these skills (Skaza et al., 2013). Therefore, this study examined
how science teachers define systems and systems thinking approach and their reported

implementations.

1.1. Statement of the Problem

The science curriculum has an important place in the development of systems
thinking skills, both because of the complex systems it contains and because of its
relationship to other disciplines. Understanding the parts, functions, and interactions
of complex systems in science education and considering the systems as a whole are
important skills that individuals who have difficulty in dealing with these complex sys-
tems should have in an ever-changing world. Systems thinking is a holistic approach

that covers these skills, and it is important for teachers who are practitioners of science



programs to have a certain level of systems thinking skills so that they can present
the complex problems for the students effectively, establish connections between dis-
ciplines, and ensure that science subjects are comprehended as a whole. Therefore, it
is important to investigate science teachers’ understanding of a system and the sys-
tems thinking skills, and their views on implementing systems thinking approach in the
classroom Approaches should be developed to enrich teachers’ understanding, skills,
and teaching practices in systems thinking, with evaluation and discussion to be made

in line with the results.

1.2. The Purpose of the Study

The purpose of this study is to investigate the understanding of science teach-
ers about a system and the systems thinking skills, and their views on implementing

systems thinking approaches in the classroom.

1.3. Significance of the Study

In today’s world, we encounter complex and global problems. 21st-century skills
require individuals to be skilled in addressing complex problems, producing and eval-
uating sustainable alternatives, and applying them to current problems. Therefore,
systems thinking skills are crucial for individuals to handle complex problems in or-
der to better anticipate them and, eventually, adapt their outcomes (Arnold & Wade,
2015; Assaraf & Orion, 2010). In the literature, limited research and understanding
about teachers’ systems thinking approach in the context of science education and the
complexity in the process of understanding and interpreting systems appeared in sci-
ence education as well. In research including earth systems, water cycles, and human
body systems, it was revealed that individuals varied from K-12 students to teach-
ers had difficulty in reaching higher systems thinking skills (Assaraf & Orion, 2005;
2010; Dutton-Lee et al., 2019). Also, Arndt (2006) stated that system dynamics is
still underutilized by teachers, and the primary reason for this may be teachers’ lack

of system dynamics skills. Systems thinking is crucial to improve our capacity to com-



prehend the problems that confront our society, to come up with answers, and to act
as global citizens. Therefore, it is quite important to investigate the teachers’ systems
understanding and the systems thinking skills because teachers may guide students to
be better equipped with the complex issues around them. This study may provide
a perspective for the improvement of teachers’ understanding, skills, and practice of

systems thinking.

1.4. Research Questions

This study aims to explore science teachers’ understanding of a system, their
systems thinking skill levels, and how they incorporate their systems thinking under-

standing and skills into their teaching practices. The research questions are:

RQ.1: What are science teachers’ understanding of a system and systems
thinking approach?

RQ.2: What are science teachers’ systems thinking skill levels?

RQ.3: What are science teachers’ views on teaching systems and implementing

systems thinking approach in their classroom?



2. LITERATURE REVIEW

2.1. Definitions of Systems, Systems Thinking and System Dynamics

For the definitions of system and systems thinking in the following sections, first
of all, it is necessary to explain the concepts of systems thinking and system dynamics
that we encounter in the literature. According to the System Dynamics Society (n.d.),
systems thinking is a means of explaining and comprehending the relationships and
causality between the various factors that make up a system. Systems thinking is a
causality-based, comprehensive method to describe the dynamic interactions between
system components as well as external effects. On the contrary, system dynamics mea-
sures how these interactions affect each other. By quantifying interactions and creating
a time-dependent view of how the system behaves, system dynamics complements sys-
tems thinking. The systems dynamics covers creating digital simulations of complex
problems that include dynamic behavior. These models reveal interactions with fewer
obvious connections, dynamic complexity, delays, and unexpected outcomes (System
Dynamics Society, n.d.). In brief, while both systems thinking and system dynamics
share common aspects, they have some differences in terms of framework, foci, and

methodologies.

The term system may apply to a wide range of topics, including social systems,
ecological systems, and technological systems (Assaraf & Orion, 2005). To elaborate
on the systems thinking approach, first of all, a system should be defined. According to
Merriam Webster Online Dictionary (2022), a system is defined as “a regularly inter-
acting or interdependent group of items forming a unified whole” (Merriam-Webster’s
online dictionary, n.d.). Similarly, Assaraf and Orion (2005), who are prominent re-
searchers in systems thinking, defined the system as the existence and functioning of

a system as a whole with the interaction of its components (p. 519).



Besides the definition of a system, there are various definitions of systems think-
ing in the literature. Forrester (1994), one of the pioneers of system dynamics, stated
that there is no clear definition of a system and stated that systems thinking entails
a broad and general understanding of the system. He added that systems thinking
improves personal skills to understand the nature of the systems in which we work and
live. Similarly, Richmond (1994), who is a well-known researcher in the field of systems
thinking and system dynamics and is credited with coining the term systems thinking
in 1987, provided a more concrete definition and defined systems thinking as devel-
oping a deeper grasp of the underlying structure to make more accurate conclusions
about behavior. Forrester (1994) and Richmond (1994) made significant contributions
to the field of systems thinking and system dynamics. In the late 1980s, Richmond
developed the well-known STELLA (Structural Thinking, Experimental Learning Lab-
oratory with Animation) software package, which allows for the dynamic modeling and
simulation of intricate systems. The users can develop dynamic models, including com-
ponents and connections with the graphical interface STELLA. The STELLA program
has mainly four icons, which are stock, flow, converter, and connector. The program

also contains places for numeric values.

According to Senge (1990), who works in the field of systems thinking, systems
thinking focuses on recognizing the interconnections between the parts of a system
and then combining them into a unified view of the whole which includes recognizing
patterns and interrelationships and learning how to structure those interrelationships
into more effective ways of thinking. Senge (1990) emphasized how the parts act to-
gether in a system of different relationships. Sweeney and Sterman (2000) approached
systems thinking as an ability and defined it as the “ability to assess and represent
dynamic complexity” (p. 2). Systems thinking researchers have a common approach
that systems thinking requires understanding systems as a whole with their parts and
believe that instructions with systems thinking and system dynamics promotes signif-

icant thinking skills (Sweeney & Sterman, 2000).



On the other hand, Meadows (2008), another leading researcher in system dynam-
ics, defined systems thinking as a way of thinking that is both systemic and dynamic,
and indicated that systems include the following features: the parts, the interaction
between these parts, and the purpose of the system. This definition is consistent
with Assaraf and Orion’s (2005) definition , and there are common points, in terms
of elements and relationships, but Meadows (2008) considers the factor of a system’s
behavior over time. The system’s purpose is derived by seeing the difference between
the individual and collective behavior of the parts as a system, and the persistence
of the behavior of the whole structure over time under various conditions. In this
sense, Meadows (2008) emphasized that the system formed by decoupling the parts
is more than the sum of the parts. Similar to Meadows (2008), Arnold and Wade
(2015) considered predicting the system’s behaviors over time, so dynamic behavior.
Additionally, Arnold and Wade (2015) emphasized systems thinking skills in their defi-
nition and described it as a collection of synergistic analytical abilities used to enhance
the capacity to perceive and comprehend systems, predict their activities, and design
modifications to them in order to achieve desired outcomes. Arnold and Wade (2017)
expanded on their 2015 definitions by proposing a set of skills that support systems
thinking. These skills support the four basic principles of Arnold and Wade’s systems

thinking definition in 2015 as mindset, content, structure, and behavior domains.

Hopper (2007), a prominent researcher in system dynamics, suggested approaches
to evaluate interventions aimed at enhancing systems thinking within the scope of a
meta-analysis. The key characteristics of the systems thinking approach were revealed
by examining different research areas, from the system dynamics to biology and ge-
ographical science. The seven systems thinking components or traits around which
a consensus seems to exist in the literature are: recognizing interconnections, iden-
tifying feedback, understanding dynamic behavior, differentiating types of flows and
variables, using conceptual models, creating simulation models, and testing policies
(Hopper, 2007). In the current research, by considering the aspects of the system
dynamics mentioned above, the three most frequently encountered systems thinking

characteristics among these seven components were investigated, which are differenti-



ating types of flows and variables, understanding dynamic behavior, and identifying

feedback.

2.2. Definitions of Systems Thinking Skills

The National Research Council (2010) defined systems thinking skills as the abil-
ity to understand how a system works; how an action, change, or malfunction in one
part of a system affects the rest of the system. On the other hand, systems thinking
skills are defined by many researchers in the literature (Elmas et al., 2021; Hopper,
2007; Sweeney & Sterman, 2000). This section addresses the elements of systems
thinking skills identified by researchers.

Richmond (1993; 1997; 2000) defined seven systems thinking skills and offered
a non-hierarchical classification. These are to investigate how a system’s behavior
changes over time, to consider what’s causing the system to act the way it does, to
take into account the entire system’s behavior, to concentrate on the factors in a system
and how they influence its behavior, to take into account the cyclical impact of system-
related factors on one another, to look at system variables’ relative effects rather than
their absolute effects, and to put models and predictions regarding a system’s behavior
to the test. On the other hand, Sweeney and Sterman (2000) specified the systems
thinking skills as six skills. These skills include similar aspects to skills Richmond
(2000) defined, which are to determine the behavior and patterns of a system with
the interactions over time, to discover the feedback processes and nonlinearities, and
to identify stock-and-flow relationships. Sweeney and Sterman (2000) also indicated
recognizing delays and their impacts and challenging the boundaries of mental models.
The need to comprehend system dynamics and feedback loops in systems thinking is
stressed by Richmond (2000), Sweeney and Sterman (2000). The general comprehen-
sion of system behavior, system structures, and a system’s operational components
are given higher weight in Richmond’s (2000) framework. The paradigm developed by
Sweeney and Sterman (2000) emphasizes the value of testing hypotheses, establishing

boundaries, and tracking system behavior over time.



Assaraf and Orion (2010) created the framework: “The System Thinking Hier-
archical (STH) Model” (p. 541) to determine the level of systems thinking skills of
the learners. The model depicts the progression of systems thinking in the context of
earth systems education in three stages as the analysis, synthesis, and implementation
levels in an hierarchical order. The STH model was suggested in a study on 8th-grade
students (Assaraf & Orion, 2005) and supported in a study on high-school students
(Assaraf et al., 2013; Orion & Basis, 2008; ). This model consists of eight characteris-
tics of systems thinking skills. Structure-behavior—function (SBF) theory (Goel et al.,
1996) is another framework used in systems thinking literature used in especially biol-
ogy contexts (Hmelo et al., 2000; Hmelo-Silver & Pfeffer, 2004; Momsen et al., 2022).
According to this framework, structure denotes the components of the system, whereas
behavior denotes the internal processes and connections that explain how structures
are connected. Structures and behaviors work together to help the system carry out
its function or what it does. The various interconnected layers and dynamic dynamics
of a complex system are taken into account by SBF theory (Goel et al., 1996). By
characterizing a system’s subcomponents, their function within the system, and the
process that supports their functions, the SBF framework enables effective reasoning

about the functional and causal roles of structural elements in a system (Hmelo-Silver

& Pfeffer, 2004).

Moreover, Stave and Hopper (2007) conducted a thorough analysis of the sys-
tems dynamics literature comprising the Hierarchical Model of Systems Thinking El-
ements. This model includes seven aspects of systems thinking skills, and these skills
are also mapped in Bloom’s taxonomy levels. Of the aspects mentioned by the previ-
ous researchers, Stave and Hopper (2007) defined skills as recognizing interconnections,
identifying feedback, understanding dynamic behavior, and differentiating stocks and
flows. On the other hand, Stave and Hopper (2007) also emphasized using conceptual

models, creating simulation models, and testing policies among skills.

To sum up, Assaraf and Orion (2010) aimed to assess systems thinking skills

as domain-specific, while other researchers categorize the systems thinking skills as
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domain-general (Arnold & Wade, 2015; 2017; Richmond, 2000; Stave & Hopper, 2007;
Sweeney & Sterman, 2000; ). These frameworks’ structural differences, in addition to
their context reliance, are a key component of these frameworks. The links among
systems thinking skills are not stated in some of these frameworks (e.g. Richmond,
2000; Sweeney & Sterman, 2000). Another collection of frameworks highlights the
hierarchical nature of systems thinking skills (Assaraf & Orion, 2010; Stave & Hopper,
2007; Tripto et al., 2017). Although there are different frameworks, i.e., domain-
specific, domain-general, or hierarchical, commonly mentioned skills are stock-and-flow
thinking, dynamic thinking, and closed-loop thinking. Therefore, this study focused

on these three systems thinking skills.

2.2.1. Conceptual Definitions of Stock-and-Flow Thinking

Stock and flow thinking is a core concept in system dynamics (Asik & Doganca
Kucuk, 2021; Sweeney & Sterman, 2000). Stocks are accumulations that can increase
or decrease. A stock can only change through its inflow or outflow. Stock-and-flow
thinking is the ability to differentiate between stock and flow variables (Dorani et al.,
2015) For example, a population in a city is a stock that is increased by birth rates and
decreased by death rates which are named flows. Other examples include the water in
a reservoir and the inventory of a business. Stocks may create delays by accumulating
the difference between the inflow to a process and its outflow (Sterman, 2001; Sweeney

& Sterman, 2000).

2.2.2. Conceptual Definitions of Dynamic Thinking

Dynamic thinking is the ability to see and infer patterns of behavior exhibited
by a system rather than focusing on events and trying to predict them (Dorani et
al., 2015). It allows us to frame an issue in terms of how it behaves over time (Rich-
mond, 1993; 2000; Sweeney & Sterman, 2000). Dynamic thinking skills are developed
by tracing changing patterns of behavior over time and reflecting on the underlying

closed-loop processes that loop to produce specific events.
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Dynamic thinking suggests that the mental models should have a broad enough
time frame that encompasses the past to understand how a problem has originated and
extends into the future to consider the delayed and indirect consequences of our actions.
In other words, the thought process should take into account both the historical and
future context of a problem to gain a comprehensive understanding of its causes and

potential outcomes (Dorani et al., 2015; Richmond, 2000).

Dynamic thinking skill in system dynamics also involves the ability to communi-
cate effectively and collaboratively with others to build and refine system models and
to use these models to inform decision-making and problem-solving (Maani & Maharaj,
2004). Dynamic thinking requires an openness to new information and feedback, the
ability to think creatively and critically, and a willingness to revise one’s thinking based

on new insights and evidence.

2.2.3. Conceptual Definitions of Causal/Closed-loop Thinking

Diagrams of causal loops are closed loops with causal links (Doganca Kucuk &
Saysel, 2018). Causal-loop/Closed-loop thinking helps to recognize causality as an
ongoing, interdependent process rather than a one-time, one-directional event caused
by independent factors. Causal-loop thinking means appreciating the fact that causal
relations do not run one way; instead, they can be reciprocal and usually form loops
(Ossimitz, 2000; Richmond, 1994; 2000). Causal-loop diagrams can create reinforcing
and balancing cycles. For example, as the number of chickens in a poultry farm in-
creases, the number of eggs also increases. As the number of eggs increases, the number
of chickens also increases. There is a change in the number of eggs and chickens in the

same direction and increasing (Nuhoglu, 2008).
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2.3. Systems Dynamics Tools

There are tools used in the application of systems thinking and system dynamics
approach in K-12 to examine the structures and models underlying the systems (Fisher
& Systems Thinking Association, 2023). These tools include the iceberg model, be-
havior over time graph, stock-flow diagram, causal-loop diagram and inference ladder
(Benson, 2007). System dynamics tools are important to acquire systems thinking

skills and provide more effective learning for students (Lyneis, 2000).

e Stock-flow diagram: It includes the factors that cause accumulations to
increase or decrease over time. Accumulations can be concrete or tangible (For-
rester, 1994; Sweeney & Sterman, 2000). Stocks are usually represented with
rectangles, flows are represented with taps, and connectors are represented with
circles.

e Behavior over time graph: It shows how elements or events change over
time. It consists of line graphs with time on the horizontal axis and the behavior
to be studied on the vertical axis (Fisher & Systems Thinking Association, 2023;
Senge, 1994).

e Causal-loop diagram: It provides a way to comprehend and explain how a
dynamic system interacts with its elements. It shows the causal relationships and
circular cycles within the system (Forrester, 1994).

e The ladder of inference: It shows a common mental pathway used to make
sense of situations in order to take action (Senge, 1994).

e The iceberg model: It is used to deal with the underlying causes of an
event or problem by examining multiple levels of it. The levels include the event,

pattern, structure and mental model (Senge, 1994).

As examples of practice in education, students can use behavior over time graphs
to examine the behavior of events such as the amount of carbon in the atmosphere
or the current rise in global average temperature. With the help of stock-flow dia-

grams, students can solve and model complex problems such as population growth,
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world hunger or the growth of bacteria (Lyneis, 2000). Also, they can use causal-loop
diagrams among warming, melting ice and albedo effects. Moreover, They can use the
ladder of inference and iceberg model to evaluate their behavior and take action and

decision on social issues.

2.4. Systems Thinking Approach in Education

In the literature, there is research about the systems thinking approach in different
domains of science education, such as physical, natural, geographical, chemical, and
biological systems conducted with different participant groups such as pre-service and

in-service teachers, and K-12 level students (Mambrey et al., 2020).

In the context of earth systems, Assaraf and Orion (2005, 2010); Dutton-Lee et
al. (2019); Batzri, et al. (2015) examined the development of systems thinking skills
on the topic of the water cycle and reached similar results, although the participants
were pre-service & in-service teachers, and K-12 students. Participants had difficulty in
reaching higher systems thinking skills, such as recognizing hidden dimensions. Also,
the results revealed that the participants had difficulty in identifying components and

processes and recognizing multiple interactions and relationships between subsystems.

In the context of biology education, Assaraf et al. (2013), Raved and Yarden
(2014), Hmelo et al (2000), Ormanci et al (2018) conducted studies about the different
systems in the human body system with students and they emphasized that the human
body systems are suitable for processing with the systems thinking approach because
of its complex and detailed mechanisms. These studies concluded that the students
were better at low-level systems skills, such as identifying components in the subject
of human body systems. On the other hand, the students were lower at high-level
thinking skills, such as recognizing interrelationships among several earth systems and
hidden parts of the hydrological system (Assaraf & Orion, 2005; 2010). These studies
also concluded that the systems thinking skills of the students were insufficient in the

unit of human body systems, and there is a need to gain a systems thinking approach



14

while teaching this topic.

When the studies with teachers and teacher candidates are examined (Ateskan
& Lane, 2018; Karaarslan, 2016; Karaarslan Semiz & Teksoz, 2020; Dutton-Lee, 2015;
Schuler et al., 2018 ), the literature indicates that systems thinking is a main and neces-
sary skill to become an equipped teacher about education for sustainable development
which is a topic requires systems thinking approach. Also, findings implied that there
are struggles to achieve certain systems thinking skills, and the attempts to be carried

out will create a positive improvement in the systems thinking skills of teachers.

According to the studies in the literature, different participant groups, from K-12
students to teachers, have shown various skills in different aspects of systems thinking
in the context of physical and biological systems (Assaraf & Orion 2005; 2010; Dutton-
Lee et al., 2019). The gap between systems thinking in teacher education and in-service
teaching has been noted in the literature on systems thinking in education (Dutton-Lee
et al., 2019). Therefore, it is important to determine the status of teachers in terms
of systems thinking understanding, and skills. Accordingly, this study investigates
how science teachers define a system and the systems thinking approach and how they
explain the implementation practices for teaching systems thinking in middle school

science contexts.

2.5. System Dynamics Approach in Water Cycle

In the context of the water cycle, system dynamics can be used as the systems
thinking and modeling methods to understand the behavior of the water cycle as a
complex system. Assaraf and Orion (2010) studied the water cycle based on sys-
tems thinking skills. In terms of system dynamics, the water cycle process involves
identifying the stocks-and-flows for water, as well as the various feedback loops and
interdependencies that affect the whole behavior of the water cycle (Assaraf & Orion,

2010).
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With the help of the system dynamics, researchers and educators can develop
computer models of the water cycle that simulate the interactions between different
components of the system, such as precipitation, evaporation, and infiltration in the
water cycle. These models can help to identify the key factors that influence the
behavior of the water cycle and to examine how changes in one part of the system can

affect other parts of the system.

A valid and commonly encountered example of stock-and-flow thinking in sec-
ondary school science education is understanding the water cycle. In this system, the
stock represents the amount of water in the atmosphere, oceans, rivers, lakes, and
groundwater, while the flows represent the movement of water through various pro-
cesses, such as evaporation, precipitation, runoff, and infiltration. Using the STELLA
program, the system dynamics model of the water cycle is presented in the following
sections. Students can develop a deeper understanding of the water cycle and the fac-
tors that influence its behavior by using stock-and-flow thinking. For example, they
can create a system model that shows the different stocks and flows and identify the

feedback loops that occur when changes in one part of the system affect other parts.

With the help of system dynamics and models, students can improve their stock-
and-flow, dynamic, and causal-loop thinking skills to analyze the impacts of human
activities such as the effects of climate change, water management practices, and land
use on the water cycle. The models allow students to try different scenarios and com-
binations, and become more confident in their decision-making process. For example,
they can explore how changes in land use, such as deforestation or urbanization, can
affect the flow of water and the availability of freshwater resources on the earth. In
general, stock-and-flow and causal-loop thinking skills provides a powerful method for
understanding complex systems in science education and can help students develop
critical thinking skills that are essential for coping with real-world problems and mak-
ing conscious decisions about the future sustainable world (Skaza et al., 2013). In
addition, through dynamic thinking practices students can see how their actions and

decisions will lead to future outcomes based on the past. By developing models that
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include these factors, researchers and educators can gain a better understanding of the
complex interactions between human activities and the water cycle and develop more
effective strategies for managing freshwater resources. Consequently, the use of system
dynamics in science education provides a powerful approach for comprehending and
dealing with complex systems like the water cycle. It provides opportunities to pro-
mote sustainable solutions that consider the interconnectedness of different components

within the system.
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3. METHODOLOGY

This chapter gives detailed information about the design of the study, the sample
for the study, data collection instruments, and data analysis. This research is conducted
as a qualitative research design to establish answers to three research questions. The
study was conducted through online interviews with eight science teachers and the

qualitative content analysis was carried out to analyze the data.

3.1. Participants of the Study

Participants of this study were determined by purposive sampling. In purposive
sampling, participants are determined according to pre-selected criteria relevant to a
particular research question (Gay et al., 2011). The criterion was that teachers were
trained in systems thinking in education and applied systems thinking practices in
their classrooms. These criteria were set to ensure that teachers were familiar with the
terminology of systems thinking and system dynamics and were better able to engage
with the research content. The participants were eight middle school science teachers
(teaching grades 5 to 8) working in a private school. The teachers voluntarily received
training in the systems thinking approach provided by the systems thinking association
in Turkey. Teachers first completed the three hour asynchronous theoretical training
about systems and systems thinking tools, and then they completed eight weeks of
practical training synchronously for thirty minutes each week. Teachers volunteered to
work with the systems thinking trainers to develop content for the corresponding units
for grades 5, 6, 7, and 8 and to implement the content in their classrooms. In addition
to the content development and classroom implementations, the teachers conducted an
overall evaluation by meeting with the systems thinking educators after each practice.
Teachers have been actively engaged in systems thinking since 2020. Demographic
information about the participant is given in Table 3.1 below. According to the table,

only two of the eight teachers are male, and they have varied years of experience.
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Table 3.1. The demographic information about the participant.

Years Year of | How long ST

Participants | Gender of Education training has been

experience received practiced
A Female 14 Undergraduate | 2021 1 year
B Female 7 Graduate 2020 3 years

C Male 9 Undergraduate | 2022 1.5 years
D Female 4 Graduate 2020 3 years
E Male 7 Undergraduate 2020 3 years
F Female 6 Undergraduate 2020 2 years
G Female 6 Undergraduate 2020 2 years

H Female 14 Undergraduate 2022 4 months

3.2. Data Collection Instruments

In accordance with the purpose of the research, the structured interview method
was used to gather in-depth information about the participants’ opinions and experi-
ences. Interview questions were developed and implemented based on the studies in

the literature.

3.2.1. Interview Questions

Interviewing is one of the methods that is most commonly used for qualitative re-
search in education. As a qualitative study aimed at acquiring a deeper understanding
of the participants’ systems thinking understanding and skills, interviews were used as
the basis for data collection in this study. Interviews were used to clarify middle school
science teachers’ knowledge of systems thinking, skills, and ideas for implementing

systems thinking in science classrooms.

At the beginning of the interview questions, the questions that include the demo-

graphic information about the participants were placed. The interview questions are
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composed of three sections as shown in Table 3.2. The interview protocol is given in
Appendix A. Appendix B shows which questions were analyzed under which research
question. In the first section, there were nine open-ended questions, which were adapted
from the study of Dutton-Lee et al. (2019). After the questions in the original study
were translated into Turkish, necessary revisions were made to ensure the integrity of
language and meaning in the Turkish context. The questions included four identified
themes which include defining water cycle systems as a continuous pattern, determin-
ing differences between high- and low-level systems thinkers, identifying pedagogical
approaches for teaching systems thinking, and determining participants’ challenges in

teaching systems thinking (Dutton-Lee et al., 2019).

Table 3.2. Questions in each section of the interview.

] ) Number
Sections Subsections
of items
Defining system 3
Defining water cycle as a system 4
First section
Identifying pedagogical approach 1
Determining challenges 1
Stock-and-flow thinking 1
Second section | Dynamic thinking 1
Causal-loop/Closed-loop thinking 1
Defining systems thinking and systems thinking tools 2
Third section | Position to systems thinking skills in education 1
Implementation of systems thinking approach 6

In the second section of the interview, three scenario-based questions were asked
to explore how science teachers demonstrate systems thinking skills (Dorani et al.,
2015). The questions were related to the stock-and-flow thinking, dynamic thinking,
and causal-loop/closed-loop thinking skills. The questions were context-independent,

scenario-based, and adapted from the research of Dorani and his colleagues (2015) on
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the development of question sets to assess three systems thinking skills. After the ques-
tions in the original study were translated into Turkish, expert validity for the Turkish
version of the questions was provided by educational researchers and systems think-
ing researchers in order to ensure integrity of language and meaning and to maintain

validity that the questions refer to the relevant skills.

In the last section of the interview protocol some questions were adapted from
the study of Gilissen et al (2020). In this section, the aim was to determine how science
teachers define systems thinking, their position to systems thinking skills in education
and their views on implementing systems thinking approach and the systems thinking

skills in teaching practices.

3.2.2. Validity and Reliability of Interview Protocol

The questions were formed based on the relevant literature. An expert from the
Systems Thinking Association in Turkey checked the clarity and accuracy of the in-
terview questions elicited with the interview protocol after translation. A pilot study
was conducted by the researcher to validate the clarity of the interview protocol. Some
changes were made in accordance with the pilot study in order to maintain the clarity
and integrity of meaning in the question structures and interview framework. Re-
garding the pilot stidy, the following changes have been administered to the interview
protocol. The order of the sections of the interview was changed as knowledge, skills
and practices as in the research questions. In the third section of the interview, the time
adverbs in question six were rewritten and question prompts such as “Please explain
the questions” and “Can you describe it by writing or drawing?” have been added to
the interview. In the third section of the interview, a question was added about how

teachers conduct assessment and evaluation processes.



21

3.3. Researcher Positionality

The exposure of an author’s self-identifications, experiences, and privileges as
they relate to research methodologies is known as positionality (Berg & Lune, 2017).
The researcher of this study has a background in systems thinking and system dy-
namics education. She earned her bachelor’s degree in science education and since
2020, she has been following the works, meetings and practices of the System Thinking
Association in Turkey. She participated in preparing content and an article about sys-
tem dynamics implementations with the System Thinking Association. The researcher
also has experience in qualitative research methods. She took a course on qualita-
tive research during graduate education and has one qualitative research article. The
researcher’s development as a science teacher in the process of systems thinking and

system dynamics made her want to conduct this study.

The researcher knew the science teachers who participated in the study from their
practical lessons and the activities of the System Thinking Association. She met them
face to face and online several times. She had the opportunity to observe teachers’
practices involving systems thinking and system dynamics and to work on the systems
dynamics contents together with them. To conduct the interviews in this study, the
researcher contacted the teachers individually. Researcher’s insider role, knowing them
personally as teachers, may have a positive impact on their open sharing of ideas,
but this insider role may also raise teachers’ concerns about being evaluated on their
systems thinking knowledge and skills. However, this concern was tried to be minimized
at the beginning of the interview by saying that the research results would not be used
outside the research and that the participants’ information would not be shared and

that they would be referred to anonymously.

3.4. Procedure

The data were collected using the interview method. Before data collection for

the study, the necessary permission for conducting research was taken from the Eth-
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ical Committee of Bogazigi University (Appendix C) and the Ministry of Education
(Appendix D). The participants were contacted by e-mail and the place and time of
the interview were determined. Then, the permission of the participants was obtained
through a consent form (Appendix E). The interviews were conducted online because
the teachers preferred it due to their work schedule. Their audio was recorded during

the interviews.

3.5. Data Analysis

The interviews were first transcribed and then analyzed qualitatively. The method
of analysis was based on a qualitative approach (Creswell, 2009). First, the interview
questions in the three sections mentioned above were grouped according to the research
questions they were intended to measure. The names of the teachers were replaced
with pseudonyms through an analysis process in accordance with ethical rules. The
audio recordings of the interviews were transcribed and codes were created inductively
and deductively. In this study, the Systems Thinking Rubric which was developed by
Dutton-Lee et al. (2019, p.150) was used to analyze the interviews because of that
rubrics are useful for educators and learners to assess their understanding and applica-
tion of system dynamics concepts, identify areas for improvement, and track progress
over time (Dutton-Lee et al., 2019). The codes developed by the researcher and the
codes were re-read by a second researcher. The codes were finalized together by coming
to a consensus in the discrepancies on the codes and categories. The analysis method
of preparing a model from the teachers’ answers to the first and third scenario based
questions and questions referring to the water cycle was seen in Davis and his colleagues
study in 2020. The question analyses were repeated by the second researcher. In addi-
tion, teachers’ responses were analyzed only under the research question to which they
were related. The quotations presented in the results section were extracted from the
teachers’ responses to the relevant question and not all statements were given in the

tables.
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3.5.1. System Thinking Rubric

The Systems Thinking Rubric was created by Dutton-Lee et al. (2019). The
process of creating the Systems Thinking Rubric involved analyzing data inductively
to identify patterns, themes, and categories from in-service and pre-service teacher
responses to identify systems thinking levels and to explore systems thinking within
proposed lessons on the water cycle (Dutton-Lee et al., 2019). These levels were deter-
mined based on an evaluation of participant statements using components of the The
System Thinking Hierarchical (STH) Model of systems thinking, interactions among
subsystem processes and components, and NGSS crosscutting concepts (Dutton-Lee
et al., 2019). The final rubric had four levels (novice, beginning, intermediate, and

advanced) with each participant’s response coded to a particular level.

In this study, the rubric was revised in terms of the number of components and
processes since the number of components and processes that distinguish between the
levels of systems thinking in the original rubric was not distinctive in the context of
this study because the models in this study included more components and processes.
Therefore, the number of components and processes in the current rubric was revised
to include a percentage ratio. The levels of the teachers were divided into four equal
levels according to the inclusion of 0-24%, 25-49%, 50-74% and 75-100% of the total
number of components defined in the possible models. The revised Systems Thinking

Rubric was given in Appendix F.

3.5.2. Dynamic Thinking Skills Rubric

The responses to the question “What is a system?” (Question number 1 in the
first section of the interview) were given in Table 3.3 below. The parts that teachers
emphasized about the system as a whole and the parts that they emphasized that
it consists of parts and elements or concepts were shown as a bold font in Table 3.3.
While Teachers A, B, E, F, G, H emphasized the system as the part-whole relationship,

Teacher C emphasized the cause-effect relationship, and Teacher D gave a comprehen-
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sive description of the system based on the relations between concepts by taking into

account the dynamic movement not mentioning about creating a whole.

Table 3.3. Rubric for dynamic thinking skills.

Levels Description of Levels Potential answers
Mert would choose either the small
Lack of Dynamic
house or the large house based on
Thinking:
Novice immediate factors such as personal
Individuals show no
Level preference or immediate affordability,
understanding or
(Level 0) without considering the behavior
application of dynamic
patterns or long-term implications
thinking principles.
of the real estate market.
Based on the behavior patterns
Recognizing Behavior
observed such as real estate prices
Patterns:
Recognition in the city and the emerging
Individuals focus on
Level neighborhood, Mert would choose
identifying and deducing
(Level 1) the option that aligns with the
behavior patterns within
expected long-term appreciation
a system.
in value.
Framing Problems in
Terms of Behavior Mert would choose the option that
Beginning | over Time: aligns with his understanding of the
Level Individuals frame behavior of real estate values over
(Level 2) problems or issues in time, considering the potential
terms of their behavior growth or stability of the areas.
over time.




Table 3.3. Rubric for dynamic thinking skills (cont.).
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Incorporating Time
Horizon in Mental

Models:

Mert would choose the option that

Intermediate aligns with his assessment of
Individuals expand
Level the historical trends and future
the time horizon
(Level 3) prospects of the real estate market
of their mental models
in both locations.
in terms of past and
future trends.
Mert would choose the option that
Embracing Change and
aligns with his understanding of
Gradual Shifts:
the dynamic nature of the real estate
Advance Individuals fully
market and its potential for future
Level embrace the dynamic
growth or change. He might choose
(Level 4) nature of systems and

actively analyze gradual

changes.

the option that aligns with his
long-term vision and promotes

sustainable development.




26

4. RESULTS

4.1. Results of The First Research Question

RQ).1: What are science teachers’ understanding of a system and systems thinking

approach?

4.1.1. Teachers’ Definition of a System

The responses to the question “What is a system?” (Question number 1 in the
first section of the interview) were given in Table 4.1 below. The parts that teachers
emphasized about the system as a whole and the parts that they emphasized that
it consists of parts and elements or concepts were shown as a bold font in Table 4.1.
While Teachers A, B, E, F, G, H emphasized the system as the part-whole relationship,
Teacher C emphasized the cause-effect relationship, and Teacher D gave a comprehen-
sive description of the system based on the relations between concepts by taking into

account the dynamic movement not mentioning about creating a whole.

Table 4.1. Teachers’ statements for defining the term system.

Categories | Teachers Teachers’ Statements for a System Definition

I define it as a whole, of course.

A It is the whole formed by relating the parts to
each other.
Part-whole I define the system as the relationship between parts
relationship B and wholes. I say it is a big pattern of small

interrelated parts.

A system is an order for me. To provide this order,

E it is actually a holistic approach and holistic creation

by bringing together small and small parts.




Table 4.1.
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Teachers’ statements for defining the term system (cont.).

I can describe it as a set of events that shows
everything that is related to the system in an
interconnected way, a set of events that shows

the parts together.

I can define it as a whole with structures that

interact with each other and influence each other.

I can talk about the wholeness that forms a unity or
that I think of as a phase of the things I implement.
So think of it as everything that I relate to the subject.

Cause-effect

relationship

We can define it as a cause-and-effect relationship.
In the sciences, there are parts of the subjectwe
study that develop this subject or there are parts that
hinder the development of this subject. Let me add
again from classical systems thinking. There are input
flows and output flows. These input flows and output
flows can increase or decrease the subject we are
working on. I can define it this way, so we can think

of a system with input and output flows.

Dynamic
relations

with concepts

As soon as I want to show the relationship(s)
between any two existing concepts, or even if a
concept has a relationship with itself, I can start at
that point. So I can describe the system as a result of
elements, relationships, their connections

and any dynamic movement.
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4.1.2. Teachers’ Definition of Systems Thinking

The responses to the question “How do you define systems thinking?” (Question
number 1 in the third section of the interview) were given in Table 4.2 below. Teachers
A, B, H and E emphasized the systems thinking as a whole and holistic thinking, Teach-
ers C, G and F emphasized relationships between the concepts/variables and modeling
their relationships, Teacher D described systems thinking as a way of thinking and a

method of communication.

Table 4.2. Teachers’ statements for defining systems thinking.

Categories | Teachers Teachers’ Statements

Reaching the whole or seeing the whole by
making sense of the relationship between the
parts. In other words, to reach the whole by

o combining the parts, or to separate the whole
Holistic

o into parts, but to make sense of them by
thinking
understanding the relationships between them.

A holistic thinking that allows us to see the
B main cause of a situation and helps us to find

the reason for its occurrence.

I see systems thinking as an idea that teaches

a holistic approach to a problem. In other words,
E I define it as a thought that seeks solutions not by
defining a problem in its upper definition, but by

going deeper, by going deeper.




Table 4.2. Teachers’

statements for defining systems thinking (cont.).

When you act with the systems thinking in mind,
your perspective on things is a little different. Yes,
there are things that feed the system or there are
things that disrupt the system, but

you think of them as a whole. When you act
with this thought, you have a slightly different

perspective.
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Modeling C
relationships
between

concepts

As a teacher, I define systems thinking as follows:
The topics I am trying to explain are actually all
connected to a network of systems and it can be
very difficult to visualize them in the minds of
students. In most of our lessons we actually
create a concept map. At the end

we need to create a framework to connect
the concepts, or at the beginning we need to
create a framework for the children to understand,
and this framework helps to connect the pieces
that the children have learned. Actually, I have
seen that when systems thinking in education is
learned and applied, it is more useful than concept
maps and it is useful for students to see the whole
and to combine those parts. Especially, I mean,

I was able to reduce a subject that I taught in 4-5
lessons or 6-7 lessons to 3-4 lessons by using

systems thinking.
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Table 4.2. Teachers’ statements for defining systems thinking (cont.).

I can model any situation when I define the event

as a system. There can be many variables. We are
science teachers now and we usually try to do
experiments using one independent variable in

our experiments. But life is not like that. Systems

G in life are not like that. There are many independent
variables. There are many different causes affecting
a situation. I can place all of these variables in
a meaningful way that I can see and solve the
relationship between them. I can say that

modeling contributes to me in this sense.

It is actually an idea that shows
the interrelatedness of systems, where we can

actually concretize everything very clearly,

’ especially abstract events, and we can observe
them very clearly with their graphics, and
what will happen in the future.
Systems thinking to better understand an existing
A way of system, to create a common language. To become
thinking aware of non-linear behaviors in the system.
& D It is also a way of thinking and a method
commu- of communication in which we realize the
nication relationships that we cannot realize with

human intuition by using different tools.

The responses to the question ”Explain the tools of systems thinking? ” asked to
see the teachers’ knowledge of systems thinking in their implementations. Teachers B,
C, D, E and F mentioned stock-and-flows, Teachers B, C, and D explained behavior

over time and only Teacher D explained causal-loops. Table 4.3 shows some examples of
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teachers’ explanations for stock-and-flows, behavior over time and causal-loops, which

are emphasized as a bold font in the table.

Table 4.3. Teachers’ explanation for systems thinking tools.

Categories | Teachers Sample Teacher Explanations

I think the system thinking tools explain the
stock-flow diagram. The stock flow
diagram is actually a diagram that shows
that there is more data in it and that there is
an input and an output and that these
accumulate in a stock. Of course, factors
Stock-flow E also affect this. Apart from that, there is the
iceberg model, we haven’t used the iceberg
model much, there is the ladder of inference.
They come into play in the parts that are
mostly used by social science groups or where

there are more social science topics, we were

dealing with emotions in the inference ladder.




Table 4.3. Teachers’ explanation for systems thinking tools (cont.).

Stock-flow
Behavior

over time

In the stock-flow we find the concepts that
increase and decrease the system. In the
stock-flow there is a main stock, there are
increasing and decreasing concepts and there
are influencing factors. There are side links.
We find out what are the situations that cause
the accumulation of what accumulates in the
system and what are the actions that will
reduce the accumulation and what are the
factors affecting these actions. Behavior
over time, on the other hand, when I say
stock-flow in the system, how the system

will behave according to the state of the input
and output flows over time, how the system
will behave will increase, decrease, remain
constant, and how it will continue, both

inferences and mathematical expressions.
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Table 4.3. Teachers’ explanation for systems thinking tools (cont.).

Stock-flow
Behavior
over time

Causal-loops

Graphs of behavior over time, where

the x-axis is always time and the y-axis

is what is changing. Causal-loop diagrams
are about writing the elements and showing
the causal relationships between them in the
form of an increase in one and an increase

in another, or an increase in one and a
decrease in another, and then extracting

the balancing and reinforcing loops from
there and summarizing them a little more.
But you cannot enter very numerical values
in these, or the mechanics of the work cannot
be shown much. It is not possible to
understand the dynamics very much. In the
stock-and-flow diagrams, there may be factors
that we call connectors or converters. These
can also be numerical. It can be done without
using anything numerical at all, just to
describe the situation, that is, this
accumulation and flow. When it is done
numerically, it may be necessary to pay a
little more attention to the units, to actually
use that converter to convert one to another.
I think stock flow diagrams make you ask
more questions because they are simpler.

You need to get down to the simplest to

explain it.
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4.1.3. Teachers’ Example of System

In addition, the examples given by the teachers to the question ”Can you give
an example of the system?” were shown in Figure 4.1 together with their percentage
rates (Question number 2 in the first section of the interview). The examples given
cover fifth, sixth, and eighth grade subjects which were food pyramid, matter cycles,
human body systems, circulatory system, digestive system, heat and temperature,

environment, solar system and ecosystem.

System Examples

= Food Pyramid
= Matter Cydes (water, carbonetc.)
Human Body System
Circulatory System
23% S
= Digestive System

= Heat & Tem perature

® Environment
= Solar System

= Ecosystem

23%

Figure 4.1. The system examples given by teachers.

The responses to the question about what are the characteristics of the mentioned
system (Question number 3 in the first part of the interview), which is asked in order
to better understand the system and the approach of systems thinking, show that the
most common characteristics teachers mentioned were: the existence of components,
the existence of relations between the components, the components forming a whole,
the disruption of the system when a component is removed from the system. Table 4.4
shows examples of teachers’ statements for these characteristics. The characteristics of

the system in statements are emphasized as a bold font.



35

Table 4.4. Teachers’ statements for systems characteristics.

Categories | Teachers Sample Teacher Explanations

The characteristics of this system

are to take all objects, living or
Existence of
E non-living, that interact with
components
the environment.Components

are all actually.

Existence of
There are elements. There are

relationships
D connections between the elements
between
and there is a behaviour through time.
components
Existence of I think the most important feature
parts that A is that the parts form a whole,
make up and when they come together,
a whole they fulfill the task of that whole.
In fact, there are many structures and
parts in this system, but they are all
interrelated. They are interconnected
Ripple of
and affect each other. In other words,
System F
when there is a somewhere in
Malfunction

the system, it affects not only
itself, but actually each step,

the whole, positively or negatively.

According to the responses to the question about whether the water cycle is a
system, all teachers stated that the water cycle is a system. The teachers’ reasons
for why the water cycle is a system are given in Table 4.5. Teachers A, C, E, and
F emphasized that the water cycle system is composed of interrelated parts, whereas
Teachers B, D, and H emphasized that the system is a cycle. Teacher G emphasized

that the water cycle consists of stocks and flows and that the amount of water will not



change.

Table 4.5. Teachers’ statements on the water cycle as a system.
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Categories

Teachers

Teachers’ Statements

Existence of

interrelated parts

Yes, I think it is a system because they are
interrelated. So an increase in one affects
the other. If I think of one of them as the
increase in evaporation affects something
else .... because it will have to come back

somehow.

The water cycle is a system where the
presence or decrease or increase of water

in an environment depends on various
factors. .. If evaporation is high, then the
amount of water in the lake will decrease.
So the water cycle can be likened to a

system.

It is a system because it is always
interacting. And when you remove
a part from that system, the system

breaks down.

The water cycle is a system because,

you know, there are sub-headings that affect
it as well, such as if this increases, this
decreases, if this happens, this happens,

so there are also related situations.




Table 4.5. Teachers’ statements on the water cycle as a system (cont.).
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Existence of

a continuous cycle

The water cycle is a system because we
have flows again, so we can actually count
water as a stock in a certain amount, if we
do not count the surface flows that are lost,
there is always a cycle that continues
within each other as evaporation and

precipitation.

The water cycle is a cycle. It shows water
going from one place to another. So

I can look at it as a water system. When

it’s a water cycle, I'm only focusing on

one part of it, but there’s no feedback in it,
but there is a cycle there. It shows the
discharge of water from one place to

another, there is no feedback, but I think

I would still say it’s a system.

I think yes, because there are things that
increase the water content in that system.
There are things that decrease it and

it’s a continuous cycle.
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Table 4.5. Teachers’ statements on the water cycle as a system (cont.).

Yes, because water can actually be thought

of as a reservoir if we look at the water we
have in the world in general, and in the idea
of the system. There was the flow and the
stock. So if we think of water as a stock,
Existence of we can make a lot of flows. The amount
stock & flows of water there always remains constant.
Maybe the amount of usable water changes,
but the amount of water that is available
always remains constant. Anything I can
put in that stock flow diagram I define

exactly.

4.2. Results of The Second Research Question

RQ.2: What are science teachers’ systems thinking skill levels?

Three questions were asked to determine the level of teachers’ systems thinking
skills. These questions related to the three skills: stock-and-flow thinking, dynamic
thinking, and causal-loop/closed-loop thinking. The responses to the three questions
were analyzed according to the revised Systems Thinking Rubric (Appendix F) and
the teachers’ systems thinking levels were determined on the basis of each skill. The
teachers’ responses were analyzed by examining how much the questions covered the
total components and processes in the possible answers developed in the STELLA

program using system dynamics.
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4.2.1. Results for the Teachers’ Stock-and-Flow Thinking Skills

The answers given by the teachers to the first scenario-based question, which
refers to the stock-and-flow thinking skills, were first transcribed and modeled on

STELLA using system dynamics. The scenario-based question is given below:

“A new problem was emerging in the city of Izmir, which was always overflowing
with tourists: Rats! The city was slowly filling up with rats that were eating everything.
The kindly mayor who worried about his citizens and the city’s tourists called in his
assistant to find a solution to the rat problem. The assistant worked hard to find a
poison that most rats, except for a few, were attracted to the smell of, and found a
poison that the rats died shortly after eating it. The number of rats increased so much
that the mayor immediately approved the idea. The rats ate the poison and soon died.
When people got rid of the dead rats in their city, they organized a big celebration and
thanked the kind mayor for his efforts. But even though no more rats entered the city
from outside and the problem seemed to be solved, it wasn’t long before the city was full

of rats again. So why did the number of rats increase again?”. (Dorani et al., 2015).

Figure 4.2 showed the possible model of the given scenario for the Stock-and-Flow
Diagram developed using system dynamics in the STELLA program. Six components
and twelve processes/relations were determined in this scenario. The total number of
elements was taken as eighteen. Stocks were represented with rectangles, flows were
represented with taps, and connectors were represented with circles. The arrows in the

model were connectors that show the relations.
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Figure 4.2. Stock-and-flow diagram of first scenario by system dynamics at STELLA.

Table 4.6 showed the teachers’ statements, their possible stock-and-flow diagrams,
the number of highlighted components and processes/relations in the diagram, and
their systems thinking levels. The teachers’ stock-and-flow models were created at
STELLA by the researcher based on their responses. The teachers’ systems thinking
levels were determined using the revised Systems Thinking Rubric according to the
number of components and processes in their models. In the statements of the teachers,
while stocks were analyzed as a component; flows were taken as relations and processes
according to the rubric. According to the results, Teachers B, E, and G were at level 0
(novice) and Teachers A, C, F, and H were at level 1 (recognition) in terms of the ability
to think with stock and flows. There was one teacher reaching level 2 (beginning) which

was Teacher D and there were no teachers reaching level 3 (intermediate) regarding



the revised Systems Thinking Rubric.
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4.2.2. Results of the Teachers’ Dynamic Thinking Skills

The answers given by the teachers to the second scenario-based question, which
referred to the dynamic thinking skill were analyzed according to the dynamic thinking

skills rubric given in Table 3.3. The scenario-based question is given below:

“Mert was looking for some real estate options to invest in. Two of the real estate
agent’s offers seemed interesting to him: the first offer was a small house near the heart
of the city visited by tourists, where real estate is valuable, and the other offer was a
large house in a less expensive but developing neighborhood. Which one would you

choose if you were Mert? Explain your answer with reasons.”(Dorani et al., 2015).

Table 4.7 shows the responses of the teachers to the question, the description
of the responses, and the teachers’ dynamic thinking levels according to the rubric in
Table 3.3. According to the results, Teachers B, F, and H were at level 0, Teachers C
and E were at level 1 and Teachers A, D, and G were at level 2 in terms of dynamic
thinking skills. It was found that the teachers could not reach levels 3 and 4 in terms

of dynamic thinking skills.
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4.2.3. Results of the Teachers’ Causal/Closed-loop Thinking Skills

Teachers’ responses to the third scenario-based question, which included the
skill of causal-loop thinking, were modelled in STELLA using system dynamics. The

scenario-based question was:

“A farming village was facing a pest problem due to two different insects: green
and red bugs. The green bugs fed on the crops as well as the red bugs, and so the
population of green bugs exceeded the number of the red bugs and was the main cause
of crop loss. Villagers gathered to protect their crops against green bugs and find a
solution. They used a special pesticide to destroy the green bugs, but after a while their
crops were still disappearing. Why do you think this happened? Can you explain in

writing or drawing?”.(Dorani et al., 2015).

Figure 4.3 showed the possible model of the given scenario for causal-loop think-
ing developed using system dynamics in STELLA. Causal links were represented with
arrows, nouns were variables, and +/- signs showed the direction of each link and the
letter within the loop showed that the cycle is reinforcing or balancing. Four stocks
and seven processes/relations as flows were identified in the scenario. The total num-
ber of elements was taken as eleven. Table 4.8 reveals the teachers’ statements, the
components, and processes highlighted by the teachers in the possible causal-loop dia-
gram and their systems thinking levels. The teachers’ causal-loop models were created
at STELLA by the researcher based on their responses. In the teachers’ statements,
stocks were analyzed as a component; relationships were taken as a process according
to the rubric. According to the results, Teacher H was at the recognition level; Teachers
A, B, C, D, E, F, and G were at the beginning level in terms of the ability to think with
causal loops. Regarding the findings, the teachers could not reach level 3. According
to the model of possible answers in Figure 4.3, it was found that the teachers did not

mention the relationships seen with the red arrow, i.e. positive relationships.
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Figure 4.3. Causal-loop diagram of second scenario by system dynamics at STELLA.
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4.2.4. Results for the Teachers’ STS on the Context of Water Cycle

In the first section of the interview form, the responses given to the questions
(Question number: 6, 7, and 8 ) about the water cycle process, which were asked
to determine the teachers’ understanding of the system and systems thinking, were
analyzed according to the number of components and processes included in revised
Systems Thinking Rubric (Appendix F). First of all, the numbers of components as
stocks and processes as flows in the water cycle were determined as presented in Table
4.9. The total number of elements was identified as twelve, consisting of four stocks

and eight processes as flows.

Table 4.9. The components and process in the water cycle.

Components Process
1. Ocean, sea 1. Evaporation
2. Surface water (streams, lakes) | 2. Transpiration
3. Groundwater 3. Sublimation
4. Water in the atmosphere 4. Condensation
5. Precipitation
6. Deposition
7. Infiltration
8. Surface runoff

As presented in Figure 4.4, a model of the water cycle, including the compo-
nents and processes mentioned in Table 4.9, was developed using system dynamics on
STELLA. This water cycle model can be expanded with more components and pro-
cesses. However, this model was built by taking into account the components and pro-
cesses that have a greater quantitative impact on the water cycle (Marshall & Mineau,
2013) and are included in the Turkish Science Curriculum. The teachers’ systems
thinking levels were determined by determining how many of these twelve components
and processes the teachers’ responses included by considering the relevant questions

(Question number 5, 6, 7, and 8 in the first section of the interview).
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Figure 4.4. Water cycle model prepared using system dynamics at STELLA.

Table 4.10 presented the teachers’ responses to the questions about the water
cycle (Question number: 5, 6, 7, and 8 in the first section of the interview), including
the components and processes, and the teachers’ systems thinking levels. Words and
phrases referring to components in teachers’ answers were highlighted in red; words and
word groups referring to processes were highlighted in blue as in Table 4.10. Accord-
ing to the revised Systems Thinking Rubric, Teacher G was at level 1 (recognition),
Teachers B, C, D, E, F, and H were at level 2 (beginning), and Teacher A was at level
3 (intermediate) in terms of the use of the systems thinking approach in the context

of water cycle.
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According to the summary results of research question two, each teacher’s level of
stock-and-flow thinking, dynamic thinking, and causal-loop thinking and their level of
systems thinking skills in the context of the water cycle are shown in Table 4.11. In the
table, each level is coded with a color to see the skill levels holistically. According to
the color codes, it is seen that the number of teachers reaching level 3 is low, while level
2 is more common among the levels. Only teacher D was at level 2 in all contexts. As
seen on Table 4.11, the teachers were found to have a higher level of systems thinking

skills in the context of the water cycle.

Table 4.11. Teachers’ systems thinking skills levels.

Teachers’
Systems Thinking Skill Levels
Teachers | Stock-and-Flow | Dynamic | Causal-Loop | ST Skills Levels
Thinking Thinking Thinking on Water Cycle
A Level 1
B Level 0 Level 0
C Level 1 Level 1
D
E Level 0 Level 1
F Level 1 Level 0
G Level 0 Level 1
H Level 1 Level 0 Level 1

4.3. Results of The Third Research Question

RQ.3: What are science teachers’ views on teaching systems and implementing

systems thinking approaches in the classroom?

In this section, teachers’ views on their practices will be presented in detail in

terms of the methods and tools they use, the subjects covered, the implementation
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practices, the difficulties encountered and the measurement and evaluation approaches.
For the answer to the third research question, the questions in the first section (Question
number 4 and 9) and the third section (Question number 2, 3, 4, 6, 7, 8, and 9) of the

interview were analyzed.

4.3.1. Teachers’ Views on Teaching Systems

In response to the question "How does a secondary science teacher enable stu-
dents to understand systems?”, which was posed to understand the teachers’ teaching
practices, the teachers noted a variety of points and teaching methods. Nineteen differ-
ent approaches were identified from the responses of the eight teachers. These nineteen
codes from the teachers’ statements were indicated as subcategories. Then, these sub-
categories were then grouped into seven major categories according to teaching and

learning approaches.

These major categories were identified as: (1) Logical Reasoning and Analysis,
including describing the relationships between parts, induction, and deduction, (2)
Systems Thinking and Analysis, including questioning the concepts that increase and
decrease stocks, finding the factors that affect the flows, and stock-and-flow diagrams,
(3) Comparative Analysis and Pattern Recognition, including making an analogy, ques-
tioning how a behavior changes over time, and showing the similarities of the underlying
behavior pattern when seen in different environments, (4) Understanding Systems and
Concepts, including comprehending the definition of a system and holistic approach,
(5) Visual and Interactive Learning, including visualization, modeling and gamifica-
tion, (6) Step-by-Step Process and Application, including step by step processing and
station works, and (7) Active Learning and Exploration, including more exposure, in-
vestigation and concretization. Categories, subcategories, and sample teacher examples

were given in Table 4.12.
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4.3.2. Teachers’ Views on Challenges of Teaching Systems

Teachers’ responses on the challenges associated with teaching systems. The
teachers stated various challenges that affect the teaching systems in terms of students
and practices. These are listed from most to least frequently: difficulty in understand-
ing /interpreting how components affect each other and the process (Teacher A, D, F
and G), unfamiliarity with system definition, topic and concept (Teacher E, G and H),
interpreting graphs (Teacher A and C), using STELLA (Teacher B and C), an abstract
concept (Teacher E and H), and limited time (Teacher B and C). Table 4.13 shows the
teachers’ statements and challenges they highlighted.

In addition, Teacher H stated that the systems thinking approach should be ap-
plied in a holistic and follow-up manner at all grade levels and that there are difficulties
when it cannot be applied with the following words by saying these words: “If the child
does not see this in the fifth and sizth grades, you still have difficulty in trying to apply
it to him in the seventh grade, but if you meet in the fifth grade, continue in the sixth

grade, and continue in the seventh and eighth grades, it is a great convenience to you.”.



Table 4.13. Challenges on systems teaching posed by teachers.
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Categories

Teachers

Sample Teacher Statements

Interpreting
how
components

are related

A, D,
F&G

Teacher D: The things they will have the most
difficulty in explaining the systems are if

there is no linear relationship, they can see
that the result of 1 is 2. The result of 2 is
also 3, it is comfortable to explain this, but
when we go back to 3 and say change 1,
that is, when we break that linear
relationship there, they may have difficulty
in understanding it. That’s why it might be
good to pass stock flow diagrams right there

and show those feedbacks there.

Unfamiliarity
with

system terms

E, G
& H

Teacher E: Students do not know what the
system is. This is our problem at first, that is,
students need to comprehend the system. First
we need to give the definition of what a
system is, then we need to give the
definition of the concept of system. It is
necessary to get ideas from the students about
what the systems are and then talk about these
ideas. Because as I said, since it is an abstract
concept, children do not have a structure that

can understand and comprehend them at first.




Table 4.13. Challenges on systems teaching posed by teachers (cont.).
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Interpreting
mathematical

aspects

A&C

Teacher A: In order to understand how the
system works, we need to understand the
direct proportion, inverse proportion,
increase and decrease relationship between
the components, and the best way to
explain this is actually the graph. But
students

have difficulty in interpreting the graph.
Naturally, there is a deficiency in the
infrastructure of this, they cannot interpret

it because they cannot understand the

relationship between the parts.

Using
STELLA

B&C

Teacher C: One of the difficulties we have in
teaching the systems is that the most used
program can be a bit high-level for
children,especially in young age groups.
we use the STELLA program. In fact, if

a certain amount of time can be allocated, children
can learn this very easily. Because children at
this age are really good with technology. But
because of the concern of meeting

curriculum on time, it will take a lot of our time
to teach this or it will take our class hours, we

cannot teach the program fully.




Table 4.13. Challenges on systems teaching posed by teachers (cont.).
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Understanding
abstract

concepts

E & H

Teacher H: When we talk about systems
thinking, they find it very difficult to
understand because we are talking
about something abstract. They look at
what you are saying. But for example,
when we teach it in the fifth and sixth

grades and move on to higher grades,

for example in the eighth grade, we have

no difficulty in applying it. They

understand more easily at that age.

Limited

time

B&C

Teacher B: The difficulties related to teaching
systems, first of all, I think it is necessary to
make them use the system tools. It is
necessary to teach them. I define this as a
difficulty as follows: we need extra time
within the MoNE curriculum and the
anxiety of completing the curriculum at
a certain time can put us in a lot of
trouble. But since it is something that speeds
up the process after learning the

process quickly, I think that it is worth it,
that is, I gain more than the time I lost again,
and I think it raises the level of scientific

and question interpretation of the students.
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4.3.3. Teachers’ Views on the Use of Systems Thinking in Education

All eight teachers responded ’yes’ to the question if they think that systems think-
ing approaches and skills should be used in education. Teachers gave many reasons
why system dynamics should be used in education. The most common reasons the
teachers listed were: to develop students’ ability to understand/make sense of issues
or concepts (Teacher A, D, F, and H), to enable students to embody abstract concepts
(Teacher A, E, and F), to facilitate tasks for both teachers and students (Teacher A, F,
and H), to gain a different perspective (D and H) and to save time (Teacher B and E).
Table 4.14 shows examples of teachers’ statements about these reasons. The sentences

highlighted in red referred to the reasons teachers listed for the use of systems thinking.

Table 4.14. Teachers’ statements for the use of systems thinking and skills in

education.

Categories | Teachers Sample Teacher Statements

Teacher A: There was a work that I was
prejudiced against or that I thought was not
appropriate for the age level... I have seen
Developing that children make more sense and learn
students’ A, D, very quickly from this. So I think this is
ability to F, & H | useful... I saw that when they put the
understand relationship together and see how it
affects each other, they can make sense

of it much more accurately. I realized that

they can see the background more.




Table 4.14

. Teachers’ statements for the use of systems thinking and skills in

education (cont.).
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Embodying
abstract

concepts

A E,
&F

Teacher F: In particular, it allows students
to understand abstract concepts such
as work or Corona. Even when solving
a problem or calculating the money in a
piggy bank in the future, it makes it easier
for students to establish a tiny relationship
to see how much they can collect in how
many years, and to see what they will
increase and what they will decrease,

and to graph it. At the same time, they
can see the state of a whole even years

later in a very clear way.

Facilitating
teaching and

learning

A F,
&H

Teacher H: You create an environment in
which students can learn in a different way,
in a much more comfortable way, by
having fun or by applying some of the
subjects that you have traditionally taught
in the same way, which have not been
unusual until today. Therefore, the child
learns in a different way and does not

get bored because his/her perspective
changes. He does not approach with prejudice.
Therefore, it both facilitates our work
and makes learning more permanent

and they remember it afterwards.




Table 4.14. Teachers’ statements for the use of systems thinking and skills in

education (cont.).
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Developing
different

perspectives

D& H

Teacher D: When we look at the behavior
of the system, I think it can be good
because it will make it easier for the
students to see that everything affects

each other and that something like

external factors cannot be in question,

and that an intervention from outside

will grow or shrink due to the relationships
within the elements of the system. I think
they can have different perspectives
because I think they will realize that
when a model is created, it is not the
absolute truth, that this model is the
mental model of that person, and that
they can understand it and then
develop it from their own perspective.
Because at school we are very focused

on telling the absolute truth.

Saving time

B&E

Teacher E: The idea of systems thinking

in education allows students to reach a
level by understanding a topic that I can
explain in four or five hours in two lesson
hours. [ think it is an approach that allows
students to understand how to draw a line
graph by giving the input and output to the
students in a more comfortable way. it

actually turns abstract into concrete for us.




98

4.3.4. Teachers’ Views on the Topics Can Be Taught Using the STA

Teachers responded to the question which topics in the science curriculum they
think can be taught using the systems thinking approach and at which grade level are
these topics., Teachers identified many subjects and units in grades five to eight in
which systems thinking could be used. Figures 4.5, 4.6, 4.7 and 4.8 list the subjects
in fifth, sixth, seventh and eighth grade respectively. The eighth grade curriculum
contains the largest number of subjects, while the seventh grade curriculum contains
the smallest number of subjects. Also, teacher D claimed that the systems thinking

approach could be applied to all subjects.

As shown in Figure 4.5, teachers mentioned four topics in 5th grade, which were
heat and temperature, force, human and environment, and biodiversity. The topic of
heat and temperature was mentioned by 6 teachers (%40); force by 5 teachers (%34);
human and environment by 2 teachers (%13) and biodiversity by 2 teachers (%13).
Also, Teacher A mentioned teaching graphs and stated “It is nice to use system tools
to develop graphic reading skills in students without them knowing how to use them.”
Also, Teacher A mentioned teaching graphs and stated “It is nice to use system tools

to develop graphic reading skills in students without them knowing how to use them.”
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Grade 5 Subjects

= Heat & Temperature
= Force
“ Human & Environment

- Biodiversity

Figure 4.5. Fifth grade subjects that can be taught with systems thinking.

As shown in Figure 4.6, teachers mentioned about six topics in 6th grade, which
were human body systems, constant velocity motion, resultant force, electricity, solar
system and sound. The topic of human body systems was mentioned by 6 teachers
(%35); constant velocity motion by 5 teachers (%29); resultant force by 3 teachers
(%18) and electricity, solar system and sound by 1 teacher each (%6).
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Grade 6 Subjects

= Human Body Systems

= Constant Vel ocity Motion
= Resultant Force

* Electricity

= Solar System

= Sound

Figure 4.6. Sixth grade subjects that can be taught with systems thinking.

As shown in Figure 4.7, teachers mentioned only two topics in 7th grade, which
were work and energy, and household waste and recycling. The topic of work and

energy was mentioned by 7 teachers (%78) and household and recycling by 2 teachers
(%22).
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Grade 7 Subjects

= Household waste & Recyding
= Work & Energy

Figure 4.7. Seventh grade subjects that can be taught with systems thinking.

As shown in Figure 4.8, teachers mentioned six topics in 8th grade, which were
cycles, energy flow, heat and temperature, pressure, simple machines, seasons and
climate, sustainable development, DNA and genetic code, genetic engineering and
biotechnology, and periodic table. The topic of cycles, energy flow, heat and tem-
perature, and pressure was mentioned by 3 teachers each (%16), seasons and climate
by 2 teachers (%11), and sustainable development, DNA and genetic code, genetic
engineering and biotechnology, and periodic table by 1 teacher each (%5).
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Grade 8 Subjects = Matter Cydes

= Energy Flow
Heat & Tem perature
Pressure

= Simple Machines

= Seasons & Qimate

= Sustainable Development

= DNA &Genetic Code

= Genetic Engineering &
Biotechnology

16%
16% = Periodic Table

Figure 4.8. Eighth grade subjects that can be taught with systems thinking.

4.3.5. Teachers’ Views on Methods and Tools as Teaching with STA

In order to get more detailed information about the teachers’ practices, they were
asked which methods and tools they use when teaching a subject in their classrooms.
Teachers A, B, C, D, E, and G mentioned stock-flow diagrams, and Teachers B, C,
and D mentioned behavior over time graphs as a tool among the system dynamics
tools mentioned in the literature. Teacher D also mentioned the ladder of inference
and causal-loop diagrams, but stated that she did not use them in her classes. Also,
teacher E mentioned the iceberg model and the ladder of inference as a tool, but he
also stated that they did not use it much. It is reached that teachers generally use
stock-and-flow diagrams and behavior over time graphs. Table 4.15 shows the teachers’

sample statements about the systems thinking tools they used in their practices.

Apart from the system dynamics tools mentioned above, Teachers A, C, E, F,
G, and H mentioned the STELLA program as a tool. Teacher G mentioned the use of
the STELLA program according to the needs of the students by saying these words:
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“STELLA is very good, but it is important how the practicing teacher handles it. It
would be good to see the needs of his/her own students. I think not every student can
start at the same level.”. IPads, worksheets, games, concept maps, smart boards, and
experiments were also mentioned as tools when teaching a subject with systems think-

ing approach.

Table 4.15. Teachers’ views on tools when teaching a subject with systems thinking

approach.

Categories Teachers Sample Teacher Statements

We taught stock flow diagrams. The students
themselves set up the stocks and flows in a
problem and solved the problem themselves

Stock-and-Flow from there.

Diagrams Right now we are basically using stocks,
C flows and models where children also use

factors.

I applied stock flow diagrams as soon as

I said I was applying systems thinking.

We apply it with a stock flow diagram.
Since we work mostly with numerical data,
we try to make at least one application at

all levels.

We give a problem. After giving this problem,
we are now talking about the variables here.
They determined what the stock could be,
what the flow could be.

They saw the behavior over time and then they
started to draw graphs themselves or they

) B started to interpret the given graph accordingly.
Behavior

. The behavior over time was also constructed
over time graphs

by themselves after the stock flow.
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Table 4.15. Teachers’ views on tools when teaching a subject with systems

thinking approach (cont.).

The graphs created related to these factors are
C the part of the behavior over time when you

press the run button, so they can observe them.

We already use behavior over time graphs all

D the time to explore the structure that generates

this behavior by examining behavior over time.

The teachers’ responses on how often they refer to the systems thinking skills/tools
in their classrooms were presented in Table 4.16. According to Table 4.16, the teachers
comprise the stock-and-flow and dynamic thinking skills frequently in their classrooms,
while they use causal-loop thinking skills the least. This result shows consistency with
the systems thinking tools that teachers indicated that they used in the previous ques-

tion.
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Table 4.16. Frequency of use of the systems thinking skills.

Teachers

A/B|C|D|E|F|G H

Never

Rarely

Stock-and-Flow
Thinking Skills

Sometimes
Often 1 1
Always 111 1 1] 1 1

Never 1

Rarely

Dynamic

Thinking Skills

Sometimes 1
Often 111 1
Always 1 1 1

Never 1

Rarely 1]1 1

Causal-loop

Thinking Skills

Sometimes 111

Often 1

Always 1

4.3.6. Teachers’ Views on Their Teaching Practices with STA

Teachers’ responses to the question ”How would you implement a systems think-
ing approach in your classroom? Can you explain with an example?”, what kind of

learning environment the teachers create in their teaching practices was examined.

Ten different teaching practices were identified from the responses of the eight
teachers. These ten teaching practices from the teachers’ statements were indicated
as subcategories. These subcategories were then grouped into five major categories
according to teaching and learning approaches. These are: (1) Visualization and Rep-

resentation, (2) Analysis and Interpretation, (3) Practical Application, (4) Knowledge
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Building and Conceptual Understanding, and (5) Critical and Creative Thinking. Cat-

egories, subcategories, and sample teacher examples were given in Table 4.17.

According to Table 4.17, among the system dynamics tools, the use of stock-
and-flow diagrams and behavior over time graphs were emphasized by more teachers.
However, even if Teacher B and D did not call it behavior over time graphs, they empha-
sized reading and drawing graphics in their practice. Similarly, Teacher C emphasized
discussing the components in stock flows, while Teachers C, D, E & F emphasized using
stock flow diagrams from system dynamics tools. The use of the causal-loop diagram,

one of the system dynamics tools, was mentioned by only Teacher D.
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4.3.7. Teachers’ Views on Assessment and Evaluation for STA

The responses given to the question of “What kind of assessment & evaluation
would you do for Systems Thinking? What would you want to measure?” asked to
see how they interpret their applications in terms of measurement and evaluation, the
input from eight teachers revealed several prominent approaches and areas of focus.
Among these, the most frequently mentioned methods emphasized by teachers E, F, G,
H, and B was the use of building stock-and-flow & causal-loop diagrams. Open-ended
questions (Teachers A, C, and F), reading/interpreting graphics (Teachers C, D, and
F), transfer and interpretation skills (Teachers A, F, and D), and process-oriented eval-
uation (Teachers A, B and F) were all equally highlighted by three teachers. Categories

and sample teacher statements are given in Table 4.18.

Table 4.18. Teachers’ views on assessment and evaluation.

Categories Teachers Sample Teacher Statements

We asked questions about the stock and flow
diagram. What can be the stock and what can be
E the flow? We gave a problem. We asked

Building questions such as you draw the stock flow

) diagram of this, and then we scored it.
Diagrams

We expected them to give the graphs and from

there to connect the stock to the flow, in other

’ words, to interpret it going from general to
specific.
I would ask them to model a system that they feel
most comfortable with by establishing a cause and
G effect relationship using system dynamics, with at

least one stock, at least 2-3 flows, increasing and

decreasing flows.
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Table 4.18. Teachers’ views on assessment and evaluation (cont.).

We could make a simple measurement where they
could make the stock flow diagram themselves.

H For example, in a constant speed movement, we
could ask them to create something like this much

time will pass, the distance traveled will increase.

I would like to measure the causal loop with
systems thinking. I would like to measure how
much students can see the big picture and whether

they can make connections between events.

What I mean by an open-ended question is more
like these new generation style questions. It will
Using A give an event and require them to interpret it.
Open-ended And while interpreting, he will use what he has

Questions already done.

It can be an open-ended question, it can be a new
generation question. It can be a test question. I
C can ask a question related to this and ask a
question that will test whether the subject has

been learned with the system in mind.

In the final evaluation, it was like a test. There
were open-ended questions, there were questions
based on interpretation... We focused on the
individual, where everyone was, what they
learned, how much they learned, so we

preferred an application in that way.

We gave a case over STELLA or we gave two
C different cases in two questions and asked how

Using Graphs the graph could be.
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Table 4.18. Teachers’ views on assessment and evaluation (cont.).

D I'll probably try to figure out how they are at

reading graphics.

This time we didn’t make them draw graphs, we
gave them graphs and expected them to connect
to the stock flow and interpret it from general

to specific.

I would like to measure students’ interpretation

and transfer skills. They can transfer what they
Measurement on A

i have learned with their studies in daily life. I
Transfering &

would definitely use experiments

Interpretation

Skills

By giving problems similar to the problems we
F do in our lessons, we actually measured how

much the students have learned and gained this.

... Instead of a room, I would ask them to describe
the heat exchange between two objects. I would
try to measure whether they can change the

variables and still interpret them in the same way.

I need to make it process-oriented. There may be
tasks that I give them 10-15 days and they will
Process-oriented progress gradually, not things that I expect an

Evaluation instant answer.

We measured how the systems thinking approach
can influence the graphical work. We did this

with the line graph measurements given to the

5th graders during the process.
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Table 4.18. Teachers’ views on assessment and evaluation (cont.).

We gave group work to the students. After the
systems thinking lectures, we asked them how

they solved the problems in these group works,
what they thought, and then we thought about

them in the next lecture for process evaluation

purposes.

4.4. Summary of Results of Research Questions

4.4.1. Summary Results of First Research Question

Teachers defined the system as a part-whole relationship, cause-effect relationship
and dynamic relations with concepts.

Teachers defined the systems thinking as a holistic thinking, modeling relation-
ships between concepts, and a way of thinking & communication.

Teachers were able to explain stock-and-flows, behavior over time and causal-
loops of the systems thinking tools.

Teachers gave different system examples from fifth to eighth grade including food
pyramid, matter cycles, human body systems, circulatory system, digestive sys-
tem, heat and temperature, environment, solar system and ecosystem.

Teachers identified the characteristics of the system according to the existence of
components, the existence of relationships between components, the existence of
parts that make up a whole, and the ripple of system malfunction.

Teachers defined the water cycle as a system in terms of the existence of interre-

lated parts, a continuous cycle and the stocks and flows.
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4.4.2. Summary Results of Second Research Question

e Teachers were at the Novice, Recognition, and Beginning levels in terms of their
ability to think in stock-and-flow.

e Teachers were at Novice, Recognition, and Beginning levels in their ability to
think dynamically.

e Teachers were at Recognition and Beginning levels in their ability to think in
causal- loops.

e Teachers were mostly at Beginning level in terms of systems thinking skills in the
context of the water cycle system.

e Teachers could not reach a high level in terms of systems thinking skills.

4.4.3. Summary Results of Third Research Question

e Teaching methods stated by teachers for students’ understanding of systems were
grouped into 7 categories which are (1) Logical Reasoning and Analysis, (2) Sys-
tems Thinking and Analysis, (3) Comparative Analysis and Pattern Recognition,
(4) Understanding Systems and Concepts, (5) Visual and Interactive Learning,
(6) Step-by-Step Process and Application, and (7) Active Learning and Explo-
ration.

e Teachers identified the challenges they face in teaching the systems as: Interpret-
ing how components are related, unfamiliarity with system terms, interpreting
mathematical aspects, using STELLA, understanding abstract concepts and re-
stricted time.

e Teachers stated that systems thinking approaches and skills should be used in
education for the following reasons: Developing students’ ability to understand,
embodying abstract concepts, facilitating teaching and learning, developing dif-
ferent perspectives, and saving time.

e Teachers identified many subjects and units in grades five to eight in which sys-
tems thinking could be used. The eighth grade curriculum contains the largest

number of subjects, while the seventh grade curriculum contains the smallest
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number of subjects.

Teachers indicated that they use stock-flow diagrams and behavior over time
graphs more than causal-loop diagrams in their classrooms when teaching a topic
using the systems thinking approach.

The learning environments created by teachers were grouped into 5 categories
which are (1) Visualization and Representation, (2) Analysis and Interpretation,
(3) Practical Application, (4) Knowledge Building and Conceptual Understand-
ing, and (5) Critical and Creative Thinking.

Teachers identified a varied assessment and evaluation approach for systems
thinking approach which are building diagrams, using open-ended questions,
using graphs, measurement on transfering & interpretation skills, and process-

oriented evaluation.
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5. DISCUSSION

5.1. Discussion of the Results

The goal of this study was to examine the understanding of science teachers about
a system and the systems thinking skills and how they reflect their understanding and
skills into their teaching practices. Therefore, in this study, three research questions
were asked to investigate science teachers’ knowledge, skills and their views on im-
plementing systems thinking approaches in the classroom. The discussion of these

questions is given in the following sections respectively.

5.1.1. Discussion of the First Research Question

Assaraf and Orion (2005) stated that although the teachers have content knowl-
edge about the human body systems, they are not competent and have not received
general training on how to teach these topics using a systems thinking approach. It was
also noted that students are unlikely to develop higher-level systems by thinking on
their own (Assaraf & Orion, 2005). Therefore, it is important to determine the status
and needs of teachers who scaffold students to acquire a trendy and needed learning

approach.

There are many different system definitions in the literature. Meadows (2008)
defined a system as interconnectedness among the elements of a system and an inte-
grated whole. In this study, most of the teachers defined it as a whole. The teachers
also gave examples of systems such as the energy pyramid, cycles (water, carbon),
human body systems, heat-temperature, solar system and ecosystem. Although the
term system applies to a wide range of topics, including social systems, ecological sys-
tems and technological systems (Assaraf & Orion, 2005), the teachers’ examples may
have been limited to science due to their teaching field. It is essential that individuals

understand a system and its components. For example, in order to understand the
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ecosystem, individuals need to first understand the living and nonliving components

as a system.

On the other hand, the definitions of systems thinking in the literature varied,
but they all shared elements like a knowledge of relationships, interactions, and pat-
terns as well as the interconnectedness and complexity of the world (Karaaslan, 2016).
In Arnold and Wade’s (2015) research on the definition of systems thinking, a few
key points for the definition of systems thinking have been extracted from the litera-
ture. Three key components make up systems thinking: elements, relationships, and
a purpose. In the current research, when it is examined how the teachers defined the
system and systems thinking, some teachers defined systems thinking too broadly by
saying “a way of thinking and a method of communication and a framework to connect
the concepts”, while others simplified it by saying “part-whole relationship and holistic

approach”.

Although the teachers clearly emphasized the part-whole relationships in a sys-
tem, they did not mention the third component of systems thinking, which is purpose.
This finding is consistent with Senge’s (1990) definition. According to Senge (1990),
systems thinking is a discipline that seeks to reveal interrelationships and wholes rather
than components. Teachers’ emphasis on part-whole relationships are based on Senge’s
(1990) definition. Also, this result is similar to Assaraf et al. (2013) study in which
the students emphasized the whole formed by the parts coming together and rarely
mention how the parts interact within the system because the latter was more difficult
to grasp. This shows that teachers and students have similar knowledge and interpre-
tations about the system, systems thinking and its characteristics. It may be crucial
to explain systems by identifying the purpose of a system and then detailing both its
elements and the connections between them (Arnold & Wade, 2015).

Furthermore, in Assaraf and Orion’s (2005; 2010) study with students, it was
reported that despite students’ inadequate systems thinking skills, their ability to an-

alyze the hydrological world system according to its components and processes had
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improved. They had difficulty in perceiving the "water cycle” as a set of relevant
information. Although the students were aware of a number of hydro-biogeological
processes, they did not have a dynamic, cyclical, or systemic understanding of the
system. In the current study, by examining the stock-and-flow diagram models of the
teachers, it was seen that they were also at different levels when their levels of compo-
nent and process identification in the water cycle were examined. Some teachers did
not fully identify the hydro-biological processes of the water cycle and did not mention
its dynamic and cyclic nature. In addition, students had a tendency to concentrate
on structural rather than procedural consequences in earth science, which led to a low
degree of systems thinking (Mambrey et al., 2020). Therefore, the level of teachers’
identification of the components and processes of the water cycle has an important
role in students’ achievements in this subject. In the study of Skaza et al. (2013), the
teachers showed a weak understanding of stock-and-flow models, whereas the teachers
in the current study had different understanding of stock-and-flows from recognition
level to intermediate level in the context of water cycle. This result may be caused by

the purposeful selection of the participants.

5.1.2. Discussion of the Second Research Question

Recently, systems thinking has been focused on by researchers in education and
has been studied in education from primary to university level (Verhoef et al., 2018).
In the literature, there are fewer studies investigating teachers’ system skills (Ateskan
& Lane, 2018). In addition to the scarcity of studies measuring teachers’ systems
thinking skills in this field, there are also few measurement instruments for systems
thinking skills (Brandstadter et al., 2012). Interviews have been used quantitatively
and qualitatively in combination with questionnaires, drawings or concept maps to
capture participants’ systems thinking skills (Ateskan & Lane, 2018; Karaarslan &
Teksoz, 2020). In this research, three open-ended questions was used to evaluate the
systems thinking skills of teachers extensively regardless of the content because in the
literature it is emphasized although it appears to be about comprehending complex

systems beyond of particular contexts, it is still not apparent if or how to categorize
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domain-general levels of systems thinking (Mambrey et al., 2020). In the research of
Karaman (2013), in teacher education, the need for studies that enable pre-service
teachers to think about social, ecological and cognitive systems to develop their inter-
disciplinary approaches and systems thinking skills has been emphasized. The results
of the current study on teachers’ levels of thinking skills with stock-flows, dynamic
thinking skills and causal-loop/closed-loop thinking skills support the need of systems

thinking and system dynamics approaches.

In the study of Hmelo-Silver et al. (2004; 2007), novice teachers were better
at understanding the structures than causal behaviors and functions of the system in
the context of biology education because understanding the behavior and functions of
a system goes beyond seeing the relationships between components. However, when
this result is compared with the current research results, the teachers have lower skills
in identifying stocks and flows, being at the novice, recognition and beginning levels.
Teachers were also most likely to be at the beginning level in the context of the water
cycle, which includes identifying stocks and flows. In the literature, it was reported that
individuals failed to solve stock-flow problems and that the failure to understand stock-
flows was caused by decision-making processes rather than lack of contextual knowledge
about the tasks (Asik & Doganca Kucuk, 2021). In addition, it was emphasized that
stock-flow problems are new and non-routine problems for most of the participants.
The difference in the current study may be due to the fact that water cycle is a context
dependent topic and participants in this study have content knowledge about the water
cycle because of their expertise in the science field. Hmelo-Silver et al. (2007) stated
that this situation may be due to the fact that teachers did not receive significant

science training in understanding complex systems in their university education.

Although stock-and-flow diagrams contain causal-loops, and determining the re-
inforcing and balancing cycles requires more understanding in causal-loop diagrams, in
the current study the teachers were found to be better in determining causal-loops than
in terms of components and processes although they stated that they use it less in their

classrooms. In terms of determining dynamic behaviors, teachers again have low levels
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of dynamic thinking skills. However, in the study of Hmelo-Silver (2004; 2007) expert
teachers were better in causal behaviors of the system. In summary, teachers’ sys-
tems thinking skill levels were not very different from each other when the results were
compared in terms of new and experienced teachers as in Hmelo-Silver’s study (2007).
Seeing the multilevel relationships between different levels of a system, interpreting
how emergent properties arise, and applying this knowledge to the properties of an
entire system over time requires the development of systems thinking skills. The differ-
ences between the levels of the teachers may be due to the differences in the theoretical

training process of the teachers and the duration of the classroom implementations.

In Karaarslan Semiz, & Teksoz’s research (2020) on the systems thinking skills of
teachers in the field of Education for Sustainable Development, it was concluded that
the systems thinking skills of the pre-service science teachers were found to be at low
levels in the beginning, and after the intervention most of the teachers improved their
skills to the developing or mastery level in the skills of identifying the aspects, analyzing
the interconnections between these aspects and recognizing hidden dimensions of a
system. In the current study, it was found that teachers were also better at these skills
of systems thinking than dynamic thinking without considering recognizing hidden

dimensions of a system in the current research.

Dutton-Lee (2015) investigated the systems thinking skills of elementary science
teachers in pre-service and in-service in the context of the water cycle. He exhibited
that these teachers’ abilities were at a low level (novice or recognition). The teachers
had difficulty in identifying components and processes, identifying multiple relation-
ships and hidden dimensions of the system and recognizing the human impact on the
system. Additionally, teachers were unable to recognize the numerous interactions be-
tween the hydrosphere, geosphere, biosphere, and atmosphere. Moreover, the teachers
lacked knowledge of how humans affect complex systems, such as the water cycle, and
they were unable to recognize unseen system components such as processes which take
place under the surface or plants attract water with their roots and perform photo-

synthesis (Dutton-Lee, 2015). In the current study, the teachers were not adequate in
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terms of their ability to think in stocks and flows, and to think in causal-loops.

In the current research, only two science teachers mentioned human influence in
the following words: “There are other factors in the water cycle than evaporation or
rainfall. We can also add the input and output flows of these factors. For example,
the amount of population there can change the amount of water. Too much water use
will reduce the amount of water there.” and “The components of the water cycle can be
divided into usable and potable water. In addition, water pollution can be mentioned.
I think that connections can be established between how usable water or potable wa-
ter is decreasing, why it is decreasing and so on.”. Similar to this, Palmberg et al.
(2017) investigated the level of systems thinking abilities pre-service teachers possess
in sustainability context and the findings showed that pre-service teachers have limited
systems thinking abilities. None of the participants in Palmberg et al (2017) study
attained an intermediate or advanced level, but they all had a basic level with connec-
tions, feedback, and behavioral aspects. In the current research, the teachers also did

not have an intermediate or advanced level for systems thinking skills.

5.1.3. Discussion of the Third Research Question

Hmelo-Silver (2007) emphasized that unless teachers understand the nature of
complex systems, it will be difficult for them to provide appropriate learning expe-
riences. For these reasons, examining teachers’ views and practices is important for
the dissemination of the systems thinking approach in education. Firstly, all of the
teachers in this study argued that systems thinking approaches should be used in edu-
cation. In the research of Benson (2007), it was emphasized by teachers that the visual
nature of systems thinking tools helps students to organize their thoughts, keep them
motivated towards the lesson and to gain different perspectives. In the current study,
the teachers emphasized similarly that the students gained different perspectives and
one teacher stated that systems thinking motivated the students by saying these words
“You direct students to a different field from a different perspective. In other words, you

create an environment where they can learn some of the subjects that you traditionally
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teach them in a different way, in a much more comfortable way, by having fun or by
applying them at work. Therefore, the child learns in a different way and does not get
bored because their perspective changes.”. On the other hand, Skala et al. (2013), on
their study about teachers’ barriers to implementing system dynamics in K-12 STEM
curricula, found that teachers’ self-efficacy, professional development aimed at under-
standing systems and system models, and providing materials for model building and
the simulation STELLA use were effective in these barriers. This finding is consistent
with the results of the current research. In the current study, in terms of the difficulties
encountered by teachers in teaching systems, teachers reported difficulties in using the
STELLA application and not being familiar with the definition, subject and concept

of systems and systems thinking approach.

Also, one teacher in the current study emphasized an important point about
applying system dynamics in terms of self-efficacy and professional development by
saying these words “I have been explaining the subject for years, but it was difficult for
me to associate the subject I was explaining with the idea of this system and to apply it. I
couldn’t establish myself very well in my head so that I could make the child apply it well.
This was problematic for me.”. The teachers in Skaza et al. (2013) also mentioned that
the use of simulations caused classroom management problems and required different
forms of instruction and management as well as additional supervision, whereas the
teachers in this study did not mention such a challenge, and despite all the difficulties,

they all stated that systems thinking should be used in education.

Moreover, Skaza et al. (2013) concluded from teachers’ responses that a system
dynamics model provides useful scaffolding for classroom discussions that start with
variables and move on to more complex concepts, and that simulations of system
dynamics have benefits. A similar conclusion was reached in this study. As presented
in the results section, teachers stated that discussing factors and using simulations
can be used in classrooms when teaching a topic with systems thinking. In the same
study, the participants stated that they did not use stock-and-flow diagrams and system

dynamics simulations, which are currently part of their curriculum, while the teachers
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in this study stated that they used stock-and-flow diagrams very often. Also, the
teachers emphasized that the many subjects in the science curriculum can be covered

with the systems thinking and systems dynamics approach.

Furthermore, Gilissen et al. (2020) conducted a research with biology teachers to
examine how systems thinking has been integrated in biology education, they reached
that teachers rarely incorporate systems thinking in their practice because they do not
have enough time for complex subjects. Similarly, the teachers in this study stated
that they needed enough time to implement systems thinking and that they could not
focus on it sufficiently due to the concerns about meeting the curriculum on time. One
of the teachers stated that “But because of the concern of meeting curriculum on time,
it will take a lot of our time to teach this or it will take our class hours, we cannot
teach the program fully.”. The literature emphasizes the need to provide professional
development opportunities in terms of pedagogical content knowledge for teachers to
apply systems thinking and system dynamics to improve students’ understanding and
skills in systems thinking (Fisher & Systems Thinking Association, 2023; Gilissen et
al., 2020; Skaza et al., 2013; Schuler et al., 2018). The results also emphasize the
need for more research and initiatives to bridge the gap between research, curriculum

development, teacher education and teaching practices.

Complex systems in various domains or contexts have been described in the lit-
erature, such as natural systems (Assaraf & Orion, 2005; 2010; Batzri et al., 2015;
Dutton-Lee, 2015), geographical systems (Mehren et al., 2018), chemical systems and
biological systems (Evagorou et al., 2009; Hmelo-Silver et al., 2000; 2007), climate
change and sustainability education (Ferguson et al., 2021; Meilinda et al., 2018; Shep-
ardson et al., 2014). Similarly, as a result of this research, teachers gave examples of
middle school subjects from many different domains such as biology, chemistry, physics,

etc. in which systems thinking and system dynamics were used.

Many studies in the literature have attempted to assess systems thinking skills

using concept maps frequently (Assaraf & Orion, 2005; Brandstadter et al., 2012; Raved
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& Yarden, 2014; Tripto et al., 2013). The use of stable tools such as concept maps in
the evaluation of dynamic systems is not sufficient for the dynamic nature of systems
thinking because a concept map includes concepts and relationships doesn’t show the
cyclic and dynamic relations adequately in the system. They can be used for identifying
components in the system and simple relationships between the system components
because they do not show behavior throughout time. In the current research, in the
question of what kind of assessment and evaluation would you use for systems thinking,
the teachers did not mention concept maps. However, one teacher stated that concept
maps can be utilized in classroom activities. Also, another teacher emphasized the
significance of using systems thinking in teaching practices by saying this “Actually,
I have seen that when systems thinking in education is learned and applied, it is more
useful than concept maps and it is useful for students to see the whole and to combine
those parts.”. In this study, in addition to systems thinking methods and tools, the
teachers mentioned methods such as concept maps, experiments, games, brainstorming,

station works, problem solving, and different tools such as smart boards and iPads.

5.2. Implications

Systems thinking skills have been determined to seal the gap between today’s
complex problems and their solutions. The findings of this research contributed to
the research and practices of the systems thinking and system dynamics in science
education. Two main conclusions were drawn from our study. The first is that science
teachers have a limited understanding of and skills in systems thinking and systems
dynamics. They didn’t reach the higher levels of systems thinking skills. These results
are valid for the context of this study. Therefore, there is a need to develop science
teachers’ systems thinking skills, so that they can support the students to develop
these skills. Second, there is a need for professional development opportunities and
curriculum enrichments for teachers to acquire systems thinking and systems dynamics
skills in order to make them more qualified in this area because they are involved in
implementing the curriculum that includes systems. From the research aspect, the

current research findings suggest that systems thinking and system dynamics should
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be placed more in educational research to enrich teachers’ understanding, skills, and
teaching practices in systems thinking with evaluation and discussion. For this reason,
qualitative & quantitative question sets and rubrics should be added to the literature

for both students, candidates and teachers as a content dependent and independent.

5.3. Limitations

There are several notable limitations to this research. First, the selection of
participants was not random, but was conducted with teachers trained in and known
to practice systems thinking. The participants in the study therefore do not faithfully
represent teachers, which limits the extent to which the results can be generalized.
Second, this research is limited to qualitative research in terms of methodology and
accordingly the participants were limited to eight and middle school science teachers
in the 2022-2023 academic year. Therefore, the obtained data was limited with these
participants. Third, this study was conducted online with participants and, due to
the nature of online interviews, there may be differences in participants’ performance
compared to face-to-face interviews. Finally, the interview questions have been found
to be a useful and reliable tool for investigating science teachers’ understanding of a
system, the systems thinking skills and their teaching practices. In the current study,
although the interview questions were developed in accordance with the literature and
expert opinion, they may have some limitations in terms of the appropriateness of the
interview questions. Therefore, question sets based on measuring systems thinking

skills can be improved in terms of content, language and context of the questions.

5.4. Recommendations for Further Research

The current literature reveals a noticeable lack of research on the study of sys-
tems thinking and systems approach among in-service and pre-service teachers. In
this research, the question sets used to measure teachers’ systems thinking skills as a
content-independent or dependent can be expanded beyond the skills being researched

and added to the literature for systems thinking skills of in-service and pre-service
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teachers in different fields. Furthermore, the number of rubrics found in the literature
for the assessment of systems thinking skills is quite low. For this reason, the devel-
opment of rubrics that can measure systems thinking skills as a content independent
measure will make significant contributions to the literature. In addition, examin-
ing teachers’ systems thinking skills by having them prepare their own models based
on the given question sets may provide a meaningful and holistic representation for
teachers’ systems thinking skills. Teachers’ verbal responses to the questions may have
influenced their level of demonstration of systems thinking skills. Some teachers may
show their skills better by writing, drawing, or creating models. Moreover, it will be
significant to understand how teachers deal with the concepts of ”systems and systems
models” that aiming new science standards and to investigate how system dynamics
and systems thinking inform their practice. In accordance with the findings of this
research, the systems thinking and system dynamics approach inherent in science ed-
ucation can be incorporated into teacher training curricula and workshops to improve
teachers’ competencies in terms of knowledge, skills, and practices and to spread them
out in this era. Making the diffusion of system dynamics in education more dynamic

over time is important for a sustainable future.
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APPENDIX A: INTERVIEW QUESTIONS

Cinsiyetiniz: Kadm / Erkek

Egitim Durumuz: Lisans / Yiiksek Lisans / Doktora

Cahstigimz Kurum: Ozel / Devlet

Mesleki Kideminiz: 0-5 yil / 6-10 yal / 11-15 yil /16-20 yil /21 yil ve tizeri
Sistem diiglincesi hakkinda daha once egitim aldimiz mi1? Evet/ Hayir

Bu egitimi nereden aldiniz?

Bu egitimi ne zaman aldiniz?

Kag senedir uyguluyorsunuz?

Bu egitimlerde ka¢ uygulamaya katildiniz? Egitimin igerigi hakkinda bilgi verir
misiniz?

Smifinizda sistem diiglincesi yaklagimini uyguluyor musunuz? Uyguladiniz mi?
Uygulama hakkinda bilgi verir misiniz? (kagmci siuf, hangi tiniteler, ka¢ ders saati,

icerigi vs.)
BOLUM 1

1. Bilimde bir sistemi nasil tanimlarsiniz?

2. Bir sistem 6rnegi verebilir misiniz?

3. Bu sistemin ozellikleri nelerdir?

4. Bir ortaokul fen 6gretmeni ogrencilerin sistemleri anlamasini nasil saglar?

5. Su dongtist bir sistem midir? Eger 6yleyse, neden? Degilse aciklayiniz.

6. 8. smif ogrencilerine 6gretilmesi gereken su dongiisiiniin tiim bilegenleri ve stirecleri
nelerdir? Anlatiniz.

7.Bu bilegenlerin ve siireclerin birlikte ¢aligmasiyla ilgili bagka eklemek istediginiz bir
sey var mi?

8. (Su dongiisti semasi gosterilir.) Bu semanin su dongiisii ile nasil iligkili oldugunu
aciklar misiniz? Bu sema sistem fikrini temsil ediyor mu? Nasil?

9. Bir ortaokul fen 6gretmeni olarak sistemleri 6gretmekle ilgili zorluklar nelerdir?
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BOLUM 2

Agagida senaryolarla verilmis sorular1 cevaplayiniz. Cevabinizi ¢izerek veya yazarak
aciklayabilirsiniz.

1. Her zaman turistlerle dolup tagan Izmir sehrinde yeni bir sorun ortaya cikiyordu:
Fareler! Sehir, yavas yavas her seyi yiyen farelerle doluyordu. Vatandaslar1 ve sehrin
turistleri i¢in endiselenen sehrin kibar belediye bagkani, fare sorununa bir ¢éziim
bulmasi i¢in yardimcisini ¢cagirdi. Asistan, birkag fare hari¢ ¢cogu farenin kokusuna
gekildigi bir zehir veya bocek ilact bulmak igin ¢ok galigt1 ve farelerin yedikten kisa bir
siire sonra oldiikleri bir zehir buldu. Farelerin sayis1 o kadar artmigt1 ki, belediye
bagkani bu fikri aninda onaylad.

Fareler verilen zehri yediler ve kisa siire sonra dldiiler. Insanlar sehirlerindeki 6lii
farelerden kurtulunca biiyiik bir kutlama diizenlediler ve nazik belediye bagkanina
cabalari i¢in tegekkiir ettiler. Fakat sehre disaridan baska fare girmemis ve sorun
¢oziilmis gibi gortinse de, sehrin yeniden farelerle dolmasi ¢ok uzun stirmedi. Bu
durumda farelerin sayisi neden tekrar artti?

Cevap: Farelerin dogum oranini ve bu durum degiskenini yoneten oran nedeniyle fare
sayisinin hizla artacagr gercegini dikkate alinir.

2. Mert, yatirim yapmak i¢in bazi gayrimenkul secenekleri ariyordu. Emlak¢inin
tekliflerinden ikisi ona ilging geldi: ilk teklif, turistlerin ziyaret ettigi sehrin kalbine
yakin, gayrimenkuliin degerli oldugu kiiciik bir evdi, diger teklif ise daha az pahali
ama gelismekte olan bir mahallede biiyiik bir evdi. Siz Mert’in yerinde olsaydiniz
hangisini secerdiniz? Yanitinizi gerekgeleriyle birlikte aciklayiniz.

Cevap: Zaman ic¢indeki degisikliklerin dikkate alinmasini ve farkl seceneklerin
degerinin zaman gectikce farkh sekilde degisebilecegini igerir.

3. Bir ciftgi koytii, iki farkli bécek nedeniyle bir hagere sorunuyla kargt karsiyaydi:
yesil ve kirmizi bocekler. Yesil bocekler, mahsullerin yani sira kirmizi boceklerle de
beslendi ve boylece yesil boceklerin popiilasyonu kirmizi bocekleri agti ve buna bagh
olarak da mahsul kaybinin ana nedeni oldu. Kéyliiler, ekinlerini yegil boceklere karst
korumak ve bir ¢oziim bulmak icin toplandilar. Yesil bocekleri yok etmek i¢in 6zel bir

bocek ilaci kullandilar; ancak bir siire sonra ekinleri hala yok oluyordu. Sizce bu
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durumun gerceklesme sebebi nedir? Yazarak veya cizerek anlatabilir misiniz?
Cevap: Ciftgilerin yesil bocekleri 6ldiirme karariin sorunun gelecekteki durumunu,

yani kirmiz1 boceklerin sayisini etkileyecegini igerir.

BOLUM 3

Fen bilgisi 6gretmenlerine gore sistem diigiincesinin anlamini eksiksiz ve giivenilir elde
edebilmek i¢in agagidaki sorular1 miimkiin oldugunca diirtistge doldurmanizi rica

ediyorum.

1. Sistem diiglincesini nasil tanimliyorsunuz?

2. Egitimde sistem diigiincesi yaklagiminin ve sistem diigiincesi becerilerinin
kullanilmasi gerektigini diiginiiyor musunuz? Nedenini agiklar misiniz? Neden
kullanilmasi/kullamilmamasi gerektigini diigiiniiyorsunuz?

3. Sistem diiglincesi yaklagimiyla bir konuyu 6gretirken kullanilan yontemler nelerdir?
Acgiklaymniz.

4. Smiflarimizda sistem diigiincesi yaklagimini uyguluyor musunuz? Cevabiniz evetse,
hangi araclarla nasil uyguluyorsunuz? Aciklayimiz.

5. Sistem diisiincesi araglarini agiklayimiz? Sistem diigiincesini nasil 6gretebiliriz?

6. Smiflarinizda sistem diigiincesi araclar ile gelistirilmesi hedeflenen asagidaki
becerileri hangi siklikla kullaniyorsunuz? Asagida belirtip nasil uyguladiginiza 6rnek

verebilir misiniz?

Higbir
zaman

Nadiren Bazen Sik Sik Her zaman

Stok ve Akislarla
Diisiinme Becerisi

Dinamiklerle Diigiinme
Becerisi

Nedensel Dongiilerle
Diisiinme Becerisi
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7. Fen bilimleri dersi 6gretim programinda yer alan hangi konular sistem diigiincesi
yaklagimiyla ogretilebilir? Bu konular kaginc1 simif diizeyinde yer aliyor?

8. Bir konuyu smiflarinizda sistem diigtincesi yaklagimiyla nasil uygulardiniz? Bir
ornek ile anlatabilir misiniz?

9. Sistem Diigtlincesi i¢in nasil bir 6lgme degerlendirme yapardiniz? Neyi olgmek
isterdiniz?

Cevapladiginiz i¢in tegekkiirler.
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APPENDIX B: ANALYSIS OF INTERVIEW QUESTIONS

ACCORDING TO RESEARCH QUESTIONS

Interview Section 1

Q1
RQ.1 Q2
Q3
RQ.3 Q4
RQ.1 Q5
Q6
RQ.2 Q7
Q8
RQ.3 Q9
Interview Section 2
Ql
RQ.2 Q2
Q3
Interview Section 3
RQ.1 Ql
RQ.3 Q2
RQ.3 Q3
RQ.3 Q4
RQ.1 Q5
RQ.3 Q6
RQ.3 Q7
RQ.3 Q8
RQ.3 Q9




APPENDIX C: ETHICS COMMITTEE APPROVAL

Evrak Tarih ve Sayisi: 13.09.2022-86196

L e i TC Z R
'gé" %) BOGAZICI UNIVERSITESI REKTORLUGU
e : Fen Bilimleri ve Miihendislik Alanlan Insan Aragtirmalan Etik Kurulu
s (FMINAREK)
Sayr :E-84391427-050.01.04-86196 13.09.2022

Konu :2022/24 Kayit no'lu bagvurunuz hakkinda

Sayin Dr. Ogr. Uyesi Gaye Defne CEYHAN
Matematik ve Fen Bilimleri Egitimi Boliim Baskanlifi - Ogretim Uyesi

“Science Teachers' Understanding of Systems and The Systems Thinking Skills and Their
Teaching Practices" baglikli projeniz ile Bogazigi Universitesi Fen Bilimleri ve Miihendislik Alanlari
insan Aragtirmalan Etik Kurulu (FMINAREK)'e yaptifiniz 2022/24 kayit numarali bagvuru 05.09.2022
tarihli ve 2022/09 No.lu kurul toplanusinda incelenerek etik onay verilmesi uygun bulunmustur.

Bu karar tiim iiyelerin toplantiya on-line olarak katilimiyla ve oybirlifi ile alinmistir. Onam
mektubu tiim iiyeler adina Komisyon Bagkam tarafindan e-imzalanmustir.

Saygilanmizla bilginize sunanz.

Prof. Dr. Tinaz EKIM ASICI

Bagkan
Bu belge, gilvenli clektrondk Imza ile imzalanmigter
Dogrulsma Kodu :BSUISRIF13 Pin Kodu -11242 Belge Takip Adresi - hitps:/lurkiye gov triebd 7eK 4787 & D=BSUISRIF 1 3&e5~86196
34342 Bebek-lstanbul Bilgi win: Nurgen MUNAR
Telefon No:0212 287 17 53 Faks No:0212 265 70 06 Unvan: Mibendis
Intermet Adresi-www boun.edu.tr
Kppahi-h\em' itesifuk ‘j,g?_u

Bu belge, giivenli elektronik imza ile imzalanmstir.

142



APPENDIX D: MoNE APPROVAL

T.C.
ISTANBUL VALILIGI
i1 Milli Egitim Miidiirlagii

GUNLUDUR

Sayt 1 E-59090411-44-62656174 03.11.2022
Konu : Anket ve Arastirma lzni (Biisra KARGA)

BOGAZICI UNIVERSITESI REKTORLUGUNE
(Yazi Isleri Midiirligi)

ilgi a) Yenilik ve Egitim Teknolojileri Genel Miidiirltigiiniin 21.02.2020 tarihli ve 2020/2 sayili genelgesi.
b) Valilik Makaminin 01.11.2022 tarihli ve 62387432 sayili oluru.

Valilik Makaminin Anket ve Arastirma Izni konulu ilgi (b) oluru ve kullanilmast uygun goriilen Slgme
araglarimin Miidiirliigiimiizee miihiirlenen érnekleri ekte gonderilmistir.

Ilgi (a) genelgenin 28, maddesinde; "Aragtirma uygulama izni alan kamu kurum ve kuruluglari, uluslararas
kuruluslar, iniversiteler, sivil toplum kuruluslar: ve arastirmacilar tamamladiklar: bilimsel arastirma ile ilgili sonug
raporlarin, izni aldiklar ilgili birime ¢alisma bitiminden itibaren 30 giin igerisinde géndereceklerdir.” ifadesi yer
almaktadur.

Olur geregince iglem yapilmasi ve aragtirma sonug raporunun ekte sunulan drnege gore Miidirliigiimiiz
Strateji Gelistirme Subesine gonderilmesi hususlarinda geregini arz ederim.

Ahmet BURLUKKARA
1 Milli Egitim Midiiri a.
Sube Miudiirii
Ek:
1- Walilik Oluru (1 Sayfa)
2- Rapor Omegi
3- Olcekler

Bu belge givenli elektronik imza ile imzalanmgtir,

Adres : Binbirdirek Mah. Imran Oktem Cad. No: | Sultanahmet Fatih Istanbul  Belge Dogrulama : https://www.turkiye.gov.tr'meb-chys
Telefon 10212 384 36 30 Bilgi Igin s Avkut CELIK

E-posta : stratejigelistime 3@ meb.goviar Unvam : Biiro Hizmetleri

Kep Adresi @ mebfahs01 kep tr Internet Adresi @ hitp:Vistanbulmeb.gov. w/

Rt swresle siiwenli alaltennile imven il imalanoisnr hitne: faveskancon moh o tr adeesinden TR B=4888-3872 QAT h=Sh 1 tam its imvis adilabilie Cia:

143




144

APPENDIX E: INFORMED CONSENT FORM

Ogretmen Bilgi ve Onam Formu

Arastirmay: destekleyen kurum: Bogazi¢i Universitesi
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Proje Yiiriitiiciisii/Aragtirmacinin adi: Assist. Prof. Gaye Defne Ceyhan, Biigra Karga

Adresi:

E-mail adresi:

Telefonu:

Saymn Fen Bilimleri Ogretmenleri,

Bu bilimsel arastirma Bogazi¢i Universitesi Matematik ve Fen Bilimleri Egitimi Boliimii Dr.
Ogretim Uyesi Gaye Defne Ceyhan damsmanliginda ve yiiksek lisans dgrencisi Biigra Karga tarafindan
“Fen Bilgisi Ogretmenlerinin Sistem Anlayisi, Sistem Diisiincesi Becerileri ve Ogretim Uygulamalar1” ad:
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Bu arastirmaya katilmay1 kabul ettiginiz takdirde bireysel gériisme yapacagiz. Aragtirmanin higbir
agsamasinda sizden kimlik bilgileriniz istenmeyecektir. Bireysel goriismeler 01.10.2022 ile 01.01.2023
tarihleri arasinda yiiz yiize gergeklestirilecek ve onay veren katihmeilardan ses kaydi alinacaktir.

Bu arastirma bilimsel bir amagla yapilmaktadir ve katilimei bilgilerinin gizliligi esas tutulmaktadr.
Bu aragtirmaya katilmak tamamen istege baghdir. Katildiginmiz takdirde galigmanin herhangi bir agamasinda
herhangi bir sebep gostermeden onaymizi ¢ekmek hakkina da sahipsiniz. Aragtirmadan cekildiginiz
takdirde tiim veriler silinecek ve herhangi bir arastirmada kullanilmayacaktir. Arastirmanin size bir risk
olusturmas1  beklenmemektedir. Sizden {icret talep etmiyoruz ve size herhangi bir 6deme
yapmayacag1z/6diil vermeyecegiz.

Bilimsel ara.stlrma ha.kkmda ek bilgi alma.k istediginiz takdirde litfen Bogazigi Universitesi
aragtirma yiiriitiiciisii Bug.ra Karga iletisime geg:l_mz (e-mail:). Ayrica bu arastirmadaki haklarlmz 1le 1lg111
daha fazla bilgi almak i¢in Bogazi¢i Universitesi Fen Bilimleri ve Miihendislik Alanlar insan Aragtirmalary
Etik Kurulu'na (FMINAREK) fminarek@boun.edu.tr mail adresinden danisabilirsiniz.

Eger bu bilimsel arastirma ¢alismasina katilmay1 kabul ediyorsaniz, liitfen bu formu imzalayip
kapal size verilen zarf igerisinde bize geri verin.

Ben, (katilmcinin adi) ... o3 o ., yukaridaki metni okudum ve katilmam istenen
caligmanin kapsamini ve amacini, gonullu olarak lizerime dusen sorumluluklan tamamen anladim. Calisma
hakkinda soru sorma imkam buldum. Bu ¢alismay: istedigim zaman ve herhangi bir neden belirtmek
zorunda kalmadan birakabilece@imi ve biraktifim takdirde herhangi bir ters tutum ve olumsuzluk ile
karsilasmayacagim anladim.

Bu kosullarda s6z konusu arastirmaya kendi istegimle, higbir baski ve zorlama olmaksizin
katilmay1 kabul ediyorum.

Bu kosgullarda s6z konusu aragtirmada gergeklestirilen bireysel goriismede ses kaydi alinmasim
kabul ediyorum.

Formun bir érnegini aldim / almak istemiyorum (bu durumda aras.tmnam bu kopyay saklar).
Katilimcimin Adi-Soyadit....

fmzas:..

Adresi (varsa Telefon No Faks No)

Tarih (giin/ay/yil):..../ e.ccod e
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