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Abstract  
Systems thinking is the interactive working of interconnected parts for a specific purpose. Global food 
production processes include sustainability, economics, engineering, nature and social dimensions. In 
this respect, it is important to develop the systems thinking skills of teacher candidates. This study 
aimed to examine the effect of project-supported education on the system thinking skills of teacher 
candidates on food production. A mixed research design and single-group pre-test-post-test 
experimental design were used in the research. The data were obtained from the systems thinking 
skill test, open-ended questions and concept maps. The quantitative study group of the research 
consisted of 100, and the qualitative study group consisted of 30 science teacher candidates. It was 
found that there was a significant difference between the system skill test pre-test and post-test. The 
concept maps developed by the teacher candidates were evaluated in terms of their level of 
understanding of the system's structure, function and behaviour and whether they could establish a 
link between the sectors related to food production. In the research, it was found that systems thinking 
skill tests and concept maps were effective in detecting systems thinking skills. The most important 
finding in this study was understanding the interdependence of systems, which is the most basic 
feature of ST. 

Keywords: Systems Thinking, Production Management, Concept Map, Project-Supported Education 

Jel Codes: C83, M11, I20, O22 

 

Öz 
Sistem düşüncesi, belirli bir amaç için birbirine bağlı parçaların etkileşimli çalışmasıdır. Küresel gıda 
üretim süreçleri, sürdürülebilirlik, ekonomi, mühendislik, doğa ve sosyal boyutları içerir. Bu açıdan 
öğretmen adaylarının sistem düşünme becerilerinin geliştirilmesi önemlidir. Bu çalışmanın amacı, 
proje destekli eğitimin öğretmen adaylarının gıda üretimine yönelik sistem düşünme becerilerine 
etkisini incelemektir. Araştırmada karma araştırma deseni ve tek grup ön test-son test deneysel desen 
kullanılmıştır. Veriler, sistem düşüncesi beceri testi, açık uçlu sorular ve kavram haritalarından elde 
edilmiştir. Araştırmanın nicel çalışma grubu 100, nitel çalışma grubu ise 30 fen bilgisi öğretmen 
adayından oluşmuştur. Sistem beceri testi ön test ve son test arasında anlamlı bir fark olduğu 
bulunmuştur. Öğretmen adaylarının geliştirdikleri kavram haritaları, sistemin yapısını, işlevini ve 
davranışını anlama düzeyleri ve gıda üretimi ile ilgili sektörler arasında bağlantı kurup kuramamaları 
açısından değerlendirilmiştir. Araştırmada sistem düşüncesi beceri testi ve kavram haritalarının 
sistem düşüncesi becerilerini tespit etmede etkili olduğu bulunmuştur. Bu çalışmanın en önemli 
bulgusu sistem düşüncesinin en temel özelliği olan sistemlerin birbirine bağımlılığının anlaşılması 
olmuştur. 
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Introduction  
Food production has been one of the most important issues since the beginning of human history. 
Despite the importance of food, global warming, excessive population growth, and unplanned and 
rapid urbanization threaten production processes (Odegard and van der Voet, 2014). Food production's 
social and economic importance will increase in the coming period. Food production management 
includes complex and interacting processes which can apply systems thinking methodology.  

Raising awareness of food production has become one of society and institutions' most important 
agenda items. Governments and educational institutions have the most important role in increasing this 
awareness and spreading it to every part of society.  

In a world where problems and systems become more complex, systems thinking (ST) has become an 
important skill in every part of life. ST is an approach to examine complex situations and systems 
holistically. It is used in almost every branch of science with this feature. ST is the interactive working 
of interconnected elements for a goal (Verhoeff, Boersma and Waarlo, 2013). The components of a 
system must be understood first to understand the interaction among system elements holistically. 
Analyzing a system involves a high level of thinking capability. Systems-minded people are strong 
communicators curious, and innovative individuals. ST in engineering and science provides a holistic 
view of the system's structure, behaviour, and function (SBF) (Tripto, Ben-Zvi Assaraf, Snapir and Amit, 
2017; Assaraf, Dodick and Tripto, 2013). 

A system is a goal-oriented holistic entity to reach a certain result, which is formed according to a 
general plan, consisting of units of different parts that regularly affect each other and are connected. ST 
is understanding a system as a whole with the interaction of its elements and the stability of a system 
about its cause-effect cycle (Assaraf and Orion, 2005). According to NGSS (2013), ST is seen as a systems 
model that helps students understand basic disciplinary knowledge and improve a harmonious, 
scientific perspective. ST is the ability to comprehend the multi-level structure and dynamic and 
nonlinear relationships among the elements of the system. This mental process requires a wide range 
of cognitive abilities (Richmond, 2001; Hmelo-Silver and Azevedo, 2006). 

ST is the ability to systematically evaluate the situation from a systems perspective (Crawley, Cameron 
and Selva, 2016; Assaraf and Orion, 2005; Checkland, 2000). The design phase requires many cognitive, 
social, and technical difficulties (Checkland, 1983). Design and ST are used together in science and 
engineering (Long, 2012). Industrial and systems engineering researchers have broadly defined the 
skills and behaviours required for the design phase (Frank, 2006), but cognitive approaches were 
somewhat limited (Greene, Gonzalez, Papalambros and McGowan, 2017). The ST tries to see the whole 
from different perspectives, and at the same time, it recognizes the interactions among the components. 

Structural and procedural are two types of dynamic systems (Sommer and Lücken, 2010). Structural ST 
is the ability to define the relevant components of a system and the relationships among them and to 
determine the framework of the system together. Procedural ST is the ability to cover the systems' 
dynamic and time-related processes (Sterman, 2000). This two-dimensional ST overlaps with the ST 
model proposed by Assaraf and Orion (2005). Structural ST, the first dimension of ST, includes 
understanding the basic framework of relationships. The second dimension, procedural ST, includes 
understanding retrospective and predictive thinking about the cyclical and dynamic relationship 
development within the system. 

Dolansky, Moore, Palmieri and Singh (2020) defined ST as “the ability to recognize, understand, and 
synthesize interactions and interdependencies in a set of components designed for a specific purpose”. 
It is the capability to capture the elements in interactions and to understand how activities strengthen 
or neutralize all. It is essential to undertake certain methodologies to establish a set of components that 
comprise a whole (Dolansky et al., 2020). 

Literature review  
Project-based learning (PBL) 

In the 21st century, there has been a paradigm shift in various areas of life. The current types of jobs 
seem to require different skills from the previous era. According to (NEA) (2002), jobs that require 
routine skills are experiencing a temporary decline, whereas jobs requiring non-routine, analytical and 
interactive communication skills continue to increase. To catch up with this trend, the education system 
should be redesigned to increase students’ skills in the 21st century. Rotherham and Willingham (2009) 
stated that a student's success in the 21st century depends on skills learning and innovation skills (4Cs), 
namely critical thinking, communication, collaboration, and creativity. Educators design open-ended 
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PBL projects that focus on global issues, providing students with the opportunity to engage in realistic 
projects, allowing students to encounter and solve dilemmas, providing opportunities for collaboration, 
and solving future problems (Kingston, 2018; Han, Yalvac, Capraro and Capraro, 2015; Bell, 2010). 

By promoting systems thinking and interdisciplinary connections, PBL offers an expanded perspective 
on issues and problems (Ekselsaa, Purwianingsihb, Anggraenib, Ghofar and Wicaksonoc, 2023; 
Kingston, 2018; Nagarajan and Overton, 2019; Blumenfeld, Soloway, Marx, Krajcik, Guzdial and 
Palincsar, 1991). Therefore, PBL is a context-based approach that relates learning to the real world 
(Åström, 2008; Czerniak and Johnson, 2014). PBL has its roots in constructivism learning theories. 
Learning is context-specific; students build their knowledge by engaging in meaningful real-life 
problems. They achieve their goals through social interactions by working collaboratively on their 
knowledge and projects. PBL results in artefacts or products developed to solve an identified problem. 
Numerous studies have been done with PBL recently. For example, they are strengthening students' 
identity formation (Jagers, Rivas-Drake and Williams, 2019), encouraging students to learn by 
developing collaborative products (Easley, 2020), making collaborative experimental science activities 
(Baser, Yasar and Karaarslan, 2017), integrating science learning with other disciplines (Arias, Davis, 
Carlos, Kademian and Palincsar, 2016; Fitzgerald, 2020), and providing equitable learning opportunities 
(Haas, Januszyk, Grapin, Goggins, Llosa and Lee, 2021; Haatainen and Aksela, 2021). 

Structure, function, and behaviour model in system thinking 

Systems generally fall into three types: function, structure, and behaviour. The structure and behaviour 
activate the system's role and purpose (Dori, Sillitto, Griego, McKinney, Arnold, Godfrey, Martin, 
Jackson and Krob, 2019; Crawley et al., 2016). ST is crucial to cover the problems encountered and 
develop solutions in the societies (Sweeney and Sterman, 2000). Understanding systems requires 
understanding and recognising the fundamental events and their interrelationships in them (Hmelo-
Silver and Pfeffer, 2004). Studies have suggested that ST is considered a high-level ability essential for 
understanding functions in science and engineering (Verhoeff, Waarlo and Boersma, 2008). Complex 
systems learning and knowledge transfer are critical to improving scientific knowledge. Generally, 
system elements' behaviour, processes, and interactions affect the system's overall performance. These 
interrelationships are generally dynamic and invisible, which is hard to comprehend (Feltovich, 
Coulson and Spiro, 2001; Jacobson and Wilensky, 2006; Hmelo-Silver, Marathe and Liu, 2007).  

SBF is a conceptual expression that promotes transfer between different systems (Goel, Gomez de Silva 
Garza, Grué, Murdock, Recker and Govinderaj, 1996). Structures in ST refer to the elements, while 
behaviours are the mechanisms in which the structures and functions happen. Functions are elements' 
roles in a system (Hmelo-Silver et al., 2007). Several structures can act interactively to fulfil the function. 
Computer simulations can also demonstrate the system environment's invisible structures and 
functions (Liu and Hmelo-Silver, 2009). What are the structures in the system, how are the behaviours, 
and why can the functions be revealed? An example of SFB in an aquarium system and how the food 
breakdown system works is given in Figure 1. 

Figure 1: Structure, Function and Behaviour in ST  

Source: (Sinha, Gray, Hmelo-Silver, Jordan, Eberbach, Goel & Rugaber, 2013) 

Developing ST skill 

It has been stated that ST skills are crucial for solving complex problems (Evagorou, Korfiatis, Nicolaou 
and Constantinou, 2009). Although the integration of ST into education has been noted as important, 
implementation has been limited (Plate, 2010; Jacobson and Wilensky, 2006). Several studies have been 
conducted to develop ST skills in education (Tamir, Ben-Zvi Assaraf and Maman, 2023; Shaked and 
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Schechter, 2019; Koral, Frank and Nissel, 2018). Assaraf and Orion (2010), Penner (2000), Sweeney and 
Sterman (2000) stated that “ST skills can be developed in primary and secondary education”. Both 
Sweeney and Sterman (2000) and Frank (2006) pointed out the importance of ST in engineering 
university students. They also explained that ST requires the skills to examine, evaluate, and invent 
more than just remembering information. Transfer in learning is the process of learning information 
and abilities in new contexts. For this reason, learning environment designers are trying to create tools 
that will facilitate transfer. Such a tool should support students' holistic thinking of conceptual elements 
(Liu and Hmelo-Silver, 2009). It is hard to evolve a conception of systems for students, but it is worth 
achieving (Sabelli, 2006). 

Concept maps (CMs) in the evaluation of ST 

The use of CM is generally related to a "constructivist approach” in education. Hmelo-Silver and 
Azevedo (2006) argue that “scaffolding” support is needed to develop students' ST. Hence, they may 
be useful for instructors to reveal the students’ knowledge level. Since CM focus on structure and 
connections, students’ drawings are a good way of showing their perceptions of the concepts' 
relationships (White and Gunston, 1992; Zele, 2004). Concepts can actively promote students' 
knowledge integration and be an assessment tool. CMs are useful frameworks to organize students’ 
knowledge, supporting learning by guiding them to capture common structures (Davis, Shrobe and 
Szolovits, 1993; Novick and Hmelo, 1994). This will increase understanding of system interrelationships 
(Liu and Hmelo-Silver, 2009). Evaluating ST abilities is crucial, as well as developing them. There is 
very limited research on the assessment of ST skills. Tripto et al. (2017) stated, "CMs are an important 
tool that can be used in evaluating ST due to their structural features”. Akiri, Tal, Peretz, Dori and Dori 
(2020) also evaluated ST with CMs and rubrics. CMs are graphical tools for representing information 
recommended by NGSS (2013) to encourage students' thinking skills. CMs were developed by Novak 
in 1972 to track changes in students' knowledge (Novak and Musonda, 1991).  

Studies have indicated that assessment tools are needed to assess appropriate ST regardless of education 
level. Otherwise, investigating ST skill improvement may be difficult (Boersma, Waarlo and Klaassen, 
2011). The structure of the CM consists of a hierarchical or non-hierarchical schema as a representation 
of a mental model (Yin, Vanides, Ruiz-Primo, Ayala and Shavelson, 2005). These features of CMs are 
similar to those of ST: Structure, dynamism, and hierarchy. Therefore, the number of concepts and 
connections in CMs are valid parameters to evaluate ST level (Songer and Mintzes, 1994; Rye and Rubba, 
1998; Martin, 2004). Therefore, CMs have been accepted as a good tool for evaluating mental models in 
conceptual understanding (Ruiz-Primo and Shavelson, 1996; Mintzes, Wandersee and Novak., 1998; 
Assaraf and Orion, 2010; Evagorou et al., 2009). Food production and safety have been at the top of the 
global agenda with globalisation and climate change. Hence, supporting a better understanding of food 
production at every level becomes the purpose of this study. 

Method 
This research was designed as a single-group pre-test/post-test experimental design, one of the 
quantitative research approaches. Experimental design is research to test the cause-effect relationship 
between variables (Cohen and Manion, 1997; Gay and Airasian, 2000). In experimental studies, 
researchers observe the effects of at least one independent variable on one or more dependent variables 
(Cohen and Manion, 1997; Gay and Airasian, 2000). There are many different experimental patterns. In 
the single-group pre-test/post-test experimental design, an independent variable is applied to a group, 
and measurement is made before and after the experiment (Cohen and Manion, 1997; Gay and Airasian, 
2000). The difference between the pre-test and post-test shows the effect of the independent variable on 
the dependent variable. The single-group pre-test/post-test experimental design is one of the weakest 
among the experimental designs. However, as Creswell (2012) stated, it is the nature of the research to 
prefer the single-group experimental design in studies where a new training module is developed and 
applied. The concept maps prepared by the teacher candidates were evaluated qualitatively and 
supported by quantitative data. 

Participants 

The study group consisted of 100 students from a state university in Istanbul. Students were selected 
voluntarily. Data collection tools and study groups are;  

• ST skill test is applied to 100 teacher candidates quantitatively (3rd and 4th grade students) 

• The system knowledge test is applied to 30 teacher candidates quantitatively (3rd-grade students) 

• Concept maps are applied to 30 teacher candidates qualitatively (3rd-grade students) 
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Since the system thinking skill test was translated into Turkish and a validity and reliability study was 
carried out, it was applied to both 3rd and 4th grades (100 students) as it should be applied to a large 
group. The System Knowledge Test, which consists of open-ended questions, was applied to 30 third-
year students. Thirty third-year students were asked to draw CMs before and after the application. 

Application 
The research is planned for six weeks in October- November 2022. One week is reserved for pre-test 
and post-test applications, and four weeks for project-based practice. During the project 
implementations, the researcher lecturer guided the teacher candidates as a guide.  

The Steps of Application 

1. The system thinking test was applied to 100 teacher candidates as a pre-test. 

2. The system knowledge test was applied to 30 teacher candidates as a pre-test. The same group of 
students was asked to draw a CM to reveal their pre-knowledge about food safety. 

3. Thirty teacher candidates participating in the application were divided into six groups of five. The 
groups chose the production of food (such as coffee, chocolate, chicken, or cheese) they wanted. They 
prepared a CM with their preliminary information about the production system of this food.  

4. In the design of the projects, the project design steps determined by Barak (2020) were applied. These 
include recognising the problem, identifying the known and unknown about the problem, forming 
hypotheses and deciding on a hypothesis, testing the hypothesis, collecting and interpreting data, 
writing and presenting the project report, and revising the project as a result of feedback. 

5. After the project implementation, the system thinking skill and knowledge tests were applied as 
post-tests. At the end of the study, teacher candidates developed a new CM in line with the new 
information they learned. 

Data collection tools 

ST skill test  

The study used a Likert-type scale Dolansky et al. (2020) developed. The development stages of the test 
developed by Dolansky et al. (2020) were as below: 

• The test was initially prepared as 26 items. However, since the factor loads of 6 items were low, these 
items were removed, and the test was reduced to 20. 

• They applied this 20-item test version to 36 healthcare professionals and found Cronbach’s alpha 
value to be 0.74. 

• Then, the test was applied to 342 healthcare professionals, and the Cronbach alpha was found to be 
0.89. This level is a sufficient value for test development. 

• It was then applied to 342 healthcare professionals, and the reliability value was noted as 0.89. Three 
academicians and a Turkish teacher examined and agreed on Turkish controls of the translated test. The 
test was applied as a pilot to 10 teacher candidates to examine the validity of the test. As a result of the 
application, the reliability value was found to be 0.86. This value is close to the result of Dolansky et al. 
(2020). 

Items on the Likert-type scale were pointed as never (0), rarely (1), sometimes (2), often (3), and most of 
the time (4). A score ranging from 0 to 80 is obtained in the test. There is no reverse-coded item. 

System knowledge test 

It consists of 6 open-ended questions improved by the researchers to determine the conceptual 
knowledge of candidate teachers on systems thinking. Open-ended questions are shown below: 

1. Define the system. 

2. Give three system examples. 

3. What makes them a system? 

4. Is food production a system? So how? If not, explain why. 

5. What are all the components and processes of food production? 

6. How do these components and processes work together? 
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The open-ended questions were prepared by taking the opinion of 3 experts from the science education 
and engineering faculty. The open-ended questions were scored as 0 (lower), 1 (basic), 2 (intermediate), 
and 3 (upper). 

Concept maps (CMs) 

Various science education studies have used CMs to evaluate students' conceptual understanding. The 
CM includes the features of structure, dynamism, and hierarchy, which are the elements of ST. Research 
shows that concept and interaction numbers in CMs are good parameters for evaluating ST levels. 
Therefore, in this study, it was thought to be an appropriate tool to determine the system thinking levels 
of candidate teachers. CMs were tested with a rubric prepared by the researchers. It was determined 
that the raters had a high (92%) consistency level. It is scored as 0 (lower), 1 (basic), 2 (intermediate), 3 
(upper). 

Table 1: System Thinking Evaluation Criteria of CMs 

ST Key Elements Definition of ST Elements 
STRUCTURE Ability to define sub-elements in the system Main process, Subprocesses, Number of concepts, Links 

among objects, and processes 

FUNCTION Main function, expected result/intended 
purpose, ability to describe simple 

interactions (Node Counts) 

The expected result or intended purpose of the system 
Main process, agent operators and enablers 

BEHAVIOUR Ability to define dynamic relationships, 
Procedural connections 

Links among objects and processes, Levels of detail 

Ability to organize system elements within 
the framework, Levels of complexity 

Linear, divergent, convergent, and cyclical relationships 

 

Findings 
The study examined the effect of project-based education on teacher candidates’ ST capabilities. The 
data obtained were presented in tables and graphs below.   

Findings of the ST skill test 

A reliability analysis was conducted, and the reliability value was .860. Skewness and Kurtosis values 
were examined to determine whether the pre-test and post-test data were normal distributions. 
Skewness shows the level of non-symmetry of a distribution. On the other hand, Kurtosis shows how 
many samples are in the middle of the distribution. It is a normal distribution if these values are between 
-1.5 and +1.5 (Tabachnick and Fidell, 2013). Consequently, it was found that the values were in the range 
of -1.5 to +1.5, so it showed normal distribution characteristics. 

An independent t-test was conducted to see whether a significant difference existed between the means 
of the pre-test and post-test data. The resulting values are given in Table 2. 

Table 2: T-test Findings of Pre-test and Post-test of the ST Scale 

Variable Groups N X ss t-test 
t sd p 

ST Pre-test 30 70.73 4.076 -7.932 60 0.001 
Post-test 30 81.63 6.327 

 

When Table 2 is examined, it is found a significant difference between teacher candidates’ pre-tests and 
post-tests on ST abilities (t [60] =-7.932; p<0.05). A one-way ANOVA test was conducted to determine 
whether there was a significant difference between teacher candidates’ pre-test and post-test variances. 
The test of Homogeneity result was found as .375, and data was accepted as homogeneous as it was 
greater than 0.05. 

Table 3: ANOVA Findings of Pre-test and Post-test of the ST Scale 

Variable Groups N X ss Source of 
Variance 

Sum of 
Squares 

sd Mean 
Square 

F p 

ST Pre-test 30 70.73 4.076 Between 
Groups 

1782.15 1 1782.15 62.91 0.001 

Post-test 30 81.63 6.327 Within 
Groups 

1642.83 58 28.32   

 Total 60 76.18 7.619 Total 3424.98 59    
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When Table 3 is examined, a significant difference was found between teacher candidates’ pre-test and 
post-test ST abilities (F= 62.91; p<.05). 

Findings of system knowledge test  

Skewness and Kurtosis values to open-ended questions about ST were examined to see whether the 
pre-test and post-test data have normal distribution characteristics. It was found that the values were 
in the range of -1.5 to +1.5, so they showed normal distribution characteristics (Tabachnick and Fidell, 
2013). An independent t-test was performed to see whether a significant difference existed between the 
means of the pre-test and post-test data. The results are given in Table 4. 

Table 4: T-test Findings of Pre-test and Post-test of the Systems Knowledge 

Variable Groups N X ss t-test 
t sd p 

Systems Knowledge Pre-test 30 6.70 2.200 -14.562 60 0.000 
Post-test 30 14.53 1.961 

 

When Table 4 is examined, teacher candidates’ system knowledge levels show a significant difference 
between the pre-test and post-tests (t [60] =-14.562; p<0.05). A one-way ANOVA test was conducted to 
test whether there was a significant difference between teacher candidates’ pre-test and post-test 
variances. The test of Homogeneity result was found as .496, and data was accepted homogeneous as it 
was greater than 0.05. 

Table 5: ANOVA Findings of Pre-test and Post-test of the Systems Knowledge 

Variable Groups N X ss Source of 
Variance 

Sum of 
Squares 

sd Mean 
Square 

F p 

Systems 
Knowledge 

Pre-test 30 6.70 2.200 Between 
Groups 

920.417 1 920.417 212.038 0.000 

Post-test 30 14.53 1.961 Within 
Groups 

251.767 58 4.341   

 Total 60 10.62 4.457 Total 1172.183 59    
 

When Table 5 is examined, a significant difference was found between teacher candidates’ pre-test and 
post-test systems knowledge (F= 212.038; p<.05). 

 
Figure 2: Teacher Candidates’ System Knowledge Levels 

Candidate teachers must describe and explain the system for evaluating ST skills. Therefore, a system 
knowledge test consisting of six open-ended questions was conducted for the teacher candidates. The 
findings obtained from this test are shown in Figure 2. When this test was analyzed, it was found that 
the teacher candidates’ understanding of the system improved due to the project implementation. 
Looking at the mean score of the pre-test, it was determined that the lowest scores were defining the 
system (1.05), giving examples of the system (1.23), and food production system components (1.23). The 
most successful questions were identifying the elements of the food production system (1.52) and food 
production components (1.47). In the post-test, the area in which the teacher candidates made the least 
progress was giving an example to the system. Most of the teacher candidates gave the systems in our 
body and the ecosystem as an example of a system. They could not give system examples from other 
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areas. This shows that they are unable to put their system information into practice. The results show 
that teacher candidates successfully recognised the food production system, which is the main subject 
of the project, in the post-test.    

Findings of teacher candidates’ CMs  

CMs were used to gain insight into improving system thinking skills during and after project 
implementation. CMs prepared by teacher candidates about the food production system according to;  

1. structure, function, and behaviour, which were the basic elements of ST skills, 

2. the areas and processes related to food production were evaluated in terms of how much they 
included. 

Evaluation of CMs in terms of ST elements 

Teacher candidates’ pre- and post-CMs of food production were evaluated with rubrics. Accordingly, 
the scores of the structure, function, and behaviour components are given in Table 6. 

Table 6: Evaluation of CMs in terms of ST components 

Systems Components Pre-CM.  Post- CM 
Structure Identifying System Components 1.46 2.30 
Function Recognizing Simple Relationships  1.16 1.83 
Behaviour Defining Dynamic Relationships  

Organizing Interactions  
0.83 1.46 

Scale: 3 points= high level; 2 points= middle level; 1 point= basic level 

When Table 6 is examined, it is found that all three components of ST have developed after the project 
implementation. The most progress was observed in the structure component (Pre-CM; 1.46, Post-CM; 
2.30), then in the function component (Pre-CM; 1.16, Post-CM; 1.83), at least in the behaviour component 
(Pre-CM; 0.83, Post-CM; 1.46) was observed. When the final CMs were evaluated, it was determined 
that the structure (2.3) of the three components of ST approached the upper level, while the function 
(1.83) developed at the medium level and the behaviour (1.46) at the basic level. In Annex 1, two sample 
CMs created by the candidate teachers after the application are given.  

Teacher candidates’ levels of establishing relationships in the fields of food production 

Teacher candidates’ CMs were analyzed to recognise the elements of the food production system and 
notice the relationships among them. As seen in Figure 3, almost all of the candidate teachers included 
the food production stages, economy, and health in the food production system. In the food production 
system, teacher candidates’ levels of inclusion in their preliminary CMs were found, when ordered from 
the most to the least, economy, food production stages, supply chain, health, marketing, society, 
hygiene, transformation into different products, nature sustainability, education, and engineering. In 
the final test, this ranking was as food production stages, economy, health, marketing, supply chain, 
societies, hygiene, conversion to different products, nature, education, sustainability, and engineering. 
As seen in the preliminary and final CMs, the teacher candidates established a relationship between 
close components such as production, marketing, and economy related to food production. They have 
made limited progress in relating more distant components of food production, such as sustainability, 
education, engineering and nature. It was determined that they were very good in the structure 
component of ST, moderate in the function component, and low in the behaviour component. Finally, 
it was seen that teacher candidates gave more place to the components of engineering, education, 
nature, and sustainability in their final CMs compared to the preliminary CMs. 
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Figure 3: Teacher Candidates’ Levels of Establishing Relationships Among the Fields of Food 
Production 

Discussion 
Researchers in education propose ST as a tool for today's complex problems. Therefore, this thinking 
skill has been studied from different perspectives. The ST test developed by Dolansky et al. (2020) was 
used in this study. They found the Cronbach alpha value of the test developed by the researchers to be 
0.89. This study adapted this test to Turkish, and Cronbach's alpha value was found to be 0.86. This 
value supports the studies of Dolansky et al. (2020). Therefore, it is thought to be a tool that can be used 
to evaluate ST. 

ST was previously thought to be a tool only for systems engineers. But today, it is accepted that system 
thinking is useful for individuals, organizations, and nations. Individuals, organizations, and countries 
often face complex problems with different dimensions. ST is necessary when solving these problems. 
ST begins with formulating well-thought-out goals and benchmarks. It has been stated that there is a 
need for tools related to the criteria of ST and how to measure it (Bedir, Desai, Kulkarni, Wallet, Wells 
and Smith, 2020). Assaraf and Orion (2005) developed the System Hierarchical Thinking Model to 
evaluate ST skills. Various studies that can be used to evaluate ST in different studies are also required. 
Among these, rubrics, Likert-type questionnaire, drawing analysis, word association, CM, interviews, 
simulations, and class discussions were used (Shepardson, Roychoudhury and Hirsch, 2017; Semiz and 
Teksöz, 2019; Batzri, Assaraf, Cohen and Orion, 2015; Shepardson, Roychoudhury, Hirsch, Niyogi and 
Top, 2014; Eilam, 2012; Hmelo- Silver and Pfeffer, 2004; Boersma et al., 2011; Evagorou et al., 2009; 
Assaraf and Orion, 2005). Similarly, Tripto et al. (2017) used one-on-one interviews as a measurement 
tool for evaluating ST skills and found that they were effective tools in assessing students' ST skills. 
Studies on developing ST scales continue to evaluate ST skills more objectively (Moore, Komton, 
Adegbite-Adeniyi, Dolansky, Hardin and Borawski, 2018; Dolansky et al., 2020). 

In the research, the system knowledge test, which is used to understand the knowledge levels about the 
system, was used before determining their system thinking. Considering the total mean values of this 
test, a significant difference was found between the pre-test (X: 6.70) and the post-test (X: 14.63). This 
shows that the application improves the system information. When the questions in this test are 
analyzed one by one, the order of points from the lowest to the highest defines the system in the pre-
test (1.05), giving examples of the system (1.23), food production system components (1.23), food 
production components (1.47), and recognizing the elements of the food production system (1.52). In 
the post-test, this score ranking is defined as defining the system (1.49), giving an example of the system 
(1.76), recognizing the elements that make up the system (1.82), recognizing the elements of the food 
production system (1.88), recognizing the components of the food production system (2.17), and 
understanding the food production system (2.41).  

The test's general average and the analysis results contributed to the teacher candidates’ understanding 
of the system. The most important finding in this study was understanding the interdependence of 
systems, which is the most basic feature of ST. This result is similar to previous studies on ST. For 
example, Batalden and Mohr (1997) defined ST as “the discipline of seeing all elements in a given 
environment about each other. It considers the effects of one part of the system's actions on other parts”. 
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Change in the system is seen as a continuous procedure rather than a static action. It is crucial to be a 
systems thinker, comprehending the system as a whole rather than parts. With the study, teacher 
candidates knew that complex and dynamic systems consist of physical or intangible processes such as 
objects, information flows, relationships, and interactive components. Studies agree that ST is the sum 
of the capabilities to comprehend the system and its interrelationships to predict its effects for future 
improvements (Jacobson, 2001; Ossimitz, 2000; Anderson and Johnson, 1997). 

Teacher candidates developed CMs twice, before and after the food production project. The CMs 
developed by the candidate teachers were evaluated primarily in terms of their comprehension of the 
system's structure, function, and behaviour, and secondly, whether they could establish a link between 
the sectors related to food production. CMs are a visual assessment tool that shows knowledge 
structuring in the mind. In this respect, dual-use can lead to easier understanding/education and 
implementing system thinking in different fields. When the scores obtained by the candidate teachers 
from the CMs were tested, it found that in the structure component (Pre-CM; 1.46, Post-CM; 2.30), in 
the function component (Pre-CM; 1.16, Post-CM; 1.83), in the behaviour component (Pre-CM; 0.83), 
Post-CM; 1.46). In all three components, it was seen that there was an increase in the post-test compared 
to the pre-test. When the final CMs were evaluated, it was determined that the structure (2.3) of the 
three components of ST approached the upper level, while the function (1.83) developed at the medium 
level and the behaviour (1.46) at the basic level. 

Although there are different methods to evaluate ST, CMs are often preferred (Fisher, 2011; Plate, 2010; 
Sweeney and Sterman, 2000). CMs are a convenient tool for evaluating students' ST (Odom & Kelly, 
2000; Songer and Mintzes, 1994). Some studies using CMs in developing ST skills are as follows: In their 
study, Chang and Chiu (2004) evaluated how students understand blood sugar balancing using CMs. 
In the CMs examined it was determined that the students understood and correlated the macro-level 
concepts better than the micro-level concepts. In the other study, CMs were used to understand 10th-
grade students' ST skills and similar values were obtained (Assaraf et al., 2013). Related examples 
include Songer and Mintzes (1994), which studies marine life; Assaraf and Orion (2010) (Davis et al., 
1993), which examines global atmospheric change. In these studies, it has been shown that CMs reflect 
students' ST and facilitate learning about complex systems. Odom and Kelly (2000) found that CMs 
effectively learned diffusion and osmosis. Likewise, Markow and Lonning (1998) demonstrated the 
effect of concept mapping on teaching in university chemistry laboratories. Students' CMs show the 
structural components of the systems and the processes within the system (Hmelo-Silver and Azevedo, 
2006). Various studies shared the characteristics of CMs, ST, structure, dynamism, and hierarchy (Rye 
and Rubba, 1998; Songer and Mintzes, 1994). Studies show that the increase in the number of concepts, 
propositions, and cross-relationships in CMs is a good indicator to measure ST, and they have used 
CMs as a tool to evaluate ST skills in biology (Assaraf et al., 2013; Chang and Chiu, 2004). Similar studies 
have examined marine life (Whitner, 1985), the water cycle (Songer and Mintzes, 1994), used CMs to 
understand polar Earth systems (Assaraf and Orion, 2010), and global atmospheric change (Davis et al., 
1993). Odom and Kelly (2000) showed that, besides showing students' ST, CMs facilitate learning 
complex systems. Elmas, Arslan, Pamuk, Pesman and Sözbilir (2021) analyzed methods related to the 
development of ST skills. 

Teacher candidates’ food production system CMs were examined regarding sectoral components in the 
system. As a result of this analysis shows, the sectors the candidate teachers included in their food 
production CMs and their close and distant relationships with each other, as shown in Figure 4. Food 
production processes are at the centre, and the closest relationship has been established with health, 
economy, and hygiene. The supply chain, society, nature, recycling, and environmental pollution 
occurred in the second level. At the third level, marketing is considered sustainability and conversion 
to new products. The most distant relationship has been education and engineering. Accordingly, 
candidate teachers could not establish a relationship between education and engineering with food 
production. The reason why candidate teachers have difficulty in establishing relationships between 
different sectors may be that they have experienced such an example for the first time. It is thought that 
as the number of these applications increases, ST skills will increase. 
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Figure 4: Analysis of CMs in Terms of Food Production Sectoral Relations 

Sommer and Lücken (2010) stated that ST improves the establishment of meaningful relationships 
among system elements. Again, this process organizes instruction through conceptual representation, 
facilitating learning and helping to understand complex systems in depth. ST is a promising approach 
that reflects the multiple interactive components of the system and their interaction with each other. 
System thinking provides a holistic view of the structure and function of the complex concepts in science 
and the system in engineering (Hadgraft, Carew, Therese and Blundell, 2008). 

Conclusion 
The study used the ST skill test to evaluate the teacher candidates’ system thinking skills. It has been 
determined that this test is a tool that can be used in ST. In addition, it has been seen that CMs are 
effective in ST. Another finding is the development of teacher candidates’ understanding of structure, 
function, and behaviour, which are the system's basic components. Again, the success levels of 
candidate teachers have increased in understanding the relationship between the sectors in the food 
production system. This study also has limitations. The ST test is descriptive and may not measure 
actually observed proficiency. Future studies may be useful in different fields with different study 
groups because CMs are a useful tool that visualizes systems thinking and can be applied effectively 
and easily in every field. In conclusion, new interdisciplinary studies would be beneficial for developing 
strategies in food production and ST in different fields. 
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