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The Eyes as a Reflection of Systems Thinking: Using Eye-Tracking to Assess Systems Thinking Skills
1. [bookmark: _Hlk176227110]Scientific Background
Systems thinking
Many researchers have defined systems thinking.  Lamb and Rhodes (2007) formulated this definition : "Analysis, coupling, and understanding of internal relationships, technical, social, and temporal interactions." Frank (2002) emphasized the importance of understanding the entire system and how each part operates within it. Consequently, it is essential to view the system as a unified whole rather than as isolated components. Bertalanffy (1973) stated that different systems can be based on similar principles. Senge (1991) outlined five key areas for developing a learning organization, with the fifth being systems thinking—a holistic approach that avoids overemphasizing details and allows for recognizing the interconnections between components and their effects on one another and the system as a whole. According to Senge (1990), a skilled systems thinker is someone who can perceive four simultaneous levels: events, patterns, structures, and underlying forces. This insight unifies the fields of mental models, shared vision, personal mastery and team learning. Researchers commonly believe that applying systems thinking can optimize performance improvement in organizations (Neil, 1997). Researchers view systems thinking as a concept that involves considering an issue in its entirety, focusing on the interrelationships between its components  rather than the individual components themselves (Richmond & Peterson, 2001; Arnold & Wade, 2015). Richmond (1994) formalized this concept as: “Systems Thinking is the art and science of making reliable inferences about behavior by developing an increasingly deep understanding of underlying structure.” Richmond (2000) coined the paraphrase “forest thinking” to clarify the concept of systems thinking. According to his approach, forest thinking involves a “view from 10,000 meters rather than focusing on local trees” and “considering how the system influences systems on the other side of the line and how these latter systems influence the former system. Richmond (1991) highlights the importance of promoting systems thinking within organizations and noted that efforts to implement it must be targeted and deliberate.
Since systems thinking is an interdisciplinary framework applied across a broad range of fields rather than a single discipline, numerous studies illustrate its potential applications in various global domains. These include for example: healthcare (Kenett & Lavi, 2016; Leshno & Menachem, 2016), education (Goldstein, 2016; Koral Kordova, Frank, & Nissel Miller, 2018),  and systems engineering (Davidz & Nightingale, 2008; McDermott & Freeman, 2016; Zhang, 2016).‎ These studies help us gain a deeper understanding of the importance of incorporating a systematic perspective into the work environments of global organizations. In addition to explaining the conceptual foundations of systems thinking, they also introduce its terminology and tools, along with guidelines for their effective use. A better grasp of these tools and the newly proposed terminology will enhance our ability to identify problems and design solutions in environments increasingly defined by the complexity and chaos typical of global organizations.
Tools for assessing systems thinking capability
Systems thinking is a valuable skill that may be required for an individual to be promoted in the business arena. The systems thinking trait is not dichotomic and may be graded with a continuous, or at least a multi-level, scale. In order to make a decision regarding promoting/recruiting an employee to a position that requires systems thinking (or better systems thinking), a validated and reliable systems thinking measurement tool is required.  When reviewing candidates for systems engineering positions, the evaluation of systems thinking skills is a central parameter (Frank, 2010). Assessing systems thinking skills is highly important in the education field, and is considered a necessary tool for implementing a productive teaching program for this subject (Plate & Monroe, 2014). An effective systems thinking assessment tool is important not only regarding for recruitment/promotion decisions, but also to for evaluatinge and enhancinge training programs (Grohs et al., 2018). In order to evaluate the individual’s capabilities in general and to assess their preference for dealing with positions that require systems thinking skills in particular, we need a validated and reliable tool. The literature describes several tools aimed at evaluating systems thinking skills, mainly in the domain of education. Assaraf and Orion (2005) applied customized quandaries to test the ability of school students studying an earth- systems- based curriculum dealing with complex systems. Hooper and Stave (2008) suggested an assessment of systems thinking skills based on different levels, for example, the ability to list the system parts as predictors for recognizing interconnection levels, or the ability to justify why a given action is expected to solve a problem as a predictor for using conceptual model levels. Another approach seeks to define the complete set of skills required for systems thinking, e.g., the use of mental modeling and abstraction, and by quantitative assessment of these skills the systems thinking trait may be evaluated (Arnold, 2017). Lavi et al. (2019) classified systems thinking attributes into system function, structure, and behavior, and by scoring proposed system models based on object-process methodology they evaluated systems thinking skills. Buckle (2018) examined the utilization of a maturity model to assess the competence of a person to handle complex systems, i.e., systems thinking skills (coined as MMSTC—Maturity Model of Systems Thinking Competence). Frank (2010) developed aA tool for assessing systems thinking skills: was developed by Frank (2010). This tool is a questionnaire aimed at assessing the individual’s interest for positions requiring systems thinking. Frank presented proposed four different aspects of systems thinking: knowledge, individual traits, cognitive characteristics, and capabilities. 
Picture-based tests 	Comment by Steve Zimmerman: This section is much more concise now, which is good!
Picture-based tests have long been used in psychology to assess cognitive and emotional processes. These tools provide insights into how individuals think, process information, and react to visual stimuli. For example, tests like the Thematic Apperception Test (TAT) (Lilienfeld, Wood, & Garb, 2000) and the Rorschach Inkblot Method (Alexy, 2018; Hughes, Gacono, & Owen, 2007) have been employed to evaluate emotional content and thought patterns based on ambiguous visual prompts. Similarly, the Picture Frustration Test (Rosenzweig, 1976) assesses responses to everyday frustrating scenarios by having participants complete speech bubbles in cartoon images. These tests demonstrate the power of images in revealing deeper cognitive processes. Handwriting analysis has also been used traditionally for personality and cognitive assessment (Likforman-Sulem et al., 2017), while m Modern techniques, such as computer-based image analysis, have been applied to counselling and personality assessment (Cao & Wan, 2020). Visual Thinking Strategies (VTS) have been used to enhance observational skills, particularly in educational settings, as demonstrated by Poirier, Newman, and Ronald (2020). Additionally, Sang, Zhang, and Xu (2016) explored the use of image-based assessments for personality testing, showing that image-based tools can be as accurate as text-based methods. In the context of this research, picture-based tests will serve as a novel tool to explore systems thinking abilities. By presenting participants with complex images and tracking their eye movements, we aim to measure how individuals process these visual stimuli and identify patterns that correlate with systems thinking. This approach builds on the long-established use of pictorial stimuli in psychology, but applies it to the domain of systems thinking, using eye-tracking technology to provide objective, quantifiable data.
Eye tracking
Picture-based tests can indicate ways of thinking. Tracking eye movements while looking at the pictures can gives a physiological basis for describing the way of people look at picturesing at the picture. The technology of eye tracking has become increasingly popular, affordable, and accessible, making it a popular tool for many types of research (Matzen, Stites & Gastelum, 2021).. It is applied in various fields, including psychology, human factors, computer graphics, marketing, and virtual reality (Carter & Luke, 2020; Duchowski, 2017;). Eye-tracking studies have been used to examined relationships between intelligence, personality, cognitive processes, and learning outcomes. For example, Peterson, Deary, and & Austin (2005) researched the correlation between eye-tracking patterns and holistic-analytical cognitive styles. Eye tracking can be used as a tool for studying human cognition and patterns of attention. Eye movements are a reasonable proxy for patterns of attention in most cases, and recordings of eye movements can be a useful tool for studying human cognition. Eye-tracking is a set of research techniques and methods used to measure, analyse, and interpret data on the position and movement of eyeballs:, where the subject’s eyesight falls at a given moment, how long the eyesight focuses on a particular point, what path it follows, and pupil size. It is a tool that enables obtaining an accurate representation and understanding of eye motion. The four types of eye movements that can be distinguished in eye-tracking research are fixations, saccades, smooth pursuits, and blinks (Zagermann, Pfeil, and& Reiterer, 2016) . Fixations are brief pauses in the movement of the eye when the retina stabilizes at a particular point in the field of vision. Saccades are rapid eye movements that occur when the eye moves from one fixation point to another. Smooth pursuits are slow eye movements that occur when the eye follows a moving object. Blinks are when the eyelid closes and then reopens, which can be detected and analyzed in eye-tracking research (Białowąset al. 2021).  Scientists hold a keen interest in studying eye movements because they are intrinsically linked to what individuals observe and, in turn, what they are thinking about.
Using eye movement tracking
Eye-tracking technology finds applications in numerous areas and diverse fields including neuroscience and psychology research, attentional neuroscience, the investigation of illusory contours, reading studies, human factors, marketing, human-computer interaction, collaborative systems, computer graphics, and virtual reality. (Duchowski , 2017). Bayliss et al. (2013) investigated how altering the way individuals' eyes are guided can influence our exploration and evaluation of the social environment.  Reingold and Sheridan (2011) discerned that expertise is linked to the ability to process visual information within one's domain of expertise, particularly in terms of broader patterns rather than isolated components. Carter and Luke (2020) conducted a comprehensive review on employing eye tracking technology for emotion recognition. Notably, mental fatigue in construction equipment operators plays a pivotal role in accidents. Klaib et al. (2021) showcased the potential of wearable eye-tracking technology in detecting and classifying such mental fatigue among these operators.The connection between intelligence and personality concerning verbal imagery and holistic-analytical cognitive styles was explored by Peterson, Deary, and Austin's (2005). Their study utilized two performance-based cognitive style assessments: the Verbal-Imagery Cognitive Style (VICS) test and the Extended Cognitive Style Analysis Wholistic-Analytic (Extended CSA-WA) test.  They unveiled key psychometric properties of these tests and suggested their potential to contribute valuable insights beyond cognitive ability and personality traits in understanding individual differences. Eye-tracking technology offers a valuable window into the allocation of visual attention and can furnish crucial information about cognitive processes. Its applications span reading research, text and picture comprehension, and problem-solving. By monitoring students' eye movements, educators can gain insights into how students process information and distribute their attention, thereby enhancing instructional design and learning outcomes. Van Gog et al. (2009) propose leveraging eye tracking to guide students' attention during learning process by capturing and replaying a model's eye movements during performance. Through this approach, educators can effectively direct students' attention and improve their learning outcomes.Vakil et al. (2011) suggest that eye-tracking technology may be a useful tool for assessing cognitive processes in individuals with intellectual disability. Therefore, educators and researchers may want to consider incorporating eye-tracking technology into their assessments and interventions.  Bendall  and Thompson (2015) demonstrate how eye tracking can be used to investigate the impact of emotion on attentional allocation in a specific task
Eye movement and cognitive processes 
Eye-tracking allows for direct measurements of cognitive processing, such as the duration of eye fixation, the number of fixations, and saccade velocity. These measurements can provide detailed information about the allocation of visual attention and cognitive activity in the process and integration of learning information presented in text or image. Eye movements have the capacity to reveal cognitive processes by mirroring internal cognitive activities driven by personal goals rather than external stimuli. By employing eye tracking, one can effectively observe intricate cognitive processes as they transpire within a mere few hundred milliseconds. These eye movements offer a valuable insight into the tempo and pertinent factors of multi-step actions, which would otherwise be quite challenging to decipher (König et al, 2016). Recent studies have unveiled a mutual relationship between eye movements and cognitive processes, where cognitive activities can exert an influence on eye movements. For example, an individual's attentional concentration can dictate their gaze direction, and their anticipations regarding the scene can shape their manner of looking at it (Thomas & Llaras, 2007). Eye movements during visual perception are guided by various factors, and these guiding elements can be subject to influence from cognitive processes such as attention, memory, and decision-making, which are closely tied to one's thought processes (Kollmorgen et al, 2016).   According to Nitzan-Tamar, Kramarski, and Vakil (2016), eye movement can be used to identify individuals with different thinking styles based on their eye movement patterns during cognitive tasks. By analyzing the eye movements of participants while they engage in tasks, researchers can distinguish between wholistic and analytic learners. Wholistic learners are characterized by fewer eye movements and transitions, reflecting a tendency towards processing information as a whole. In contrast, analytic learners exhibit more eye movements and are influenced by the components of stimuli, indicating a step-by-step processing approach. Therefore, by monitoring eye movement patterns, researchers can infer the cognitive style of individuals and differentiate between wholistic and analytic thinking styles. Nitzan-Tamar, Kramarski, and Vakil (2023), conducted a study that explored the correlation between thinking flexibility and various cognitive styles. To categorize cognitive styles and establish links with cognitive flexibility, they suggested that the combination of eye movement monitoring and other classification tests be employed. Monitoring eye movements is recognized as a valuable tool for investigating learning strategies. The study incorporated two assessments: the E-CSA-W/A test, which categorizes individuals based on behavioural metrics, and real-time eye movement analysis, which characterizes how information is processed. The inclusion of eye movement analysis significantly enriched the insights gleaned from the behavioural questionnaire. According to Wilming et al. (2017), the analysis of eye movements serves as a valuable means to comprehend cognitive processes by shedding light on the decision-making process behind eye movements and its connection to the activity of individual neurons and brain networks. They suggest that it is feasible to construct behaviour-based models capable of characterizing specific behaviours or modes of thought. The researchers delve into the use of computational modelling of gaze behaviour, aiming to establish a benchmark for assessing and contrasting computational models of overt attention. Through the scrutiny of eye movements, researchers can extract insights into the spatial and temporal attributes of eye movement patterns, which, in turn, can be harnessed to create and enhance models depicting gaze behaviour. The primary focus lies in deciphering the neural foundations of saccade target selection and investigating alterations in viewing behaviour within different patient groups. Onat, Açık, Schumann, and König (2014) propose that eye movements can offer valuable glimpses into the cognitive processes that underpin visual perception and attention. These researchers delve into the interplay of cognitive functions, like attention and perception, with eye movements when individuals freely view natural scenes. The manner in which we conceptualize and interpret visual information within a scene significantly influences our gaze. For instance, when we are actively seeking a particular object in a scene, our attention becomes oriented towards areas where it is most probable for it to be located.
Finally, reaction time is the duration it takes for an individual to respond to a stimulus, such as a visual or auditory signal. It is commonly used as an indicator of cognitive processing speed and can be analyzed to provide insights into cognitive functions and styles (Lacko et al., 2023). Eye-tracking technology can be employed to measure reaction time effectively. To conclude, the scientific background underscores the importance of systems thinking in addressing complex challenges across disciplines and points to eye-tracking technology as a promising method for objectively evaluating and enhancing systems thinking skills in a variety of contexts.
1. Research objective & expected significance
The aim of this research proposal is to examine the potential of eye-tracking technology as a novel tool for identifying and assessing systems thinking ability. This study seeks to explore the relationship between specific eye movement patterns and systems thinking, which could lead to a deeper understanding of the cognitive mechanisms underlying this skill. The theoretical significance of this research is multifaceted:
First, the study contributes to cognitive science by advancing our knowledge of how systems thinking is processed at the cognitive level. By identifying eye movement patterns associated with systems thinking, this research could uncover new insights into the cognitive architecture of complex problem-solving and holistic thinking.
Second, it adds to the literature on visual cognition, providing a fresh perspective on how attention and visual processing are linked to higher-order cognitive functions. Eye-tracking data could offer an empirical basis for theorizing about the role of visual perception in complex cognitive tasks, such as systems thinking, which have traditionally been difficult to quantify through behavioural measures alone.
Third, the findings could bridge gaps between the fields of psychology and neuroscience by offering a measurable, physiological basis for systems thinking. Understanding the cognitive processes involved in systems thinking could shed light on broader questions regarding human cognition, such as how individuals integrate information across different domains and timeframes.
In summary, this research promises to extend the theoretical understanding of systems thinking and its cognitive foundations, paving the way for future interdisciplinary research at the intersection of engineering, cognitive science, and neuroscience.
The research question is as follows:
1. Can eye-tracking technology be used as a reliable tool to identify systems thinking ability in individuals who require a holistic perspective in their work, such as engineers, managers, and interdisciplinary professionals?
a. Is there a correlation between specific eye movement patterns and systems thinking capabilities across various professions that necessitate an integrated, systems-oriented approach?
The research question is important for several reasons:
1. Need for Reliable Tools for Assessing Systems Thinking: Systems thinking is key to effective decision-making, yet reliable tools to measure it are lacking. Eye-tracking offers an objective alternative that may better capture its cognitive processes.
2. Interdisciplinary Contribution: This research spans engineering, cognitive science, psychology, and educational technology, potentially advancing tools for understanding cognitive processes in psychology and neuroscience.
3. Methodological Innovation: While eye-tracking is widely used in marketing and human-computer interaction, its application to systems thinking is novel, paving the way for innovative assessment methodologies.
3. Detailed description of the proposed research

3.1 Working hypothesis
There is a significant correlation between specific eye movement patterns and the level of systems thinking, and eye-tracking data can accurately differentiate between individuals with high and low systems thinking abilities. Individuals classified as having stronger systems thinking abilities—through traditional assessments, such as Frank’s (2010) questionnaire—are expected to show longer fixations on key components within complex systems and smoother transitions between related elements, as compared to those with lower systems thinking abilities. Experts in various domains (e.g., chess and medicine) show distinct eye movement patterns that reflect their ability to process complex systems holistically (Reingold & Sheridan, 2011; König et al., 2016).Research has shown that experts tend to fixate longer on crucial areas in their field of expertise, demonstrating deeper processing and a focus on important features of a system (Reingold & Sheridan, 2011; König et al., 2016). Similarly, Niztzan-Tamar, Kramarski, &and Vakil (2016) found that individuals with holistic cognitive styles, closely related to systems thinking, exhibited fewer transitions and longer fixations, reflecting a more integrated approach to information processing. By correlating  eye-tracking patterns with self-reported measures of systems thinking, eye-tracking data can provide a more reliable and objective method of assessing systems thinking, reducing the reliance on subjective self-assessments and mitigating biases associated with traditional questionnaires (Frank, 2010).	Comment by Steve Zimmerman: This section contained some of the same information twice, so I have reordered it to reduce the redundancy
Eye-tracking technology offers an innovative, objective complement to these traditional self-report tools by capturing real-time cognitive processes such as fixations and saccades, which provide measurable data on how individuals visually engage with complex systems. Studies have demonstrated that experts in various domains (e.g., chess and medicine) show distinct eye movement patterns that reflect their ability to process complex systems holistically (Reingold & Sheridan, 2011; König et al., 2016). By correlating these eye-tracking patterns with self-reported measures of systems thinking, eye-tracking data can provide a more reliable and objective method of assessing systems thinking, reducing the reliance on subjective self-assessments and mitigating biases associated with traditional questionnaires (Frank, 2010).
3.2. Research Innovation
This study is pioneering in its use of eye-tracking to assess systems thinking abilities—a novel application in this field. While eye-tracking is common in marketing and psychology, its use for research into systems thinking remains unexplored. Building on previous research using an image-based tool to identify systems thinking traits, this study will analyze participants' eye movements across 12 images to investigate correlations between eye movement patterns and systems thinking. As noted in the literature, eye-tracking is a valuable method for examining cognitive abilities, and this research introduces it as a new approach to understanding systems thinking.
3.3. Research design & methods
[bookmark: _Hlk179814399]This studyWe will assesses systems thinking abilities through both self-reported data and objective eye-tracking measures. Systems thinking is evaluated by analyzing participants' interactions with complex visual stimuli, using eye movement metrics—such as fixation duration, saccades, and transitions between areas of interest (AOIs)—as indicators of cognitive processing.
3.3.1 Tools for Assessing Systems Thinking
Two primary tools will be used to evaluate systems thinking:
1. [bookmark: _Hlk91923031]Verbal Questionnaire for assessing systems thinking: Based on Frank’s (2010) systems thinking assessment, this self-report tool evaluates tendencies toward systems thinking. Although it does not directly measure ability, it serves as a reliable indicator of systems thinking tendencies. This original questionnaire was developed by Frank (2010) as a tool for assessing systems thinking skills, mainly for systems engineers, in four different aspects of systems thinking: knowledge, individual traits, cognitive characteristics and capabilities. A model for describing the systems thinking aspects according to Frank’s suggestion was presented by Koral-Kordova and Frank (2016). According to this model, systems thinking is a theoretical latent value that cannot be predicted directly. Thus, to measure systems thinking, predictive indicators that match the relevant latent variables of systems thinking are applied. The model illustrates the systems thinking skills regarding each aspect, how these skills interrelate with each other, and how they relate to systems thinking. Examples of predictive indicators for each aspect are: (a) Knowledge—interdisciplinary and multidisciplinary knowledge; (b) Individual traits—managerial skills, group leadership, good interpersonal skills; (c) Cognitive characteristics—understanding the overall system, getting the big picture, understanding the synergy between different systems, considering non-engineering factors; (d) Capabilities—abstract thinking, seeing the future, vision of the future. This framework relies on the concept of high-order thinking skills. According to this taxonomy, the simplest thinking skills are learning facts and recall. Higher-order skills include critical thinking, creative thinking, analysis, and problem solving. Systems thinking may be one of the high-order thinking skills. Frank’s tool is a questionnaire aimed at assessing the individual’s interest for positions requiring systems thinking. This questionnaire reflects the four aspects of this model and presents the conceptual framework for systems thinking skills, respectively. Such a tool is essential in the screening and decision-making processes regarding the placing of employees. The main reason for choosing Frank’s tool was the fact that it had been tested and implemented in previous studies to examine its reliability and validity. These tests included two types of reliability (inter-judge rater reliability and inter-item consistency reliability) and three types of validity (content validity, contrasted group validity, and construct validity). (; Koral Kordova, Frank, & Nissel Miller, 2018). In the proposed research, as well as in the pilot study, we made several adaptations to Frank’s questionnaire (2010) in order to extend its use to a broader audience beyond systems engineers. The questionnaire presented below is the adapted version, and, in light of the adjustments we made, several types of validity and reliability of the adapted tool were re-examined as following: The construct validity of the questionnaire was assessed through factor analysis, including both exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). The CFA identified five factors that represent systems thinking. The content validity of the questionnaire was evaluated by three experts in the field of systems thinking. They reviewed the questionnaire to ensure its alignment with the research questions. Internal consistency was tested using Cronbach’s alpha, the most widely used measure of reliability. It is often described as the average of all possible split-half coefficients, where a high correlation indicates that all items measure the same underlying variable (Miller et al., 2023). The adapted verbal questionnaire for assessing systems thinking consisted of 28 statements. Respondents were asked to indicate their degree of agreement with each statement on a scale of 1-5. (Score 1- indicates a lack of systems thinking, . score 5 indicates systems thinking. Some of the statements were presented in given in “reversed" wayreverse, such that a lower level of agreement indicates a higher level of systems thinking). Each statement refers to one of the characteristics of systems thinking. After answering the verbal questionnaire, a systems thinking grade will be calculated for each participant (with a possible range ofin a scale of 28-140). Here is an example from the adapted verbal questionnaire: 	Comment by Steve Zimmerman: Please check that I have preserved the meaning here
Please indicate how much you agree with the following statement:
	5 -Very Much
	4 -Much
	3  -Moderately
	2  -Slightly
	1  -Very Slightly

	
	
	
	
	


When working in a team, one important thing is for each team member to perform his/her role as well as possible, regardless of his/her teammates’ work.


2. [bookmark: _Hlk180862125]Pictorial (Visual) Questionnaire: This questionnaire consists of images validated in previous studies (Miller et al., 2023) to reflect systems thinking characteristics.  The pictures for the visual questionnaire were chosen by four researchers with expertise in systems thinking. The selected images represent various characteristics of systems thinking. After comparing answers between the verbal questionnaire and the visual questionnaire, 12 pictures were selected for the continuation of the study. Figure 1 outlines the stages involved in developing the visual questionnaire, while Figure 2 displays the final version.[image: ]
Figure 1: Building the visual questionnaire
[image: ]
Figure 2: The final version of the visual questionnaire
As participants view the 12 images, their eye movements will be recorded using Tobi Pro eye-tracking devices, capturing key metrics such as fixations duration (Tthe length of time spent fixating on specific visual elements), saccades (Rrapid eye movements between fixation points), transitions between Areas Of Interest - AOI (Tthe movement of a participant's gaze between predefined regions on a visual stimulus. An expansion on how we selected AOI in the images will be given later in Section 4),	 and pupil size (an indicator of cognitive load). These metrics will provide insights into participants' visual processing and cognitive strategies. 
3.3.2 Research Population
We will recruit 100 to 150 participants with varying systems thinking abilities, focusing on engineers and professionals in complex, interdisciplinary roles. Recruitment will target diverse industries, academic institutions, and professional networks, including senior undergraduates and graduate students with relevant experience. Participants will complete a verbal questionnaire to assess systems thinking on a continuum, ensuring sample diversity for robust analysis of the relationship between eye-tracking patterns and systems thinking
3.3.3 Research stages
The systems thinking abilities of the participants will be tested using the verbal questionnaire. Using Tobii Pro Lab, the eye movements of the participants will be tracked while viewing the images from the visual questionnaire. The results of the verbal questionnaire and the eye movements will be examined to identify patterns of observation in accordance with systems thinking abilities. Figure 3 presents the research stages.
	[image: ]	Comment by Steve Zimmerman: If you need to free up any space, you can remove this image as the process is already described in the text

Also, Tobii is misspelled as Tobbi
Figure 3: The research stages
3.3.4 Data Analysis
Systems thinking will be treated as a continuous variable, allowing for a nuanced analysis without arbitrary group divisions. Two main methods will be applied: Correlation Analysis to examine relationships between systems thinking scores and eye-tracking metrics, such as fixation duration and AOI transitions, and Multivariate Regression to predict systems thinking scores from eye-tracking patterns. Regression types include Linear (to assess continuous relationships), Multiple (for multiple variables, e.g., fixation duration, task completion time, education level), Non-linear (for complex patterns), and Hierarchical (to gauge incremental variable impact). These analyses aim to identify key eye-tracking indicators of systems thinking and support a predictive model.
3.3.5 Ethical Considerations 
The study will follow ethical guidelines for research involving human subjects. All participants will be informed about the purpose of the research and will provide informed consent prior to participating. Participants will have the right to withdraw from the study at any time without penalty. Given that the study involves minimal riskis not clinical, it was submitted for ethical approval by the Institutional Ethics Committee of Ariel University for Non-Clinical Human Research to ensure compliance with ethical standards.
4 Preliminary studies
A pilot study was conducted to test the research design using a Tobii eye tracker, which analyzed participants’ eye movements on specific images and compared the results with a verbal systems thinking questionnaire. The study, which included 17 participants from diverse backgrounds, showed significant correlations between eye-tracking metrics and systems thinking scores, supporting the feasibility of the proposed methodology. This pilot demonstrated the potential of eye-tracking as an innovative tool for assessing systems thinking and provided a foundation for the full study.
4.1 The Pilot Study Planning
An experiment was designed in Tobii Pro Lab, incorporating a set of 12 images and tracking participants' eye movements as they viewed the images. Areas of interest (AOI) were predefined by the researchers, based on criteria related to systems thinking (As shown in Figure 4 and Figure 5). Elements indicating system thinking were marked, such as tangible connections indicating connections between items [1], connections indicating mutual effects between components [2] and areas indicating an activity that has a wider effect on other elements in the image [3]. Other AOI that were marked are elements in the picture that have no effects on other elements [4]. The focus on these elements can indicate a focus on the small details instead of the big picture. The viewing time for each image was standardized.	Comment by Steve Zimmerman: It is not clear to me how or why the elements marked 1-4 in each image correspond to connections, mutual effects, wider effects or no effects. Please consider giving a detailed description of one of the images, explaining what the components are and why they are categorised in this way.	Comment by Steve Zimmerman: Does this mean that each image was presented for a specific amount of time that was the same for each image? Or something else? 
What instructions do you give the participants? Are they asked just to look at the picture?
[image: ]
Figure 4: picture 28- Examples of AOI marking and their classification
[image: ]
Figure 5: picture 41- Examples of AOI marking and their classification
4.2 The Pilot Study Procedure
Verbal Questionnaire: All participants completed the verbal questionnaire.
Tobii Eye Tracking: Participants were instructed to focus on the screen and minimize head movements. Each participant viewed a sequence of 12 images, with each image displayed for 10 seconds. During the presentation, participants' eye movements have been were tracked, focusing on fixation concentration and scanning patterns.
4.3 The Pilot Study Results
The results from the verbal questionnaire: Analysis of the answers to the verbal questionnaire to identify systems thinkers (score ≥ 0.6) and non-systems thinkers  (score ≤ 0.5). A score above 0.6 was selected to indicate a sufficiently high level of systems thinking, distinguishing individuals with stronger systems thinking abilities from those scoring closer to the midpoint or lower. 
In the proposed research, systems thinking scores will be treated as a continuous variable, unlike in the pilot study where a binary cutoff of 0.6 was used. This shift allows for a more nuanced analysis of the relationship between parameters from the visual questionnaire and systems thinking abilities. By moving beyond a binary classification, the proposed study will capture subtle variations in systems thinking, enabling a richer and more detailed understanding of how eye-tracking measures correlate with systems thinking abilities.
The results from the eye movements: When Using a cutoff value of 0.6 to distinguish between systems thinkers and non-systems thinkers, we analyzed eye movement patterns and found group differences, For example, for the AOI labelled “Lights2” in picture 41 (see Figure 5), non-systems thinkers had a higher total duration of fixations (479ms) than systems thinkers (70.3ms; p < 0.01), and a larger number of fixations (1.9 vs .025, p = 0.01).was set to determine when a subject was considered as a systems thinker, and the total duration of fixations was compared between the two groups (systems thinkers vs non-system thinkers), Table 1 showed significant difference between groups for AOI labelled “Lights2” (For picture 41). When we compared the number of fixations in each AOI between groups, AOI labelled “Lights2” showed differences between groups. 
Table 1: AOI labelled “Lights2”	Comment by Steve Zimmerman: The table is not really necessary and can be deleted as I have summarised the details in the paragraph above.
	
	Systems thinkers (N=8)
x̄(std)
	Non systems thinkers (N=9)
x̄(std)
	T-test p value

	Total duration of fixations in AOI (ms)
	70.3 (133)
	479 (360)
	p<0.01

	Number of fixations in AOI
	0.25 (0.5)
	1.9 (1.5)
	p=0.01



When the correlation between the AOI of the imageeye movement patterns and the systems thinking grade was studied, we found a significant negative correlations (Pearson) with between systems thinking and  total duration of fixations for the in AOIs labelled “Lights2” (r = -0.7, p < 0.05), AOI labelled and “Ground” (r = -0.58, p < 0.05), and between systems thinking and the number of  and with the Number of fixations inon AOI “Light2” (r = -0.79, p < 0.01) and AOI “Ground” (Table 2) (r = -0.58, p < 0.05).
Table 2: Correlations	Comment by Steve Zimmerman: As above, I have summarised the results in the text so the table can be removed.
	
	Total duration of Fixations
	Number of Fixations

	
	AOI “Lights2”
	AOI “Ground”
	AOI “Lights2”
	AOI “Ground”

	Systems Thinking Grade
	-0.7 (p<0.005)
	-0.58 (p<0.05)
	-0.79 (p<0.001)
	-0.58 (p<0.05)



4.4 Primary Conclusions
All participants successfully completed the experiment, demonstrating full comprehension of the task at hand. Continuous data on gaze positions were collected without issues, and Areas of Interest (AOIs) were assigned appropriately. All relevant eye movement parameters were accurately extracted using the software.
Despite the small sample size, the findings suggest a notable difference in eye movement patterns between systems thinkers and non-systems thinkers. Specifically, the AOI labelled "Lights2" did not provide information regarding the individual components or their synergistic interactions, a result further supported by the observed negative correlation.	Comment by Steve Zimmerman: Can you expand on this?
From the results, we know that systems thinkers spent less time looking at this region. 
You defined this as a “type 4” region in advance - a region in which elements have no effect on other elements.

I think this is an opportunity to really show the utility of the combination of the pictorial stimuli and eye tracking in your final paragraph:

You have identified an area of an image that has no “systems” role/value, and found that people who scored higher on a measure of systems thinking spent less time looking at it than people with lower scores, indicting that your novel technique is a useful way of assessing systems thinking.




5. Research conditions
Dr. Sigal Kordova, an expert in systems thinking with over a decade of experience, leads this study, drawing on her extensive research and numerous publications. Dr. Shimon Friedkin, a co-leader and specialist in advanced statistical analysis, ensures methodological rigor. Dr. Anat Nissel Miller, a research fellow at Ariel University, oversees experimental design with a team of assistants, while Dr. Dario Geisinger supports technical aspects with his expertise in eye-tracking technology. Dr. Ganit Eshel Kedmi, a cognitive assessment specialist, and Dr. Simon Leibovich, an expert in cognitive skills for systems thinking, contribute valuable insights into questionnaire development and cognitive data analysis. Together, this multidisciplinary team’s expertise, experience, and access to advanced resources provide a strong foundation for conducting the study with academic rigor.
In the pilot study, we used an eye-tracking device on a one-time loan from a colleague. To ensure access for the full experimental phase of the current study, we are requesting funds in this budget to purchase our own device.
6. Expected results and potential pitfalls
We expect to find significant correlations between specific eye movement patterns (e.g., fixation duration, saccade frequency, AOI transitions) and systems thinking abilities. Participants with stronger systems thinking are likely to have longer fixations on key system components and smoother transitions between interconnected elements, suggesting deeper cognitive processing. We expect the results to reveal that eye-tracking data can successfully differentiate between individuals with high and low systems thinking abilities, providing a more objective tool for assessing systems thinking beyond traditional self-report questionnaires. The study also aims to validate eye-tracking as an innovative, objective method for evaluating systems thinking. By correlating eye-tracking metrics with traditional questionnaire data, this research is expected to offer new insights into how visual attention relates to cognitive processing in complex problem-solving.
Potential Pitfalls:
1. Technical Limitations: The precision of the eye-tracking equipment might be impacted by participants' ability to remain still during the experiment, with movement or calibration issues potentially skewing results. To address these limitations, we will conduct a pre-experiment calibration and provide clear instructions to minimize movement. Additionally, inaccurate data and outliers will be screened and excluded to ensure the reliability of our results.
1. Data Complexity: Interpreting saccades, fixations, and transitions may be challenging. If needed, we will use advanced methods (e.g., machine learning) and consult cognitive data analysis experts to ensure robust interpretation.
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