h Journal of Systems Thinking

MAY 13,2024 SOLVING PROBLEMS

New Hope for Policy Schools

Examining Systems Thinking Solutions to Improve Policy Education

Wa’ad Aljrarri®, Jenifer Bustamante?, Amber Ingwell®, Tierra Labrada®, B.J. Nadig®, Janet Shin®, Margaret

Weis?, Laura Cabrera®®, and Derek Cabrera®*@

a: Jeb E Brooks School of Public Policy, Cornell University, Ithaca, NY 14850, USA
b: Cornell University College of Veterinary Medicine, Ithaca, NY 14850

c: Cabrera Research Lab., Ithaca, NY 14850 USA

@: dac66@cornell.edu

ABSTRACT: This report explores the potential of systems thinking as a transformative educational tool
for policymakers. Our study conducted an investigation into the effectiveness of the Distinctions Systems
Relationships Perspectives (DSRP) model in enhancing the comprehension and application of systems
thinking among a sample representative of the U.S. population. The quasi-experimental design utilized a
short training video to introduce participants to the DSRP methodology within a survey to measure
changes in their response to a realistic policy problem scenario. Results were highly statistically
significant and indicated a 200-500% improvement in participants' ability to apply systems thinking
concepts after the intervention and resulted in better problem-solving ability overall. This suggests that
systems thinking education, particularly through the DSRP model, could significantly enhance policy
formulation and decision-making processes. We situated our study within a Systems Literature Review on
systems thinking, policy education, and complex decision making. Our review revealed a dearth of
empirically-backed approaches to policy development and decision making while DSRP is the strongest
theory of systems thinking with concrete evidence. Overall, our research findings advocate for the
integration of systems thinking into policy education curricula to better equip future policymakers to
tackle complex societal issues.
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Introduction

How to solve the most pressing global problems dominates debate in the 21st century as we face some of
the most existential struggles of our species [1], [2]. The demands of a growing population and globalized
economy exacerbate climate change, increase prevalence of pandemics, and highlight the fragility of
democratic norms in governance. Conceived in 1973 by Rittel and Webber [3], “wicked problems™ are
ill-defined issues with no single obvious solution or set of solutions due to their overlapping nature across
systems. Essentially, all policy problems are wicked problems because of the myriad perspectives on how
to define and isolate the issue at hand. This holds true across scale, whether a local municipality trying to
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create an equitable education system or a cohort of nations attempting to curb the cascading effects of
global carbon emissions. Systems thinking reveals that the challenge of wicked problems stems not from
their complexity but the misalignment between our mental models and reality [4].

We live in a volatile, unpredictable, complex, and ambiguous (VUCA) world made up of interconnected
and overlaid complex adaptive systems (CASs) composed of agents following simple rules that lead to
emergent complexity [4], [5], [6]. Our VUCA reality is itself a large CAS, full of actions and reactions
that produce the world around us. Yet humans tend to think in a manner characterized by Derek and Laura
Cabrera [4] as linear, anthropocentric, mechanistic, and ordered (LAMO). We further structure our
thinking into mental models to organize information from the world around us to create meaning [7].
Taken together, our LAMO thinking leads us to inhabit mental models fundamentally misaligned with our
VUCA reality [2].

Wicked problems are thus not the result of their complexity alone but also a symptom of our failure to
properly conceive the simplicity underlying said complexity. Research by Steinhall et al. [2] demonstrated
that individuals fail to see the webbed causality of complex problems, occluding the webbed solutions
necessary to effectively combat the problems. Our failure to understand the wholeness of the system
produces partial solutions doomed to only reduce the issue at best or fail completely at worst—never
eliminate it entirely. Improving our metacognition, or the ability to address our own thinking, could shift
our perception of wicked problems and support the development of webbed solutions desperately needed.

Nowhere is this shift more important than the field of policy development. Societies task politicians,
planners, and government administrators to develop and implement the policy solutions meant to address
the most pressing problems. Wen et al. [8] revealed that policymakers lack empirically-tested methods of
policy development, many individuals relying on intuition alone. Of those using specific frameworks,
most cited the Strengths, Opportunities, Weaknesses, and Threats (SWOT) approach or a Cost-Benefit
Analysis (CBA) as their method of choice. Those holding a graduate education cited the greatest use of
these frameworks despite the dearth of evidence supporting their efficacy. Policymakers appear to learn
this reliance on the frameworks in their professional education and then employ the methods in their
consequential careers. Why do policy schools continue to arm individuals with these unsubstantiated
frameworks rooted in faulty mental models when an empirically-proven method of systems thinking
exists that better captures the complex reality of wicked problems?

Our research aims to bridge theory and practice. The Distinctions, Systems, Relationships, and
Perspectives (DSRP) theory of systems thinking is an evidence-based approach that has shown promise in
numerous scientific studies as a method to understand and address complex problems [7], [9], [10]. Yet
researchers still lack a core understanding of whether we can shift the thinking of others in practice and
via what methods. We therefore embarked in this study to empirically investigate if an educational
intervention could nudge someone’s thinking towards a more systemic approach around a complex
problem. To do so, we first placed our research within the current state of knowledge on systems thinking,
policy education, and complex decision-making via a Systems Literature Review [11]. We then developed
and deployed a quasi-experimental design with a survey to test the effect of five short trainings on
scientifically-proven DSRP tools within a sample representative of the U.S. population. Our results show,
with high statistical significance, a 200-500% increase in exhibiting systems thinking after interventions
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across the board and an increase in overall problem solving. These promising results should inspire an
improvement in both policy education and our general approach to human thinking to support the
development of individuals more equipped to address the existential wicked problems we face today.

Systems Literature Review of Systems Thinking, Policy
Education and Complex Decision Making

Our literature review aimed to understand to what degree people generally and policymakers specifically
think systemically. Additionally, we sought to learn what research currently says about how people think
and make difficult decisions, especially around complex ideas with conflicting perspectives. Lastly, we
wanted to examine what is known about how we educate individuals to improve or shift their thinking and
problem solving both generally and within the graduate policy programs. Overall, our goal was to
determine if the methods and thinking styles presently employed by decision-makers adequately meet the
complexity of systemic wicked problems. Informed by Boote and Beile [12], Cabrera et al. [11], and the
Preferred Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) [13], [14], we began
with a hasty description on the state of systems thinking followed by a robust Systems Literature Review.

Systems Thinking

Our contemporary world is characterized by its complexity, rapid pace, and an abundance of information.
Within this context, problem solving becomes increasingly intricate. However, the crux of the challenge
often lies not in the complexity itself, but rather in the disparity between our mental models of how
systems operate and their actual functioning in the real world [15]. While systems thinking offers a
pathway to uncovering the fundamental structures of systems and cognition, the field is varied with
numerous iterations of interpretation and a long legacy of untested theory. The proliferation of
methodological innovations served to diversify the knowledge base of systems thinking but at same time
complicated implementation due to the multitude of approaches. DSRP emerged in response to the
preceding “waves” (i.e, paradigms) of systems thinking approaches and serves as a quantifiable basis for
differentiating types of mental models [16].

DSRP has more empirical evidence than any other systems thinking theory currently in circulation [7],
[10], [17], [18], [19], [20]. The identification of four key cognitive skills—making distinctions (D),
organizing part-whole systems (S), recognizing relationships (R), and taking perspectives (P)—which
underpin all systems thinking frameworks revolutionized the field [7]. These skills illuminate the
underlying patterns of our thought processes, exposing the pitfalls that beset many of our societal systems
[7]. Now over two decades old, DSRP has amassed considerable empirical evidence supporting its
validity. Yet, it remains frequently misunderstood. The theory’s four fundamental patterns are further
delineated by their underlying elements: distinctions (D) of identity (i) and other (0), systems (S)
composed of parts (p) and wholes (w), relationships (R) involving action (a) and reaction (r), and
perspectives (P) encompassing point (p) and view (v) [7]. These patterns are universal across both
cognitive and material complexity, providing a framework for understanding both natural occurring
systems as well as cognitive complexity.
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Alongside the core principles of DSRP is the notion of complex adaptive systems (CAS), which has been
explored in a wide range of disciplines like social sciences and mathematics [8]. A CAS consists of
autonomous agents, the simple rules that these agents perform daily, and the collective dynamics that
emerge from following these rules [6]. The ensuing knowledge produced from analyzing the disparate
parts of the system and the confluence of interactions is invaluable for inciting revolutionary change.
However, one can only begin to understand a CAS upon understanding the agents’ mental models and the
system with which these agents interact [9]. The foundational principles of DSRP are integral to how we
conceptualize and organize information to derive meaning. By consciously applying these rules, we gain
insight into our cognitive processes, engaging in metacognition, or "thinking about thinking" [15].
Metacognition is crucial for ensuring that we approach perspectives deliberately without inadvertently
neglecting crucial viewpoints [15]. Moreover, the application of DSRP prompts us to challenge
entrenched mental models that shape our worldview, fostering a more critical understanding of accepted
ideas and perspectives. Given the simplicity and universality of these rules, DSRP holds relevance for
individuals across diverse backgrounds and disciplines.

While a growing body of research advocates for systems thinking education, questions persist regarding
the efficacy of educational strategies [15]. The emergence of DSRP as a universal cognitive structure
offers promise for developing more feasible assessment tools. For example, Derek Cabrera coined the
term "cognitive jig" to highlight the practical and tactile nature of common mental model structures.
Originated from the concept of physical jigs used in carpentry to streamline repetitive tasks, these jigs
were conceptual templates that enhanced cognitive efficiency by offering reusable structures of
knowledge and thinking. The cognitive jigs were akin to physical jigs in their ability to save time and
effort. In 2021, Cabrera replaced the term cognitive jigs with cognitive “moves" to emphasize their
dynamic and adaptable nature [21]. Much like physical exercises practiced to improve performance,
individuals can hone moves through repetition to easily identify common patterns of thought. Research
conducted by Cabrera Lab revealed the Pareto principle that 20% of causes often drives 80% of outcomes
held in moves, indicating that focusing on a select few moves, such as the Is/Is Not Move or the Zoom
in/Zoom Out Move, yields the most significant cognitive benefits [21]. These moves are characterized by
being content-agnostic, molecular, and common structures, facilitating their widespread applicability
across various domains of thinking.

Coverage of the Literature

Observations from the hasty systems thinking review revealed that much of the existing literature
predominantly discusses the development of new theoretical models and their application through case
studies with a significant portion lacking empirical validation. We conducted extensive searches aimed at
uncovering how current educational methodologies and policy development addresses or ignores systems
thinking to enhance solution formulation. The overarching goal of this review was to understand how
systems thinking is conceptualized and taught within the context of policy education, and whether there is
a consensus on its effectiveness in crafting and implementing policy solutions. We found that while
systems thinking is widely recognized as a beneficial approach, it often operates more as an implicit,
common-sense tool rather than as a deliberately applied methodology. Despite its broad endorsement,
there lacks a standardized framework that can be consistently applied across contexts to effectively tackle
both simple and complex policy challenges.
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Selection Process and Results by Search Term

We followed the Systems Literature Review process [11] to ensure a systematic and comprehensive
review of scholarly articles. Designated researchers conducted searches using the Cornell University
Library database using specific search terms designed to ensure a broad and diverse range of sources.
Search terms and the subsequent refinement of results aligned with the central objectives of our
research—to investigate the interconnections between policy outcomes, decision-making processes, and
approaches to problem solving within complex and controversial contexts. For example, our reviewers
chose terms such as "Learning AND Policy" and "Decision-Making AND Process" to delve into the
influence of educational insights and decision-making frameworks on policy formulation and
implementation. We found the adjective “decision-making” rather than the compound noun “decision
making” brought more relevant results. The “AND” allowed the database to return papers addressing both
words in the search without overly narrowing results. Reviewers made strategic cuts to maintain focus
such as excluding the combinations of “Education” with “Decision-Making” or “Policy” due to a
predominance of those results discussing general dynamics within educational institutions rather than the
educational process itself. Similarly, terms that yielded results too niche or overly medical in nature were
excluded, as they did not directly contribute to our core themes of policy impact and decision making.

We initially selected the top 30 titles sorted by relevance according to the database and published in
English available in full text from peer-reviewed academic journals within the past five years. This
selection process excluded non-peer-reviewed articles, outdated studies, and off-topic content. The
filtering process involved a first review by title alone, then abstract, and finally a full-text review to
ensure we read a sample of only the most relevant studies. Our inclusion criteria focused on the policy
rather than on politics. For example, articles on politics remained in review only if the paper’s goal was to
elucidate the impact of politics on policy itself. This guided the selection of articles towards one that
discussed the influence of political discourse on policy-making rather than those solely exploring political
dynamics. Our criteria also emphasized the inclusion of articles that provided insights into broader
academic and societal frameworks or offered international perspectives, so long as these perspectives
were pertinent to the broader context of our study. Further, we prioritized articles that shed light on the
cognitive processes supporting policy-related decision making, thus valuing contributions exploring how
individuals and institutions navigate complex problems.

Scholarly Search Results by Term
Database Cornell University Library Filters | Available, Full Text, Peer-Reviewed, Past 5 years, Academic Journals, English, Sorted by relevancy
Decision-
Learning Making Divisive Problem | Problem
Learning AND Thinking | Thinking | Complex | Process Controversial | Divisive | Divisive AND Solving | Solving Public Public
Search AND | Decision- | AND AND AND AND Controversial | Controversial | AND Decision- | AND AND Decision- | Problem | AND AND Policy | Policy AND
Term Policy Making Policy Issue Policy Policy AND Issue AND Policy Making Issue Policy Making Solving | Complex | Divisive | Education |Curriculum
Total Items
Returned 997,590 676,531| 515,812| 855,886| 1,261,997 118,997 1,533,621 636,557 2,845,452 28,884 21,956| 2,845,445 347,827| 179,386 1,653 251 21,364)
Top 30
Articles 30 30| 30 30 30 30 30 30 30 30, 30| 30 30| 30 30 30 30]
Articles with
Relevant
Titles 13 13 17 19! 16/ 19 15 14 25 17! 17 24 21 24 21 22 15|
Articles with
Relevant
Abstracts 9 9 10 9 9 10 10 9 18 9 11 11 9 11 9 11 U
Final after
Full Text
Review 6 4 6 9 8 6 6 7 12 6 10 6 5 8 9 9 6|

Table 1: Scholarly Search Results Returned and Selected
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Table 1 illustrates the winnowing process, showing the number of studies selected across each step down
to the final amount of selected articles per search term. The team strategically distributed tasks amongst
researchers with regular review of one another’s work to reduce individual biases and enhance the
efficiency and analytical depth of our study. This collaborative approach ensured a thorough examination
of the large volume of data, leading to precise and relevant academic insights. In total, the process
narrowed the initial 510 articles from the top 30 returned across all 17 search terms down to the 123 most
relevant papers that we reviewed in depth for our analysis.

Public Search

Our team implemented a Popular PRISMA search strategy to assess what the general public knew or what
was commonly available related to the chosen search terms. Our public search compiled the top 10 web
results and popular books for each search term via Google and discarded Wikipedia articles, dictionaries,
and thesauruses to focus on public interpretation rather than rote definitions. After removing search terms
that fetched only irrelevant websites, we narrowed the reviewed terms for the public search to six word
pairings that delivered the most topical results: “Thinking AND Policy,” “Complex AND Policy,”
“Decision-Making AND Policy,” “Divisive AND Policy,” “Divisive AND Decision-Making,” and
“Problem Solving AND Complex.” We then followed the same selection criteria outlined for the scholarly
search to focus on results related to systems thinking, policy education, and decision making. Table 2
shows the number of webpages and books reviewed with full titles found in Appendix B.

Public Search Results by Term

Thinking AND | Complex AND |Decision-Making | Divisive AND Divisive AND | Problem Solving
Search Term Policy Policy AND Policy Policy Decision-Making [ AND Complex
Total Webpages
Results Returned 1,520,000,000( 2,660,000,000 911,000,000 50,200,000 3,720,000 196,000,000
Webpages Selected
from Top 10 Results 8 10 10 9 7 10
Total Book Results
Returned 17,900,000 21,700,000 24,600,000 711,000 180,000 4,200,000
Books Selected from
Top 10 Results 6 7 7 2 3 9

Table 2: Public Search Results Returned and Selected

The majority of reviewed results focused on policy making, decision making, and thinking. Many web
pages made distinctions between terms or offered a more robust definition of the term as it applies to a
particular topic area or issue. The book results overwhelmingly focused on areas of governmental policy
with a strong emphasis on foreign policy decisions and general decision making. Only a few books
addressed areas of personal development related to becoming a better thinker or problem solver.

Public Policy Curriculum Search

To better understand the current status of policy education as it relates to decision making, systems
thinking, complexity, or strategic choices, we initiated a search of core curriculum at the 10 best policy
schools in the United States. The 2023 US News and World Report [22] included universities for their
Master of Public Administration (MPA) and/or Master of Public Policy (MPP) Degree programs. The
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universities were ranked as follows, starting with the top program: Indiana University at Bloomington
(MPA Degree), Syracuse University (MPA Degree), Harvard University (MPP Degree), University of
California at Berkeley (MPA Degree), University of California at Berkeley (MPP Degree), University of
Michigan at Ann Arbor (MPP Degree), University of Michigan at Ann Arbor (MPA Degree), University
of Southern California (MPP Degree), University of Georgia (MPA Degree), University of Chicago (MPP
Degree), University of Washington (MPA Degree), and American University (MPA Degree).

The length and intensity of the MPA and MPP programs differ as do the curriculum and fieldwork
requirements. Our analysis included a hasty search of course titles and did not include course descriptions
or syllabi. When comparing core curriculum course titles, we found that six of the degree programs
included systems, systems thinking, decision making, complexity, or strategic choices. Of those six
degree programs, only two required courses in these areas.

Synthesis of Scholarly Literature

The Systemic Literature Review illustrated various challenges facing policy education and
decision-making processes, emphasizing the need for multidisciplinary approaches [23], responsible
integration of technology [24], and deepened understanding of complex systems [25]. Policy actors in
particular and people in general often isolate themselves in echo chambers [26], hindering the
development and application of technology and solutions to complex problems [27]. Biases play a
significant role in shaping decision making and learning ability and personal biases influence
decision-making processes , thus impacting the effectiveness of solutions [28], [29], [30]. Further, the
influence of social identities on attitudes towards policies[31], [32], particularly concerning divisive
issues like climate change [33], underscores the importance of considering multiple perspectives [34].
Effective problem solving requires a comprehensive and systematic understanding of the problem rather
than a simple creation of solutions [35], [36], [37].

Authors propose frameworks like gamification and systems thinking to enhance policy design and
stakeholder engagement [36], [37], [38], [39], [40], integrating sustainability goals and social innovation
[41]. The literature purports that understanding complex issues requires systems thinking [42],
scenario-based learning [39], and critical analysis skills [43]. Effective navigation of complex policy
environments and integrated learning requires multidisciplinary and innovative approaches [35]. Various
models and approaches, such as Design Thinking [41] and simulation-based problem solving [44], [45],
are utilized to enhance Complex Problem Solving (CPS) skills among students, with an emphasis on
adaptability and metacognitive abilities [43], [46], [47].

Scholars advocate for holistic, adaptive strategies to address wicked problems [48], citing a need for
interdisciplinary perspectives and the integration of economics and social work into policy education [36],
[49], [50], [S1]. They call for public policy education—and education in general—to adopt systemic
teaching, project-based learning, and training in ethical theory to produce critical thinkers capable of
addressing complex challenges [52], [53], [54], [55], [56]. The literature overwhelmingly supports the
adoption of innovative approaches to problem solving that include critical thinking, multi-perspectival
methods, and systems thinking to tackle the most important issues facing society today [57], [58].
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Synthesis of Scholarly Methods

To analyze the methodological approach amongst researchers, we sorted each study by the scientific
method utilized. The “Conceptual” category included critical thinking analyses without measurable
evidence, opinion pieces, and new theories yet to be empirically tested. Our “Observational” category
consisted of document analysis and studies that gathered data without direct interventions (e.g.,
interviews, focus groups, general surveys, etc.). “Mixed Methods” represented studies employing multiple
methods. Other labels followed standard methodology definition. These categories do not reflect a
hierarchy of scientific importance, as all methods are useful if they fit the research needs and level of
knowledge. Figure 1 shows the results of the categorization.

Distribution of Study Methods (n=123)

50
40
30

20

Mumber of Studies

Method Utilized

Figure 1: Methods of Selected Scholarly Literature

Of the 123 scholarly articles reviewed, a plurality were “Observational” at 47 papers, or roughly 40%.
The next most common method was “Conceptual” with 29 studies, about 25% of the total examined. 15
researchers employed a quasi-experimental design, while seven used randomization (i.e., “Experimental”)
to test an intervention. Nine studies employed mixed methods, or 7.3%, some of which included
randomized experiments. Seven studies—mostly those investigating decision optimization—developed
and tested new computer or equational modeling. Out of all articles reviewed, none were meta-analyses.
Overall, the methodology distribution reflected a nascent level of knowledge on how humans are taught to
transform their thinking or make decisions. Few researchers focused on intervention experimentation to
directly test theories.

Next, we categorized each study based on whether or not researchers supported claims with statistically
significant empirical evidence. Papers labeled “no” range from theoretical and opinion pieces to
experimental studies lacking statistical substance. To qualify as a “yes,” studies needed to include a data
analysis that specified reliability of results (i.e., p-values, chi-squared, robustness tests, etc.). Figure 2
displays the count across reviewed papers.

Aljrarri et al. Journal of Systems Thinking | 8

SOLVING PROBLEMS



MAY 13,2024 SOLVING PROBLEMS

Use of Statistical Significance in Scholarly Articles (n=123)

MNa

Statistical Significance?

0 20 40 60 a0

Number of Articles

Figure 2: Statistical Significance within Selected Scholarly Literature

Studies without any specified statistical significance outnumbered those with significance by 151% at 74
to 40 articles. This lack of empirical support in decision-making and policy research poses a gap in
ensuring policy solutions for wicked problems are rooted in scientifically-backed understanding of reality.

Synthesis of Scholarly Disciplines

To analyze which academic fields address thinking and policy-development, we counted discipline
prevalence according to the subject matter of the journal in which an article was published. For instance, a
journal on public health education fell under “education” rather than “public health” as the core purpose
of the article in this case was to disseminate knowledge on educational strategy rather than studying or
debating science within public health itself. Figure 3 illustrates the results of this categorization.

Distribution of Disciplines (n=123)
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Number of Articles
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Figure 3: Academic Discipline of Scholarly Studies

Research traversed a broad spectrum of disciplines, ranging from social sciences to criminal justice and
social innovation. Unsurprisingly, a majority of articles fell under education at 31.7%. Social sciences
occupied 16.3% and policy held 13.8% as the second and third most common disciplines respectively.

Analyzing across our categorization methods revealed trends within a given discipline. For instance,
Figure 4 illustrated how policy articles more commonly purported conclusions without statistical
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significance whilst other disciplines like education had stronger empirical support. This observation aligns
with claims in [2] that the oversaturation of theoretical and opinion-based research in the policy domain
questions the validity of common policy development frameworks.

Use of Statistical Significance by Select Disciplines (n=56)

W o B vYes
20

Policy Education

Figure 4: Use of Statistical Significance in Policy and Education Scholarship

Synthesis of Research Themes

A final categorization according to four overarching research themes finished our literature review. The
“issue analysis” category included analysis of a singular topic, issue, or methodology that was often
hyperspecific, complicating extrapolation of the article’s findings to other domains. This category
encompassed 49% of reviewed publications. The “strategy design” category referred to studies aimed at
the promotion, introduction, or implementation of a particular framework, model, or tool—often without
the presence of empirical evidence. This accounted for about 30% of analyzed articles. The “history and
background” category accounted for articles that solely presented literature reviews or topic overviews,
which were about 12% of articles. Lastly, the “systems thinking” category held any research referencing
the core tenets of the iteration of systems thinking uplifted in our research, DSRP, whether or not alluded
to directly by name. This category notably encompassed the smallest fraction at only about 9% of articles.
Figure 5 presents the full count of this particular analysis.

Research Categories of Scholarly Articles (n=123)
60

Number of Articles

History and Background |ssue Analysis Strategy Design Systems Thinking

Category

Figure 5: Distribution of Scholarly Articles by Style Category
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Conclusions from Systemic Literature Review

Our comprehensive literature review delved into the realm of systems thinking, policy education, and
decision-making processes, aiming to discern the efficacy of current methodologies in addressing
complex, systemic issues. The results of a hasty review of systems thinking scholarship reveal that
systems thinking is a crucial approach in navigating the complexities of the contemporary world, offering
a pathway to understanding the fundamental structures of systems and cognition. DSRP Theory stands out
for its empirical evidence and universal applicability in uncovering cognitive patterns and fostering
critical thinking. Our syntheses of an extensive analysis of scholarly articles highlights that despite a
growing recognition of the importance of systems thinking in policy education, a predominant reliance on
conceptual models persists over empirically validated methodologies. This highlights a gap in empirically
supported approaches to teaching and decision-making processes, justifying the need for more rigorous
experimentation and data-driven insights. The public search results and public policy curriculum review
demonstrate this same gap in both general population understanding and policymakers specifically.

In essence, our literature review elucidates the pressing need for a more systematic and evidence-based
approach to policy education and decision making, grounded in the principles of systems thinking. By
integrating empirical research, interdisciplinary perspectives, and rigorous experimentation, we can better
equip decision-makers to tackle the complexities of systemic wicked problems.

Study Design

Given the conclusions drawn regarding the lack of empirical research, our study employed a
mixed-methods approach within a quasi-experimental design to investigate the impact of a targeted video
intervention on systemic thinking. Due to the absence of more robust randomized experimentations as
highlighted in our literature review, a quasi-experimental design allowed for initial empirical results that
can serve as foundation for future research. The primary objective was to assess changes in participants'
ability to analyze complex issues through a systems thinking lens.

Utilizing an online survey, participants initially thought through a hypothetical policy scenario then
experienced a brief educational intervention on one of the systems thinking “moves” identified in
previous research by Derek and Laura Cabrera. Participants then returned to the same policy scenario.
The study aimed to measure the effectiveness of a designated move in enhancing participants' systems
thinking capabilities. Additionally, the survey asked self-perception questions to gain deeper insights into
participants' proficiency in applying a systematic approach to problem solving.

Participants

After receiving approval from Cornell University's Institutional Review Board for Human Participation
Research (IRB), we recruited 1000 participants via the online survey platform Cloud Research. Each
participant completed one of five surveys, collectively representing a statistically significant sample of the
United States population aged 18-75, as per the latest census data. Prior to participation, all individuals
provided informed consent, and we took measures to anonymize the data to ensure confidentiality.
Leveraging the online survey platform enabled us to efficiently and anonymously gather data, resulting in
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scalable outcomes. After removing individuals with unfinished surveys, our final participant count was
988 with each provided observations before and after our educational intervention for a total of 1,976
observations. Figure 6 denotes the breakdown of these totals by survey (with more details on the moves
utilized described further in this paper).

DIO Zoom in - Zoom Out RDS

Est Es

394 Observations 390 Observations 396 Observations
197 participants 195 participants 198 Participants

st

Part - Party P - Circle

st

Est

396 Observations 400 Observations
198 Participants 200 Participants

Total = 1976 observation

Figure 6: Number of Participants per Survey

We intentionally targeted the general population rather than focusing on policymakers for two reasons.
First, the moves held potential for applicability across domains and demographics. Second, previous
research on systems thinking led us to hypothesize that anyone could enhance their cognitive processes
around policy issues when given the tools to do so. Our results hold direct value for policy education as
advanced policy degree programs are designed to transform any general individual into one specializing
in policy making. Therefore, our educational methods must work for all populations.

Survey Procedure

We designed our survey to test the impact of targeted video interventions on participants' systems thinking
and problem-solving skills in addressing a fictional yet realistic policy problem. By incorporating pre- and
post-video assessments (as visualized in Figure 7), we could measure the intervention's impact on
participants' understanding and application of systems thinking principles. Additionally, the survey
allowed us to demonstrate the natural existence of the mental model structures captured in DSRP moves
before any prompting by the video intervention. Short answers facilitated a quick expression of thoughts
with flexibility for creativity.
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Survey Survey
@ Questions Pre Intervention @ Questions Post Intervention

e Socio-demographic questions

¢ Self-perception questions

e Scenario 1 - Plastic waste
scenario

Video - Intervention

* <2 minutes video of one ‘move’
° DIO
o Zoom in - Zoom Out
o Part Party
o RDS
o P-Circle

e Scenario 1- Same Plastic waste
scenario
* Self-perception questions

Figure 7: Survey Procedure Timeline

Scenario Selection

After considering many scenarios, we selected one on plastic waste accumulation for its broad consensus
and familiarity as a public issue. As a concerning issue that resonates across diverse demographics and
ideological spectrums, the plastic waste scenario reduced political perspectives interfering with the study's
primary focus on the application of systems thinking. Topics like climate change or healthcare policy
possess polarizing political perspectives that might have clouded our study’s ability to deduce clear
preliminary results on the efficacy of the educational interventions. The final scenario wording read:

In a small town, there's a growing problem - too much plastic waste is piling up. The town's
leaders can't agree on a good plan to deal with it. They want you to look into the problem,
summarize it, and suggest some practical ways to fix it.

The plastic waste scenario ensured participants from various backgrounds could engage with the scenario
without encountering ideological barriers. This approach created an inclusive research environment
conducive to comprehensive data collection and analysis, while also aligning with our commitment to
studying topics of broad societal importance.

Pre-Video Assessment

Participants initially encountered the scenario before watching our video treatment. The scenario followed
with a series of questions in which participants assessed their understanding of the issue, self-rated their
problem-solving abilities, expressed any prior interest in plastic waste management, and articulated their
confidence in assessing the town’s concerns related to plastic waste. The main question of study then
required participants to provide a concise qualitative description outlining their approach to addressing the
problem outlined in the scenery and suggesting solutions.
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Video Treatment and Move Selection

In each of the five surveys, participants underwent training through distinct video treatments focusing on
one of five selected systems thinking moves. Despite variations in content, all videos shared a consistent
structure, narration style, and length. They explained key elements of the respective move and illustrated
its application through examples. These moves offer a universally applicable framework for exercising
the core aspects of systems thinking.

The examined moves came from the results of the previous research into the Pareto law’s application in
systems thinking as studied by the Cabrera Research Lab [59]. In a study with over 35,000 participants,
practicing just five of the 47 designated moves successfully captured the basic structures of DSRP and
allowed efficient application. These five empirically-studied fundamental moves are “Is/Is Not,” “Zoom
In/Zoom Out,” “Part Party,” “RDS Barbell,” and “P-Circle.” The Is/Is Not move involves precisely
defining something by outlining what it is and what it is not, offering clarity through contrast. The Zoom
In/Zoom Out move entails examining the parts that make up an object or idea of interest (i.e., “zooming
in””) or examining a broader system in which that idea or system rests (i.e., “zooming out”), ensuring a
comprehensive understanding across scales. With the Part Party move, one dissects a problem into its
constituent parts and explores the relationships between identified parts, facilitating a holistic
comprehension. Employing the RDS Barbell move involves identifying relationships between two distinct
ideas or objects, aiming to grasp the interconnectedness of diverse components within a unified system.
Finally, the P-Circle move incorporates various viewpoints on a singular concept or object, fostering a
more complete interpretation of reality with multiple simultaneous perspectives.

Our study examined each of these five moves with one exception. The Is/Is Not move at its most basic is
only the distinguishing of an identity and an other. For a broader application to policy analysis, we studied
the “Dio List” move (pronounced “D-I-O”) which builds on Is/Is Not by listing additional components
(i.e., parts) that make up what something “is” or “is not.” Overall, while each tested move individually
does not offer a comprehensive understanding of DSRP, collectively they serve as a valuable lens through
which to assess and analyze complex problems. Examining each move through a unique survey enabled
us to determine which moves most easily resonate with a quick intervention and which may need more
research to find translational strategies for learning. Appendix D provides full transcripts and images from

each video treatment.

Post-Video Assessment

After the video intervention, the survey prompted participants to revisit the plastic waste scenario and
offer a short-answer qualitative description of their approach to assessing the problem but now by
exercising the move taught in the video. Participants reassessed their confidence in their ability to address
the problem. They additionally self-reported whether they felt their analysis of the problem in the scenario
was stronger before or after watching the video problem and then indicated the likelihood of applying the
thinking tool in other life situations.
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Variable Measures and Summary Statistics

This section provides an overview of the variables and measures used in the study to analyze the data
collected from participants. Descriptive statistics summarize and describe the characteristics of the data,
helping to understand central tendencies, variability, and distribution.

Participant Demographics

We gathered basic demographic information from survey participants to analyze their effect as control or
confounding variables. These included a variety of gender options (e.g., male, female, other, etc.), age
measured in categorical ranges (e.g, 18 to 24, 25 to 34, 45 to 54, etc.), race and ethnicity options aligned
with the U.S. Census, level of education, and political stance ranging from extremely conservative to
extremely liberal. Summary statistics of this information is in Table 3. Not every respondent offered an
answer to each question; we include the numbers for all information obtained in our tables.

Total Observations 988
Variable Number Obs.  Percent
Age 988
18 to 24 76 7.69
25t0 34 234 23.68
35to 44 171 17.31
45 to 54 206 20.85
55 to 64 149 15.08
65 to 74 136 13.77
75 or older 16 1.62
Level of Education 977
Advanced Degree (Master's, Ph.D., M.D.) 153 15.66
Associate degree 107 10.95
Bachelor's degree 421 43.09
Graduated high school 107 10.95
Some college, no degree 77 7.88
Trade/technical school 112 11.46
Gender 985
Male 495 50.25
Female 490 49.75
Race/ Ethnicity 988
White 640 64.78
Hispanic/Latino 64 6.48
Black/African American 120 12.15
Asian 45 4.55
Multiple/Other 119 12.04
Political Stance 980
Conservative 156 15.92
Extremely Conservative 64 6.53
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Liberal 368 37.55
Extremely Liberal 117 11.94
Moderate 275 28.06

Table 3. Summary Statistics of Sample Demographics

Considering our narrowing to participants ages 18-75, our sample reflected an age distribution similar to
the most recent U.S. Census. Only 7.69% were under 24 while the majority of participants were between
the ages of 25-54 at 61.84% total. Of the remaining categorical ranges, 15.08% of participants were
55-64, 13.77% were 65 to 74, and 1.62% selected 75 or older. From the 977 participants that gave
education level, 15.66% held advanced degrees, 43.09% had a bachelor’s degree, and 10.95% had an
associate's degree. Of the remaining, 11.46% went to trade/technical school, 7.88% had attended some
college without a degree, and 10.95% had only a high school education. Despite offering a broad range of
gender options, the 985 that gave their gender all selected either male (50.25%) or female (49.75%).
Similarly, while offering the option to select multiple races and ethnicities, most chose one category. Due
to small numbers in some categories (i.e., American Indian and Pacific Islander), we sorted individuals
into the following groups for stronger data analysis: White (64.78%), Hispanic/Latino (6.48%),
Black/African American (12.15%), Asian (4.55%), and Multiple/Other (12.04%). A plurality of
respondents were liberal or moderate at 37.55% and 28.06% respectively. Of the extremes, 11.64%
identified as extremely liberal and 6.53% as extremely conservative. The last 15.92% were conservative.

Pre-Treatment Self Perception

Before treatment, questions gauged participants’ reactions to the presented scenario and their
self-perceived problem-solving skills. They then indicated their interest in the plastic waste issue as either
“not at all interested,” “somewhat of an interest,” or “high interest.” Each option had an associated
numerical value via a Likert scale to measure mean and standard deviation. Participants then self-assessed
their problem-solving abilities using a five-point scale: (1) “very low ability,” (2) “low ability,” (3)
“moderate ability,” (4) “high ability,” and (5) “very high ability.” Table 4 reports the descriptive statistics.

Pre-Survey
Variable Number Obs. Percent Mean Std. Dev Min Max

Interest in the Issue 988 2.039474 0.6731453 1 3
High interest (3) 244 20.75
Somewhat of an interest (2) 539 54.55
Not at all interested (1) 205 24.7

Ability to solve problems 988 3.430162 0.78478 1 5
Very low (1) 13 1.32
Low (2) 57 5.77
Moderate (3) 497 50.3
High (4) 334 33.81
Very high (5) 87 8.81

Table 4. Descriptive statistics of Self Perception Variables Pre Survey
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The mean numeric value of issue interest was about 2.04 with a roughly 0.67 standard deviation,
reflecting mostly “somewhat interested.” Majority of individuals rated their problem-solving skills either
“moderate” (50.3%) or “high” (33.81%). Only 13 individuals ranked them “very low.”

Post-Treatment Self-Perception

Post-treatment, we asked additional self-perception questions in which participants judged their own
scenario analysis. Participants rated to what degree they felt their second response was compared to their
first response with the following options: not at all better, slightly better, moderately better, or
significantly better. They also indicated likelihood of applying the techniques learned in the video to other
life situations in the future. Options included "extremely likely," "somewhat likely," and "not at all likely."
As before, we transformed each response into numerical values to evaluate means, standard deviations,
and include in a regression analysis. Table 5 outlines summary statistics of these questions and values.

Post-Video Survey

Variable Number Obs. Percent Mean Std. Devn  Min Max
Apply Move in the future 2.160931 0.6565174 1 3
Extremely likely (3) 305 30.87
Somewhat likely (2) 537 54.35
Not at all likely (1) 146 14.78
Self-Perception of Improvement 2.247976  0.9432993 1 4
Not at all better (1) 237 23.99
Slightly better (2) 379 38.36
Moderately better (3) 262 26.52
Significantly better (4) 110 11.13

Table 5. Descriptive statistics of Self Perception Variables Post Survey

Majority of participants cited that they were either “somewhat likely” (54.34%) or “extremely likely”
(30.87%) to use the move in the future. Self-perception of improvement after the video was more variant
with a mean value of about 2.25 (just above “slightly better”) and standard deviation of roughly 0.94.

Confidence Pre- and Post-Treatment

Participants rated their confidence in addressing the town's plastic waste concern on a scale of 1 to 10,
with 1 representing "not at all confident" and 10 as "very confident." We gathered confidence data twice,
once before and once after treatment, to track any changes. Not every respondent marked a number for
unknown reasons. The descriptive results for observations with the information are in Table 6.

SOLVING PROBLEMS

Number of Observations Pre-Video: 968 Number of Observations Post-Video: 975
Confidence in Ability to Solve Problems (Pre) Confidence in Ability to Solve Problems (Post
Mean Std Dev Min Max Mean Std Dev Min Max
5.989669 2.218633 1 10 6.302158 2.20016 1 10
Pre Freq Percent Post Freq  Percent
1 24 2.48 1 27 2.77
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2 47 4.86 2 25 2.57
3 63 6.51 3 49 5.04
4 81 837 4 72 7.4
5 220 22.73 5 198 20.35
6 125 12.91 6 140 14.39
7 139 14.36 7 158 16.24
8 138 14.26 8 131 13.46
9 70 7.23 9 94 9.66
10 61 6.3 10 79 8.12

Table 6. Descriptive Statistics of the Confidence to Solve the Problem

Self-reported confidence to solve the problem was fairly consistent before and after the video
intervention. Individuals had a mean confidence of 5.99 pre-treatment with a standard deviation of about
2.22. After, individuals averaged a 6.3 confidence with a similar 2.2 standard deviation.

Measuring Improvement

The primary dependent variable in the study is participants' responses to how they would solve the
problem in the presented scenario. The responses were open-text short answers reflecting proposed
solutions to the hypothetical scenario. Our team employed systematic coding to transform these
qualitative responses into quantitative values for analysis. Each response was assigned a binary value
labeled as “Score Move” and defined as follows: 1, participants utilized the specified systems thinking
move; 0, participant did not utilize the move. The scoring method was the same for pre- and
post-treatment responses. We awarded credit only if participants successfully used all elements of the
move, regardless of whether they did so intentionally.

To facilitate the assessment of changes, we created a binary indicator variable labeled as “Post.” This
primary independent variable noted when in the survey a participant gave a response. A value of 1
represented an observation recorded after watching the video (i.e., post-treatment/intervention), and a
value of 0 represented one collected before encountering the video (i.e., pre-treatment/intervention). In
summary, each participant provided two qualitative responses transformed into a quantitative value via
the “Score Move” variable that was then associated with either before or after the intervention via the
“Post” variable. This produced 1,976 observations dividing equal before and after treatment. We list the
response scores as descriptive statistics sorted by pre/post-intervention and the move presented in Table 7.

We chose this straightforward coding method for its simplicity and ease of implementation, ensuring
consistency. While more sophisticated coding techniques exist, the approach provided a reliable and
standardized means of assessing whether or not the explored systems thinking move was present. The
framework facilitated efficient data analysis and interpretation, enabling the identification of patterns and
trends within the qualitative responses. To supplement our method's potential to oversimplify a
respondent’s answer, we included a qualitative judgment of participant responses facilitated via generative
artificial intelligence detailed further in this paper. We suggest future researchers develop more expansive
approaches to measure the presence of systems thinking or DSRP moves based on our preliminary study.
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riabl Pre Intervention (%) | Post Intervention (%) Total (%) Total Observations

0 1 [I] 1 0 1 0 1 Total
Score Move 85.53 14.47 60.83 39.17 73.18 26.82 1446 530 1976
Score Move Dio List 86.29 13.71 53.30 46.70 69.80  30.20 275 119 394
Score Move Zoom In/Out 85.13 14.87 68.21 31.79 76.67 2333 299 91 390
Score Move Part Party 85.35 14.65 70.20 29.80 77.78 2222 308 88 396
Score Move RDS Barbell 91.41 8.59 67.68 32.32 79.55 2045 315 81 396
Score Move P-Circle 79.50 20.50 45.00 55.00 62.25 37.75 249 151 400

Table 7: Descriptive Statistics of the Move Scores Pre- and Post-intervention

Across all moves tested, frequency of move presence after treatment was higher than before treatment. In
aggregate, only 14.47% of participants utilized the move before treatment. Later in the survey, 39.17%
successfully utilized the move in their solution. We examined these improvements more thoroughly
through a robust quantitative and qualitative data analysis to test their validity.

Data Analysis Methodology

This study undertook a comprehensive examination of the collected data, integrating both qualitative and
quantitative analysis to yield a nuanced understanding of the effects of video interventions. To supplement
the descriptive statistics already reported, we ran econometric regressions both with and without controls.
For a qualitative approach, we harnessed generative artificial intelligence to assess intervention impact.

Logistic Model for Quantitative Analysis

Instead of predicting the value of the dependent variable as a linear regression, the logistic model
estimates the probability of a binary event occurring given a set of predictors. The logit function
transforms the probability into a logarithmic scale of odds (i.e., a ratio of the probability of success to the
probability of failure). This model provides coefficients easily interpreted as odds ratios, allowing us to
understand the relative impact of independent variables on the probability of the event. In our case, we
wanted to assess the intervention’s effect on the probability of observing the systems thinking move while
controlling for demographics and individual perception. The logistic model is thus a suitable choice.

In panel data, observations from the same individual are commonly correlated due to characteristics of
that person not present in others. If unaccounted for when analyzing data, this correlation can bias
estimated standard errors and lead to incorrect statistical inference. Including individual clustering adjusts
standard errors to reflect the correlation, providing more precise and reliable estimates of the model
parameters and confidence intervals. This precision is particularly relevant in logit models, as clustering
can help correct intracluster correlation of observations and ensure a more accurate assessment of the
relationships between variables. In our study, the individual clustering process grouped pre- and
post-intervention observations for each participant together to estimate fixed or random effects specific to
each individual. Accordingly, the general logistic regression model in our analysis is as follows:

Logit(P(Y; = 1)) = B, + B,Post; + Controls; + u;
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In interpreting the results of the model, the binary nature of the dependent variable (Score Move,
represented as Y; above) and the independent variable (Post) is essential to understanding results. The
subscripted “1” denotes individual clustering. The coefficient S, associated with the "Post" variable
indicates the change in logit odds ratio of observing the move post- vs. pre-intervention, holding all other
variables constant. Exponentiating the coefficient yields the direct odds ratio. We examined whether the
value of the ratio is greater or less than 1 to interpret whether observing the move is more or less likely.

An odds ratio greater than 1 indicates a positive association between the independent variable and the
occurrence of the event of interest. In other words, as the independent variable increases, the probability
of observing the event of interest also increases. If the odds ratio is less than 1, the independent variable
is negatively associated with the event of interest. In this case, as the independent variable increases, the
probability of observing the event of interest decreases. A ratio of exactly 1 indicates no association
between the independent variable and event occurrence.

In our study, an odds ratio associated with the "Post" variable greater than 1 and statistically significant
would suggest a higher likelihood of observing the move post-intervention than pre-intervention.
Conversely, an odds ratio less than 1 and statistically significant would indicate a decrease in the
likelihood of observing the move. Coefficients associated with other independent variables follow the
same interpretation. Each coefficient represents the change in the logit odds of observing the move given
a one-unit change in the corresponding variable, holding all other variables constant. All coefficients must
be exponentiated to show the direct change in odds ratios.

Overall, the logistic regression model allowed us to assess the effect of the intervention on the probability
of observing the move while controlling for other factors, providing valuable insight into the effectiveness
of the intervention in promoting systems thinking in addressing plastic waste concerns. Clustering by
individual allowed us to capture unobserved variation amongst participants, improving model robustness.

Generative Artificial Intelligence for Aggregate Qualitative Analysis

The responses collected varied in length, ranging from brief one- or two-sentence remarks to more
detailed paragraphs. To effectively analyze the data as a whole and complement the quantitative analysis
conducted through coding, we utilized the generative artificial intelligence platform ChatGPT for a
qualitative perspective. Our approach involved crafting a customized ChatGPT prompt for each move that
outlined our analysis objectives and provided a concise overview of the moves depicted in the videos. We
inputted all participant responses into the program then tasked ChatGPT via the prompt to compare
respondents' answers, identifying any disparities between a given participant's initial and updated
responses. All prompts adhered to a consistent format with the only distinction being the description of
the move. Table 8 on the following page presents each ChatGPT prompt. In this analysis, we aimed to
create a less subjective qualitative improvement assessment. While the results still include biases
ingrained in ChatGPT algorithms, they remove unintentional biases of ourselves as researchers
overexposed to responses and systems thinking moves.
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Dio List
Prompt

We conducted a survey to gauge respondents' ability to make distinctions. First, they were asked to assess a town's plastic waste issue. Their initial responses
are recorded in the "Assess Issue PRE" table. Then, they watched a short video about clarifying distinctions and were asked to reassess the town's plastic waste
system. Their updated responses are in the "Assess Issue POST" table. The video explained that clarifying distinctions involves determining what something is
and what it is not. For instance, you might list characteristics of a sandwich under "is," such as having bread and fillings, and characteristics not applicable to a
sandwich under "is not," like being flat like pizza. Your task is to analyze each respondent's pre and post answers to identify any differences between their
initial and updated assessments.

Zoom
In/Out
Prompt

We conducted a survey to gauge respondents' ability to identify the parts and whole of any object, idea or issue. First, they were asked to assess a town's
plastic waste issue. Their initial responses are recorded in the "Assess Issue PRE" table. Then, they watched a short video about part-whole systems and were
asked to reassess the town's plastic waste system. Their updated responses are in the "Assess [ssue POST" table. The video explained that structuring our
thinking involves identifying parts and wholes of any object, idea, or issue. For example, when considering a rose, we can zoom in to recognize its individual
parts like the stem, roots, or petals, or zoom out to see it as part of a larger whole like a garden or symbol of love. Your task is to analyze each respondent's pre
and post answers to identify any differences between their initial and updated assessments.

Part

Party
Prompt

We conducted a survey to gauge respondents’ ability to identify parts and understand their relationships within a system. First, they were asked to assess a
town's plastic waste issue. Their initial responses are recorded in the "Assess Issue PRE" table. Then, they watched a short video about parts and their
relationships to each other, and were asked to reassess the town's plastic waste system. Their updated responses are in the "Assess Issue POST" table. The
video explained the concept of identifying parts and understanding their relationships within a system. For instance, in a successful business, various
departments like marketing, sales, and operations represent the parts that collectively contribute to the whole. However, each department's success relies on its
relationships with others. The sales team needs insights from marketing, and operations ensure all departments have necessary resources. Your task is to
analyze each respondent's pre and post answers to identify any differences between their initial and updated assessments.

RDS
Barbell
Prompt

We conducted a survey to gauge respondents’ ability to identify relationships, distinguish them, and zoom in on the components. First, they were asked to
assess a town's plastic waste issue. Their initial responses are recorded in the "Assess Issue PRE" table. Then, they watched a short video about parts and their
relationships to each other, and were asked to reassess the town's plastic waste system. Their updated responses are in the "Assess Issue POST" table. The
video explained the concept of identifying relationships, naming them, and then zooming in to examine their components. For example, when considering the
relationship between two individuals, various terms like marriage, friendship, or enemies can be used to describe it. Zooming in on the relationship of
marriage, one might identify components such as shared finances, children, and love. Relationships can be both physical, like the binding of a book, and
abstract, like communication between a successful boss and their employees. Your task is to analyze each respondent's pre and post answers to identify any
differences between their initial and updated assessments.

P-Circle
Prompt

We conducted a survey to gauge respondents’ ability to gather perspectives and consider them within a broader context. First, they were asked to assess a
town's plastic waste issue. Their initial responses are recorded in the "Assess Issue PRE" table. Then, they watched a short video about parts and their
relationships to each other, and were asked to reassess the town's plastic waste system. Their updated responses are in the "Assess Issue POST" table. The
video explained the concept of gathering perspectives when analyzing an object, idea, or issue. For instance, when considering the implementation of school
uniforms, students, teachers, and parents may be viewing the issue from different points. Perspectives can extend to factors such as affordability, color, or
fashion. Your task is to analyze each respondent's pre and post answers to identify any differences between their initial and updated assessments.

Table 8: ChatGPT Prompts for Qualitative Analysis
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Analysis Results

SOLVING PROBLEMS

The results of our analysis are divided into two components: quantitative findings derived from
econometric regressions and qualitative insights obtained via ChatGPT. Together, they offer a
comprehensive view of the impact of the video interventions on participants' systems thinking and
problem-solving abilities.

Quantitative Logit Regression Models

Tables 9, 10, and 11 provide a summary of the key findings from the regressions. In all tables and writing,
we exponentiated all logit odds ratios to facilitate a clearer comprehension of the coefficients and their
implications. Standard errors are clustered by individuals (notated as “robust seeform” in tables) for a
more robust model. While we ran regressions including the self-perception and confidence levels to test
their relevance as confounding factors, none were significant and we do not include them in these results.
Our basic regressions include all 1,976 observations. Regression models with controls limited
observations to only individuals that provided a response to every variable of interest—1,932 responses.

Aljrarri et al.

)] @)
VARIABLES Logit Logit + Controls
Score Move
Post 3.805%** 4.050%***
(0.385) (0.433)
Gender 1.243%*
(0.150)
Age
25 to 34 years 1.293
(0.313)
35 to 44 years 1.631*
(0.4106)
45 to 54 years 1.448
(0.369)
55 to 64 years 1.337
(0.369)
65 to 74 years 1.616%*
(0.451)
75 or older 0.601
(0.292)
Level of Education
Associate Degree 0.682*
(0.154)
Bachelor’s Degree 0.661%*
(0.109)
Graduated High School 0.260***
(0.0664)
Some College 0.401%**
(0.105)
Trade /Technical School 0.450%**
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(0.104)
Ethnicity/Race
Hispanic/Latino 1.091
(0.257)
Black/African American 0.871
(0.169)
Asian 1.765%*
(0.447)
Other 1.376%*
(0.252)
Political Stance
Extremely Conservative 1.031
(0.301)
Extremely Liberal 2.131%**
(0.467)
Liberal 1.277
(0.230)
Moderate 1.211
(0.224)
Constant 0.169%** 0.129%**
(0.0153) (0.0412)
Observations 1,976 1,932

Robust seeform in parentheses; *** p<0.01, ** p<0.05, * p<0.1; exponentiated coefficients.

Table 9: Aggregate Model

Table 9 provides an overview of the aggregated findings from the five surveys. The column illustrates
coefficients without controlling for any additional variables other than before or after the intervention.
The second column includes controls for socio-demographic factors such as gender, age, educational
level, race/ethnicity, and political stance.

The key findings from Table 9 underscore a significant and positive effect in likelihood of exhibiting the
systems thinking move after the intervention. In the simple model, exposure to the video increased the
likelihood of attaining a score of 1 by approximately 3.80 times compared to not having viewed the video.
This coefficient is statistically significant at the 99% confidence level. These results remain consistent in
the model incorporating demographic controls. In that model, watching the video elevated the probability
of achieving a score of 1 by approximately 4.05 times with similar significance, ceteris paribus.

Our analysis of control variables revealed interesting patterns. While females showed a slightly higher
likelihood of achieving a score of 1, this lacked strong statistical significance at only 90%. Age played a
more definitive role, with those aged 35-44 more likely to achieve a score move of 1 compared to the
18-34 group. This trend continued in older age groups, although only the 35-44 and 65-74 groups reached
a significant level with 90% confidence. Level of education demonstrated the most consistent and
significant impact, with lower educational attainment associated with a decreased probability of achieving
a score of 1 relative to those with advanced degrees. Regarding ethnicity and race, Asian participants
showed a significantly higher likelihood of achieving a score of 1 than White participants. Finally,
extreme liberals were significantly more likely than conservatives to achieve a score move of 1, with
other political stances not demonstrating any significant effect.
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The overall significance of each category cannot be interpreted directly via individual coefficient p-values
as these represent the change in logit odds compared only to the reference category rather than a null
value. For example, if we have a categorical variable with three levels (e.g., Ethnicity/Race), the
coefficients for each level represents the change in the logit odds compared only to the reference level
(e.g., White individuals in the second column regression of Table 9). Therefore, we performed a global
significance test to assess the overall significance of categorical variables in the model. The test showed
significance levels for age, level of education, ethnicity/race, and political stance similar to those in Table
9, education stood out as the only variable exhibiting significance across all levels.

Following the aggregate analysis, we ran models for each individual move. This allowed us to compare
how each move influenced the probability of achieving a score of 1. Results are in Table 10.

1 2 3) “ (%)
VARIABLES Dio List Zoom In/Out Part Party RDS Barbell P-Circle
Score Move
Post 5.517%%* 2.668%** 2. 474%%* 5.085%** 4.740%**
(1.284) (0.616) (0.566) (1.330) (0.998)
Constant 0.159%** 0.175%** 0.172%%%* 0.0939%*** 0.258***
(0.0330) (0.0353) (0.0346) (0.0239) (0.0453)
Observations 394 390 396 396 400

Robust seeform in parentheses; *** p<0.01, ** p<0.05, * p<0.1; exponentiated coefficients.

Table 10: Bivariate regression analysis per move

For Dio List (Column 1), the participants were 5.51 times more likely to exhibit the move after watching
the video than before. Similarly, for Zoom In/Out (Column 2), watching the video increased the odds of
exhibiting the move 2.66 times. Watching the Part Party video (Column 3) increased the probability of
exhibiting the corresponding move by 2.47 times. For RDS (Column 4), the model suggests that
participants who underwent that intervention were 5.085 times more likely to exhibit the move. Finally,
for P-Circle (Column 5), participants were 4.74 times more likely to showcase the move after
intervention. All of these results are significant at the 99% confidence level, supporting a positive impact
on ability to apply each move across the board.

One of the most intriguing findings was the minimal impact of demographics on the likelihood of
achieving a score of 1 regardless of whether before or after watching the video with few exceptions other
than education level. Table 11 provides regression results by move inclusive of our demographic controls.

(D @) 3) “4) ®)
VARIABLES Dio List Zoom In/Out Part Party RDS Barbell P-Circle
Score Move
Post 6.448%** 3.073%** 2.673%%* 5.811%** 5.537%**
(1.675) (0.806) (0.682) (1.659) (1.297)
Gender 2.347%** 1.928%* 0.974 0.669 1.185
(0.686) (0.553) (0.289) (0.222) (0.301)
Age
25 to 34 years 1.723 0.561 1.106 1.321 1.785
(0.868) (0.340) (0.709) (0.772) (1.112)
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35 to 44 years 1.100 1.276 1.765 1.530 2.209
(0.623) (0.791) (1.188) (1.002) (1.463)
45 to 54 years 1.320 1.007 1.250 1.581 2.629
(0.788) (0.641) (0.797) (1.060) (1.710)
55 to 64 years 2.638 0.345 0.594 2.972% 2.833
(1.734) (0.244) (0.444) (1.923) (2.025)
65 to 74 years 1.814 1.207 0.489 3.257 2.784
(1.210) (0.792) (0.390) (2.457) (1.866)
75 or older 1.944 0.422 0.855 - 0.451
(1.851) (0.520) (0.737) - (0.614)
Level of Education
Associate Degree 0.817 0.380%** 0.542 0.672 0.680
(0.415) (0.185) (0.311) (0.387) (0.371)
Bachelor’s Degree 0.677 0.337%** 0.600 0.504* 1.129
(0.300) (0.135) (0.230) (0.205) (0.431)
Graduated High School 0.445 0.0718*** 0.162%%* 0.154%%** 0.385
(0.252) (0.0494) (0.137) (0.0939) (0.224)
Some College 0.257%%* 0.394%* 1.184 - -
(0.126) (0.188) (1.303)
Trade/Technical School 0.361 0.236 0.287*** 0.451 0.591
(0.278) (0.232) (0.130) (0.252) (0.280)
Ethnicity/Race
Hispanic/Latino 2.353%* 0.725 0.198%* 1.847 2.085
(1.190) (0.397) (0.194) (1.044) (1.055)
Black/African American 1.725 1.203 0.456%* 0.747 1.017
(0.861) (0.624) (0.207) (0.441) (0.402)
Asian 2.083 2.708 1.596 4.145%%* 0.607
(1.158) (1.805) (1.102) (2.223) (0.336)
Other 1.929 1.095 1.231 1.836 1.149
(0.890) (0.505) (0.474) (0.865) (0.431)
Political Stance
Extremely Conservative 1.634 0.292 0.821 1.233 1.485
(1.052) (0.293) (0.594) (0.842) (0.884)
Extremely Liberal 2.035 2.777** 1.641 4.244** 1.534
(0.985) (1.417) (0.830) (2.675) (0.705)
Liberal 1.871 1.864 1.034 1.200 0.773
(0.765) (0.717) (0.454) (0.629) (0.334)
Moderate 1.568 1.731 0.654 1.087 1.281
(0.612) (0.730) (0.311) (0.584) (0.563)
Constant 0.0458%** 0.217** 0.338 0.0703*** 0.111%%*
(0.0354) (0.162) (0.277) (0.0597) (0.0847)
Observations 390 386 380 378 388

Robust seeform in parentheses; *** p<0.01, ** p<0.05, * p<0.1; exponentiated coefficients.

Table 11: Multivariable Regression Analysis by Move

The results in Table 11 underscore the robustness of the results presented in Table 10, further reinforced
when adding the possibly confounding demographic variables. Upon conducting the joint test for Age,
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Level of Education, Ethnicity/Race, and Political Stance, the outcomes align consistently with the
significances observed in Table 11.

Finally, we ran a regression model with interaction terms for the analyzed demographics and our “Post”
variable. In statistical analysis, interactions help capture the complexity of relationships not fully
explained by individual variables alone. They allow us to investigate if one variable's effect on the
outcome depends on the level or presence of another. In this study, an interaction between the “Post” and
“Level of Education” variables can reveal whether the effect of the intervention itself depended on
participants’ education levels. This interaction provides insight into how the impact of the treatment
differs across backgrounds, offering a more nuanced understanding of its effectiveness.

We ran an interaction model specifically for Level of Education and Post, but the regression did not yield
significant results for the interaction terms (see Appendix E). This outcome suggests that the effect of the
intervention does not significantly vary based on a participants’ educational levels. While previous
analysis demonstrated the significance of educational level in achieving better move scores generally, the
lack of significance in the interaction term indicates that improvement from before and after the video is
not necessarily associated with education level. This suggests that unexplored factors beyond the
intervention may influence the relationship between educational level and the exhibition of the move.

Qualitative Al Analysis Results

The qualitative results obtained through the analysis conducted with ChatGPT revealed distinctive and
significant patterns in the pre and post-intervention responses. The application of ChatGPT allowed for a
detailed analysis of participants’ responses before and after intervention, offering insights into how their
perceptions and approaches to the presented issue evolved.

Aggregate Assessment

ChatGPT’s analysis for each move was comprehensive, with both overarching trends across all
respondents and specific changes for each participant. Table 12 on the following page provides the first
three general trend observations for each move. Overall, ChatGPT noted a shift towards more systemic
thinking after intervention, transcending the perception of plastic waste as a standalone issue and
recognizing it within a broader environmental and social context.

In the Dio List survey, ChatGPT highlighted an enhanced ability among respondents to discern finer
distinctions and categorize aspects of the plastic waste issue more effectively. Moreover, participants
displayed a heightened focus on actionable solutions, distinguishing between practical, feasible remedies
and those less likely to yield results. The Zoom In/Out responses garnered a shift towards recognizing the
micro perspective of an individual alongside the macro perspective of the whole community. Regarding
the RDS move, the post-video responses held an increased recognition of relationships and more specific
interactions. In the Part Party survey, responses moved towards discussing relationships within systems.
Lastly, in the P-Circle survey, participants demonstrated heightened awareness gathering diverse
perspectives and engaging in a more collaborative problem-solving process.

Aljrarri et al. Journal of Systems Thinking | 26



MAY 13,2024

Dio List

Zoom In/Out

Part Party

SOLVING PROBLEMS

RDS Barbell

P-Circle

Sharper Distinctions in
Problem Identification:
Post-video, respondents
displayed a clearer ability
to distinguish between
different aspects of the
plastic waste issue. They
began categorizing aspects
of the problem more
distinctly, which allowed
for more targeted
solutions.

Increased Systemic Thinking:
Many respondents moved from
proposing specific, isolated actions
to considering broader systemic
changes. They began to see plastic
waste not just as an isolated issue
but as part of a larger
environmental, economic, and
social system.

Increased Focus on Systemic
Relationships: After the video,
respondents often showed a
deeper understanding of how
various components of the town's
waste management system
interact. This included
acknowledging the roles of
different stakeholders like
residents, businesses, and local
government in the waste system.

Increased Recognition of
Relationships: Post-video, many
respondents demonstrated a greater
awareness of the relationships within
the system managing plastic waste.
They moved from viewing actions in
isolation to seeing them as
interconnected within a broader context.
This is analogous to recognizing how
different departments in a business (like
marketing and operations) are
interdependent.

Increased Emphasis on
Gathering Perspectives:
Post-video responses show a
stronger emphasis on
understanding the problem from
multiple perspectives. This
indicates a deeper consideration of
how different groups (residents,
businesses, government) perceive
and are affected by the plastic
waste issue.

Enhanced Focus on
Actionable vs.
Non-actionable Items:
Many responses showed a
transition towards
separating doable actions
from less practical ideas.
This separation helps in
prioritizing efforts that are
likely to be more effective.

Recognition of
Interconnectedness: Post-video
responses often acknowledged the
interconnectedness of various
factors contributing to plastic waste.
Respondents showed a deeper
understanding that solving plastic
waste issues involves addressing the
parts (individual behaviors, specific
community actions) and the whole
(town-wide systems, broader
environmental impacts).

More Comprehensive and
Integrated Solutions: Many
responses shifted from specific,
isolated actions to more
integrated and holistic strategies
that consider the interaction
between various parts of the
system—such as improving
recycling processes, enhancing
community education, and
modifying local regulations.

More Holistic Approaches:
Respondents started considering broader
solutions that involve multiple
stakeholders (government, businesses,
and residents) and recognizing that each
part of the system can influence others.
This indicates a shift towards systemic
thinking, similar to understanding how a
change in one part of an organization
affects the whole.

More Inclusive Problem-Solving
Approaches: There's a noticeable
shift towards soliciting ideas and
input from a broader array of
stakeholders. This suggests a move
from top-down to more
participatory decision-making
processes in addressing
environmental challenges.

Greater Specificity in
Responses: After the
video, answers tended to
be more detailed, with
respondents identifying
specific types of plastic
waste and particular
challenges associated with
them. This indicates a
deeper understanding and
analysis of the problem.

Emphasis on Community and
Behavioral Change: A noticeable
shift was the emphasis on changing
behaviors at the individual and
community level. Many
respondents suggested initiatives to
educate and engage the community,
emphasizing that lasting solutions
require participation from all
sectors of the town.

Recognition of Broader
Impact: There was a notable
increase in the recognition of
how local actions can have
broader environmental impacts.
This reflects a more systemic
thinking approach where parts
(local actions) are seen in the
context of the whole (global
environmental impact).

Zooming In on Specific Interactions:
Many respondents zoomed in on
specific interactions or parts of the
waste management system, such as the
relationship between consumer behavior
and recycling effectiveness. This
reflects a deeper dive into understanding
specific elements of the problem, akin
to dissecting a relationship to
understand its components (like shared
finances in a marriage).

Recognition of Diverse Factors
and Interests: Many respondents
acknowledged a variety of factors
affecting the plastic waste problem,
including economic, social, and
logistical considerations. This shift
demonstrates a more nuanced
approach to problem solving,
recognizing the complex interplay
of different interests and factors.
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Individual Assessment
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While the general patterns indicate a shift in respondents’ problem-solving strategies towards systems

thinking, ChatGPT’s individual assessments reveal more precise ways a participant evolved following the
video intervention. Tables 13-17 provide an example from each survey, with the participant’s pre- and

post-video response alongside ChatGPT’s assessment.

Dio List Pre-Video Response
Respondent 10004

Dio List Post-Video Response
Respondent 10004

ChatGPT Assessment
Respondent 10004

I would focus on a two-part plan, one short-term
and one long-term. The short-term plan would
focus on looking into why too much plastic waste
is piling up and finding out the best way to deal
with it. I would recommend trying to recycle what
can be recycled and looking for how other towns
eliminate their waste as two methods to reduce the
pileup. For the long-term plan, I would suggest the
town begin to wean itself off plastic and move to
more environmentally sustainable materials/energy
so that this will not be a problem in the future.

I would assess the town's plastic waste
concerns and separate them into two
categories. What is doable and what is not
doable? I would have the town leaders
brainstorm on what are possible solutions to
the plastic waste concerns and what aren't,
giving me reasons why for both examples.
This would give me a more comprehensive
idea of the specific issues facing the town
and I would be able to recommend a clearer
path forward.

Respondent 10004: Moved
from a generic two-part plan
to a more nuanced approach,
separating actionable items
from non-actionable ones,
thus refining the strategy with
clear distinctions.

Table 13: ChatGPT Assessment of Respondent 10004 (Dio List)

Respondent 10004 underwent the Dio List treatment. According to ChatGPT, this respondent refined their
approach, transitioning from a “generic two-part plan” to a more intricate and pragmatic strategy. This
involved emphasizing distinct goals that were attainable versus those that were not.

Zoom In/Out Pre-Video Response
Respondent 20006

Zoom In/Out Post-Video Response
Respondent 20006

ChatGPT Assessment
Respondent 20006

I would make recycling programs required (i.e.
through fines), and I would hold companies and
organizations who produce and use plastic
accountable for the amount they produce or use.

Thinking about the video, I would also take
into account asking corporations to stop
using so much plastic in their products.
Possibly switching to cardboard, paper, etc.
would be a better option to tackle the
plastic problem from the initial stage, while
recycling and fine enforcement would
tackle it at the later stage.

Respondent 20006 expanded
their approach by not only
requiring recycling but also
pushing for changes at the
production level by
suggesting alternatives to
plastic in products.

Table 14: ChatGPT Assessment of Respondent 20006 (Zoom In/Out)

Respondent 20006, given the Zoom In/Out intervention, expanded their strategy significantly. They not
only advocated for mandatory recycling at the individual level but also proposed macro-level changes in

production, such as exploring alternatives to plastic in manufacturing. This approach underscores the

fundamental aspect of the move.
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Part Party Pre-Video Response
Respondent 30006

Part Party Post-Video Response
Respondent 30006

ChatGPT Assessment
Respondent 30006

I would first look into where the waste is
coming from. Is it plastic waste from
particular companies or from the citizens of
the town? I'd suggest increasing the
number of recyclable containers on the
streets. If the town didn't have a recycling
program, where recyclables are separated
and put to the street in a bin, I'd suggest
implementing that. We could provide
incentives to the citizens to encourage them
to utilize the new receptacles.

I'd look into who the waste issue falls on,
i.e the town who'd need to pick up the
waste. I'd delve further to see if that
specific department had means of
improving the situation, such as setting up
recycling stations/bins around the town. I'd
look to the treasury to see what money we
had to combat this issue.

Respondent 30006 initially focused on
identifying the sources of waste and
suggested increasing recycling bins.
Post-video, their approach included
examining the responsibilities of the
town in waste management and
looking at financial resources available
for addressing the issue, indicating a
shift to a more systemic view.

Table 15: ChatGPT assessment of Respondent 30006 (Part Party)

Respondent 30006, who watched the Part Party video, delved into the town’s involvement in waste
management. They suggested exploring financial resources to tackle the issue, signifying a shift towards a

more systemic approach to addressing the plastic waste problem.

RDS Pre-Video Response
Respondent 40004

RDS Barbell Post-Video Response
Respondent 40004

ChatGPT Assessment
Respondent 40004

I would see how much plastic waste they
have, what they are doing with the waste,
how much it costs to recycle it and how it
is impacting the environment.

I would check the relationship between
the town and the plastic waste, see how it
affects the town, how it can be fixed,
steps to get the town people to decrease
their use of plastics and get government
officials to help the town with getting rid
of their plastic waste.

Respondent 40004 moved from a
general assessment of the plastic waste
situation to a more focused analysis on
the relationship between the town and
its plastic waste, suggesting more
targeted strategies to engage the
community and government.

Table 16: ChatGPT assessment of Respondent 40004 (RDS Barbell)

Following the RDS Barbell video, Respondent 40004 advanced from a broad assessment of the problem
to grasping the crucial relationships and interdependencies among the town, individuals, and government.

Additionally, they discerned the distinct roles each entity plays in addressing plastic waste issues.

P-Circle Pre-Video Response
Respondent 50005

P-Circle Post-Video Response
Respondent 50005

ChatGPT Assessment
Respondent 50005

I would have the town set aside funds to
buy a huge plastic shredder. I would also
reach out to various environmental groups
to see if there are any companies who can
use shredded plastics and would be willing
to purchase the town's shredded waste.

I would get the perspectives of citizens in
the community. Then I would get
perspectives of environmental groups as
well as the perspectives from the town's
engineering team.

Respondent 50005 changed from a
logistic and somewhat isolated
approach (buying a shredder) to
gathering varied viewpoints (citizens,
environmental groups, engineers) to

find a more integrated solution.

Table 17: ChatGPT assessment of Respondent 50005 (P-Circle)

After undergoing the P-circle intervention, Respondent 50005 transitioned from an isolated approach to
embracing a broader perspective that engaged multiple parties, leading to a more integrated approach.

In summary, the post-intervention responses of participants demonstrated a shift from narrow, isolated
solutions towards collaborative, systemic approaches. These changes imply that a brief, one-minute
intervention had a discernible impact on how respondents framed their assessments.
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Discussion

In a world characterized by wicked problems and volatility, uncertainty, complexity, and ambiguity
(VUCA), individuals often rely on simplistic, linear, and isolated approaches (i.e., LAMO thinking) to
address challenges. However, our empirical research provides evidence that systems thinking, particularly
through the lens of DSRP theory and associated moves, offers a promising strategy for effectively
tackling complex issues. With a less than two-minute intervention, we saw significant shifts towards more
systemic thinking in respondents. Based on the comprehensive analysis of both quantitative and
qualitative findings, results indicate a clear positive effect of the video interventions with significance at
the 0.01 level, or 99% confidence. Figure 8 visual represents the shift in move usage across the study.
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Figure 8: Descriptive Statistics of Move Scores Pre- and Post-Intervention

The presence of the move within response before participants watched the video interventions aligns with
DSRP theory in that these structures of our thinking are universal, regardless of intention. By bringing
greater awareness to the structure in the short treatment (i.e., metacognition), we saw an increase in
directly addressing these structures via the moves.

Our quantitative regression analyses underscore the significant impact of education in expressing a
response in the clear structure of a systems thinking move. However, as revealed in our interaction
regression, education level itself did not significantly affect improvement from before to after watching
the video. This suggests that while education can influence a general ability to express thoughts in a
deliberate systems thinking manner, education level itself does not preclude an individual from improving
their thinking via an intervention.

Furthermore, qualitative analysis results reveal a notable transition towards more comprehensive
problem-solving approaches following the interventions. Participants exhibited a shift from narrow and
isolated solutions to broader considerations involving multiple stakeholders. This transition highlights the
effectiveness of video interventions in promoting systemic thinking among participants.The diversity of
tools utilized in the interventions also proves crucial in addressing different aspects of systems thinking.
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From focusing on critical relationships to considering multiple perspectives, each intervention made a
unique contribution to the development of participants’ response. This underscores the importance of
employing a variety of approaches in promoting systemic thinking and problem solving.

While previous research focused on simple observational scenarios [10], our study represents a significant
contribution by demonstrating DSRP theory’s influence on thinking through real-life policy problems.
This underscores the relevance of our findings to policy formulation and decision-making processes in
practical contexts. Additionally, our analysis reveals no discernible differences based on demographic
factors like gender, political stance, or age, indicating the broad applicability of interventions.
Interestingly, despite quantitative and qualitative analysis revealing a shift towards systemic thinking,
participants seemed relatively unaware of their own improvement as highlighted by unchanging
self-reports of problem-solving confidence and an assertion of only a “slightly better” policy solution
after intervention. This warrants further investigation into the underlying factors influencing
self-perceptions of confidence in problem solving and metacognition.

Overall, our study demonstrates significant positive outcomes resulting from very brief interventions,
highlighting the potential for rapid improvement in systems thinking skills. These findings provide a solid
foundation for future research and practical applications in fields such as education, management, and
policy. Importantly, our focus on DSRP tools does not negate the potential value of other problem-solving
approaches. Even participants who employed a specific approach like Cost-Benefit Analysis within their
initial response exhibited a shift towards systemic thinking, indicating the potential to improve existing
policy-making frameworks while introducing systems thinking strategies. Our Systems Literature Review
espoused the dire need for a more evidence-based approach to policy education and decision making
grounded in principles of systems thinking. We can better equip decision-makers to tackle the
complexities of wicked problems by implementing more empirically-tested educational strategies like the
DSRP moves tested in our study.

Limitations

While our study offers valuable insights into the impact of the targeted video interventions on systems
thinking skills, we encountered limitations in our design. First, the sample consisted of participants from
the United States. Additionally, our use of a hypothetical scenario may not capture the full complexity and
variability of real-world decision making. We also restricted our potential impact by testing each move
individually, as the Pareto Law research on cognitive moves [59] suggests that all five moves are needed
for the greatest impact. These issues limit the generalizability of our findings

The study further focused on immediate post-intervention effects, neglecting the assessment of long-term
effects on thinking. Similarly, a real world educational intervention would likely last longer than one to
two minutes, potentially spanning days or weeks. Our quasi-experimental design also lacked a control
group, so we cannot attribute changes solely to the interventions. Studies with more in-depth
interventions, experimental designs, and long-term participation may yield different results.

Lastly, the binary coding approach used to analyze responses may have oversimplified the nuanced nature
of participants’ thought processes. While our use of ChatGPT aimed to combat this problem, the potential
remains a limiting factor. We further recognize our study’s restricted focus on DSRP tools. Empirical

Aljrarri et al. Journal of Systems Thinking | 31


https://www.zotero.org/google-docs/?22wAqb
https://www.zotero.org/google-docs/?zjXnmh

MAY 13,2024 SOLVING PROBLEMS

studies on other problem-solving methods could reveal similar positive effects, though the current lack of

evidence found in our Systems Literature Review suggests the need for more evidence supporting their

efficacy. Even with these limitations, we nevertheless saw significant shifts from an intervention barely

over one minute. Our study thus provides valuable insights into the effectiveness of targeted interventions

in enhancing systemic thinking and underscores the need for further research to explore these concepts.

Recommendations

Based on our findings, we developed the following two recommendations for educators:

(1)

2)

Teach DSRP-based cognitive moves in all education levels: Integrating systems
thinking—specifically the five studied cognitive moves—into educational settings holds immense
potential for fostering critical thinking, problem solving, and deeper understanding of complex
problems. By introducing these concepts early on, students can develop an intuitive sense for
interconnectedness and complexity across domains. Small-scale interventions, such as
incorporating cognitive move exercises into existing curriculum modules could serve as effective
starting points. These interventions can help students recognize and analyze feedback loops,
identify obscured relationships, and conduct analyses across scales. In nurturing these systems
thinking skills, educators can empower students to tackle challenges creatively and ethically
while preparing them for the complexities of our contemporary world.

Make DSRP and the five cognitive moves a core tenet of policy education: To foster a
systemic approach in policy education, institutions should integrate the DSRP approach to
systems thinking via the five studied cognitive moves throughout their curricula. Such a shift
would move curricula beyond rote memorization and superficial, politically expedient solutions
towards practical application and deeper analysis. Educational programs should prioritize
experiential learning, encouraging students to analyze real-world policy challenges through a
systems lens that emphasizes distinctions, systems, relationships, and perspectives. By actively
engaging with cognitive moves to understand complex systems, students can develop the critical
thinking skills necessary to formulate effective solutions to address wicked policy problems.

We also offer the following two recommendations for further research:

(1)

Develop expanded techniques to easily identify systemic thinking: Future research should
explore the development and refinement of qualitative coding techniques to better understand the
identification and barriers to the uptake of systems thinking. This could involve analyzing the
tone of responses, particularly those expressing indignation or resistance after training. Such
analysis could reveal underlying attitudes and beliefs that hinder the adoption of systems
thinking. Additionally, exploring discrepancies amongst the significance levels found in aspects
of our analysis could shed light on potential overconfidence in problem-solving skills or
misunderstanding of key concepts. By identifying these barriers, educators can tailor approaches
to better address individual needs and learning styles, ultimately fostering a more widespread
adoption of systems thinking.
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(2) Longitudinal and comparative studies for more in-depth study: Our research can serve as a
start for longitudinal studies examining the efficacy of more extensive training over longer
periods. For example, researchers may look at graduates’ career trajectories and policy
achievements. Comparative studies could evaluate the efficacy of multiple pedagogical
approaches, such as case studies versus simulations, to determine which methods most effectively
foster systems thinking skills. These studies could also investigate whether certain teaching
techniques better equip students to address complex policy challenges marked by political
polarization and entrenched viewpoints.

Conclusion

Our study successfully demonstrates the profound impact that targeted educational interventions can have
on enhancing systems thinking capabilities among a broad demographic. By employing the Distinctions
Systems Relationships Perspectives (DSRP) model and specifically the five DSRP moves, we were able
to effectively shift participants towards a more systematic thinking. The significant improvement
observed post-intervention highlights the potential of systems thinking to empower individuals with the
tools necessary to tackle complex and interconnected societal challenges more effectively.

The implications for policy education are substantial. Integrating systems thinking into policy curricula
could revolutionize how future policymakers approach problem solving and decision making. Our
findings advocate for a reevaluation of current educational frameworks to include evidence-based systems
thinking methods such as DSRP theory to cultivate a new generation of policymakers better equipped to
navigate the complexities of modern governance. By bridging the gap between theory and practice, this
research confirms the efficacy of systems thinking education and elucidates the need for educational
reform that emphasizes holistic, interdisciplinary approaches to learning. These shifts are crucial to
developing capable leaders who can devise innovative solutions to the most pressing wicked problems of
our time.
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Type Influence

By Timothy Tamutana
Tamunang - 2021

Complex Problem Solving: The
European Perspective - Peter
Frensch, Joachim Funke, 2014

Thinking about Public
Policy: A Problem-solving
Approach (1983) By Melvin
J. Dubnick, Barbara A.
Bardes

Policy Practice and Digital
Science: Integrating
Complex Systems, Social
Simulation and Public
Administration in Policy
Research (Marijn Janssen,
Maria A. Wimmer, Ameneh
Deljoo) (2015)

Foreign Policy Decision
Making: The Influence of
Cognition - Martha Cottam
(2019)

Divisive Discourse: The
Extreme Rhetoric of
Contemporary American
Politics (Second Edition)
By Joseph Zompetti - 2017

Strategic Thinking in Complex
Problem Solving-Amaud
Chevallier, 2016

Systems thinking analysis
for health policy and system
development. A Malaysian
case study | Jo. M. Martins,
Indra Pathmanathan, David
T. Tan - 2021

Complex Policy Planning:
The Govemment Strategic
Management of the Social
Care Market - Philip
Haynes (2018)

Making Foreign Policy:
Presidential Management of
the Decision-making Process
| David Mitchell (2005)

Complex Problem Solving:
Principles and Mechanisms -
Robert Sternberg, Peter
Frensch, 2014

Systems Thinking for health
systems and Strengthening|
Don De Savigny, Taghreed
Adam, Alliance for Health
Policy and Systems
Research - 2009

Making Policy in a Complex
World - Paul Cairney, Tanya
Heikkila, Matthew Wood
(2019)

Foreign Policy Decision-
Making (Revisited) - R.
Snyder, H. Bruck, B. Sapin
(2003)

Solving Complex Problems:
Professional Group Decision-
making-Alexander de Haan,
Pauline de Heer, 2015

Magical thinking in public
policy |John Boswell - 2023

Race, Poverty, and the

Cities: Hyperinnovation in
Complex Policy Systems -
Madeline Landau (1988)

Decision-Making in American
Foreign Policy: Translating
Theory Into Practice - Nikolas
K. Gvosdev, Jessica D.
Blankshain, David A. Cooper
(2019)

Interaction Design for Complext
Problem Solving-Barbara Mirel,
2004

history, policy, and public
purpose| Historians and
historical thinking in
govemment | Alix R.Green
2016

Complexity and Public
Policy: A New Approach to
21st Century politics, policy
and society - Robert Geyer,
Samir Rihani (2012)

Understanding Foreign Policy
Decision Making - Alex Mintz,
Karl DeRouen Jr (2010)

What if? Building Students'
Problem-Solving Skills Through
Complex Challenges - Ronald
Beghetto, 2018

Evaluating the Complex:
Attribution, Contribution,
and Beyond - Kim Forss,
Mita Marra, Robert
Schwartz (2011)

"Presidential Decision
Making: The Economic
Policy Board - Roger B
Porter (1982)"

Bulletproof Problem Solving:
The One Skill That Changes
Everything-Charless Conn,
Robert McLean, 2019

Problem Solving 101: A Simple
Book for Smart People - Ken
Watanabe, 2009
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Appendix C: “Solving Problems” Surveys

Statement of Consent:
1. Thave read the information above and consent to take part in this study.
a. Yes
b. No
Scenario: “In a small town, there's a growing problem - too much plastic waste is piling up. The town's
leaders can't agree on a good plan to deal with it. They want you to look into the problem, summarize it,
and suggest some practical ways to fix it.”

2. Do you understand your role in the presented scenario?
a. Yes
b. No
3. How would you rate your ability to solve problems?
a. Low Ability
b. Moderate Ability
c. High Ability
4. To what extent is plastic waste an issue that you have previously taken an interest in?
a. Not at all
b. Somewhat of an interest
c. High Interest
5. On a scale of 1-10, ten being the highest, as the town consultant, how confident are you in your
ability to assess the town’s plastic waste concerns presented in the scenario?
a. 1-10 scale
6. In your own words, please describe how you would assess the town’s plastic waste concerns.
a. [Short answer response box|
7. Please watch the following short video before answering any more questions.
a. [Presented with 1 of 5 videos. Required to stay on page for the entire video.]

8. Now that you have watched the video and learned this thinking tool, on a scale of 1-10, ten being
the highest, how confident are you in your ability to assess the town’s plastic waste concerns
presented in the scenario?

a. 1-10 scale

9. Using the thinking tool you learned in the video, please describe how you would assess the town’s
plastic waste concerns.

a. [Short answer response box]

10. To what degree do you think your second assessment (after watching the video) is better than the
first?

a. Not at all better

b. Slightly better

c. Moderately better
d. Significantly better

11. How likely are you to apply the thinking tool you learned in the video to other situations that may

arise in your own life?

a. Not at all likely
b. Somewhat likely
c. Extremely likely

12. What is the highest degree or level of education you have completed?
a. Advanced Degree (Master's, Ph.D., M.D.)
b. Associate degree
c. Bachelor's degree
d. Graduated high school
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e. Some college, no degree
f. Trade/technical school
13. What gender do you identify as?
a. Male
b. Female
c. Other - Write In:
14. What is your age?

a. 18to24
b. 25to 34
c. 35to44
d. 45to 54
e. 55to 64
f. 65to74

g. 75 orolder
15. Please specify your race & ethnicity (check all that apply).
a. Asian
Native Hawaiian or Other Pacific Islander
Black/African-American
White
Hispanic/Latino
American Indian/Alaska Native
Other - Write In
Prefer not to answer
i.  Other - Write In
16. Generally speaking, do you think of yourself as a Democrat, Republican, Independent or
something else?
a. Democrat
b. Republican
c. Independent
d. Something else
17. How would you characterize your political stance?

SR Mo a0 o

a. Conservative

b. Extremely Conservative
c. Liberal

d. Extremely Liberal

e. Moderate
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Appendix D: Video Interventions

All videos followed the same format, which included a whiteboard recording depicting the move with a
faceless narration and closed captioning. Each started with the same introduction broadly explaining
structures for improving our thinking. Transcripts of each video with select screenshots follow below.

A
better evaluate and improve our thinking.

Figure D1: Screenshot from Introductory Statement

P-Circles

When we think, we create meaning by structuring information from the world around us. Visualizing
these structures helps us better evaluate and improve our thinking.

One way we structure our thinking is by gathering perspectives. When we think about an object, idea, or
issue, we can consider multiple perspectives.

For example, say a school is considering requiring uniforms. Students might view uniforms one way,
while teachers or parents might view them another.

Perspectives extend beyond individuals, too. We might examine the uniforms from the perspective of
affordability, color, or fashion.

By gathering a circle of perspectives, we can better understand any object, idea, or issue.
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Figure D2: Screenshot from P-Circle Video

Zoom In/Out

When we think, we create meaning by structuring information from the world around us. Visualizing
these structures helps us better evaluate and improve our thinking.

One way to structure our thinking is to identify parts and wholes. We can zoom in to any object, idea, or
issue, and identify the various parts that make up that specific whole.

Consider a rose. Zooming in, we recognize a rose is made of distinct parts, like the stem, roots, or petals.
And we could keep zooming in to find the parts of those parts.

But we can also think of something as a part of a larger whole. Consider a rose again. Zoom out, and that
rose could be one part of a whole garden. If we zoom out in a different direction, the rose could be a part

of symbols of love.

When we recognize that one thing can be both broken into parts and thought of as a part of a larger whole,
we can better understand any object, idea, or issue.

AZTAL of vae\

both broken into parts and thought of as

Figure D3: Screenshot from Zoom In/Out Video
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RDS Barbell

When we think, we create meaning by structuring information from the world around us. Visualizing
these structures helps us better evaluate and improve our thinking.

One way to structure our thinking is to see a relationship, then name it, and then zoom into it to see what
it's made up of. Any one thing, whether an object, idea, or issue, can be uniquely related to another.

Consider two people. What might the relationship between two individuals be?

We have many words to describe this. Marriage, friends, or even enemies. For example, if the relationship
is marriage, when we zoom in, we might see several parts: shared finances, children, and love.

Importantly, relationships can be physical or abstract. The binding of a book is a physical relationship
between pages. Communication might be the relationship between a successful boss and their employees.

To better understand any object, idea, or issue, we can see relationships, name them, and zoom into their

parts.
W & VA Qq ‘\
Figure D4: Screenshot from RDS Video
Part Party

When we think, we create meaning by structuring information from the world around us. Visualizing
these structures helps us better evaluate and improve our thinking.

One way to structure our thinking is to identify the parts of something. We can then find the relationships
between those parts.

Consider a successful business. The company is likely made up of unique departments like marketing,

sales, and operations. These are the parts that make up the whole, but each department cannot succeed on
its own. They relate to one another to properly function.
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The sales team needs to know how the marketing department is advertising products, and the marketing
department should know how sales are going to inform the ads. The operations folks, meanwhile, need to
ensure each department has the proper resources.

By breaking down any object, idea, or issue into its parts and then identifying the relationships between
them, we can better understand how something functions.

Figure D4: Screenshot from Part Party Video
Dio List

When we think, we create meaning by structuring information from the world around us. Visualizing
these structures helps us better evaluate and improve our thinking.

One way to structure our thinking is to clarify distinctions. We do this by making a list of what something
is and what it is not. This can be done with any object, idea, or issue.

For example, you could make two lists about an ideal sandwich. What is and is not a sandwich? For the

“is” list, you might include “has bread,” “filling of meats or vegetables,” and “can be held in your hands.
empty like toast,” and “food that needs a

99 ¢

Meanwhile, for the “is not” list, you might put “flat like pizza,
plate.”

Listing what something is and is not helps distinguish any concept. Whether an everyday sandwich or
something more significant, like a business's customer, a successful marriage, or the definition of justice.
With this structure, you can be clearer about the distinctions you make to build stronger, shared
understanding.
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Figure D5: Screenshot from Dio List Video
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Appendix E: Additional Quantitative Analysis
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Figure E1: Descriptive Statistics of Age by Gender

Figure E2: Descriptive Statistics of Level of Education
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Figure E4: Descriptive Statistics of Ethnicity/Race Figure E4: Descriptive statistics of Political Stance

1)
VARIABLES Score Move
Score Move
Post 3.470%**
(0.793)
Level of Education
Associate degree 0.702
(0.222)
Bachelor’s Degree 0.615%*
(0.143)
Graduated High School 0.159%**
(0.0791)
Some College 0.377%*
(0.158)
Trade /Technical School 0.217%%*
(0.0942)

Interaction Post and Level of Education
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Associate degree 0.829
(0.313)
Bachelor’s Degree 1.094
(0.299)
Graduated High School 1.793
(0.976)
Some College 1.059
(0.503)
Trade /Technical School 2.594%*
(1.204)
Constant 0.308***
(0.0587)
Observations 1,954

Robust seeform in parentheses
**% p<0.01, ** p<0.05, * p<0.1
Table E1: Regression with Interaction between Post and Level of Education
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