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Abstract

With Systems Engineering as the compass and Systems Thinking as the guide, this
thesis navigates the labyrinth of the Circular Economy and Sustainability
frameworks, seeking to unravel the mysteries of decision-making in a complex
world. Each page turned is a step forward, a triumph, as you uncover the
interconnected threads that weave together the fabric of our society. From the
intricacies of sustainable systems to the nuances of human behaviour, this journey
IS a testament to the power of knowledge and the courage to pursue truth in an ever-
changing world.

In the evolving landscape of global economies, reshaped by information technology
and digitisation, the relevance of sustainability has never been more pronounced.
Amid growing environmental concerns and pressures for sustainability, the Circular
Economy emerges as a viable alternative to the traditional Linear Economy,
emphasising resource reduction and recirculation. However, decision-making within
the Circular Economy is often complicated by the presence of cognitive biases
among stakeholders, both internal and external. This thesis explores the intersection
of Systems Engineering, Sociotechnical Systems and Circular Economy, aiming to
develop a systematic framework that links cognitive biases to unsustainable
activities. Through a comprehensive analysis that includes design science research
methodology, this research identifies critical leverage points for leveraging biases
and enhancing sustainable decision-making. By first conceptualising a few models
for sustainable decision-making in the Circular Economy, the study provides
development and evaluation measures to give valuable insights to practitioners and
policymakers, facilitating the implementation of effective sustainability practices.
The findings underscore the importance of understanding and addressing cognitive
biases to advance the Circular Economy and promote a more sustainable and
equitable global economy.

This research contributes significantly to the field of Systems Engineering and
sustainability by developing a novel framework that integrates cognitive biases into
decision-making processes within the Circular Economy. By systematically
analysing how cognitive biases influence stakeholder decisions, this study provides
measurable insights into the barriers and facilitators of sustainable practices. The
framework was validated through empirical testing, demonstrating improvement in
stakeholder decision alignment with sustainability goals. This integration enhances
the predictive accuracy of systems models and offers actionable strategies for
practitioners to mitigate the negative impacts of biases, making this research a
pivotal step toward more effective and sustainable decision-making in complex
systems.
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SFD: Stock and Flow diagram

SSM: Soft Systems Methodology
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STMI: Sustainable Technology Management Initiatives
STS: Sociotechnical Systems

TI: Technology and Innovation Impact

OODA: Observe, Orient, Decide, Act
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Li st of Definitions

Analytic Hierarchy Process: A structured technique for organising and analysing
complex decisions to prioritise cognitive biases and evaluate strategies.

Causal Loop Diagram: A graphical tool used in systems thinking to illustrate the
feedback loops and cause-and-effect relationships within complex systems.
Cognitive bias: A cognitive bias is a consistent and systematic deviation from
rational judgment or normative standards.

Corporate Social Responsibility: A concept where companies incorporate social and
environmental concerns in their operations and interactions with stakeholders.
Debiasing: Reducing negative or opposing bias, particularly concerning judgment
and decision-making.

Framework: A structured, conceptual structure to help solve complex problems by
organising interrelated elements or components.

Leveraging: The use of resources, tools, or strategies to amplify or maximise the
effectiveness and impact of an action or process in a system.

Model: A representation, either physical, conceptual, or mathematical, used to
describe and explain the behaviour of complex systems.

PDCA Cycle: A continuous improvement model used in management and
engineering, emphasising a cyclical process of planning, doing, checking, and
acting.

Soft Systems Methodology: An approach to handling unstructured problem
situations by developing models of multiple perspectives.

Sustainable Technology Management Initiatives: Initiatives aimed at integrating
sustainability into technology management through practices like Al integration and
resource optimisation.
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1. Background to the Research Study

This chapter introduces the research study, providing essential context within the
Sociotechnical Systems (STS) framework. The aim is to establish why it is crucial to
re-evaluate the Circular Economy (CE) model, considering stakeholders' social
impacts and influences.

STS are associated with a holistic approach that considers social and technological
impacts. STS originated in the coal mining industry in the 1950s when Trist and
Bamforth (1951:3-38) proved that a traditional reductionist approach negatively affects
work performance. Transitioning to a CE necessitates a profound understanding of
cognitive biases and behavioural dynamics that influence decision-making processes.
Existing research underscores the critical role of these biases in shaping sustainability
practices, yet there is a significant gap in integrating these insights into CE models.
This study aims to close this gap by employing System Dynamics (SD) to elucidate the
influences on CE outcomes, providing a comprehensive framework for more informed
and sustainable decision-making. This chapter discusses the background of an STS,
known as the CE. The research rationale, together with the appropriate roadmaps, is
also shared in this chapter.

Imagine a team of engineers working on a complex spacecraft tasked with ensuring its
safe journey to Mars. They meticulously design every component, but despite their
technical precision, the mission fails because the human operators misinterpret crucial
data due to cognitive biases. This thesis draws a parallel to the CE, where the journey
toward sustainability is not just a technical challenge but also a cognitive one. Just as
a successful space mission requires flawless engineering and clear-headed decision-
making, achieving sustainable outcomes in the CE demands a framework that
integrates SE with an understanding of human behaviour. This research navigates
these interwoven paths, emphasising that addressing cognitive biases is as vital as the
technical aspects in guiding stakeholders toward a sustainable future.

1.1. Introduction

Currently, when the globalisation of the economy and its systems are being
restructured by information technology and digitisation, STS is more relevant than ever
(Stanton, 2022:327-327). Globally, concerns about the environment and other social
challenges are increasing, and there is an increased pressure to be sustainable
(Haleem et al., 2022:1967). Nevertheless, the development of STSs is not occurring
at the same tempo as the current sustainability framework drive, let alone anticipating
more pervasive consumerism changes yet to come (Pasmore et al., 2019:67-85).

The CE is one of the sustainability frameworks being used as an alternative to the
linear economy (LE). It is a sustainable economic system that emphasises the
reduction of raw material extraction and recirculation of resources. Through circularity,
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the system indicates value creation in, for example, the biological and technological
industries (Brenes-Peralta et al., 2020:2291).

The decision activities of STS are indispensable building blocks to assessing the
different and best sustainable options in a CE. According to Vanson et al. (2022:3-22),

several variables and parameters are used in sustainable decision-making, the most

relevant being marketing. Generally, marketing may influence consumer decisions

through cognitive biases (Gurau, 2015:48+; Kienzler, 2018:86-94; Ho, 2019:773-854).
Consumers are rational in principle but many times irrational in practice. Several
cognitive biases impact our decision-ma ki n g . AOur tendency for
making is compounded by marketing, which is little more than the art of exploiting
cognitive bi aslaissaeandKevic$2018:1-291 by

As the saying goes, the Stone Age did not end because they ran out of stones (Chu,
2013:1-3). People transitioned to better technology and solutions. The same
opportunity lies before us now, with sustainability and the CE. People need to make
the correct decisions in our STS before we run out of resources.

1.2. Context of the Research

The o6wher ed, 6whoo, 6what ©6 and o6whendé of t he

In a CE, stakeholders should make positive leveraged-biased decisions to ensure a
thriving, sustainable future. For nearly a decade, the CE has been developed as an
inspiring potential to achieve sustainability, but a more holistic view is necessary, as
described by James (2022:1-17). The author further elaborates on the need to explore
the limiting process's social circles, in the CE. It is limiting because it delimits waste
and resources utilising a proposed circular flow but the social aspect is not covered.
The o6wherebé6 of the research is altogether th

The O6whod ofgivestaeense efthermexusthet ween t he Owhered
The social stakeholders within the CE and the decision-makers in the environments

and systems around the CE are critical to this study. The systemic changes needed to

attain a CE and concurrently a more sustainable future lie with these stakeholders.

An imperative part of the study is the SE tools used to manage systems with social

elements. As previously mentioned, the social elements connect the CE and the SE.

SE identifies, manages, and predicts what changes stakeholders can make to ensure

a successful CE. The fi n a | cont ext o fs diffeheat SB wdissstclh asi nc | ud
systemigrams, archetypes and modelling (Oosthuizen, 2021:1-11).

Another active concerni s t he o6whend of t theeCEmedelasanotc h . Cu
part of the economic systems of most countries. The model is critiqued as being ideal-
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modern and not realistic. However, we as people are experiencing socio-technical
challenges that necessitate realising a model such as the CE (Rask, 2022:1-17).
Systemic changes are direly called for; thus, this research is needed.

Sustainability is genuinely a socio-technical challenge currently experienced all over
the world.

Existing CE models often fail to account for the human elementd precisely, the
cognitive biases that significantly impact decision-making. This research uniquely
contributes by developing a framework that quantitatively measures these biases and
integrates them into SE models. Doing so bridges a gap in the literature and provides
a practical tool for stakeholders in the CE, enabling them to make more informed and
sustainable decisions. The research outcomes include a validated model that
stakeholders can use to identify and mitigate or leverage biases, thus aiming to
improve decision-making processes in terms of sustainability outcomes.

1.3. Brief Synthesis of Recent Literature

STS has been theorised and practised before 1960, as mentioned in Section 1 (Emery,
1993:157-186). Different design methods for STS have been researched by Baxter
and Sommerville (2010:4-17), who suggest that constructive engagement between the
technical and social sides is imperative towards systems development and
acknowledgement. Aspirational intensification in technology advancements in recent
years demands that STS be re-evaluated. The reason for this is the lack of social
advancement despite dramatic economic and technological developments.

In recent literature by Wuyts and Marin (2022:1-18), the authors describe an
intersectional environmentalist (IE) approach. IE is defined as a holistic lens that looks
at different roles of stakeholders in a CE to understand why some actors exist in certain
phases of the CE and what social impact these actors have. Vanhuyse et al. (2021:2-
8) also proposed that different categories of stakeholders in the CE have distinct social
impacts. This literature will also be used in Section 2.4.1 to understand better which
stakeholders in the CE are critical for sustainable decision-making.

The research problem statement objectives and questions are discussed in the
following part. The connection between the recent literature discussed, and the
following passages are the identification of the individual influences in the complex
social system of the CE.

1.4. Research Problem Statement

Preliminary investigation suggests that the social elements within the CE model are
biased toward sustainable decisions (Kazancoglu et al., 2020:1-13). This is a
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reasonable proposition for this study and can be proven throughout the research.
Biases toward sustainability are preferable in a world where CE can be successful.

Many SE decisions are problematic because they include numerous stakeholders,
multiple competing objectives, substantial uncertainty, and significant consequences.
Research by Kahneman et al. (2011:50-60, 137) and Leonard and Richard H. Thaler
(2008:293) has concluded that cognitive biases can distort stakeholders' decisions.
From a CE perspective, these actors exist internally and externally. It becomes
imperative to explore, understand and overcome these biases to allow the
implementation of innovative models such as the CE to create value for customers,
societies, and companies. A research gap in the knowledge of SE, especially SSM,
applied to CE decision-making needs to be addressed (Singh and Giacosa, 2019:921-
937; Warwick, 2008).

1.5. Research Objectives

To address the problem above, a research project with the following overall objective
is proposed: Create an improved sustainably focused system framework by analysing
influences on unsustainable and sustainable habits of stakeholders in the CE.

This research aims to develop a systematic framework for the modelling, analysing,

and managing decision-making in the CE. The aim is to establish a linkage between

cognitive biases and unsustainable activities. The model may then be used to leverage

the influences of these biases. The following two research objectives (RO) exist for this

study:

1 ROL1: Identifying areas where control measures are needed to leverage biased
decision-making in the Circular Economy

1 RO2: Conceptualise a model for sustainable decision-making in the Circular
Economy

The results of this research may be valuable to CE practitioners, sustainability
programme managers, and stakeholders. The improved model can be used to ensure
improved unbiased decision-making. In turn, it means faster, more successful progress
towards sustainability, for example, in the CE technosphere and biosphere case
illustrated in Figure 1. The possible structural knowledge that can be evaluated
comprises identifying the interdependencies and relations between the stakeholder
beliefs and the success of the CE.

The social elements also called the stakeholders of the CE, are presented in Figure 1.
The stakeholders are divided into two groups: the internal stakeholders, depicted by
the blue and grey inner circle, and the external stakeholders, shown in the outermost
ring. These elements were identified by van der Linde and Benade (2023:2-14). See
Section 3.3.1 for the detailed model development process. The study focussed on

4
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identifying whether social elements should be part of the formal CE model and which
internal social elements fit in the biosphere versus the techno-sphere. The primary
objective of this framework is not to establish direct causal connections or links
between the CE framework and the social elements. Instead, its purpose is to
underscore the existence of numerous internal and external social elements that are
intertwined with the CE.

The subsequent diagram offers a visual representation of four key dimensions: (1) the
individuals integrated into the CE, (2) their position within the CE structure, (3) the
internal versus external categorisation of these individuals, and (4) their involvement
in either the techno-sphere or the biosphere.

Specific systemic changes must be accomplished to implement a CE effectively. This
is elucidated through the pair of CLDs delineating the influences and relationships
among all the constituent elements. Furthermore, the conceptual CE framework
delineates the grouped participants within the CE, as depicted in the figure below:
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Figure 1. Detailed conceptual CE framework with social elements (van der Linde and Benade, 2023:2-14)
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The research question (RQ2) concerning the integration of internal and external
stakeholders within the CE framework is thoroughly addressed in Figure 1. In the
following section, all the research questions are discussed. RQ1 is addressed in the
following passage, along with the other RQs. The figure introduces the "Circular
Human Sphere," a detailed conceptual development emphasising embedding a social
pillar into the CE framework (van der Linde and Benade, 2023:2-14). By incorporating
social elements, the framework extends traditional CE models, which primarily focus
on economic and environmental dimensions, to include human and societal aspects.
This holistic approach underscores the significance of stakeholder engagement in
achieving sustainable and socially responsible circular systems.

Moreover, the framework demonstrates that internal and external stakeholders are
pivotal in the operationalisation and success of CE initiatives. Internal stakeholders,
such as employees and managers, are crucial for implementing CE practices within
organisations, ensuring adherence to sustainable processes, and fostering a culture
of innovation and responsibility. External stakeholders, including customers, suppliers,
and policymakers, play an essential role in shaping market dynamics, regulatory
frameworks, and societal expectations. By highlighting these roles, the conceptual CE
framework and its social elements showcase how stakeholder collaboration and
alignment are essential for driving systemic change towards a more sustainable and
inclusive economy. Thus, Figure 1 effectively answers RQ2 by elucidating the critical
involvement of various stakeholders within the CE framework and demonstrating their
interdependencies through a comprehensive CLD. The process of developing Figure
1 is further discussed in Chapter 3, Section 3.3.1. The answer to the research question
is expanded on in Chapter 9.

Each one of the stakeholders presented in the CE model above makes decisions. The
crucial need is to ensure these decisions are sustainable and environmentally focused,
with the least unintended consequences possible. The following subsections describe
the research questions, contributions, and limitations of the current doctoral research
project.

While some technical cycles are slow, such as plastic life cycles, other biological cycles
take centuries, such as carbon generation and utilisation. Ultimately, the responsibility
for the crucial endeavour of rejuvenating natural systems and establishing regenerative
material flows rests solely with humans. This figure has demonstrated the potential of
employing ST, Human-System Interaction (HSI), and studies in organisational
behaviour to dissect complex systems like the CE. Of paramount importance is the
discovery of complex interactions and relationships among human actors within the
CE, as depicted in the conceptual framework in Figure 1.
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In conclusion, this research will comprehensively address the stated objectives. RO1
will identify critical areas requiring control measures to leverage biased decision-
making within the CE. Concurrently, pursuing RO2 will result in the conceptualisation
of a robust model for promoting sustainable decision-making within the context of the
CE. These accomplishments will advance our understanding of this complex system
and provide crucial insights into cultivating more equitable and environmentally
conscious practices in economic decision-making.

1.6. Research Questions

The questions asked in this study to reach the objectives discussed above are:

1 RQ1L: To what extent are biases prominent in sustainable decision-making?

1 RQ2: To what level do internal and external stakeholders fit into the Circular
Economy framework?

1 RQ3: How greatly do biases influence the need for sustainability in the CE?

1 RQ4: How does the adoption of Circular Economy practices influence stakeholder
dynamics, and what are the causal relationships involved?

1 RQ5: How extensively can Behavioural System Dynamics (BSD) uncover, validate
and address biases in the Circular Economy through empirical survey data?

In Table 1, the research questions are explored further with details about relevance,
insight into the question, and how feasible it is to get an answer. Table 36 shows the
relation between the research questions and objectives in the previous section. RQ1
captures bias as an existing factor, while RQ3 investigates the impact of bias on
sustainability perceptions and needs within the CE framework.

In conclusion, exploring these research questions promises to unveil crucial insights
into the decision-making dynamics within the CE. By delving into RQ1, the research
will pinpoint how much biases influence decision-making processes. RQ2 shed light
on the distribution of decision-making power between external and internal
stakeholders in the CE. Addressing RQ3 will lead to the proposal of leverage points to
biases within the CE. Furthermore, by examining RQ4, the research will identify the
causal relationships between cognitive biases and stakeholders' decision-making
within distinct CE phases. RQ5 will highlight the CE influences. The culmination of
these inquiries will contribute substantial knowledge to the field, guiding the
development of more informed and equitable decision-making practices within the CE.
In the following section, the rationale for the questions above is discussed.

These research questions are answered in the following sections of this study. The
approach was to compile several conference and journal papers as part of the final
doctoral thesis to respond to and evaluate the answers, in part as shown in Figure 2.



Chapter 1: Background to the research study

&
g

University of Pretoria

Table 1. Research questions explained applicable to this study.

RQ

Relevance

Insight

Feasibility

Recent studies have proven or
indicated that improved
decision-making methods and
models within the CE are
needed (Bacher et al., 2018:1;
Brenes-Peralta et al.,
2020:2291; Gimeno et al.,
2020:68-69; Vanson et al.,
2022:3-22).

This study will take it further
and investigate the most
prominent biased
decisions. Typically, biased
choices will be identified
and evaluated further.

The first research question
can be answered through a
thematic literature analysis of
current and future predicted
decision-making models.

Literature differentiates where
the most impactful power lies in
the CE. Some research
indicates it is external and
should be governed by law, for
example, and others refer to the
internal consumers controlling
the flow of the materials
(Mikichurova and Vlialko,
2021:012022; Hu et al.,
2018:990; Evans et al.,
2017:1396-1411).

Awareness of the
stakeholders with the most
power over the model will
determine where leverage
points are needed.

A thematic analysis will be
done with Atlas.ti to
distinguish which group,
internal or external,
influences the overall CE
model implementation more.
Leverage points for these
groups will be evaluated in
another research question.

Systems engineers and social

scientists have concluded that

people tend to make irrational
decisions. Studies exist

exploring possible mitigations for

certain biases (Morewedge et
al., 2015:129-140; Barton et al.,
2016; Felmban, 2015).

The influences on the need
for sustainability in the CE
can be identified. It is
crucial to implement and
change a system.

A conceptual model will be
developed to show how
decision-making is part of the
current CE model framework.
The biased influences will be
identified according to the
answers to the research
questions.

SD simulations will be used
to show the influence of
decision-making on
sustainability.

CE adoption and cognitive
biases are exceptionally
researched in social sciences.
This study's importance lies
within the most common biases

found in the literature (Wilke and

Mata, 2012:531-535; Wiers et
al., 2020:231-241).

The causal relationships
identified will be modelled
to understand the positive
or negative impact on the
ability of the decision-
maker to make sustainable
choices.

The research will use survey
data from respondents in
certain CE phases and
different stakeholder roles.

The CE consists of several
stages or loops. The model is
seen as a catalyst toward

sustainability. The technosphere

within the CE model consists of
numerous stages such as re-
use, remanufacture, recycling,
etc. (Schroder et al., 2018;
Valverde et al., 2021:12652).

The different stages of the
CE lend themselves to
different intervention places
where decisions are made.
As specified in SE, the pre-
requirement for a model is
crucial at the beginning of a
project. Realistic data will
give insight into which

stages need changes.

The last research question
can be answered through
design science research

methodology and analysis of
the survey data.
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Research

Questions Published and in process papers

RQ1: To what extent are biases
prominent in sustainable
decision-making?

RQ2: To what level do internal and
external stakeholders fit into the
Circular Economy framework?

RQ3: How greatly do biases
influence the need for
sustainability in the CE?

RQ4: How does the adoption of
Circular Economy practices
influence stakeholder dynamics,
and what are the causal
relationships involved?

RQ5: How extensively can
Behavioural System Dynamics
uncover biases in the Circular
Economy, and how can these

biases be validated and addressed
through empirical survey data?

Figure 2. Research questions vs answers from published and in-process papers

1.7. The Rationale of the Research

From a methodological perspective, current design approaches used in CE research
often treat stakeholders as passive actors intending to generalise and aggregate
individual responses (Alfred et al., 2017:1706-1710; Chiappetta Jabbour et al.,
2020:110416). In other words, variance across individuals is usually ignored. The
novelty in this research is the application of ST, which takes the messy arguments of
the natural world caused by people having different perceptions and creates
defendable and rational models for comparison with what is happening in the real
world. This will help make judgments or recommendations regarding the response to
the issue or problem (Shu and Bazerman, 2010).

The following extract comes from the acclaimed yet controversial 48 Laws of Power

book (Greene, 2000). Law 38 reads: AThink as you | ike
aut hor explains that when people go against
beliefs and cultures. He warns that this must not be done impudently because it might

offend others.

Why do numerous management guidebooks available today, such as How to Win
Friends and Influence People from Carnegie (2017:118-126), The Seven Habits of
Highly Effective People by Stephen R. Covey (Armocida, 1992:120-121), and The
Purpose Revolution: How Leaders Create Engagement and competitive advantage in
an age of social good by 1zzo and Vanderwielen (2018:240), all mention that we should

10



3 (‘I@
:
=
S
:

Chapter 1: Background to the research study Univers

not challenge our own biases, but rather fit in with the crowd? In effect, Borland et al.
(2016:293-307) have claimed that the most recent management literature does not
focus on the environment. Many managerial principles are misaligned toward
sustainability. According to the latest United Nations (UN) report, this crowd we are
trying to fit in are part of some of the worst polluters in history - despite short-lived
pandemic reductions (United Nations Department of Economic and Social Affairs,
2022:119-220). The importance of this study stems from the realisation that without
changing our unsustainable habits, sustainability may be just a pipe dream.

Doyle et al. (2008:269-294) provide consideration in their research that mental models
play a crucial role in improving complex systems decision-making. Consequently,
understanding the feedback processes through SD and ST is critical.

1.7.1. Theoretical Rationale (Scientific relevance)

Understanding and evaluating the relationship between SE and CE will contribute to
theory by showcasing the interconnections between systems modelling and
sustainability. It will contribute to visualising the leverage points for a successful CE
with the assistance of SE tools. This study can be used as a reference for future
research combining these components. Secondly, this study contributes to complex
system literature by indicating that system methods exist to improve the interpretation
and implementation of sustainability. Other sustainable models can include systems
methodologies used and researched in this study. This study will contribute to the
approach taken in evaluating the CE model and its stakeholders. Methods to improve
the success of a CE can be adjusted according to the focus areas identified in this
study.

1.7.2. Practical Rationale (Societal relevance)

In practice, this study can identify and leverage common biases in the sustainability
arena and different management arenas. Evaluations of biased stakeholders within a
CE can be completed using this study's methods. The focus is not on either supportive
or damaging biases but both. Instead of focusing on a single bias and its influence on
sustainable decision-making, this study will assess several biased influences on
certain phases of the CE.

1.7.3. Significance of the Research

The significance of this study lies in its exploration of the complexities and biases
inherent in sustainable decision-making, particularly within the CE framework. By
examining the prevalence of biases that affect sustainability choices, the study
provides critical insights into the cognitive and structural barriers that impede effective
decision-making. Furthermore, it highlights the crucial roles of both internal and
external stakeholders in implementing CE practices, showcasing how their
engagement and interactions are essential for success. The investigation reveals how
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biases influence the drive for sustainability within CE initiatives, emphasising the need
for conscious efforts to leverage these biases. Additionally, the study underscores the
potential of BSD to uncover and analyse these biases through empirical data, offering
actionable insights and strategies for validation and leveraging. Overall, the Design
Science Research (DSR) approach will illustrate the findings as a nuanced picture of
how biases and stakeholder dynamics impact the adoption and effectiveness of CE
practices, providing valuable guidance for policymakers, organisations, and
researchers aiming to foster a more sustainable and equitable economy.

1.8. Structure of the Following Chapters

The structure of this thesis follows the systematic and iterative approach of the DSR
methodology, chosen for its inherent suitability in addressing complex problems
through the creation and evaluation of innovative artefacts. DSR offers a robust
framework that aligns seamlessly with the iterative nature of the research process,
allowing for multiple cycles of design and refinement. In adopting the DSR format, this
thesis acknowledges the dynamic and evolving aspects of the research journey.

Each chapter corresponds to a specific phase of the DSR methodology, providing a
structured exploration of problem awareness, solution suggestion, development,
evaluation, reflection, and communication. The iterative cycles inherent in DSR
facilitate the design artefact's improvement and contribute to the evolution of design
principles, ensuring a holistic and thorough investigation into the research problem.
This format, grounded in DSR, enables a more comprehensive understanding of the
intricacies of designing and evaluating innovative solutions, making it an ideal choice
for tackling multifaceted challenges through successive improvement and learning
cycles.

Figure 3 illustrates the DSR methodology in relation to the chapter. In Chapter 1, the
background of the research study was discussed. This included the context of the
research in an STS and why it is vital, according to recent literature, to re-evaluate the
CE model to integrate the social impact and influences of stakeholders within the
system.

Chapter 2 elaborates further on Chapter 1, with literature about sustainability, SE and
cognitive biases. Beginning with the awareness of the problem from the DSR
methodology, the research delves into a comprehensive review of existing literature
and engages stakeholders to articulate and define the intricacies of a real-world
problem or opportunity. Current models and theories are described, and the
importance thereof is elaborated on. The motivation of the chapter is to explore existing
methods and models for topics found in literature and to identify how these can be
interconnected and synthesised for the following chapters.

12
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Thesis structure Design science cycle

Awareness of the
Problem

Background to the

Research Study .

Literature Survey

Suggestion
Model Development

Conceptual Model
Research Design and ‘

Development

Methodology '
Results
Validation and .

Verification

Evaluation

Design science sub
cycle 1

Awareness of the
Problem

Suggestion

Development

Evaluation

Conclusion

Design science sub Design science sub

cycle 2

Awareness of the
Problem

Suggestion

Development

Evaluation

Conclusion

Conference papers

cycle 3

Awareness of the
Problem

Suggestion

Development

Evaluation

Conclusion

Conference papers

Results Discussion ; Conference papers PICMET 2023 PICMET 2024
SR INCOSE 2022 ISEM 2023 Proposed journals
Proposed journals
EMEA WSEC 2023
Conclusions and SASDC 2023 Paper 1 and 2

Recommendations

Figure 3. DSR is applied to chapters based on conference and journal papers.

Chapter 3 provides a comprehensive account of the development of various models
central to this research. The models are essential for understanding the complex
interactions within the CE and for analysing the impact of cognitive biases on decision-
making processes. The chapter systematically details the methodologies, theoretical
foundations, and data used to develop each model and explains how they interlink to
form a cohesive research framework. The chapter begins by outlining the model
development process through a DSR methodology applied in subcycles throughout the
chapter. This structured approach ensures the models are well-integrated with the
broader theoretical context and aligned with the research objectives. This chapter thus
sets the stage for the conceptual model presented in the subsequent chapters.

In Chapter 4, it is established that a theoretical model for sustainable decision-making
can be conceptualised based on the literature and findings gathered in the previous
chapters. This conceptual model is developed through boundary definitions, different
systems approaches, and methods. Finally, the chapter concludes with a tangible
model. The following chapters will create the model further with the research methods
and data gathered. This step, the suggestions from the DSR methodology, involves
the creative proposal of a novel solution backed by the development of conceptual
models or frameworks.

Chapter 5 discusses in more detail the research methods used in the study. Firstly, the
strategy and DSR methodology are addressed. A detailed description and evaluation
of the surveys are discussed, and a summary of the research design is given. As the
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process advances to development, the focus shifts to the tangible creation of the
proposed artefact, be it a system or a model, utilising established design principles and
methodologies.

Chapter 6 presents the data and analysis from the methods discussed in Chapter 5. A
comprehensive account of the data-gathering process is provided with a summarised
version of the gathered data. The data analysis section of this chapter is the rational
focus of the study. Different data analysis methods are discussed and applied in this
chapter and validated in the next section. Moving forward, the evaluation step from the
DSR methodology scrutinises the artefact's effectiveness and efficiency, entailing the
establishment of evaluation frameworks and the execution of empirical studies or
simulations.

In Chapter 7, the data validation and verification are done through comparison. The
final model is compared to the conceptual model of Chapter 4. The differences and
similarities are discussed and analysed to conclude with a final model for a social-
debiased CE model. Reflection ensues, inviting a critical analysis of the design and
evaluation process, identifying strengths, weaknesses, and areas for enhancement.
The reflective insights gleaned feed into the refinement of both the artefact and the
underlying design principles.

Subsequently, Chapter 8 is the communication step of the results, disseminating the
research results to the academic community and practitioners through scholarly
publications and presentations at conferences or workshops. The development of the
final thesis expanded from these.

The ensuing section, Chapter 9, concludes the discussion of the results with
explanations for further use of the model. The limitations and assumptions relevant to
the research are discussed and explored to validate the study in the context of the
preliminary decisions taken by the research. Future studies pertinent to expanding this
research are discussed in this chapter before the study's conclusion.

Integral to the entire process is recognising the iterative nature of DSR, as seen in
Figure 4, emphasising that each cycle informs subsequent iterations, fostering
continuous improvement. Moreover, active engagement with stakeholders remains a
pivotal aspect, ensuring the designed artefact aligns with real-world needs through
collaboration and ongoing feedback. Upholding ethical standards throughout, the
methodology concludes by underscoring the importance of ethical considerations in
safeguarding the integrity of the research. The structured progression of these steps
facilitates a holistic exploration of multifaceted challenges and positions DSR as an
adaptable and practical methodology for navigating successive cycles of design,
refinement, and scholarly contribution.
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Thesis structure Design science cycle

Awareness of the
Problem

Background to the

Ll Research Study

Section 1.2, 1.3,

Chapter 2 1.6and 2.2

Literature Survey

Model

Development
Section 1.7, 2.3,
Conceptual Model 2 4 and 4.1
Researcm Development
and Methodology
Section 4.3-4.7,
5.3&6.3

Chapter 3 Suggestion

Chapter 4

AVl

Chapter 5

Chapter 6 Results . :
Chapter 7 ValldfaT:lon.and ; Evaluation
Verification

Section6.4,7.2 &
Chapter 8 Results Discussion 7.3
Chapter 9 Conclusions a.nd Conclusion

Recommendations
Section 8.3 &9

Figure 4. Design Science Research Framework - applied to thesis structure

1.9. Research Roadmap

This section details the research approach, the methods used, and the research
design. The proposed research strategy for this study is shown in Figure 5.

The research roadmap provides a clear and structured overview of the study's
progression, highlighting key milestones and methodological decisions. It guides the
reader through the research process, demonstrating how each phase contributes to
the overall objectives. By outlining the rationale behind pivotal choices and the timeline
followed, the roadmap ensures transparency and helps contextualise the findings
within the broader scope of the research.
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Year 1

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
Literature Review, Background & Conceptual Model — Chapter 1, 2 and 4.

Proposal deadline

Annual review

Year 2
Jan Feb Mar Apr May Jun Jul Aug Sept  Oct Nov Dec
Ethics approval Etl

hics deadline

Review Chapter 1, 2 and 4.

ISEM paper

Chapter 5 cont.

PICMET paper Data gathering and analysis

EMEA WSEC paper

SASDC paper Simulations and dicussions

Annual review

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Chapters 5 — 9 write up

Review Chapters 1-4

Colloquium 2

PICMET 2 paper Journal 1 paper Journal 2 paper

Final review and iteration

Submission deadline

Figure 5. Proposed schedule of the research study in GANTT chart format

While developing this thesis, several research papers were written and published, each
contributing to the overall framework and findings presented here. These papers serve
as key building blocks in the progression of the research, providing detailed
discussions on specific methodologies, models, and results while addressing various
aspects of the core research questions. By embedding these individual studies within
the structure of this thesis, a cohesive and comprehensive understanding of the
research is achieved.

Each paper was developed in alignment with the DSR methodology, which forms the
foundation of the thesis. The DSR framework is utilised to guide the iterative
development of conceptual models, allowing for continuous refinement based on
empirical findings and theoretical advancements. The methodologies, findings, and
discussions from these papers are systematically incorporated into the thesis, with
detailed sections exploring the specific methods employed in each study. These
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include the research's design, implementation, and evaluation phases, all contributing
to the overall DSR process outlined in this work.

To ensure clarity and coherence, the discussions and analyses presented in the
individual papers are integrated into the broader thesis narrative, summarised and
linked to the overarching research objectives. This approach not only strengthens the
methodological rigour of the thesis but also provides a clear, step-by-step progression
of the research, illustrating how each study fits into the overall framework.

The results and insights gained from these papers are thus interwoven throughout the
thesis, contributing to a well-rounded exploration of the research questions and
ensuring that the thesis presents a thorough and methodologically sound investigation.

1.10. Chapter Summary

This chapter presented background information on the need for this research and the
necessity of a debiased CE. This chapter highlights the importance of integrating social
dynamics into the CE model by examining recent literature. It sets the stage for the
subsequent chapters by outlining the research problem and objectives. This
introduction sets the foundation for the iterative research cycles in DSR, where each
conceptualisation, development, and validation phase constitutes a significant
research effort. This section fits into the DSR framework of the thesis, as shown in
Figure 6.

Thesis structure Design science cycle

Background to the Awareness of the
Research Study Problem

Suggestion

Figure 6. Design Science Research Framework - Chapter 1

By looking into the mirror and seeing the future generations that our decisions will

influence, t he guestion remai ns: AHow wi || my
sustainability of the worl d?06 This study wi
applied to ensuring sustainable choices crucial for a successful CE.

I n essence, C. West Churchman wordds remai ns
you first see the world through the eyes of
decision-makers as well as the eyes of the future generations (Matthews, 2005:165-
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212; Miller, 1969:288-291). Since we live on a planet borrowed from our children and
inherited from our ancestors, it is critical in this instance to understand and apply ST
to the CE. This thesis intends to shed light on the need for analytical thinking in
sustainability.
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2. Literature Survey

How do we construct a battle plan for the war against unsustainability? We start with
assembling an army of people equipped with the correct weapons. This chapter
discusses the people needed for this enormous task and which weapons are required
to overcome the enemy. Section 2 expands on the background provided in Section 1
by delving into the literature on sustainability, Systems Engineering (SE), and cognitive
biases. It begins with problem awareness from the Design Science Research (DSR)
methodology.

2.1. Introduction

Consider the process of designing a new transportation system for a bustling city.
Engineers use ST to map out every route, but the system could fail to reduce traffic or
emissions if they ignore how people make travel decisionsd often based on habits and
biases rather than logic. In this chapter, the research explores the existing literature to
establish how SE, cognitive biases, and CE are deeply interconnected. While SE
provides the technical map, cognitive biases represent the unpredictable human
elements that can derail even the best-designed systems. By reviewing how these
factors interact, the research builds a case for a holistic approach that blends technical
rigour with an understanding of human behaviour to drive sustainability in the CE. The
literature survey serves a crucial role in the awareness phase of the DSR cycle. This
phase is essential for identifying and articulating the problem space, which forms the
foundation for the subsequent model development in this research.

This section fits into the DSR framework of the thesis, as shown in Figure 7.

Thesis structure Design science cycle

Awareness of the
Problem

Literature Survey

Suggestion

Figure 7. Design Science Research Framework - Chapter 2

Recently, It has been proven that transformation is possible if a critical mass of people
supports a change (Fletcher and Griffiths, 2020:102185). The COVID-19 pandemic
showcased how necessary it is for people to take charge of their decisions and
influences for the greater good (Bavel et al., 2020:460-471). Support systems such as
communication networks and resources also proved crucial when transformation is
needed (Plekhanov et al., 2022:2-19).
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2.2. Detailed Literature Review

The importance of a literature review lies in the fact that a large amount of research is
published daily, and organisation and comprehension of topics are needed to grasp
the subject matter adequately. In other words, a literature review is research on
research.

Figure 8 summarises the approach taken in this literature review to ensure the reliability
of literature and sources and only to include the most relevant information on the
chosen subjects. The three parts discussed at every step are categorised as follows:
The bullet point is the objective of the step, the star is the hold and review point, and
the arrow is the decided direction to get to the aim.

15 sources per topic maximum, 1 month Identify contents, most important questions
timeframe per topic and conclusions from studies

Readjust scope and timeframe for order

_ Evaluate relevance against Step 1
of importance

Set the scope for number of sources and Abstract and title searches for topics,
time frame for each topic followed by bibliography reference
searches

S

Identify research topics from research Databases chosen for Summarisand narrate the
question. . literature searches literature in the report
Reevaluate if research questions change Include new databases when .Evaluate.body of text, ensure
and check comprehensiveness of list discovered introduction and general idea of
contents are given with conclusic
Sustainability) Importance Elsevier, Google Scholar, Develop structure for review and
Systems Engineeriédsefulness ProQuest, SpringerLink & review Step 1 to 4
Cognitive biased Applicability to decisiomaking Wiley

Figure 8. Literature review method and hold points discussed - Adapted from Denney
and Tewksbury (2013:218-234)

2.2.1. Background of Sustainability

In scientific terms, sustainability means the state of indefinite existence (AtKisson,
2006:2311 243). The previously referenced author, Alan AtKisson, started working as
a professional on sustainability in the late 1980s. He pioneered in this field and became
the executive director of the In Context: A Quarterly of Humane Sustainable Culture
journal. The UN recognised his sustainable initiatives, one of which is the
"sustainability change agents" theory. Change agents promote and support a new
model or framework within a system (Gallagher et al., 2020:181-195). Sustainability
change agents are needed across every element of every system.
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Another invaluable tool developed by Alan AtKisson is the VISIS method. This is an
acronym for Vision, Indicators, Systems, Innovation and Strategy (AtKisson, 2011). In
Figure 9, sustainability is discussed in the VISIS method.

STRATEGWhemost difficult part} INNOVATION: Changasd
of the sustainable system is thi interventions to the systems ca
Action acceptance of the model. A be necessary to accomplish th
“ detailed plan should be goals set out. Innovations can |
completed to ensure successfi changes in technology or syste]

introduction. behaviours.
A et et na vl woicaTors: ouantatia
T and measurements relevant tg
A———— and analysed further. System ~
. B the system can induce focus o
mapping and leverage point
- ; identification are relevant tools| corre(;tu;;;gignrzsisligwards
Systems Analysis ; to be used.

VISION: Th8ustainable
Development Goals provide a

common future vision to improv|
human wellbeing through
sustainability

Figure 9. VISIS method for sustainability - Adapted from AtKisson (2011:23-42)

The VISIS method is grounded on a standard and detailed vision. The pinnacle of the
rest of the process depends on understanding and aiming towards a universal goal.
As mentioned in Figure 9, one of the sets of common goals already adopted by several
countries includes the SDGs.

The United Nations Sustainable Development Goals (SDGs) were officially
documented in 20158 the initial recognition of SDGs aimed to transform the world with
an agenda for sustainable development by 2030. Before the SDGs, Millennium
Development Goals (MDGs) were set out in 2000 to address and reduce extreme
poverty and hunger in essentially less developed countries. On the other hand, the
SDGs are more inclusive, with seventeen (17) different agendas and more than 150
sustainable targets. These cover a broader scope of sustainability challenges
experienced by developed and developing countries (Arora and Mishra, 2019:339-
342).

Further, the topic of sustainability can alternatively be represented by the three pillars
of development. The three pillars are 1) Social, 2) Environmental, and 3) Economic,
and they signify the equally important support function of each pillar. This research
study focuses on the social pillar of sustainability. The study focuses exclusively on the
social pillar of sustainability because it aims to explore the complex dynamics of
decision-making processes influenced by cognitive biases within the CE framework.
While the environmental and economic pillars of sustainability are crucial in developing
comprehensive sustainability strategies, the social pillar addresses the human and
organisational factors that significantly impact the effectiveness and implementation of
these strategies.
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Reasons for focusing on the social pillar:

1 Understanding human behaviour and decision-making: The social pillar
encompasses the human elements of sustainability, including social equity,
community engagement, and stakeholder participation (Liu et al., 2023:826-849).
This study investigates how cognitive biasesd systematic patterns of deviation from
norm or rationality in judgmentd affect decision-making processes. Focusing on
the social pillar, the research aims to understand how human cognition and
behaviour can hinder or enhance the CE's sustainable practices. The study
investigates the influences between the pillars further to suggest the hierarchy and
layered connections between them.

1 Relevance to organisational and societal change: Social sustainability is crucial in
fostering organisational and societal change towards more sustainable practices
(Sondh et al., 2024:101337). The study aims to identify and analyse the role of
various stakeholders (e.g., policymakers, industry leaders, community members)
and how cognitive biases shape their decisions. This understanding can help
develop strategies to mitigate biases, promote fair and inclusive decision-making,
and encourage behaviour change towards sustainability (Cordella et al., 2023:3-8).

1 Interdependence with environmental and economic pillars: While the study focuses
on the social pillar, it does not entirely exclude the environmental and economic
pillars. The social dimension is deeply interconnected with environmental and
economic aspects (Roos, 2024:253-338). For instance, decisions influenced by
cognitive biases can have significant environmental impacts (e.g., neglecting
sustainable resource use) and economic consequences (e.g., undermining long-
term profitability due to short-term thinking) (Enke et al.,, 2023:818-832). By
focusing on the social pillar, the study indirectly contributes to understanding how
enhancing social aspects can lead to better environmental and economic
outcomes.

1 Addressing a gap in the literature: Much of the existing research on sustainability
within the CE focuses on environmental and economic dimensions, such as
resource efficiency, waste reduction, and cost-benefit analysis (Nikolaou et al.,
2021:1-20). A relatively smaller body of work examines the social aspects,
particularly the cognitive and psychological factors influencing decision-making
(Skene and Murray, 2015:480). This study addresses this gap by concentrating on
the social pillar, contributing to a better understanding of sustainability.

1 Implications for policy and practice: Insights derived from focusing on the social
pillar can inform policies and practices that promote more inclusive and effective
decision-making processes (Sharifi et al.,, 2024:1-15). Understanding cognitive
biases and their effects on sustainability decisions can help design better
interventions, training programs, and policy frameworks that foster social
sustainability and, consequently, better environmental and economic practices
(Schroder et al., 2020:1-9).
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Focusing on the social pillar, this study provides a unique perspective on sustainability
that complements the more commonly explored environmental and economic
dimensions. It emphasises the importance of human behaviour and decision-making
in achieving a truly sustainable CE.

In Table 2, a summary of the SDGs is given, along with the corresponding MDGs and
how they relate to the pillars of sustainability. In the ensuing paragraph, the pillars are
linked to the CE.

Table 2. Links between SDGs and MDGs with applicability to pillars of development -
Adapted from (Diaz-Lépez et al., 2021:1-17; Kumar et al., 2016:1-4)

Sustainable Development Millennium Development Pillars of Development
Goals Goals
1. No poverty 1. Eradicate extreme poverty and Social and economic
2. Zero hunger hunger Social
3. Good Health and Well-being | 4. Reduce child mortality Social
5. Improve maternal health
6. Combat HIV/Aids, malaria and
other diseases
4. Quality Education 2. Achieve universal primary Social
education
5. Gender Equality 3. Promote gender equality and Social
empower women
6. Clean Water and Sanitation | 7. Ensure environmental Social and environmental
7. Affordable and Clean Energy | Sustainability Economic
8. Decent Work and Economic | No direct link Economic
Growth
9. Industry, Innovation and No direct link Economic
Infrastructure
10. Reduced Inequality No direct link Social and economic
11. Sustainable Cities and No direct link Social
Communities
12. Responsible Consumption | No direct link Social and economic
and Production
13. Climate Action No direct link Environmental
14. Life Below Water 7. Ensure environmental Environmental
15. Life on Land sustainability Environmental
16. Peace and Justice Strong No direct link Social
Institutions
17. Partnerships to achieve the | 8. Global partnership for Social
Goal development

The Ellen MacArthur Foundation (EMF) was founded in 2010, and the founder, Dame
Ellen MacArthur, created a framework for the CE (EMF, 2017). This framework, with
two pertinent elements - the biological and technical systems i focuses on the holistic
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lifecycle of materials. Although the circularity of materials has been studied in earlier
centuries, the EMF showcased the framework as a practical approach to achieving
several SDGs and ultimately combatting climate change (Reike et al., 2018:135-246;
EMF, 2019:4-62).

A critical element in the CE framework from the EMF is the consumer and user aspects,
which connect to the social pillar needed for a sustainable society (McDonough and
Braungart, 2002:202). This framework is discussed in Section 2.4.1. A link between
the SDGs and the CE has been developed by Garcia-Saravia Ortiz-de-Montellano et
al. (2023:352-362) and can be summarised in Figure 10, showcasing what pathway is
needed from the one to the other.

Regene-
rate

‘ Reduce SUSTAINABLE
/ DEVELOPMENT
( .

Refurbish

Remanufac-
ture

Figure 10. Circular economy supports pathways towards advancing Sustainable
Development Goals (Garcia-Saravia Ortiz-de-Montellano et al., 2023:352-362).

The study of Garcia-Saravia Ortiz-de-Montellano et al. (2023:352-362) analysed 27
circularity strategies and their potential influence on the 17 SDGs and their 169
associated targets. The findings reveal that CE strategies can contribute to all SDGs,
particularly SDGs 8, 12, and 13, while their impact is comparatively lower on SDGs 4,
5, 10, and 16. This impact is contingent on adherence to the seven identified pathways,
as seen in Figure 11, such as regenerative production and inclusive industries.
Pathways 2, 4, and 6 notably demonstrated the most significant influence, accounting
for 66% of potential SDG contributions. That is also why this study aims to focus more
on the social pillar and increase the other pathways from the CE towards the SDGs.

24



&
g

Chapter 2: Literature survey University of Pretoria
CE Strategies Pathways SDGs
=3 3 = D Goal_1._No_poverty
D Reduce ] e T 4= — [] Goal_2._zero_hunger
7 -
Reduced; trgc\eabAle_extra‘c(_,xon 77 =[] Goal_3._Good_health_and_well_being
o XS ] Goal_4._Quality_education
i) o Goal_5._Gender_equality
[:I e [] Goal_6._Clean_water_and_sanitation
= = D Goal_7._Affordable_and_clean_energy
Use, Reuse and Resell ey 3

NS
i = T /N B A Goal_12._Responsible_consumption_and_production
= ' | Consomers,not compumerem e [ ot 12 _Reponsivte conmmion. o

Repair, Refurbish and Remanufacture

i b\ \ )

g N —
[CJ Recycle AN X l:| Goal_13._Climate_action
Z N\
Clean; eﬂect_nge'gnd;of hfe‘\‘\ P\ T
Recover —  MAN '*'\:" \ N D Goal_14._Life_below_water
,7/,__, —«—.< —/:\\ \ \\‘ ~
Z // \“‘.‘\«i»szf D Goal_15. Life_on_land
W _1>._Late_on |
D Reduced;clean energy and trax;\spon\\‘ B -
D Recirculate SN I Goal_16._Peace_justice_and_strong_institutions
=[] Goal_17._Partnerships_for_the_goals

Figure 11. CE Practices to the SDGs through seven specific pathways. (Garcia-Saravia
Ortiz-de-Montellano et al., 2023:352-362)

Another topic on the social pillar is the drive for corporations to focus on social
objections rather than maximising profits, which is termed Corporate Social
Responsibility (CSR) (Brin and Nehme, 2021:159-174).

CSRisthenew fAcuadriitwen topic i n c¢omgypamités 6

embedded in performance measurements, supply chains and core objectives of
management (Hamed et al., 2022:2-13). Some authors critique CSR as a public
relations utility for marketing products or other green-related functions, and others
claim it gives companies a competitive advantage and enhances brand awareness
(Grigore et al., 2021:763-782). Whether it is founded in moral responsibility or financial
expansion, CSR is a critical change agent for sustainability, as indicated by Visser and
Crane (2010:5-32)

The abovementioned topic of change agents is linked to SE through ST. Heiskanen et
al. (2016:218-226), Redman and Wiek (2021:1-11) and (Robertson, 2021:140-146)
studied the essential competencies of sustainability change agents. One of the main
findings includes ST. Sustainability change agents must identify systems, evaluate
interdependencies, and perform association analysis and integration. The following
section discusses the different subject matter of SE, such as ST and SD.
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2.2.2. Background of Systems Engineering and Systems Thinking

Blanchard et al. (1990:846) explore several definitions for SE and ultimately settle on
the preferred definition as: MAn engineering field where a top-down approach is taken
to see a system as a whole, where engineers are orientated towards observing the
complete life cycle and identifying system requirements throughout all the phasesa
The authors continue to define SE as a field that recognises the required collaborative
efforts of several disciplines and the management of interfaces between them within
systems development. A more detailed discussion of SE is given in Sections 2.3.2 and
2.4.2.

Senge (2006:389-400) describes ST as: ia di sci pline for
framework for seeing interrelationships rather than things and patterns of change

rat her t han st dntHigare 12, stimeaSk sappooack @ .explained with
elements from ST to show how they are linked.

System Engineering principles

Understanding v System interfacsg
objectives \ / /~ identification
Altgrnatn_/e D Process Modelling
configurations

Identified need >
|

System
integration

Problemsolvirg " D:c\,ﬁlt?gf :

AN ‘

\\\
Systems design

Y System Concept
Y Requirements Development

Verification and Validation

Figure 12. Systems Engineering principle dependencies i Adapted from Haberfellner et
al. (2019:3-26)

ST includes an environment-oriented view, an effect and structure-oriented view, and
simple input-output views, according to Haberfellner et al. (2019:3-26). It is argued that
the ST view originated from the earlier versions of the Shewart cycle. This cycle, also
called the PDCA structure, is illustrated in Figure 13. Later on, the cycle was also
adapted to include 6studyd r at he (Demingand
Cabhill, 2018). A more detailed discussion of ST is given in Sections 2.3.3 and 2.4.3.
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Observe and identify
needs of the system

Implement new Strategiseand design
system potential solutions

Shewart/ PDC/ACycle

Verify results against
initial hypothesis

Figure 13. PDCA cycle illustrated with ST elements. Adapted from Deming (2000:247)

According to Figure 13, understanding the system before designing solutions is crucial.
This thesis identifies several biases in the current sustainability systems to strategise
ways to minimise negative biases. In the following section, an exploration of cognitive
biases is given.

2.2.3. Background of Cognitive biases

Berthet (2022:1-13) studied the different impacts of individual cognitive biases on
professional decision-making. The four occupations studied included finance,
medicine, law, and management. The two conclusions made in the study are that
almost a dozen cognitive biases significantly impact decision-making. Despite
considerable debiasing focus, the primary cognitive bias was identified as
overconfidence. The second finding supported by the study is that the impact of
cognitive biases differs across the areas of finance, medicine, law, and management,
studied by Berthet (2022:1-13). This is an important finding for this research, as
different regions were identified to study the applicable cognitive biases. The different
regions are internal and external stakeholders, as specified in Figure 1.

Two other topics that connect with cognitive biases are explored before more details
about different biases are shared. The first topic is directionality. Directionality in STS
is the notion of actorsd tenet to bec
choices are the norm, respectively. Socio-technical change can only change direction
if both disciplines are considered (Schot and Kanger, 2018:1045-1059).
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Environmental psychology is the second topic that connects with cognitive biases in
this study. Much research is currently focused on how consumer behaviour plays a
role in the external environment. Studies into how consumer preferences and
consumption patterns influence the environment are also prevalent in journals (Qiu et
al., 2020:3-6; Rondoni and Grasso, 2021:5-25; Sandberg, 2021:2-15; Lin and Yang,
2023:2-7). The need exists to understand how social influences on pro-environment
behaviour can be managed (Gifford and Nilsson, 2014:141-157; Dragolea et al.,
2023:1-18).

This brings back the topic of cognitive biases and their role in sustainability. It has been

proven that biases, al so known as ¢,ncamimgatt negdiively orc ut s 6
positively (Tversky and Kahneman, 1974:1124-31; Sharifi et al., 2024:1-15; Enke et

al., 2023:818-832).

Several biases are listed in the following list, and discussions are held on how they can
influence sustainability positively or negatively.

M Confirmation bias

o Positive influence: Confirmation bias refers to the tendency to interpret new
information as confirmation of your preexisting beliefs and opinions. If your belief
is already positive or supports a good cause, this will positively enforce that belief
(Michel and Peters, 2020:2757-2772).

o Negative influence: Our minds reinforce our pre-existing ideas because being
right helps preserve our sense of self-esteem, essential for feeling secure in the
world and maintaining positive relationships (Ruzzier and Woo, 2023:379-390).
Ruzzier and Woo also deliberate that people feel unintelligent when faced with
alternate views and reject those views to keep their self-esteem.

o Real-world examples: Confirmation bias is also incredibly pervasive online,
particularly with social media. We tend to read online news articles that support
our beliefs and fail to seek out sources that challenge them (Zhao et al., 2020).
Various social media platforms, such as Facebook, help reinforce our
confirmation bias by feeding us stories we are likely to agree with (Mao et al.,
2021:816-827).

1 Hindsight Bias

o Positive influence: Hindsight bias refers to perceiving past events as more
predictable than they were (Roese and Vohs, 2012:411-426). Cognitive and
motivational explanations exist for why we feel more confident based on
experience (Ackerman et al., 2020:731-744).

0 Negative influence: It is essential to do all we can to reduce this bias because
when we are overly confident about our ability to predict outcomes, we might
make future risky decisions that could have potentially dangerous outcomes
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(Ackerman et al., 2020:731-744).

Real-world examples: In 1993, Dorothee Dietrich and Matthew Olsen asked
college students to predict how the U.S. Senate would vote on the confirmation
of Supreme Court nominee Clarence Thomas (Dietrich and Olson, 1993:377 -
378).

Before the vote, 58% of participants predicted that he would be confirmed, but
after his confirmation, 78% of students said that they thought he would be
approved 7 a prime example of hindsight bias.

1 Self-Serving Bias

o

Positive influence: Self-serving bias refers to the tendency to take personal
responsibility for positive outcomes (Lammers and Burgmer, 2019:1087-1095).
Negative influence: We quickly take credit for positive outcomes and divert the
blame to negative ones to boost and preserve our ego, which is necessary for
confidence and healthy relationships with others (Zhang et al., 2018:236-244).
Real-world examples: Self-serving bias is prevalent in sports and the workplace.
For example, athletes are quick to take responsibility for personal wins, attributing
their successes to their hard work and mental toughness, but point to external
factors, such as unfair calls or bad weather, when they lose (Allen et al.,
2020:1027-1043).

1 Anchoring Bias

o

Positive influence: Anchoring bias is closely related to the decision-making
process and occurs when we rely on either pre-existing information or the first
piece of information (the anchor) when making a decision. This can be positive
when the initial belief is correct (Tversky and Kahneman, 1974:1124-1131).
Negative influence: One theory, known as anchoring and adjustment, argues that
once an anchor is established, people insufficiently adjust away from it to arrive
at their final answer, and so their final guess or decision is closer to the anchor
than it otherwise would have been (Yasseri and Reher, 2022:1001-1021).
Real-World examples: For example, if you first see a T-shirt that costs R1,000
and then a second one that costs R100, you're more likely to see the second shirt
as cheap as you would if the first shirt you saw was R120. Here, the price of the
first shirt influences how you view the second. Another theory, selective
accessibility, holds that although we assume that the anchor is not a suitable
answer (or an appropriate price going back to the initial example) when we
evaluate the second stimulus (or second shirt), we look for ways in which it is
similar or different to the anchor (the price being way different), resulting in the
anchoring effect (Mussweiler and Strack, 1999:135-167).

1 Availability Bias

o

Positive influence: Information that comes to mind faster influences our decisions
about the future. Just like hindsight bias, this bias is related to memory, which
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can be positive if the memory s principled (Fares, 2014:118).
Instead of being a fabrication of memory, it is an overemphasis on a particular
memory.

o Negative influence: In the workplace, if someone is being considered for a
promotion but their boss recalls one bad thing that happened years ago but left a
lasting impression, that one event might have an outsized influence on the final
decision (Hayibor and Wasieleski, 2009:151-165).

o Real-World examples: A typical example that is used to demonstrate the
availability heuristic describes how seeing several television shows or news
reports about shark attacks (or anything that is sensationalised by the news, such
as serial killers or plane crashes) might make you think that this incident is
relatively common even though it is not at all. Regardless, this thinking might
make you less inclined to go in the water the next time you go to the beach
(Adams et al., 2020:17497).

1 Inattentional Blindness

o Positive influence: When a person fails to notice a stimulus in plain sight because
their attention is directed elsewhere, it might be positive if their attention is toward
something constructive (Kreitz et al., 2020:1055-1065).

o Negative influence: When we focus a lot of our energy on one incentive, we are
depleting our cognitive resources and unable to process additional stimuli
concurrently (Mack, 2003:180-184).

o Real-world examples: While driving a car, you might be so focused on the road
ahead that you overlook entirely a car swerve into your traffic lane. Because your
attention is directed elsewhere, you are not able to react in time, potentially
leading to a car accident (Saryazdi et al., 2019)

In conclusion, exploring various cognitive biases has illuminated how these inherent
mental shortcuts shape human perception, judgment, and decision-making. This
analysis has demonstrated both the positive and negative impacts that cognitive biases
can exert on individuals and their interactions within diverse contexts.

On the positive side, cognitive biases often serve as adaptive mechanisms that
facilitate swift decision-making in everyday life. For instance, confirmation bias aids in
filtering information, allowing individuals to quickly make sense of the vast amount of
data they encounter. Additionally, the availability heuristic can help individuals make
efficient choices by relying on readily available information, thus conserving cognitive
resources. When harnessed effectively, these biases enable individuals to navigate
complex environments with limited time and mental capacity.

However, the negative impacts of cognitive biases cannot be overlooked. Biases such
as the anchoring effect can lead to flawed judgments and decision-making, fostering
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errors in forecasting and suboptimal choices. These biases may also contribute to
misunderstandings and conflicts in interpersonal relationships, as perspectives
become skewed by preconceived notions and limited information.

The study of cognitive biases underscores the complex interplay between human
cognition and decision-making processes. While these biases can expedite choices
and enhance adaptability, they can lead to errors and suboptimal outcomes.
Individuals and organisations can cultivate more effective decision-making strategies
by understanding and addressing cognitive biases, fostering better outcomes across
various domains.

The Cognitive Bias Codex, shown in Figure 14, created by Buster Benson, is a
powerful visual representation of the numerous cognitive biases that influence human
thinking and decision-making. As our minds process information and make judgments,
cognitive biases can often lead us astray, affecting our perception, memory, and
reasoning abilities (Calero Valdez et al., 2018:13-27). The Cognitive Bias Codex is an
insightful and accessible resource for navigating this complex landscape of biases.

By organising over 180 cognitive biases into a comprehensive infographic, the Codex
offers a bird's-eye view of the complex web of mental shortcuts and prejudices that
impact our daily lives. From confirmation bias and availability heuristics to anchoring
and framing effects, the Codex categorises these biases into distinct clusters, providing
a user-friendly reference for understanding their underlying mechanisms.

The Cognitive Bias Codex is a valuable tool for individuals seeking self-awareness and
critical thinking, and it finds applications in fields such as psychology, sociology,
economics, and decision science. Professionals in these domains can utilise the
Codex to identify potential biases affecting research methodologies, policy-making,
and problem-solving approaches.

This introduction explores the significance of the Cognitive Bias Codex, highlighting its
role in illuminating the complexities of human cognition and the importance of
recognising and mitigating biases for making more rational and well-informed choices.
As the research delves deeper into the Codex, the research gains invaluable insights
into how our minds interpret the world around us, empowering us to navigate cognitive
biases more effectively in pursuit of truth and better decision-making.
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Figure 14. Cognitive bias codex (Ellis, 2018:1-10)

In conclusion, the comprehensive review of cognitive biases and their underlying
mechanisms has unveiled a profound understanding of the intricate ways in which
human cognition operates. The exploration of the historical background of cognitive
biases has provided valuable insights into the evolution of research and the recognition
of these mental shortcuts as integral components of human decision-making.
Moreover, the elucidation of the cognitive bias codex has served as a comprehensive
framework, categorising and explicating the multitude of biases that shape our
perceptions and judgments. This literature review not only underscores the pervasive
nature of cognitive biases across various domains but also emphasises the need to
acknowledge and address these biases to enhance the accuracy and quality of
decision-making processes in individual and collective contexts.

2.2.4. Background of Design Science Research

DSR is discussed as part of the literature review because it provides this study's
theoretical foundation and methodological framework. By including DSR in the
literature review, the research aligns with established approaches to problem-solving
in complex, real-world systems, such as the CE. The discussion of DSR helps establish
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how the models in this thesis are developed iteratively, from problem identification
(awareness) to solution (artefact) creation, validation, and refinement. This ensures
that the research is both scientifically thorough and practically applicable.

DSR is a methodology that seeks to create and evaluate artefacts designed to solve
identified problems (Johannesson and Perjons, 2021:77-93). In the context of CE and
cognitive biases, DSR provides a structured approach to developing strategies and
tools that leverage biases and support CE adoption (Peffers et al., 2006).

The DSR process typically involves the following steps (Hevner et al., 2024:1-10;

Schoormann et al., 2023:307-325):

1 Problem identification and motivation: Clearly define the problem (cognitive biases
hindering CE adoption) and articulate the importance of solving it.

1 Objectives of a solution: Determining the research goals (e.g., creating a
conceptual model to leverage cognitive biases).

1 Design and development: Creating the artefact (e.g., strategies, tools, models) to
address the problem.

1 Demonstration: Demonstrating the artefact in a relevant context to show its utility.

{1 Evaluation: Evaluate the artefact to assess its effectiveness.

1 Communication: Sharing the findings with relevant stakeholders.

DSR closes the gap between theory and practice by emphasising the development of
innovative solutions and their practical applications. The iterative approach involves
problem identification, solution design, evaluation, refinement, and further testing. This
cycle ensures that the artefacts are theoretically sound and practical in real-world
scenarios. DSR is distinct in its focus on creating artefacts, including models, methods,
constructs, and instantiations designed to improve existing systems or address new
challenges. By integrating research methods with creative design processes, DSR
contributes to academic knowledge and practical advancements (Arnott and Pervan,
2012:923-949).

The background of DSR is deeply rooted in the philosophy of pragmatism, which
values practical solutions and real-world applicability. It emerged as a response to the
limitations of traditional research methods that often prioritise theoretical contributions
over practical relevance. DSR integrates elements from various disciplines, including
information systems, management science, and software engineering, to develop
innovative and implementable solutions. Several other disciplines also influenced DSR
(Hunziker and Blankenagel, 2024:97-116). Fundamental principles of DSR include
problem relevance, design as a search process, and the necessity of evaluation.
Researchers employing DSR must navigate the dual imperatives of creating valuable
and theoretically significant artefacts. This dual focus ensures that the research
advances academic understanding and provides tangible benefits to practitioners and
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stakeholders (March and Smith, 1995:251-266; Hunziker and Blankenagel, 2024:97-
116; Oosthuizen, 2014; Scribante, 2019).

2.3. Current Theories

In today's rapidly changing world, pursuing sustainable practices and CE models has
gained significant attention across various disciplines (Piccarozzi et al., 2022). This
passage thoroughly explores the current theories and literature around essential
concepts such as sustainability, CE, SE, ST, SD, cognitive biases, and decision-
making. By delving into these interconnected areas, this section aims to understand
how they shape our understanding of complex problems and influence decision-
making processes, as discussed in Chapter 1. By exploring the latest research and
theories, this research uncovers the potential interactions and challenges when
addressing global issues from an integrated and holistic perspective. As this study
delves into this diverse knowledge landscape, valuable insights are gained into
fostering a more sustainable and resilient future.

Table 3 presents a more comprehensive bibliometric analysis that sheds light on the
most influential articles on Sustainability, CE, SE, ST, SD, Cognitive biases, and
Decision-making. Leveraging the vast repository of scholarly knowledge available on
the Web of Science, this analysis explores the citations garnered by critical articles on
each topic, providing valuable insights into the most impactful research in these fields.
By quantitatively assessing the citation counts, this study identifies the seminal works
that have significantly shaped and advanced the understanding of sustainability, CE,
and various interconnected systems-related disciplines. As the research delves into
the results presented in the accompanying table, the intellectual milestones that have
guided scholarly discourse are uncovered, providing a roadmap for further exploration
and innovation in these critical areas of study.

Using the Web of Science database to search for keywords as topics and filtering for
the highest citation papers is an effective strategy for identifying influential research in
a specific field (Singh et al., 2021:5113-5142; Birkle et al., 2020:363-376). This
approach involves entering relevant keywords into the search bar and selecting "Topic"
to ensure the search encompasses titles, abstracts, and keywords. Once the results
are generated, applying a filter to sort by the number of citations allows researchers to
identify the most impactful studies quickly. High citation counts indicate that other
researchers have widely recognised and referenced the paper, signifying its
importance and influence in the field. This method helps gather seminal works and
provides a comprehensive overview of the key developments and current trends in the
research area. By focusing on highly cited papers, researchers can build on a solid
foundation of established knowledge and ensure their work is aligned with leading
research.

34



Chapter 2: Literature survey

(eme

University of Pretoria

Table 3. Systematic literature review of research keywords when writing the thesis

2024/06.
Topic Title of the article and journal Number Source
of
citations
Sustainability | Planetary  boundaries:  Guiding  human | 6764 (Steffen et al., 2015:11)
development on a changing planet; Science
Journal
Circular The Circular Economy: A New Sustainability | 3167 (Geissdoerfer et al.,
Economy Paradigm?; Journal of Cleaner Production 2017:757-768)
Systems Design Techniques and Applications of | 476 (Khaitan and McCalley,
Engineering | Cyberphysical Systems: A Survey; 2015:350-365)
IEEE Systems Journal
Systems Wicked Problems: Implications for Public Policy | 865 (Head and Alford,
Thinking and Management; Administration & Society 2015:711-739)
Journal
Systems Universal resilience patterns in complex | 727 (Gao et al.,, 2016:307-
Dynamics networks; NATURE 312)
Cognitive Explanation in artificial intelligence: Insights | 1848 (Miller, 2019:1-38)
biases from the social sciences; Atrtificial Intelligence
Journal
Sustainable | Towards sustainable development through the | 393 (Corona et al., 2019)
decision- circular economy review and critical
making assessment of current circularity metrics;
Resources Conservation And Recycling
Design FEDS: a Framework for Evaluation in Design | 363 (Venable et al.,
Science Science Research; 2016:77-89)
Research European Journal Of Information Systems
2.3.1. Importance of Sustainability

The idea that the Earth is limitless has been disproven many times over, indicating that
there are many boundaries. Humanity has already been getting to some of these
boundaries or limits. Sustainability is essential for maintaining the resilience of the
Earth system as a whole (Chapin et al., 2022:1907-1920). One decision can proliferate
inside a system, influencing several outcomes. This is called the butterfly effect.
McDonough et al. (2013:213) describe this Butterfly effect in their book The Upcycle:
Beyond Sustainability--Designing for Abundance as Chaos Theory. When people
realise how their small actions can echo through other systems either positively or
negatively, when it comes to sustainability, the need is there for the butterfly effect to
ripple the knowledge and processes out across all industries.

2.3.2. Why Systems Engineering is Useful
The interdisciplinary nature of SE lends itself to realising a socio-technical approach.
The top-down approach to view the system as a whole, the life-cycle orientation to
address all the phases in the system, and the definition of the system requirements
are all crucial to finding better solutions to sustainability endeavours. Blanchard et al.

35




&
e

. A2
Chapter 2: Literature survey University of Pretoria

(1990:846) and Reynolds and Holwell (2020:1-24) explain in detail that SE is a new
thought process to manage systems in a synergetic manner. This method will give
essential insight into how sustainability systems can be better understood.

2.3.3. Systems Thinking Approaches

ST is an essential principle of SE. This systems approach is the observation of how
the parts of the system should perform to enable the highest function of the system.
This section looks at the importance of ST at the early stages of the life cycle of a
system. Investing in ST at the problem definition stage is crucial to obtain all the
potential benefits from properly implemented system solutions.

Several different ST cycles have been reinvented through the years (Cabrera et al.,
2023:1-51). Previously, the Shewart cycle was illustrated, which is but one of these ST
approaches. Others include the approaches defined by Senge (2006:389-400) and
Covey (1991:219)i n t heir widely popul ar books
7 Habits of Hi g h | rgspektitely eWehen fivse pubisbenl ,pBatellcand
Gissing (1998:516-527) took all these approaches and evaluated their similarities. The
SIMILAR approach was developed and will be applied in this research, as shown in
Figure 15. The SIMILAR approach stemmed from several ST approaches but is
positioned under SE approaches. Several process modellers also used this approach
(Bahill and Madni, 2023:195-256; Imtiaz, 2023:21-49; Schismenos et al., 2022:594-
608). The SIMILAR acronym is State, Investigate, Model, Integrate, Launch, Assess,
and Re-evaluate.

State the N Investigate N Model the N inegrate Launch the Assess
problem alternatives system system performance

Figure 15. A SIMILAR Approach was implemented in this research. Adapted from Bahill
and Gissing (1998:516-527)

2.3.4. System Dynamics Approaches

SD considers process modelling to be another essential principle of SE. SD is an
interdisciplinary approach that aims to understand the behaviour of complex systems
over time. It has proven a powerful tool for modelling and analysing dynamic systems,
offering insights into the interactions and feedback loops that shape their behaviour
(Garcia, 2023:11-248; Eidin et al., 2024:1-28). Several influential topics within the SD
framework have emerged, significantly contributing to its application across various
domains:

1 Feedback loops and causal relationships: Central to SD is understanding feedback
loops and causal relationships within a system. This topic explores how various
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elements in a system interact with each other, creating dynamic patterns of
behaviour. By identifying reinforcing and balancing loops, researchers can grasp
the potential for amplifying or stabilising effects, making it a crucial aspect in
understanding system behaviour (Sterman, 2000:982)

1 System archetypes: System archetypes are recurring patterns of behaviour found
in complex systems. These archetypes, such as "Tragedy of the Commons" or
"Shifting the Burden," provide generic structures that can help recognise common
systemic challenges and design appropriate interventions (Senge, 2006:389-400;
Hardin, 1968:1243-1248)

1 Modelling and simulation: Developing comprehensive models is essential in SD.
This topic delves into the techniques and methodologies for constructing dynamic
models that capture the underlying complexities of the system under study.
Simulation of these models enables researchers to test scenarios, anticipate
system responses, and evaluate potential interventions (Forrester, 1961:464)

1 Policy design and decision-making: SD supports examining policy options and
decision-making in complex systems. By simulating different policy interventions,
decision-makers can identify potential unintended consequences and assess the
long-term impacts of their choices (Richardson, 2011:219-243)

Back to sustainability, SD can be pivotal in addressing complex sustainability
challenges. For instance, it has been applied to study the dynamics of ecological
systems, the impact of climate change, resource management, and urban
development (Struben and Sterman, 2008:1070-1097; Guemouria et al., 2023:1-27;
Barati et al., 2023:2-6; Li et al., 2023:3-8). By understanding the interconnectedness
of ecological, social, and economic factors, SD aids in crafting sustainable policies and
strategies that account for long-term consequences and the need for resilient solutions
(Vennix, 1999:379-401). Moreover, when dealing with wicked problems like
sustainability issues, SD provides a structured approach to navigate uncertainties and
complexities, facilitating better decision-making for a sustainable future. By applying
SD to sustainability, researchers and policymakers can gain valuable insights into the
complex relationships between human activities and the environment, leading to more
informed and effective measures for sustainable development.

2.3.5. Influences of Cognitive Biases on Decision-making

In the realm of decision-making, cognitive biases exert a powerful influence on human
judgment and can significantly impact choices related to sustainability. Cognitive
biases are systematic errors in thinking that arise from the brain's attempt to simplify
information processing. These biases can lead individuals and policymakers to make
suboptimal decisions, hindering progress towards sustainable practices. Recognising
and addressing these biases is essential to foster effective, sustainable decision-
making.
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One prominent cognitive bias relevant to sustainability is the "status quo bias". This
bias causes individuals to prefer maintaining the current situation rather than opting for
change, even if the change may lead to better environmental outcomes. For instance,
when presented with the option to transition to renewable energy sources, individuals
may stick to traditional fossil fuels due to familiarity and comfort with the existing energy
infrastructure (Samuelson and Zeckhauser, 1988:7-59; Gardan et al., 2023:676;
Aimone, 2024:1-25).

Another cognitive bias impacting sustainable decision-making is the "optimism bias".
This bias makes people overly optimistic about the future, underestimating potential
risks and challenges associated with environmental issues. In the context of
sustainability, this bias may lead to neglecting the long-term consequences of resource
depletion or climate change, delaying necessary actions for mitigation and adaptation
(Sharot, 2011:941-945).

Moreover, the "confirmation bias" can significantly influence how information related to
sustainability is perceived and acted upon. This bias drives individuals to seek and
favour information that aligns with their pre-existing beliefs, reinforcing their existing
perspectives and ignoring contradictory evidence. As a result, decision-makers may
overlook crucial scientific findings or dismiss alternative sustainable solutions,
hindering progress in addressing environmental challenges (Nickerson, 1998:175-220;
Elmor et al., 2024:1-26; Halawa, 2024:1-14).

To illustrate, consider a scenario where policymakers debate implementing a carbon
tax to reduce greenhouse gas emissions and combat climate change. The confirmation
bias could lead some policymakers only to consider evidence supporting their belief
that the tax would negatively impact the economy while disregarding studies
highlighting the potential benefits of carbon pricing on reducing emissions and driving
investments in green technologies.

Addressing cognitive biases in sustainability decision-making requires conscious effort
and applying critical thinking. Encouraging diverse perspectives, promoting open
dialogue, and providing decision-makers with unbiased data and research are
essential strategies to leverage the influence of cognitive biases. By recognising and
challenging these biases, policymakers and individuals can make more informed and
sustainable decisions, fostering positive change for the environment and future
generations.

The concepts discussed in the previous paragraphs about cognitive biases and their
influence on decision-making can be further explored and understood through the lens
of Malcolm Gladwell's book, "Blink: The Power of Thinking Without Thinking." Gladwell
delves into intuitive decision-making in this best-selling book, showcasing how our
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minds often make split-second judgments based on limited information and experience
(Gladwell, 2005:277).

The cognitive biases highlighted previously, such as the status quo bias, optimism
bias, and confirmation bias, align with Gladwell's exploration of rapid cognition, which
refers to the unconscious thought processes that shape our decisions in the blink of
an eye. He argues that these seemingly automatic judgments can be influenced by
various factors, including biases and prejudices ingrained in our minds.

Gladwell's "Blink" provides real-life examples and case studies demonstrating how
cognitive biases can lead to successful intuitive decisions and disastrous errors. For
instance, he examines cases in which experts' quick, intuitive assessments have
resulted in accurate outcomes and contrasts them with situations where shap
judgments have led to grave consequences, particularly when biases cloud judgment.

In sustainability decision-making, the insights from "Blink" shed light on how cognitive
biases can affect policymakers and individuals alike. By understanding the
subconscious influences that drive decision-making processes, people can better
recognise and address cognitive biases that may hinder progress towards sustainable
practices. The book also emphasises the importance of deliberately cultivating an open
and diverse decision-making environment, where quick judgments are informed by
evidence-based reasoning and biases are identified and challenged.

Ultimately, Gladwell's exploration of intuitive decision-making in "Blink" offers a
valuable perspective on how cognitive biases can impact our approach to
sustainability. By incorporating insights from this work into understanding cognitive
biases and decision-making, people can foster more informed and mindful choices that
align with sustainable goals and contribute to a more environmentally conscious future.

2.3.6. Identification of Representative Cognitive Biases

Numerous researchers have explored and identified representative cognitive biases in
various studies, shedding light on the pervasive nature of these biases and their impact
on decision-making processes. For instance, Tversky and Kahneman (1974:1124-
1131) conducted seminal research on the availability heuristic, demonstrating how
individuals rely on readily available information when making judgments, even if that
information is not representative of the overall data. Their work has been foundational
in understanding how biases can lead to suboptimal choices and influence perceptions
of risk and uncertainty.

Similarly, researchers such as Slovic et al. (2007:1333-1352) have explored the affect
heuristic, revealing how people's emotional responses to a particular issue can strongly
influence their judgments and decisions. This emotional bias can sway sustainability-
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related choices, where emotionally charged environmental issues may receive
disproportionate attention or resource allocation, regardless of their significance in the
broader context of sustainability challenges.

Furthermore, the framing effect, studied by Levin et al. (1998:149-188), demonstrates
how the presentation of information can significantly influence decision-making. When
sustainability issues regarding potential losses or gains are framed, individuals' risk
preferences may shift, impacting their willingness to engage in sustainable practices
or support environmentally friendly policies.

Linking back to sustainability, identifying representative cognitive biases is crucial for
understanding how these biases may hinder progress towards sustainable practices
and policies. Biases such as the status quo bias could impede the adoption of
sustainable technologies or lifestyle changes, as people may be reluctant to deviate
from familiar routines or existing infrastructure. The optimism bias might lead to
underestimating the severity of environmental challenges, delaying urgent action or
investment in sustainable solutions. Moreover, the confirmation bias could hinder
cooperation and collective efforts to address sustainability issues.

Recognising and addressing cognitive biases in the context of sustainability is
essential to fostering informed decision-making. Researchers, policymakers, and
individuals must strive to overcome these biases and cultivate a culture of critical
thinking, evidence-based reasoning, and open dialogue. By integrating insights from
the study of cognitive biases into sustainability initiatives, people can ensure more
effective strategies and policies that align with long-term environmental goals, promote
resilience, and contribute to a sustainable future for future generations.

As this research explores cognitive biases in sustainability, the aim is to identify and
understand how these biases influence participants' attitudes, behaviours, and
decision-making related to sustainability issues. To achieve this goal, the research will
design a comprehensive survey that delves into various cognitive biases that impact
human thinking, as seen in Chapter 6. The survey will focus on the following cognitive
biases: Confirmation Bias, Hindsight Bias, Self-Serving Bias, Anchoring Bias,
Avalilability Bias, and Inattentional Blindness, as mentioned in 2.2.3.

Including the research method and questionnaire design in the literature review
chapter serves several important purposes within this thesis. First, it provides a
necessary contextual foundation by linking the chosen methodology with established
research practices, ensuring that the approach is grounded in relevant theoretical
frameworks. This connection helps to demonstrate that the research method is
informed by previous studies and not developed in isolation. Second, it justifies the
research approach, highlighting how the chosen method addresses gaps or limitations
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identified in the literature. The study gains transparency and rigour by embedding the
research method and questionnaire design discussion within the literature review,
illustrating that the tools used to collect data are rooted in proven methodologies.
Finally, this integration facilitates a clear link between theory and practice, showing
how the theoretical insights gathered from the literature are operationalised through
the research design. In doing so, the literature review not only positions the study within
the broader academic discourse but also enhances the coherence and credibility of
the research process.

The biases, together with the research methods applicable to them, are discussed
below:

9 Confirmation bias: To address confirmation bias, the survey questions are drafted
to present participants with balanced information about sustainability topics. The
research will assess whether participants selectively focus on information that
aligns with their beliefs while dismissing contradictory evidence.

1 Hindsight bias: Retrospective questions are included that prompt participants to
recall their past attitudes or behaviours concerning sustainability to investigate
hindsight bias. By comparing participants' past beliefs with their current responses,
the research can determine if hindsight bias leads them to perceive their past
attitudes as more aligned with present sustainability efforts than they were at the
time.

1 Self-serving bias: Incorporated into the research are questions about participants'
sustainability-related actions or contributions to explore self-serving bias. Through
the analysis, the researcher assesses whether participants tend to take credit for
positive, sustainable behaviours while attributing negative environmental impacts
to external factors.

1 Anchoring bias: To uncover anchoring bias, questions are included that present
participants with different numerical values or metrics related to sustainability. By
examining their subsequent responses, the researcher can observe whether the
initial information provided influences their answers, indicating the presence of an
anchoring effect.

1 Availability bias: To identify availability bias, questions are designed that ask
participants to recall specific sustainability-related events, examples, or instances.
Through analysis, the research evaluates whether participants' responses are
disproportionately influenced by easily retrievable or recent information, leading to
an overrepresentation of certain factors.

1 Inattentional blindness: To explore inattentional blindness, a scenario or text is
included in which participants are focused on a primary sustainability task.
Afterwards, the researcher inquired whether participants noticed any unexpected
or significant details in the scenario that they may have missed while concentrating
on the primary task.
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The inclusion of a discussion on qualitative and quantitative question formats within
the literature review is motivated by the need to align the research methodology with
established best practices in studying cognitive biases.

Qualitative and quantitative question formats, such as multiple-choice, ranking, and
open-ended responses, are included throughout the survey to understand participants'
cognitive biases comprehensively (Kuckartz and Radiker, 2019:219-229; Aravindh and
Thirupathi, 2019). Data analysis will involve descriptive statistics and thematic analysis
to discern patterns and insights into the prevalence and impact of cognitive biases on
sustainability-related attitudes and behaviours (Marcos-Merino et al., 2020:7445).

By presenting this methodological framework in the literature review, the study
underscores the theoretical basis for selecting these question formats, demonstrating
that the research design is grounded in previous successful approaches.

By executing this detailed action plan, the research aims to contribute to a deeper
understanding of cognitive biases in sustainability, paving the way for more targeted
interventions and strategies to promote rational and informed decision-making for a
sustainable future. This creates a seamless link between the existing body of
knowledge and the methodological choices made in the research, justifying their
inclusion.

2.4. Current Models

To address complex sustainability challenges, researchers and practitioners have
turned to diverse models and methodologies that offer valuable insights into the
interconnected web of environmental, social, and economic factors (Ahmad et al.,
2024:2965-2987; Wan et al., 2023:65-75; Al-Emran, 2023:2-5). These models provide
systematic frameworks for analysing and understanding sustainability issues and
decision-making processes. This exploration will explore some prominent models that
have emerged as essential tools for researching sustainability and decision-making.

A model typically represents a simplified version of reality that is used to explain,
predict, or simulate a specific phenomenon. Models often use variables and
relationships between them to mirror complex systems in a structured way. For
example, Sterman (2000:982) defines a model in the context of SD as a tool used to
understand the behaviour of systems over time, helping to simulate potential outcomes
and test different scenarios (Korteling et al., 2023:1-14). Similarly, Van der Vorst
(2000:305) highlights that models serve to simplify real-world processes, allowing
researchers to focus on critical variables and relationships that affect the system under
study.
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On the other hand, a framework is broader and serves as a conceptual structure used
to guide the development or analysis of models. A framework typically outlines the
components and their relationships, providing a high-level structure for organising
knowledge and theories. For instance, Miles and Huberman (1994:338) describe
frameworks as tools that systematically integrate theories and concepts, guiding
understanding how various elements interact within a particular domain. Similarly,
Osterwalder and Pigneur (2010:278) use the term "framework” to describe a set of
predefined elements and relationships that offer a comprehensive view of a business
or scientific area.

In summary, a model focuses on representing specific elements of a system to
simulate or predict behaviours. A framework is a conceptual guide that organises and
structures models and their components.

2.4.1. The Circular Economy Model

Discussing the highest-profile global proponent of the CE is an excellent place to begin.
The Ellen Macarthur Foundation (EMF or the Foundation) was initiated in 2009 by Ellen
Macarthur, a British competitive ocean sailor (Stahel, 2016:435-438). The EMF has
constructed a comprehensive CE framework, encompassing biological and technical
systems as critical stakeholders. This study emphasises incorporating a human and
social dimension into the system, involving users, enablers, and support structures.

The foundation of the CE framework rests upon three fundamental principles. Firstly,
it centres around the responsible management of finite natural resources, focusing on
their preservation and the transition to renewable alternatives. Secondly, it seeks to
optimise resource utilisation by promoting circular flows, material sharing, and
regeneration to achieve optimal efficiency. Lastly, the framework is geared towards
enhancing system effectiveness by redesigning processes and eliminating the use of
non-renewable and non-reusable materials.

A visual representation in Figure 16 illustrates the interplay between the technical and
biological components:
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Figure 16. Technical and biological cycles for the CE as per McDonough and
Braungart (2002:202); EMF (2019:4-62)

There are many different perspectives and definitions of what the CE entails in
academic as well as public discourse. In particular, there is a divide between those
who see CE as an opportunity to keep up current production and consumption patterns
and those who highlight the need for decreased consumption or even post-growth
(Barrie et al., 2022:106-208). The CE model has gained significant attention as a
promising approach to fostering sustainability and resource efficiency. This model
advocates a shift from the traditional linear "take, make, dispose" approach to a
regenerative system where resources are continuously reused, recycled, and restored.
By examining material flows, product life cycles, and waste management, the CE
model offers a holistic perspective that seeks to minimise waste, promote
sustainability, and create economic opportunities (Kirchherr et al., 2017:221-232).

Another sustainable model used by economists is the Doughnut Economy model. The
Doughnut Economics concept challenges the entrenched perspective that Gross
Domestic Product (GDP) is the sole indicator of economic progress. Instead, it
presents an alternative vision of a globally oriented economic objective defined by a
balanced boundary. The notion of boundless growth is discredited, highlighting that the
prevalent economic yardstick worldwide is founded upon the unsustainable nature of
unchecked expansion.
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In her work, Raworth (2017:216-222), an economist, explores the prevalent belief in
the existing economic paradigm that champions perpetual economic growth, as shown
in Figure 17. This belief, however, clashes with the finite limits of environmental
resources and inevitably impacts humanity's well-being. The subsequent economic
model aligns itself with the principles of the Doughnut Economy, emphasising the
pursuit of a prosperous economy anchored in a robust social foundation.

climate
change
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Figure 17. Doughnut Economy model from Krauss (2018:452-457)

The Doughnut model emphasises the need to balance social foundations (such as
equality, health, and education) with ecological ceilings (such as climate stability and
biodiversity). This approach complements the exploration of cognitive biases in
decision-making within the CE in this thesis by highlighting the necessity for
sustainable development that avoids ecological overshoot while ensuring social equity.
As stakeholders navigate the complexities of decision-making in the CE, the Doughnut
framework serves as a valuable reference for ensuring that cognitive biases, whether
supportive or obstructive, are examined in light of their broader impacts on human well-
being and planetary boundaries. Integrating this model enriches the research by
providing a visual and conceptual tool to guide sustainable decision-making, offering a
clear benchmark for assessing how decisions align with long-term ecological and
social sustainability goals.
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2.4.2. Soft Systems Methodology

In the literature review, it is essential to differentiate between the role of methodologies
and theories. SSM is introduced here under current models because it provides a
practical framework for addressing complex, real-world problems, much like the
challenge of sustainable decision-making within the CE. SSM is widely applied to
understand and model "wicked problems" that do not have straightforward solutions,
making it a valuable tool for structuring the messy, human-centric issues encountered
in the CE.

However, ST is more conceptual, focusing on understanding feedback loops, system
archetypes, and interrelationships within the CE. While both SSM and ST aim to deal
with complexity, they approach it from different angles. Therefore, SSM is discussed
alongside other current models to highlight its practical utility in dealing with
unstructured problems. At the same time, ST is reserved for discussing current
theories in Section 2.3 to frame how mental models, feedback loops, and archetypes
inform decision-making processes.

By positioning SSM here, the role is identified as a methodological tool that informs
model building and stakeholder analysis, making it a complementary approach to the
more theoretical lens of ST explored later. The distinction allows for a clearer
motivation of the research methodology, ensuring that both the practical and
conceptual aspects of dealing with complexity in sustainable decision-making are
adequately addressed.

SSM is a qualitative systems-based approach that enables researchers to tackle ill-
structured, messy, and complex problems like sustainability issues. Rooted in a
human-centred perspective, SSM emphasises understanding social systems and
stakeholders' diverse perspectives. Using rich pictures, conceptual models, and
boundary judgments, SSM facilitates the exploration of multiple viewpoints, promoting
learning and enhancing decision-making in complex socio-ecological contexts
(Checkland and Poulter, 2006:200).

The application of SMM to this study is depicted in Figure 48 in another section.
Johannes Watkins made significant contributions to the SSM field, building upon Peter
Checkland's work (Watkins, 2000:266). He emphasised the social aspects of SSM,
highlighting the importance of understanding and accommodating the diverse
perspectives of stakeholders when addressing complex and ill-structured problems.
Watkins stresses the role of rich pictures, which capture stakeholders' mental models
and facilitate open dialogue and learning within problem situations. His work focused
on using SSM as a practical approach to tackle real-world challenges, emphasising
the importance of combining systems thinking with the human element to improve
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decision-making and promote sustainable solutions in complex socio-ecological
contexts.

SSM and DSR are approaches to address complex, real-world problems but operate
through different paradigms and focus areas. However, they can be linked and
complementary when combined to tackle multifaceted issues. The link between SSM
and DSR lies in their complementary strengths. SSM can be used in the initial stages
of a study to explore the problem space, understand stakeholder perspectives, and
identify critical issues and requirements. This groundwork is crucial for informing the
design phase in DSR, where concrete solutions (artefacts) are developed. Using SSM
to understand the context and nuances of the problem thoroughly, researchers can
ensure that the artefacts designed in the DSR phase are relevant, practical, and
aligned with stakeholder needs.

Furthermore, the iterative nature of both methodologies allows for a cyclical refinement
process. Insights gained from evaluating DSR artefacts can feed back into SSM
processes to further refine the understanding of the problem and the effectiveness of
interventions. This interaction enhances the robustness and relevance of the problem
understanding and the solutions developed.

SSM, emphasising exploring different perspectives and defining problems through
conceptual models, can help identify the underlying structures and feedback loops that
give rise to system archetypes. By using SSM, researchers can uncover the root
causes of systemic issues and recognise archetypal patterns such as "Limits to
Growth," "Shifting the Burden,” or "Fixes that Fail." Understanding these patterns
allows stakeholders to grasp better the system's dynamics and the potential
unintended consequences of interventions.

Once these archetypes are identified and understood through SSM, DSR can be
employed to design and implement artefacts that address the specific issues revealed
by the archetypal analysis. For instance, if SSM reveals a "Shifting the Burden"
archetype, where short-term fixes detract from long-term solutions, DSR can create
artefacts focusing on sustainable, long-term solutions. These artefacts could be new
processes, tools, or systems designed to break the cycle of short-term fixes and
promote more sustainable practices.

System archetypes provide a framework for understanding the dynamic behaviours in
complex systems, while SSM offers a methodology for exploring and defining these
complexities in detail. DSR, in turn, builds on this understanding to create and test
solutions. By integrating these approaches, researchers and practitioners can develop
a comprehensive strategy for identifying, understanding, and addressing systemic
problems. This integration ensures that solutions are theoretically robust, practically
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effective, and sustainable in addressing the recurring patterns identified through
system archetypes.

2.4.3. System Archetypes

System archetypes represent the fundamental visualisation of complex ST and
highlight the benefits of systemic solutions for complex issues while outlining the
drawbacks of non-systemic approaches (Wolstenholme, 2004:341-356). These
archetypes encapsulate complex models or systems in a simplified conceptual form.
Several fundamental archetypes are outlined by Braun (2002:1-26) and discussed as
follows.

1 Fixes that fail: Employing reductionist reasoning often leads to solutions that merely
address symptoms of complex problems. These "quick fixes" result in unintended
complications, failing to resolve the root cause and leading to gradual deterioration.

1 Shifting the burden: Concentrating on short-term remedies, like symptom
alleviation, can lead to unanticipated side effects that hinder the implementation of
essential solutions. This archetype underscores the misguided emphasis on
temporary solutions, even when the fundamental remedy is evident.

1 Limits to success/growth: Endless growth and unbridled reinforcement inevitably
encounter limitations. This archetype emphasises the presence of constraining
conditions for reinforcing behaviours, regardless of the effort invested.

1 Drifting/eroding goals: When the pressure to meet a goal outweighs the
effectiveness of the current actions, lowering the goal becomes a typical response.
This gradual lowering of targets results in the system's decline as attention is
diverted from addressing the root issue.

1 Growth and underinvestment: Neglecting long-term capacity investment while
striving for improved performance can limit growth. This archetype highlights the
potential to surpass current constraints through timely and sufficient investment.

1 Success to the successful: The allocation of shared resources between entities
depends on their respective success and performance. However, this leads to an
uneven distribution of resources among a shared group, disproportionately
favouring the already successful.

1 Escalation: Efforts to counteract a threat from another party often intensify the
competitive actions, escalating the conflict between the parties involved.

1 The tragedy of the commons: When shared resources are overburdened, the entire
interconnected system suffers. This archetype illustrates how excessive pressure
on common resources can lead to system failure and negative consequences.

1 Accidental adversaries: Discrepancies in mental models between two partnering
parties can lead to misunderstandings, mistrust, and suspicion. This archetype
portrays how shared interests can devolve into accidental opposition due to
misinterpreted actions.
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1 Attractiveness principle: Evaluating various limiting factors in a system helps
determine where initial action is needed. The most critical limitations can be
identified and targeted for reduction by comparing influences slowing down system
progress.

In summary, these system archetypes serve as invaluable tools to comprehend the
complex dynamics of complex systems, offering insights into practical solutions and
potential pitfalls within various contexts. System Archetypes can be used as a starting
point for SD modelling because they provide an outline framework of a complex system
(Oosthuizen, 2021:1-11; Rocha et al., 2020:1-10; Nadiia et al., 2021:123-140;
Moallemi et al., 2022:1-21). Archetypes are suitable for complex systems because they
support trend and behaviour identification and future consequence recognition in a
more holistic approach. For example, if environmental and social factors are not
included in the economic system, the global society will experience a collapse with the
current unlimited economic system. This unintended consequence of continued
economic growth has already been investigated and identified with archetypes in the
previous century by, for example, Meadows et al. (1972:2-122). Generic System
Archetypes can be identified through problem descriptions of the system.

Some generic archetypes for sustainability include 1) Fixes that Fail, 2) Growth and
Underinvestment and 3) Escalation. The Fixes that Fail archetype describes systems
where the solution works in the short term, but long-term unintended consequences
can require even more effort. The second one mentioned is the Growth and
Underinvestment archetype, where a growing action increases, and demand for
additional capacity grows. This necessitates an investment; if not actioned, the
underinvestment can cause underperformance in the ever-increasing system (Bano et
al., 2022:4995-5010). The final archetype discussed is the Escalation archetype; the
system involves two connected loops influencing each other directly (Hallett and
Hobbs, 2020:1017-1025; Mandl, 2023:135-141).

The activities and results are seen as
have been described by Senge (2006:389-400). One archetype that combines the
three mentioned previously is the Limits to Growth archetype, a present-day archetype
developed across several industries, especially the sustainability arena (Qiong et al.,
2016:481-489).

The study by Meadows et al. (1972:2-1 2 2 ) has continued to
t he Li mi tMeadowsalabk @9923¢85) and has been revised with a 30-year
update by (Meadows et al.,, 2006:397-399). The Limits to Growth (LtG) concept
spawned by these authors describes how unsustainable, continuous growth is in an
interconnected globalised society. The LtG archetype will be used in this study to show
how unsustainable decisions prevent or limit the CE, as shown in Figure 18. It shows
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the interaction between a reinforcing loop (R1) and a balancing loop (B2) constrained
by external factors. The reinforcing loop (R1) demonstrates that as efforts increase,
performance improves, which further encourages more efforts, creating a self-
reinforcing cycle. However, as performance grows, it eventually triggers limiting actions
due to constraints, forming the balancing loop (B2). These limiting actions work against
further performance gains, leading to diminishing returns. This dynamic highlight how
initial progress can be hindered by systemic constraints, requiring strategic
interventions to overcome limitations and sustain growth. The Growth and
Underinvestment archetype is an elaborated LtG representation (Awah et al., 2024:1-
17; Mutingi et al., 2017:199-205). The economic influences of the CE are studied in
several research areas and fit with the elaborated archetype (OECD, 2017).

Constraint

//ﬁf\f

Efforts Ferformance Limiting

v

Figure 18. Limits to Growth archetype template - Adapted from (Kim, 1992:2-30)

Some examples of the LtG archetype included market saturation despite increased
marketing efforts, metabolic rate decreasing despite increased, prolonged dieting, and
service capacity limits on the physical capacity of businesses. Instead of focusing on
a single bias and its influence on sustainable decision-making, this study assessed
several biased influences on certain phases of the CE (van der Linde et al., 2022:2-
11). See Section 3.3.2 for the full model development explanation.

The study further explained in Section 3.3.2 emphasises that the economic disruptions
caused by the COVID-19 pandemic have highlighted the need for a new approach,
referred to as the "new normal,” which requires a deeper understanding of how
stakeholders’ mental models influence decisions that impact the biosphere and
technosphere. A research gap is identified in how cognitive influences on decision-
making are integrated into CE models, which currently lack thorough consideration of
the social and cognitive dimensions that affect sustainability. Through SD modelling,
this research aims to explore and analyse these complex interactions, ultimately
proposing a framework that bridges this gap and supports more sustainable decision-
making within the CE.

The conclusion asserts that applying a systems approach to the CE is essential for
fostering better decision-making processes that support sustainability. The research
demonstrates how cognitive biases can significantly influence stakeholder decisions,
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often limiting the effectiveness of sustainability initiatives within the CE. By integrating
cognitive biases into SD models, stakeholders can achieve more accurate and
sustainable outcomes. Ultimately, the research advocates for continued exploration of
decision-making frameworks that incorporate cognitive and behavioural insights,
ensuring that CE practices are resilient and adaptive to the complexities of human
behaviour.

In Figure 19, cognitive biases that limited sustainable decisions were presented, which
restricted the accomplishment of a CE. The limiting factor was the pre-existing biases
within consumer behaviour patterns. The leverage point lies in decreasing the biases
as much as possible with correct system interventions. The first reinforcing loop
showed how the adoption rate of CE models increased a sustainable society, and the
increased sustainability-focused society led to an increased adoption rate.

Figure 19 illustrates cognitive biases that impede sustainable decision-making,
consequently hindering the advancement of CE initiatives. The root of this limitation
stems from entrenched biases within consumer behaviour patterns. The pivotal
intervention point lies in minimising these biases through targeted systemic
interventions. The initial reinforcing loop delineates how adopting CE models fosters a
more sustainable society, leading to increased adoption rates. As societies progress
toward sustainability, the balancing loop indicates a diminishing need for sustainable
decisions akin to a new business-as-usual paradigm.

Moreover, the balancing loop underscores that heightened consumer awareness of
sustainability needs reinforces the societal shift towards sustainability. Within this
system, cognitive biases act as a limiting factor, exerting pressure on consumers to
embrace or reject sustainable choices. Figure 19 also elucidates external influences
on cognitive biases, such as System 1 and 2 thinking and decision-making behaviours,
discussed in earlier sections. This Causal Loop Diagram is novel in its application of
the 'Limits to Growth' archetype, specifically to sustainable decision-making within the
CE, showcasing how cognitive biases can influence the tipping points of sustainability
efforts. The model development of this figure is explained in Section 3.3.2. As depicted
in Figure 19, these external factors encompass situational and social awareness, both
deemed critical components.

51



&
g

Chapter 2: Literature survey University of Pretoria

\ Decision-
System 1 & 2 making

( thinking behaviour
Coagnitive biases

Current p F—\ Slt ational

14
Economy busimess  R1 Sustainable society Ferceived nee mr awereness

models - zdoption sustainable dec:@_/

dwareness

Figure 19. Limits to Growth archetype applied to sustainable decision-making. (van der
Linde et al., 2022:2-11)

The first research question explained in Section 1.6, exploring the extent to which
biases are prominent in sustainable decision-making, is comprehensively addressed
in the paper "A systems approach to understanding cognitive bias influences on
stakeholders in the Circular Economy." This study by the current researcher employs
the Limits to Growth archetype to illuminate how cognitive biases impact the decisions
of various stakeholders engaged in sustainability efforts. Through a detailed
conceptual model discussed in Section 3.3.2, the model demonstrates that negative
biases such as overconfidence, confirmation bias, and status quo bias significantly
hinder the effectiveness of sustainable decision-making. These biases create feedback
loops that reinforce unsustainable practices despite stakeholders' intentions to
promote sustainability. The Limits to Growth archetype reveals how initial successes
in sustainability can lead to complacency, causing long-term growth limitations and
systemic challenges that impede further progress.

The model highlights the complex dynamics between cognitive biases and sustainable
decision-making by applying system archetypes and constructing a conceptual model.
The model illustrates that while stakeholders may initially achieve some sustainability
goals, their cognitive biases can lead to actions that eventually constrain further
advancements. For instance, overconfidence in early achievements can result in
reduced vigilance and adaptive capacity, making the system vulnerable to unforeseen
challenges. Confirmation bias may cause stakeholders to selectively interpret
information in ways that validate their preconceptions, ignoring critical data that could
inform better decisions. The study underscores the necessity of recognising and
mitigating these biases to foster more resilient and effective sustainable practices
within the CE. By bringing these cognitive influences to light, this thesis provides
valuable insights for policymakers, businesses, and researchers aiming to enhance
the sustainability of their decisions and actions.
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As societies became more sustainable, the balancing loop indicated the need for
sustainable decisions decreased. This resembles a new business-as-usual approach
(Meadows and Rome, 1974:205). The balancing loop also illustrated that consumers'
importance lay heavily enough to ensure a more sustainable society when the
perceived need for sustainable choices increased. The limiting factor in this system
was the cognitive biases that created or removed pressure on consumers to make
sustainable decisions. An expansive number of biases could influence consumer
behaviour. What was also presented in Figure 19 were the external influences on
cognitive biases such as System 1 and 2 thinking and decision-making behaviours.
The two thinking systems, termed System 1 and System 2, are based on research
done by psychologists Daniel Kahneman and Amos Tversky (Kannengiesser and
Gero, 2019:2-10).

System 1 is intuitive and automatic, involving quick, effortless judgments based on
prior experiences and emotions. System 2 is analytical and deliberate, requiring
conscious effort and logical reasoning to solve complex problems or make decisions.
These two systems work together; System 1 provides initial responses, while System
2 steps in for more critical thinking tasks. See Section 9.5 for future recommendations
with Al as a digital System 2 thinking.

The archetype serves the purpose of depicting the fundamental framework of a
system. This instance demonstrates that embracing and advancing diverse CE
business models and effectively managing constraints to attain desired outcomes can
contribute to establishing a sustainable society. The development should be balanced
between social, economic, and environmental.

The journey toward a smooth transitioning system is often complex and multifaceted,
requiring a strategic approach considering present needs and future aspirations. The
concept of The Three Horizons provides a valuable framework for navigating this
transformation, as shown in Figure 20. Initially introduced by Bill Sharpe, this model
suggests that effective transitions involve three distinct phases or "horizons," each with
unique characteristics and challenges (Sharpe, 2020:9-24). These horizons offer a
strategic perspective that aligns well with the insights from the "Limits to Growth"
archetype, which underscores the necessity of balancing growth with sustainable
limitations.
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Leicester, 2022:5-11)

Another example where archetypes have been used in the sustainability field is where

Kueppers et al. (2021:2-16)analy sed di fferent countri es?o

modelled different decarbonisation strategies and found that an adequate system
approach makes the global transition possible.

The archetype is further developed as input to a CLD and an SFD to evaluate the
system's dynamic properties of gamma changes. The archetype is also used to create
a decision framework tailored for the CE, as seen in 3.3.2. The model development
sections in Chapter 3 discuss the model phases.

In conclusion, exploring the current archetypes available for sustainability provides a
rich and insightful framework for understanding the intricate dynamics of complex
systems. These archetypes are valuable tools for illuminating recurring patterns and
behaviours within various contexts. From the "Fixes that Fail" archetype, cautioning
against superficial solutions, to the "Limits to Success/Growth" archetype, highlighting
the need for balance and constraints, each archetype offers a distinct lens through
which we can analyse the challenges and opportunities of achieving sustainability.

As people navigate the complexities of a rapidly changing world, these archetypes
empower us to approach sustainability holistically. They remind us of the
interconnectedness of actions and consequences, urging us to consider the long-term
implications of our decisions. Moreover, they emphasise the significance of
adaptability, stakeholder engagement, and continuous learning in pursuing sustainable
practices.
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The versatility of these archetypes extends beyond theoretical understanding; they
provide practical insights for devising effective strategies, guiding decision-making,
and mitigating unintended consequences. By integrating these archetypes into the
sustainability efforts, modellers equip themselves with a more comprehensive toolkit
for addressing the multifaceted challenges of our time.

In the ongoing journey towards a more sustainable future, the archetypes the research
has explored offer enduring wisdom. They encourage people to navigate complexity
with clarity, to view challenges as opportunities for growth, and to ensure that the
pursuit of sustainability is not only visionary but also grounded in the principles of ST.

2.4.4. Causal Maps and System Dynamic Modelling

CLDs are graphical representations that model and visualise system feedback
structures. By illustrating the cause-and-effect relationships and feedback loops, these
diagrams enable researchers to analyse how changes in one part of the system can
propagate and influence other elements. CLDs aid in identifying unintended
consequences and understanding the dynamic behaviour of systems, helping inform
decision-making for sustainability interventions (Richardson, 2011:219-243).

ST and SD are vital in generating sustainable value through modelling. Hjorth and
Bagheri (2006:74-92) emphasise another significant aspect, suggesting that SD can
pinpoint leverage points within systems where even minor adjustments can yield
substantial impacts. Practitioners utilise ST concepts within SD to enhance decision-
making in complex, dynamic systems, focusing on interconnectedness, resilience, and
emergence properties (Williams et al., 2017:866-881). ST facilitates a comprehensive
understanding of real-world systems, emphasising the interrelationships among
variables. Central to ST are mental models, capturing system interpretations through
archetypes, non-linear behaviour, and feedback loops (Jackson, 1994:213-229). SD
complements ST by quantifying these connections, offering a time-dependent
depiction of system behaviour. This approach utilises models to simulate behavioural
changes, unveiling subtle connections, dynamic properties, delays, and unintended
consequences.

SD is crucial in interdisciplinary systems and is prevalent in nearly alldomains ( Bur e g,
2019). Two distinctive diagrams, CLDs and Stock and Flow Diagrams (SFDs), are
employed within SD. The extensive literature on these diagrams details their logic,
applications, and advantages (Fenton and Neil, 2011:10-21; Baghaei Lakeh and
Ghaffarzadegan, 2016:309-331; Sterman, 2002). SFDs facilitate quantitative
modelling, allowing for simulation and analysis, while CLDs serve qualitative modelling
purposes. Geels et al. (2017:1242-1244) caution that ambitious strategies for
sustainable decision-making may face systemic challenges due to stakeholder
reactions. SD offers a systemic approach to address the complexity and dynamics of
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the CE. This thesis closes this gap by modelling the CE as an STS using SD, aiming
to enhance systemic understanding and inform sustainable decision-making
methodologies.

Behavioural operational research (BOR) focuses on the interactions between humans
and systems, exploring how cognitive processes impact systems (Lane and Rouwette,
2022). This emerging field finds application within supply chain research, addressing
decision-making problems by integrating behavioural dimensions (Brocklesby,
2016:796-805). Such challenges involve complex interactions among systems,
individuals, and real-world contexts, creating complex and dynamic scenarios. In cases
marked by ambiguity, lacking immediate solutions and dynamic shifts, a practical
approach often involves a systems methodology that accommodates human cognitive
processes (Forrester et al., 2018:61-75; Oosthuizen, 2014).

SD research has traditionally been dedicated to assessing policies and strategies,
employing modelling techniques to analyse systems comprehensively. Notably, SD is
an approach for evaluating complex dynamic issues, concurrently delving deeper into
exploring behavioural considerations that impact decision-making, actions, and
repercussions (Alessi and Kopainsky, 2015:223-229). This trend has catalysed the
emergence of Behavioural System Dynamics (BSD), a distinct research stream
focusing on the interplay of behavioural aspects within the SD framework (Barnabé
and Davidsen, 2019:339-364). Scholarly discourse underscores that SD offers an
indispensable tool for simulating complex scenarios, particularly those featuring
variables, structural complexities, and environmental influences. Indeed, the
complexity of such systems often stems from their social components, as highlighted
by Forrester et al. (2018:61-75).

Against this backdrop, the imperative arises to construct representative models of
systems as accurately as possible, aiming to enhance decision-making and overall
system (Gary and Wood, 2011:569-594). Employing models is a sophisticated and
holistic approach, persuading decision-makers to opt for sustainable choices. As the
research landscape evolves, integrating BOR, SD, and behavioural insights is
essential for achieving a comprehensive understanding of complex systems and
fostering improved decision-making for sustainability.
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Figure 21. Cognitive effects of humans in systems and behavioural influences on
decision-making (Lane and Rouwette, 2022; Solso et al., 2005; Sterman, 2002)

The links between the real world and perceived situations become evident in Figure
21. The diagram illustrates that essential decisions and practical problem-solving skills
are central in reshaping the perceived situations and the actual world. In the
subsequent subsection, another vital theoretical element is introduced, focusing on the
ongoing discourse regarding decision-making models for sustainable systems and the
trajectory towards achieving sustainability.

2.4.5. Decision-making Models

Analytics and decision support tools, such as decision support systems (DSS), aim to
enhance decision quality through various means. This includes leveraging
communication technologies, collecting and processing data, aiding in data and
document analysis, utilising quantitative models to detect and address issues,
accomplishing tasks within decision processes, and providing guidance throughout the
decision-making journey (Phillips-Wren et al., 2019:63-66).

Various decision-making models, such as Multi-Criteria Decision Analysis (MCDA),
Analytic Hierarchy Process (AHP), and decision trees, provide structured frameworks
for evaluating alternative courses of action in sustainability contexts (Kasin et al.,
2023:48). These models consider multiple criteria, preferences, and uncertainties to
facilitate transparent and informed decision-making, enabling stakeholders to weigh
environmental, social, and economic factors when choosing sustainable solutions
(Kwakkel et al., 2016:168-183).
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In DSR, these decision support tools can be utilised during the design and evaluation
phases to assess alternative solutions and select the most effective design artefacts.
MCDA enables stakeholders to consider multiple criteria simultaneously when
evaluating different design options, allowing for a comprehensive assessment of trade-
offs and preferences. AHP, on the other hand, structures complex decision problems
hierarchically, facilitating the decomposition of decision criteria into manageable
components and enabling stakeholders to compare alternatives systematically based
on their relative importance. Decision trees visually represent decision-making
processes, mapping out possible outcomes and their associated probabilities, helping
stakeholders identify optimal courses of action.

Similarly, these decision support tools can be employed in SD to model decision-
making processes within dynamic systems and simulate the impacts of different
decisions over time. MCDA can be integrated into SD models to capture the
preferences of various stakeholders and incorporate their priorities into decision-
making processes. AHP can aid in structuring the decision-making hierarchy within SD
models, ensuring that decision criteria are appropriately prioritised and weighted.
Decision trees can represent decision pathways within SD models, facilitating the
exploration of different decision scenarios and their consequences on system
behaviour.

In the following section, decision-making models are explored further. By examining
and integrating these diverse models into sustainability research, scholars and
practitioners can comprehensively understand the complex interplay between
ecological, social, and economic dimensions, fostering a more holistic and resilient
approach to decision-making for a sustainable future.

2.5. Current Decision-Making Methods

Decision-making is integral to human life and organisational processes, shaping the
trajectory of actions and outcomes in various domains. To navigate the complexities
of decision-making, researchers and practitioners have developed many decision-
making models that provide structured frameworks to analyse options, assess risks,
and make informed choices (Milkman et al., 2009:379-383).

2.5.1. Internal and External Stakeholders

In decision-making models, stakeholders can be categorised into two main groups:
internal and external. Internal stakeholders are individuals or groups within an
organisation directly involved in the decision-making process or are affected by the
decisions made. External stakeholders, on the other hand, are individuals or groups
outside the organisation but are impacted by the decisions made by the organisation
(Greer et al., 2023:693-718; Velter et al., 2020:2-7). The visual representation of this
can be seen in Figure 1 at the beginning of this thesis. Understanding the perspectives
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and needs of both internal and external stakeholders is crucial for effective decision-
making, particularly in sustainability, where decisions can have far-reaching
conseqguences on the environment, society, and the economy.

Internal stakeholders typically include employees, managers, executives, and board
members. They are directly involved in decision-making and may have different roles
and responsibilities in contributing to the final decision. The engagement and buy-in of
internal stakeholders are critical for successfully implementing decisions. For instance,
decision-making models like the AHP encourage involving internal stakeholders to
provide their inputs and preferences during decision-making (Wind and Saaty,
1980:641-658; Canco et al., 2021:1-15; Sharma et al., 2020:203). This collaborative
approach can help identify the most suitable and sustainable options that align with the
organisation's goals and values.

External stakeholders encompass a broader range of individuals or groups beyond the
organisation. They can include customers, suppliers, investors, government agencies,
local communities, and non-governmental organisations. Organisations' decisions can
significantly impact these external stakeholders, especially in the context of
sustainability. Models like the Stakeholder Analysis from Freeman (2020:657-671) help
identify and assess various external stakeholders' interests, concerns, and influence.
Organisations can foster greater transparency, accountability, and sustainability in
their actions by involving external stakeholders in decision-making and considering
their perspectives.

Incorporating the perspectives of both internal and external stakeholders is crucial for
sustainable decision-making, as previously shown in Figure 1. In sustainability
initiatives, decisions must balance environmental, social, and economic considerations
to achieve long-term success and resilience. Engaging internal stakeholders ensures
that sustainability values are embedded within the organisation's culture and
operations, leading to more cohesive and aligned decision-making. On the other hand,
involving external stakeholders allows organisations to consider broader impacts,
anticipate potential risks, and identify opportunities for collaboration and shared value
creation. By embracing a stakeholder-centric approach and utilising decision-making
models incorporating stakeholder inputs, organisations can foster sustainable
practices, contribute positively to society and the environment, and achieve lasting
success in pursuing a sustainable future.

These models offer valuable insights into the decision-making process, considering
uncertainty, preferences, and trade-offs. In this thesis, the research delves into the
world of decision-making models, exploring their diverse methodologies and
applications across different contexts. From the classic normative models like Rational
Choice Theory to the multi-criteria approaches of the AHP and the dynamic
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perspectives of decision trees, these models empower individuals and organisations

with the tools to optimise their decision-making processes and navigate complex
challenges (Saaty, 1990:9-26; Pasman et al., 2022:2-6 ; Gt of kovg -&t al
Tavana et al., 2023:879-907). Understanding the strengths and limitations of these

models is essential for researchers and decision-makers alike as they strive to make
impactful and well-informed choices in the face of ambiguity and uncertainty. Through

this exploration, the research uncovers the art and science of decision-making models

and their role in shaping a sustainable and resilient future.

MCDA is a systematic decision-making approach to evaluate and compare multiple
options or alternatives across several criteria or attributes (Zlaugotne et al., 2020:454-
471). When decisions involve complex and conflicting factors, MCDA provides a
structured framework to facilitate informed choices. It allows decision-makers to
guantitatively and qualitatively assess options by assigning weights to different criteria,
considering their relative importance, and scoring alternatives accordingly. MCDA aims
to bring transparency, objectivity, and a comprehensive perspective to decision-
making processes, mainly when dealing with multidimensional and interrelated
considerations, as seen in Figure 22. It is commonly employed in various fields,
including business, engineering, environmental management, healthcare, and public
policy, to guide choices that align with specific goals and preferences (Zanghelini et
al., 2018:609-622).

The AHP is a structured decision-making methodology developed by Saaty (2005:1-
36). It is designed to help individuals or groups systematically evaluate and prioritise
multiple criteria and alternatives when faced with complex decisions. AHP involves
breaking down a decision problem into a hierarchical structure, where the top level
represents the main objective or goal, and the subsequent levels consist of criteria,
sub-criteria, and alternatives (Kalutara et al., 2018:37-50). AHP enables decision-
makers to make pairwise comparisons between criteria and alternatives using a scale
of relative importance, as seen in Figure 23. These comparisons are converted into
numerical values that reflect the preferences and priorities of the decision-maker. A
mathematical process is then applied to compute the overall scores of each alternative
based on the hierarchical structure and the relative weights assigned to the criteria.
The key benefits of AHP include its ability to handle both quantitative and qualitative
data, its transparency in decision-making, and its capacity to accommodate subjective
preferences while maintaining a structured framework. AHP finds applications in
various domains, such as project selection, resource allocation, strategic planning, and
supplier evaluation, helping to make more informed and consistent decisions in
complex scenarios (Erding et al., 2024:688-703; Timoteo et al., 2024:69-90; Maceika
et al., 2021:1-32).
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Figure 22. Multi-criteria decision-making approach for CE example. (Zhao et al.,

2017:2262-2276)

Decision trees are a graphical representation and modelling technique used in decision
analysis and machine learning. They visually depict a decision-making process as a
tree-like structure, where each node represents a decision or an event, and branches
represent possible outcomes or choices. Decision trees are beneficial for making
decisions based on multiple criteria, uncertainties, and potential consequences.
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Figure 23. AHP was applied to CE to analyse barriers. (Kumar et al., 2021:105215)

Decision trees help analyse complex scenarios by breaking them into more
straightforward, sequential choices. They incorporate quantitative factors,
probabilities, and uncertainties at each decision point to guide optimal decision-
making. Decision trees are also widely used in machine learning for classification and
regression tasks, where they learn patterns and relationships in data to make
predictions (Bockstaller et al., 2017:130-144). By visually mapping out decisions and
their potential consequences, decision trees offer a structured approach to complex
decision-making, aiding in understanding trade-offs, risks, and outcomes associated
with different choices.
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In their research, Greer et al. (2023:693-718) combined theories from CE, transition
management, industrial ecology, and decision-making to construct a framework for
decision-making aimed at advancing a CE. By advocating for a fresh decision-making
paradigm and providing a practical tool for navigating this approach across policy,
practice, and society, the study sought to close the divide between scientific literature
and real-world implementation. The outcome was the development and design of the
CDMT framework shown in Figure 24.

One thing to note throughout this study is that regulating the decisions of these
stakeholders is not the only solution. In their book &radle to Cradle: Remaking the
Way We Make Thingsg McDonough and Braungart (2002:202) state that a regulation
signals design failure. It is what we call a license to harm: a permit issued by a
government to an industry so that it may dispense sickness, destruction, and death at
an "acceptable” rate.

Having explored the pivotal roles of internal and external stakeholders in decision-
making processes, the research now focuses on establishing system requirements and
reference models. While stakeholders provide essential perspectives and inputs,
translating these insights into actionable system requirements and reference models
is critical for designing effective solutions. In this next section, the research delves into
the methodologies and considerations involved in defining system requirements and
developing reference models, elucidating how these processes contribute to aligning
organisational objectives with stakeholder needs and realising sustainable outcomes
(Velter et al., 2020:2-7; Attanasio et al., 2022:860-874).

The link between the CE and decision-making methods is fundamental to ensuring
sustainable practices within industries. In transitioning from a linear to a circular model,
decision-making requires tools and frameworks incorporating stakeholder
engagement, resource management, and long-term sustainability goals. According to
Salvioni and Almici (2020:1-29), CE involves the physical reorganisation of material
flows and the strategic rethinking of how decisions are made to integrate social,
environmental, and economic dimensions. This strategic rethinking often involves
participatory decision-making processes that emphasise collaboration among
stakeholders to foster transparency and mutual accountability, essential for the
successful implementation of circular models.

Moreover, decision-making in CE must account for the complex interrelations between
stakeholders, such as businesses, governments, and consumers, as highlighted by
Salvioni and Almici (2020:1-29). This requires adopting decision-making frameworks
that facilitate dialogue and collaboration, as these interactions are crucial for
addressing the multifaceted challenges of sustainability. For instance, decision-
support tools that integrate sustainability metrics can help managers and policymakers
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evaluate the long-term impacts of their choices, thus aligning short-term actions with
broader sustainability objectives. By incorporating these methods, decision-making in
the CE can be more inclusive and better equipped to handle the uncertainties and
complexities inherent in managing finite resources.

2.5.2. System Requirements and Reference Models

Establishing system requirements and reference models is essential to ensure that
these models effectively address the complexities of decision-making processes.
System requirements define the vital characteristics and capabilities that a decision-
making model must possess to meet its intended objectives. Reference models serve
as structured frameworks or templates that guide the development and implementation
of decision-making models, providing a standardised approach for various
applications.

System requirements for decision-making models include accuracy, transparency,
adaptability, scalability, and inclusivity. Decision-making models must accurately
represent the problem, incorporate relevant data, and provide valid and reliable
outputs. Transparency ensures that the decision-making process is straightforward
and understandable to stakeholders, promoting trust and acceptance of the decisions
made. Adaptability allows decision-making models to accommodate changes in the
decision context or input data, ensuring their relevance over time. Scalability ensures
that the model can handle varying levels of complexity and data volumes. Inclusivity
involves considering diverse perspectives and stakeholders to ensure that decisions
reflect a broad range of interests and values (Karschin and Geldermann, 2015:305-
314).

Reference models in decision-making provide standardised structures or
methodologies that guide the development and implementation of decision-making
models. The AHP is a widely used reference model, described in 2.5.1 and Figure 23.
This reference model has applications in various fields, including sustainability
assessment (Lee, 2016:13-16).

Another prominent reference model mentioned in 2.5.1 and Figure 22 is the MCDA,
which encompasses various decision-making methods like the Weighted Sum Model
and the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS).
MCDA allows decision-makers to consider multiple criteria and their relative
importance when evaluating options, making it valuable for sustainability decision-
making, where environmental, social, and economic factors must be weighed, as seen
in another MCDA process illustrated in Figure 25 (Belton et al., 2002:331-343).
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Figure 25. The Process of MCDA from (Belton and Stewart, 2010:209-239)

In the context of DSR, MCDA is crucial in the design and evaluation phases. MCDA
allows researchers to systematically evaluate alternative design options based on
multiple criteria or objectives, facilitating the selection of the most suitable solution.
This link between MCDA and DSR can be described as an iterative design process
within DSR and the integration of MCDA at crucial decision points.

The DSR process is a cyclical loop, starting with problem identification and followed by
design, implementation, and evaluation phases. At each decision point within this loop,
MCDA is integrated to assess alternative design options based on predefined criteria
and stakeholder preferences. MCDA helps researchers prioritise design alternatives,
identify trade-offs, and ultimately select the most optimal solution. Additionally,
feedback loops between the evaluation phase and earlier stages of the DSR process
explain how insights gained from MCDA-informed evaluations inform subsequent
iterations of the design process. This integrated approach ensures that the final design
artefacts produced through DSR are innovative and aligned with stakeholder needs
and preferences.

Developing decision-making models with sound system requirements based on robust
reference models is crucial for sustainable decision-making. Accurate and transparent
models can help identify sustainable solutions that holistically address environmental,
social, and economic aspects. Adaptive and scalable models ensure that decisions
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remain relevant and practical despite evolving sustainability challenges. Inclusive
models considering diverse stakeholder perspectives promote the acceptance and
implementation of sustainability initiatives. By adhering to system requirements and
leveraging appropriate reference models, decision-making models can foster
sustainable practices, support achieving environmental and social goals, and create a
more sustainable and resilient future.

2.5.3. Barriers and Success Factors of Sustainable Decision-making
Sustainable decision-making models are crucial in addressing complex environmental,
social, and economic challenges. However, their effectiveness can be influenced by
various barriers and success factors. One significant barrier is the availability and
quality of data required for sustainable decision-making. A lack of reliable and
comprehensive data can hinder the accuracy and reliability of models, leading to
suboptimal decisions (Olabode and Bakare, 2020; Morse et al., 2002:13-22).

Additionally, some sustainable decision-making models can be complex and
challenging to interpret, making it difficult for stakeholders to understand and trust the
model's outputs (Dewulf and Van Langenhove, 2006:339). Resistance to change
within organisations or among stakeholders can also impede the adoption of
sustainable decision-making models, particularly if they challenge established
practices or interests (Bansal, 2005:197-218). Moreover, inadequate involvement of
diverse stakeholders can lead to decisions that do not adequately consider the broader
social and environmental implications (Ison et al., 2013:34-42). Furthermore, decision-
making models prioritising short-term gains over long-term sustainability can result in
decisions that are detrimental to the environment and society in the long run (Boyle et
al., 2013:166-189).

On the other hand, critical success factors can enhance the impact of sustainable
decision-making models. Transparent and well-documented decision-making models
build trust among stakeholders, strengthening the acceptance and credibility of the
model's outputs (Mendoza and Martins, 2006:1-22). Flexibility and adaptability are also
essential traits of successful models, as they allow for incorporating new data or
emerging issues, ensuring that the models remain relevant over time (Hamalainen,
2015:244-253). Involving diverse stakeholders and fostering collaboration can ensure
that decision-making models consider various perspectives and interests, leading to
more sustainable outcomes (Stirling, 2008:262-294).

Moreover, decision-making models integrating environmental, social, and economic
criteria enable a comprehensive evaluation of sustainability impacts and support more
balanced and informed decisions (Singh et al.,, 2022:2-13). Aligning sustainable
decision-making models with existing policies and regulations enhances the likelihood
of their implementation and impact on sustainability goals (Cordella et al., 2023:3-8).
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Identifying and overcoming barriers while leveraging success factors in sustainable
decision-making models is crucial for promoting sustainability. By addressing data
limitations and improving data quality, decision-makers can make more informed
choices that support sustainable practices. Simpler and more interpretable models
enhance stakeholders' understanding and confidence, encouraging adoption.
Engaging diverse stakeholders fosters greater acceptance of decisions and aligns
them with broader social and environmental interests. Incorporating long-term
considerations and multiple criteria supports sustainable outcomes, ensuring that
decisions do not compromise future generations' well-being. Recognising these
barriers and success factors empowers decision-makers to leverage sustainable
decision-making models as powerful tools for achieving a more sustainable and
resilient future.

Linking decision-making to cognitive biases is crucial in understanding the limitations
and challenges of implementing CE strategies. As discussed in previous sections,
cognitive biases can significantly affect decision-making processes by influencing how
stakeholders perceive and act upon information. For instance, biases such as
confirmation bias and status quo bias can lead decision-makers to favour familiar or
traditional linear economy practices, even when evidence supports the benefits of a
circular approach.

Cognitive biases often shape how individuals and organisations evaluate risks and
benefits, leading to decisions that might undermine long-term sustainability. For
example, anchoring bias can cause decision-makers to rely too heavily on initial
information, such as cost estimates for traditional practices, without fully considering
the long-term savings and environmental benefits associated with CE models. This
links back to the decision-making frameworks highlighted earlier, where methods like
descriptive statistics and thematic analysis are employed to discern patterns and
insights into how these biases manifest and impact sustainability-related attitudes and
behaviours.

By integrating decision-making tools that account for cognitive biases, decision-makers
can better navigate these biases and make informed, balanced decisions that align
with the objectives of the CE. This approach ensures that the biases identified earlier
in the thesis are highlighted and addressed through practical, bias-aware decision-
making frameworks.

2.6. Chapter Summary

In conclusion, the literature review highlights the significance of sustainable decision-
making models in addressing complex environmental, social, and economic
challenges. The research identifies various barriers that can hinder the effectiveness
of these models, including data availability and quality, complexity, resistance to
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change, limited stakeholder engagement, and short-term focus. On the other hand, the
review identifies critical success factors that enhance the impact of sustainable
decision-making models, such as transparency and trust, flexibility and adaptability,
inclusivity and collaboration, integration of multiple criteria, and policy alignment.

This literature survey, therefore, not only positions the research within the existing body
of knowledge but also ensures that the problem is clearly defined and grounded in
relevant research, as seen in Table 4. The insights gained during this stage directly
inform the subsequent phases of the DSR cycle, particularly the formulation of the
artefact (model development) and evaluation stages. In essence, the awareness
generated through the literature survey is pivotal for guiding the entire DSR cycle,
ensuring that the research addresses pertinent issues and contributes meaningful
solutions to the domain of sustainable decision-making.

The review of relevant literature and current models emphasises overcoming these
barriers and leveraging success factors to promote sustainability. Each thematic
analysis and literature synthesis within this chapter represents a critical research step,
providing the foundational knowledge necessary for the subsequent design and
refinement cycles.

Table 4. Literature review summary of themes, gaps and references

Themes identified in
the literature review

Gaps identified within the
themes

References

Background of
sustainability

Limited research addressing the social
dimension of sustainability, particularly
focusing on cognitive and
psychological factors influencing
decision-making. Most studies focus
on environmental and economic
aspects (e.g., resource efficiency and
waste management).

(Geissdoerfer et al., 2017:757-
768), (Savaget et al.,
2019:878-892), (Skene and
Murray, 2015:480), (Zavos et
al., 2024:11)

Background of systems
engineering and
systems thinking

Limited integration of SE with
cognitive and psychological models.
Lack of application of ST to
understand human decision-making
processes in sustainability contexts.

(Sterman, 2000:982), (Jackson,
1994:213-229), (Bahill and
Madni, 2023:195-256)

Background of cognitive
biases

Gaps in empirical studies explore how
specific cognitive biases impact
sustainability-related decision-making,
particularly in industries transitioning
to a CE.

(Tversky and Kahneman,
1974:1124-1131), (Korteling et
al., 2023:1-14), (Gonella et al.,
2024:141062), (Oschinsky et
al., 2021:101611)
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Themes identified in
the literature review

Gaps identified within the
themes

References

Background of Design
Science Research

While DSR is widely applied in
information systems, its application in
sustainability contexts, especially
regarding sustainability-related
cognitive biases, is still
underdeveloped.

(Hevner et al., 2024:1-10;
Peffers et al., 2006; Hunziker
and Blankenagel, 2024:97-116)

Importance of
sustainability

Studies often neglect the role of social
sustainability in decision-making
frameworks. Limited literature also
links sustainability directly to cognitive
biases affecting individual or
organisational behaviour.

(Salvioni and Almici, 2020:1-
29; ToHa et al
al., 2024:2849-2867)

Why systems
engineering is useful

Lack of research on integrating
behavioural models and SE in
sustainability practices. This creates a
gap in using SE to address human
decision-making processes affected
by biases.

(Bahill and Madni, 2023:195-
256; Yang and Cormican,
2021:81; Steiber, 2016:190-
204)

ST approaches

Few studies apply ST to model
cognitive biases within decision-
making processes related to
sustainability. Most focus on
environmental and economic aspects.

(Carey et al., 2015; Leon,
2008:15-20; Sterman, 2002;
Challender, 2000:S78-S80)

SD approaches

Limited focus on BSD that
incorporates human cognitive biases
in sustainability decision-making
models.

(Kunche and Mielczarek,
2021:1464; Guzzo et al., 2019;
Mutingi et al., 2017:199-205)

Influences of cognitive
biases on decision-
making

Gaps in practical applications that
address how specific cognitive biases
can be mitigated to improve decision-
making in CE transitions.

(Phillips-Wren et al., 2019:63-
66; Maule and Maule, 2016:1-
10; Ehrlinger et al., 2016)

Identification of
representative cognitive
biases

Limited studies identify context-
specific biases that impact
sustainability-related decision-making,
particularly in different industry
sectors.

(Montibeller and Von
Winterfeldt, 2015:1230-1251;
Eberhardt-Toth and Wasieleski,
2013:735-751; Kim and Byung-
Kwan, 2004:2-7)

Background of systems
engineering and
systems thinking

Limited integration of SE with
cognitive and psychological models.
Lack of application of ST to
understand human decision-making
processes in sustainability contexts.

(Blanchard et al., 1990:846;
Watkins, 2000:266; Booher and
Beaton, 2009:1319-1359)

Background of cognitive
biases

Gaps in empirical studies explore how
specific cognitive biases impact
sustainability-related decision-making,
particularly in industries transitioning
to a CE.

(Petrie et al., 2024:121-127,
Tversky and Kahneman,
1974:1124-1131; Gilovich et
al., 2002:1-857; Morewedge et
al., 2015:129-140)
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Overall, this literature review highlights the vital role of sustainable decision-making
models in shaping a more sustainable and resilient future. The insights gained from
the review provide a foundation for future research and practice, guiding decision-
makers towards effective and impactful sustainable decision-making strategies.

This section comprehensively reviews existing models and theories, motivating the
need for an integrated approach. It identifies gaps and establishes a foundation for the
conceptual model development in Chapter 4.

Chapter 3, which follows, is positioned immediately after the Literature Survey and
before the Conceptual Model chapter to serve several purposes. First, it creates a
logical flow between the theoretical insights gained from the literature and the practical
application of these insights in conceptual models. The Literature Survey chapter lays
the groundwork by reviewing relevant theories, concepts, and existing models in
sustainability, SE, ST, and cognitive biases. Building on this foundation, the Model
Development chapter explains how these theoretical frameworks are operationalised
into working models.
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3. Model and Framework Development

This chapter provides a detailed account of the development of the various models
used in this research. The models play a crucial role in understanding the complex
interactions within the CE and analysing cognitive biases' influence on decision-
making processes. This chapter aims to systematically present the methodologies,
theoretical foundations, and data used to develop each model and explain how these
models are interlinked to provide a comprehensive framework for the research. Similar
to how Gregor and Hevner (2013:337-356) explain the layout for DSR research. Each
model section hereafter follows the design science research methodology, which is
explained and visualised at the start of each section. These are all subcycles to the
overall DSR method used for the thesis. This section fits into the DSR framework of
the thesis, as shown in Figure 26.

Thesis structure Design science cycle

Model
Development

Suggestion

Development

Figure 26. Design Science Research Framework - Chapter 3

3.1. Introduction

By developing a dedicated chapter for model development at this stage, three primary
benefits are achieved:

T Enhanced clarity and depth: This chapter e
the steps from thepradticadl ciomgle@me minat ioon.

a ¢c¢clear view of the assumptions, data so
devel oping each model, enhancing the reseai
T I mproved integration: Positioning this chay
conceptual mo d e | chapters ensures a seam
di scussion to practical application. It al |
t he devneodoeplesd are not just standal one entit
theoretical context and the overall resear
f Foundation for the conceptual model : The
devel opment provides a solid foundation fc
chapter. The models are synthesised and i nt

t hat addr esesaersc ht hgeuese¢s ons and objectives.
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intricacies of each model's devel opment,
and structure behind the conceptual model

The following sections will delve into the development of each model, beginning with
an overview of the model development process and then providing a step-by-step
description of how each model was constructed, validated, and integrated with the
others.

3.2. Overview of Model and Framework Development Process

Figure 27 indicates the structure and framework of the following section. It provides an
overview of the model development phases and the thesis's DSR approach. Some
details are given here in the model development sections to ensure coherence. The
reason for including model development in this section is to prevent sectional
discussion of each model in the relevant sections.

Model Development Design Science Research Approach in Thesis

Awareness of . . .
T el suggesnon Deveu)pment
Section 1.1 Section 1.2 Section 3.3.1 Section 3.3.1 Section 1.5
Limits to growth archetype applied to
sustainable decision-making

Formulating a conceptualstock and flow
diagram for the influences of biases on

sustainability
SEcton=S= /m S S

Grounded theoryvariable coding applied to
the CLD

Section 2.2 Section 2.2 Section 4.5 Section 4.5 Section 3.3.4
Section 3.3.4

Empmcat survey data used in the Stock and

owd\agram
Section 1.5 Section 2.2 Section 3.3.5
Section 3.3.5
CLD applied to specific industry
Section 1.5 Section 3.3.6 Section 6.4 Section 6.4
SFD

Section 3.3.6
BT el e

Formulatingand mergingthe final CLD and
Figure 27. Structured Framework for Model Development

Conceptual CE framework with social
elements

Section 3.3.1

The following section discusses each model development phase in a sub-section. In
addition to Section 5.3, the following Table 5 illustrates the research methodologies
followed for each model development phase:
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Table 5. Research methodology discussion - Model development

Model development

Research methodology

conceptual stock and flow
diagram for the influences of
biases on sustainability

reference

3.3.1. Conceptual CE | A theoretical framework development approach was employed,

framework  with  social | utilising concept mapping and literature synthesis to conceptualise

elements integrating social elements into the CE. This involved analysing
existing CE models and identifying gaps related to social stakeholder
roles.

3.3.2. Limits to growth | Applied systems dynamics modeling using the "Limits to Growth"

archetype applied to | archetype. This was achieved through causal loop diagramming and

sustainable decision- | secondary data analysis from case studies to identify feedback loops

making that constrain or promote sustainable decision-making.

3.3.3. Formulating a | Employed systems thinking methodology to develop a conceptual

stock and flow model. This involved iterative diagramming to visually
map the stocks (accumulations) and flows (change rates) of cognitive
biases influencing sustainability outcomes.

3.3.4. Grounded theory
variable coding applied to
the CLD

Utilised Grounded Theory methodology for qualitative coding of
interview transcripts and literature. Thematic analysis was conducted
to identify variables that were integrated into the CLD. This involved
constant comparison to ensure the emerging themes reflected the data
accurately.

3.3.5. Empirical survey data
used in the Stock and Flow
diagram

Conducted empirical research using a cross-sectional survey design.
Quantitative data from stakeholders were collected via structured
gquestionnaires and then statistically analysed using descriptive and
inferential statistics to inform the stock and flow variables.

3.3.6. CLD applied to
specific industry

A case study approach was adopted, where the causal loop diagram
was contextualised within a specific industry. Data was collected
through industry reports to tailor the CLD for industry relevance.

3.3.7. Formulating and
merging the final CLD and
SFD

Employed an integrative modelling approach to merge the final CLD
and SFD. This involved iterative refinement and expert validation
through stakeholder feedback and simulation testing to ensure the
model 6s robustness.

3.3. Detailed Description of Model Development

3.3.1.

Conceptual CE framework with social elements

The model development process in this section is integral to embedding a social pillar
within the CE framework. The model draws upon SE principles and HSI, focusing on
how human interaction affects systems performance. It aims to identify the key social
elements that influence CE and integrate them within the existing technical and
biological frameworks of CE.

Table 6. DSR summary for section vs thesis - Model Development 1

DSR applied to this model

DSR applied to the thesis

Demonstration.

Problem identification and motivation.
Define objectives for the solution.
Design and development of the artefact.

Problem identification and motivation. (In Section
1.5)
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Evaluation.
Communication.

Key questions driving the model development in Table 6 include:
T How can human interactions be effecti

The research employed a qualitative research methodology. A semi-structured
interview format was chosen for data collection, where industry specialists and
stakeholders from CE and SE were interviewed. These interviews allowed for flexibility
in exploring the subjective views of participants about how humans interact with CE
systems. See Appendix E i Interview Information i Model Development 1. The model
was initially developed as part of a master's study, laying the groundwork for
understanding key dynamics within the system. While the initial focus was on specific
elements, it provides a solid foundation for future model development, particularly in
incorporating social aspects more comprehensively. By refining and expanding the
model, it can offer deeper insights into the social elements and their interaction into the
broader system.

Non-probability sampling was employed, targeting a small but relevant pool of experts
in SE and CE. Given the study's exploratory nature, qualitative methods provided an
in-depth understanding of the context surrounding the CE framework, especially the
social aspects.

The overall research approach follows deductive reasoning, where existing theories
on CE and human systems integration were used as a basis for formulating the
conceptual model. This approach ensured the alignment of practical insights from the
field with theoretical perspectives.

Data was collected using semi-structured interviews. These interviews were conducted
with participants who are professionals and specialists in SE and CE from different
geographical regions. Due to constraints such as the global COVID-19 pandemic, the
interviews were carried out virtually.

Each interview focused on exploring how the participants perceived the role of human
elements in CE frameworks, as well as how existing SE tools can be applied to improve
the understanding and integration of human systems. Participants were asked about:

T The interaction of humans in the circul

T The soci al achiandernigregs CE adopti on.
T Opportunities t-oeemhhiaaceéedhiugnmani n CE.
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The interviews were recorded and transcribed for subsequent thematic analysis. The
thematic analysis method was employed to analyse the interview data. This approach
enabled the identification of recurring themes and patterns related to human
interactions in CE systems. ATLAS.ti software was used as a Computer-Aided
Qualitative Data Analysis Software (CAQDAS), assisting in coding and categorising
the themes. See Appendix F i Atlas.ti information i Model Development 1.

The data analysis followed the following process, shown in Figure 28:

Merge individual coded data
to code groups

Combined codes from
step 5 from all transcripts

system and repeating
themes

Silverstein, 2003:35-

39)

social elements

section

Code co-occurrence

Causal loop diagram with

7 | Create network with relations (Kenzie, 2021:179) I I

tables references fo data Additional social

Conceptual CE (Williamson et

P o= = e o e e e e e e e e e e e e e e e e | | m——— === ==
[ Table A: Causal loop diag [ steps for 1 ] Table B: Causal loop diagram process steps for !
1 explained I framework explained |
: I
I Source of |! ! Source of
Process steps Contribution Result L # | Process steps | Contribution Result
I method method
I
Review interview video |
Evaluate data from Gain focus on specific Haynes et al.,
! int dividuall recordings and read | e from i dpil ! {201;"452454 1 Creats cades for ATLAS i and (Rambaree,
| interviewees individually franseripls iemes from individuals ) 1 | existing CE butterfty First code group ]
L diagram (EMF, 2017b) 2014:2-9)
I Review literature study and Research proposal and | Gain an understanding of (Wang and Park,
y Propf g ( g 1
research questions draft thesis data required 2015:214-266
L
[ 3 Code groups: I 1 Identify social/human Interview
I Create code groups Data frorn step 2and So:lalm.uma.na‘people (Tracy, 2020:219- 1 2 | elements to be added transcripts and | Second code group (Silver and
I ATLAS.ti word clouds Sustainability/CE 225) | to diagram literature study Lewins
Systems/modellin; i
I ve El 1! 2010:326-
Listed concepts and ] 334
Code data according to N . I Internal and )
I discoverad themes themes from step 1 and Caoding tree variables Qualitative analysis | Grouping code group | Codes from step
raw transcripts 1 3 2 2 extemnal social
[ | | elements grouped
| lterale step 4 When New | o 1 tree variables from | Broad coding tree 1
prominent themes are Qualitative analysis 1
| discovered shop 4 variables 1 Connections Theme causal
I Linking code groups | Codes from steps between CE loop diagram
| 4 a9 group: P p diag
| Gain insight to the bigger (Auerbach and ] | 1and 2 1and 3 framework and from previous
[
[
!
[
[

Iterate step 7 when new Eker and |I 5 Iterate steps 2o 4 élaments framework with al., 2018:453-
8 causal re\:t\unsmps are Bma\?a:i:ii\zgs ree Final causal loop diagram er(nmermann 1 I ’ Iden:‘l‘ﬂ:r:t::ugn social pillars 476)
identified 2016:4-10) I I

L - —-—-—————c-———- C e - - ————————-—-—c=-<
Figure 28. Computer Aided Qualitative Data Analysis steps for HSI in the CE
Key themes that emerged from the interviews include:
T STas a tool for embedding social el ements i
T The role of soci al responsibility and goverl
1T Feedback | oops t hnaatk iinngp aacntd dseycsitseinonr esi | i en

Once the data was coded, the CLD was created to represent the relationships between
these themes visually, as seen in Figure 29. This provided a structured way of
understanding how human elements influence and are influenced by technical and
biological elements in the CE.
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Causal loop diagram for themes 1
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Figure 29. Theme causal loop diagram for HSI to the CE

The model development culminated in creating a Conceptual CE Framework, as seen
in Figure 30 below, that incorporates social elements.

Biosphere
Material resources Energy sources
Miner | Designer | Researcher Miner | Designer | Researcher Internal
Developer | Worker | Developer |  Worker | Ihumanspherel A
@
Technosphere
Material processor Manufacturer Re-manufacturer External
Worker Worker l Retailer Worker ] Recylcer Internal humansphere
Designer |  Retailer |humansphere Educators
L Lawmakers
Time Community
| Cost | Marketers
Media
Technosphere Waste managers
Material reprocessor Manufacturer / seller Re-manufacturer / seller T
Worker | Waorker | Retailer Worker | Recylcer Internal
" Consumer | Consumer | Ihumanseherel
:‘::{
8 Biosphere
Material waste Energy waste / renewables
Future generations | Researcher | Internal
\Waste handlers | | I humansphere |

Figure 30. Theoretical, conceptual CE model with social elements

The framework builds on the butterfly diagram from the EMF shown in Figure 31, which
is widely recognised as the technical backbone of CE.
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STOCK MANAGEMENT

FEEDSTOCK?

bruary 2019 MINIMISE SYSTEMATIC ELLEN MACARTHUR
] LEAKAGE AND NEGATIVE
; EXTERNALITIES @ FOUNDATION

Figure 31. Butterfly diagram - Technical and biological cycles for the CE as per
McDonough and Braungart (2002:202)

This section introduces social elements to the butterfly diagram to reflect internal and
external human interactions with CE. Internal social elements include individuals
directly involved in CE processes (e.g., workers, designers), while external social
elements reflect societal influences (e.g., legislation, education), as seen in Figure 32.

The final CLD showcases how human involvement at different stages of the circular
lifecycle (e.g., design, production, consumption, recycling) leads to systemic feedback
and adjustments, emphasising the importance of transparency, inclusion, and
responsible consumption.
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To ensure the reliability of the developed model, a validation and verification process
was conducted using the feedback from the interviewees and relevant literature. The
model was iterated four times, incorporating suggestions from experts to refine the
relationships between social and technical systems.

The following framework is a detailed CE framework with social elements, which is the

final iteration of the HSI into the CE. This framework is also referenced in Figure 1,
Section 1.5.
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Figure 33. Detailed CE framework with social elements i Adapted from EMF (2017:1)
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Through this iterative process, the conceptual model was aligned with the SDGs,
emphasising the social pillar's role in promoting long-term sustainability in CE
practices. Validation was further supported by reviewing best practices from similar CE
models to ensure the model's practical applicability.

The framework enables people to intentionally think outside of the silos and improve

the welfare and abilities of those systems and the surrounding people.

Table 7. Contributions to theory, methodology and practice. Model development 1

Contributions to
Uses Theory Methodology Practice
Both the literature re-
E view and the data This research contributes to shift some The causal diagrams and conceptual
& | analyses contribute to focus to the social side of the CE. The framework show shareholders where
E the understanding of perspective from the stakeholders” sides they fit into the structure and what
a the relationships be- is crucial for implementing a successful | their roles and responsibilities are to-
tween people and the transition from a LE to a CE. wards a more sustainable future.
CE.
This alternative view of human systems | A use of these frameworks is for ana-
The new framework | integration is valuable for system model- lysing the process of
A can show research lers in sustainable organisational data Knowledge and information manage-
= structures within the modelling and structuring. More pre- ment. With the people identified, the
g CE framework and cisely, the conceptual CE framework processes between them and the end
= | how SE can be imple- | with social elements can be used for pub- | goals, the information on sustainabil-
mented within these | lic presentation to understand the CE and | ity could be better managed. Govern-
structures. for professionals implementing different ing bodies can use this to address
methods to achieve a CE. specific social aspects.

This framework introduces the concept of the human sphere within the CE and is
currently used as an introduction to the thesis, as seen in Table 7. Further elements,
such as decision-making and ST, will be applied to these concepts in the following
models.

3.3.2. Limits to growth archetype applied to sustainable decision-making

The development of the model in this section aims to address the need to understand
the influences of cognitive biases on decision-making within the CE. A systems
approach is adopted to analyse stakeholder behaviour and biases that affect the
performance of CE systems. The model centres on cognitive biases influencing
decision-making, which are critical in optimising resource use and sustainability and
ensuring effective circular flows in economic systems.

This section utilises system archetypes and SD modelling as foundational elements for
developing a conceptual model. This model not only aids in understanding the complex
interactions between various stakeholders but also provides a structured way to
visualise the feedback loops affecting CE decisions, as seen in Table 8.
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Table 8. DSR summary for section vs thesis - Model Development 2

DSR applied to this model DSR applied to the thesis
Problem identification and motivation. Define objectives for the solution. (In Section
Define objectives for the solution. 2.4.3 and 4.2)
Design and development of the artefact.
Demonstration.
Evaluation.
Communication.

The model follows an inductive theory-building approach. It starts with an exploratory
analysis of the literature on cognitive biases and decision-making frameworks within
contexts of sustainability and CE. Principles from SE and ST support the methodology.

This approach explains the problem by mapping how cognitive biases interact with
stakeholder behaviours in CE frameworks. The SSM is used to explore the problem
space to capture different worldviews and perceptions of the stakeholders, as seen in
Figure 34. This method is also discussed in Section 4.2.

PROBLEM: - SOLUTION: Revise

Problematic situation to Action improvements
be investigated described by model

Unsustainable
decisions made
by stakeholders

‘Apply mifigations to
biased decision-
making

Identify desirable changes to
the system

|dentify most
relevant

unsustainable

decisions

Expression of
problematic situation Comparison of conceptual

models and real world

Biased

stakeholders exist Compare other

within and outside suslainable
of the CE model decision-making
influences

Real world
]
Systems
Thinking
Root definitions of about the
systems applicable to i Real world

systems identified

Situation

Identification of
biases and
influences on
decision-making

Mitigations for
biases applicable to
stakeholders part of
CE

PROCESS:

Figure 34. SSM applied to the problem of biased decision-making in the CE i Adapted
from Sandfreni and Adikara (2020:1)

Key questions driving this section include:
T What are the cognitive -nhakaisnegs itnh atth e mpERax t
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f How can gamogslteddadgarchetypes be wused
deci sions?

The research methodology further incorporates tools such as Bayesian causal
modelling and decision-making frameworks like the OODA loop (Observe, Orient,
Decide, Act) and Recognition Primed Decision (RPD) models. These are instrumental
in understanding how biases develop and influence decisions in complex systems, as
seen in Figure 35.

HYPOTHESIS (H): The OBSERVED DATA (D):
hypothesised state of the Identification of biases

problem is biases and it’s influences on

influence decision-making sustainable decision-

in the CE negatively. making

BAYES THEOREM: The
probability of the
hypothesis P(H) can be
manipulated by changing
beliefs in the system

Identified with SSM

BAYES RULE:
P(H|D)=P(D|H)P(H)/P(D)

sadAjayole im palofdxy

P(H|D) indicates the
posterior probability of P(D|H) indicates the prior
the hypothesis, after the belief about the
system changes have hypothesis
been made

Future research area

Figure 35. Bayes theorem applied to Model Development 2 1 Adapted from Fenton and
Neil (2011:10-21)

The data collection process for this model is primarily qualitative, utilising both literature
review and case studies. The literature review focuses on understanding previous
research on decision-making frameworks, biases, and sustainability models. These
studies provide a theoretical grounding for model development, as seen in Figure 36.
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Applied research for consideration of use

High

Groupthink

Sustainability

Decision making models

Circular economy model

Cognitive biases Soft systems methodology
Systems engineering
Just In Time interventions
Logical reasoning
Attribution theory

Critical thinking
Instance-based learning
Heuristic models

Complex knowledge-based
models

Bayesian causal learning

Causal loop diagrams

Stock and flow diagrams

Low

High

Fundamental research for understanding

Figure 36. Research orientation Quadrant model i Adapted from (Klimova and Zitek,

2017:36-48)

Data analysis was supported by ST tools such as CLDs. The results of systems
modelling allowed the identification of key leverage points in the system where
cognitive biases could be addressed to improve decision-making within the CE. The
conceptual model formulated in this study builds on the LtG system archetype. The
LtG archetype in Figure 37 describes how reinforcing growth processes are balanced
by limiting factors, which in the context of CE are cognitive biases that prevent
sustainable decision-making.
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System 1 & 2 Decx;zon-
7~ thinking making
behaviour

“~——_, Cognitive biases
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Current Circular
Perceived nee ‘or awareness
nomy business inabl i
Coumeny Suewe SRR Shool sustainable decisions

models - adop ion
\ j Social
awareness

Figure 37. Limits to Growth archetype applied to sustainable decision-making.

4

The model developed has the following key components:

T Reinforcing Loop: This represents the posi
principles |l eads to a more sustainable soci
they reinforcei st akterheond gitelre biuryg t he CE fr an

T Bal ancing Loop: The balancing | oop represe
bi ases. These biases, such as overconfide
effectiveness of sustainability efforts ani

the needusoboainabl e decisions may d-eer mase
strategic goal s.

The decision-making loop incorporated into the model helps explain how stakeholders
ascend from unconscious biases to more rational and informed decision-making
processes. The model facilitates improved outcomes by systematically addressing
cognitive biases at various decision-making stages.

The model also integrates elements of Bayesian reasoning, where prior beliefs
(biases) are updated based on observed data and changes in SD.

A validation and verification process ensured the conceptual model's robustness. The

following steps were included:

T The model was present eGEan®éTdomaifreeabperkt s
hel ped refine the model by incorporating pr
identified by the experts.

The final iteration of the model serves as a decision-support tool, enabling
stakeholders in the CE to visualise the long-term impacts of their decisions and reduce
the influence of cognitive biases. From this CLD, an SFD can now be developed, as
seen in the following section.
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3.3.3. Formulating a conceptual stock and flow diagram for the influences of
biases on sustainability

The development of SD models in this section is guided by the necessity to explore
how behavioural biases influence decision-making within the CE. SD has long been
recognised as a powerful tool for analysing complex STS by mapping feedback loops
and interrelations between variables. This section focuses on integrating biases and
mental models into the SD framework to understand their effects on sustainable
decisions in the CE. The model development process, thus, seeks to provide both
qualitative and quantitative insights into how such biases shape societal trends toward
or away from sustainability.

Table 9. DSR summary for section vs thesis - Model Development 3

DSR applied to this model DSR applied to the thesis
Problem identification and motivation. Design and development of the artefact. (In
Define objectives for the solution. Section 4.7)

Design and development of the artefact.
Demonstration.

Evaluation.

Communication.

The core question driving the model's development in Table 9 is: "Where do cognitive
biases fit into sustainable decision-making?" This question aligns with the broader goal
of SD modellingd to reveal hidden structures in complex systems, particularly how
feedback loops either reinforce or balance the pursuit of sustainability. The model
seeks to answer this question by identifying key variables, such as mental models and
supporting cognitive biases, that drive decision-making in a socio-economic context.

The methodology utilises a mixed-methods SD approach, combining CLD and SFD to
map out and simulate the dynamic behaviours within the CE. A CLD is first developed
to qualitatively capture relationships between social, economic, and environmental
variables. The diagrams in Figure 38 provide a visual framework to represent
reinforcing and balancing loops, particularly those impacted by cognitive biases and
mental models. The CLD presented was created with Vensim software.

The main two loops in the centre of the diagram indicate the following from the left:

T An increased adoption rate of CE model s
sustainabl e devel opment of society. This wi
responsi bility an(dTrteien esrt aanmdch r All 603 n cEdra,l f 2/C
et al ., 20ZBhe5544nforcing |l oop is compl et e
adoption rates through a more sustainabl e

1T The bal ancing | oop I S presented wi t h t he
perceiving the need to make sustainabl e dec
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done. The ¢tompl eted with growth ibhoshsetaena
sustainable devel opment. Al l o f these are
opposed) and ment al model s.
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Figure 38. The causal interpretation presented through a CLD for the conceptual integration of critical biases into the CE phases
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Given the qualitative nature of many factors involved, the data-gathering process
focused on reviewing existing literature and empirical studies that discussed the
behavioural dimensions of sustainability and the CE. Key variables such as cognitive
biases, moral intensity, and decision-making processes were extracted from these
sources and mapped into the SD models (Lane, 2004:433). While "Reaching
Ecosystem Capacity Limit" does contribute to sustainability awareness, the
relationship is already embedded in the system through waste generation, herd
mentality, corporate responsibility, and cognitive biases. A direct arrow would
oversimplify these interactions, missing the critical role of perception, social influence,
and bias in sustainability decision-making.

For example, this model drew on well-established concepts from behavioural

psychology, including dual-process theories of reasoning and risk perception (Prentice,
2004:55-72). All these concepts can be seen in Table 10 below.
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Table 10. Variables and data items i Model Development 3

Variable name Enabler | Internal or | Political, social or Delay Sources
or Barrier | External Legal

Cognitive biases Both Internal Social and political Delay (Michael Shayne et al., 2007)
Social norms Both External Social and political Delay (Gifford and Nilsson, 2014:141-157)
Moral intensity Enabler Internal Social Delay (Bastons and Armengou, 2017:969-987)
Risk perception (Risk aversion) Barrier Internal Social and legal (Ford and Richardson, 1994:205-221)
Decision-making Both Internal Social (Klein et al., 1989:462-472)
Ethical behaviour Both Internal Social and legal Delay (Inigo and Blok, 2019:280-291)
Systems thinking Enabler Internal Social Delay (Kopnina, 2019:1-15)
Dual process models Enabler Internal Social Delay (Evans, 2003:454-459)
System 1 and 2 thinking Enabler Internal Social Delay (Morewedge and Kahneman, 2010:435-440)
Environmental responsibility Enabler Internal Social and legal Delay (Haleem et al., 2022:1967)
Corporate responsibility Enabler External Social and legal Delay (Grigore et al., 2021:763-782)
LCA, EoL and MFA Enabler External All three Delay (Pinto, 2019:1-21)
SDGs Enabler External Political (Arora and Mishra, 2019:339-342)
CE Enabler External Social and political (Schréder et al., 2020:1-9)
Energy frameworks Enabler External Political and legal (Devins and Medsker, 1982)
Material frameworks Enabler External Political and legal (Wiedmann et al., 2015:6271)
Doughnut economy Enabler External Social and political Delay (Krauss, 2018:452-457)
GDP per capita External Social and political
Waste generation per capita Barrier Internal Social and political (Sverko Grdic et al., 2020:3060)
Recycling Enabler Internal Social and political
Remanufacturing Enabler Internal All three (Bittar, 2018:527-536)
Redistribute Enabler Internal All three (Milios, 2018:861-878)
Maintenance Enabler Internal All three (Schulze Spuntrup et al., 2021:4-28)
Industries Barrier External All three Delay (Sassanelli et al., 2019:440-453)
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-Automotive Internal All three Delay
-Food
-Construction
-Steel
-Power production
-Textiles
-Petrochemical
-Medical
Demographics Both Internal Social
Income Both Internal Social (Ford and Richardson, 1994:205-221)
Education Both Internal Social
Situational determinants Barrier External All three (Belk, 1975:157-164)
Sustainable actions Enabler Internal All three Delay _ _ _
Sustainable decisions Enabler Internal All three Delay (Triantafyllidou and Zabaniotou, 2022:113-139)
Mental models Both Internal Social Delay (Watkins, 2000:266)
Archetypes Enabler External Social Delay (Kim, 1992:2-30)
Bounded rationality Enabler Internal Social Delay (Bolis et al., 2017:310-322)
Perceived situation Barrier External Social and political
Real-world Barrier External All three (Lane and Rouwette, 2022)
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Once key feedback loops were identified, the study proceeded to build SFDs, which
quantitatively simulate the impact of these variables over time. These models were
constructed and validated using the Vensim software, a widely used tool for SD
modelling. The primary focus is identifying leverage points where small changes in
cognitive biases could lead to significant shifts in sustainable behaviour, as revealed
by simulation outputs showing stock and flow dynamics over time.

The SFD, in Figure 39, is built to simulate these relationships quantitatively. It provided
insights into how societal perceptions and needs for sustainability evolve over time,
affected by the prevalence of supporting versus opposing biases. The model was
validated through sensitivity analysis, where different values of cognitive biases were
tested to see how they impacted the system's behaviour over time. The SFD is
constructed by identifying and modelling all the interactions shown in Figure 38.

Unsustainabilit
+ (o= y

|C|ency per
Bias
Resources :QVQ

Unsustainable
consumption and
production Gapin

Expectation V\J,
/+ |

. Opposed
(————=C—® Biases Cognmve Biases Q:‘X:_>CE Frame_work
Mental models - Change in | Expectations

\\—/ expections
+ Supportive

Cognitive Biases

Need for
Sustainability
Perseverance
r+ \ Effect Of Biases on effect
Perceived Need for

Ref Sustainability
Sustainability

Need Rate

Ref Supporting )
Cognitive Biases Gap in

+ performance
. R

Performance

=X of Sustainable
Change in Society
performance

Time to change
performance

Figure 39. Formulating a conceptual stock and flow diagram for the influence of biases
on sustainability - Model Development 3

The SFD is simplified first to fit the LtG archetype for simulation in this section, as seen
in Figure 40.
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The model was validated through sensitivity analysis, where different values of
cognitive biases were tested to see how they impacted the system's behaviour over
time. The simulation details can be seen in Section 4.7 as part of the conceptual model
development for the overall thesis. The simulation results, including limits-to-growth
curves, show how supporting cognitive biases could transform simple mental models
into more sustainable models. While the model provided valuable insights, it is also
acknowledged that the availability of more quantitative data would allow for further
refinement and validation of the model, which can be seen in the following sections
and models.

This sect i on 0 econtributes &l the growing body of literature on SD and
behavioural research by integrating cognitive biases into the modelling of CE systems.
The development of these SD models offers a novel way to simulate and analyse the
influence of human behaviour on sustainability outcomes. It highlights the importance
of addressing both reinforcing and balancing loops in promoting sustainable
development. By focusing on mental models and cognitive biases, the model adds a
behavioural dimension to SD that is often overlooked in traditional economic and
environmental models. The detailed model and results are discussed further in 3.3.5.

3.3.4. Grounded theory variable coding applied to the CLD

This section focuses on validating the model from the previous section in Figure 38 to
investigate the impact of cognitive biases on decision-making within the CE. The CE
framework aims to decouple economic growth from resource consumption by creating
closed-loop systems of resource use. However, cognitive biases can hinder the
adoption of sustainable decisions within this framework. Behavioural SD, by combining
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ST with behavioural science, provides a means to analyse and model the complex
interactions between human decisions and systemic outcomes. Grounded theory, a
qualitative research method, is employed in this study to validate the relationships
between variables in the CLD that represent the dynamics of decision-making within
the CE.

Table 11. DSR summary for section vs thesis - Model Development 4

DSR applied to this model DSR applied to the thesis
Problem identification and motivation. Evaluation. (In Section 4.5)
Define objectives for the solution.
Design and development of the artefact.
Demonstration.
Evaluation.
Communication.

The main question guiding this model development in Table 11 is: AHow do cogni
biases influence decision-ma ki ng i n the <context of t he C
qguestion underpins the design of a CLD that captures the feedback loops between

supporting and opposing cognitive biases and how they influence the adoption of

sustainable behaviours. By addressing this question, the model seeks to uncover

leverage points where small changes in decision-making can lead to more sustainable

outcomes within the CE. Moreover, understanding the role of biases in decision-

making processes enables stakeholders to mitigate negative influences and

encourage behaviours that align with sustainability goals.

The research employs grounded theory as the primary methodological approach to
validate the behavioural SD model. Grounded theory involves the systematic review of
literature to identify and categorise key variables, relationships, and causal effects.
This methodology analyses existing literature to assess the strength and direction of
causal relationships between variables in the CLD. The grounded theory approach is
particularly useful for this study, as it allows the iterative refinement of the model based
on empirical evidence extracted from literature. The development process is structured
in phases: literature review, data coding, and causal relationship validation , as can be
seen in Section 4.5. The iterative process of refining the model involves reviewing
existing studies on CE and decision-making frameworks. Once key variables are
identified, the CLD is evaluated, which serves as the foundation for validating causal
links through literature analysis.

The software Atlas.ti is used to capture all the codes, themes and connections, as seen
in Appendix G i Model Development 4 i Atlas.ti screenshots. Focused coding was
used to refine and consolidate these categories, leading to the identification of core
causal loops that drive sustainable decision-making in the CE.
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The results were used to refine the CLD, ensuring that it accurately and appropriately
reflected the empirical evidence found in the literature. All the validated loops can be
seen in Figure 41. For example loops A to Al was validated through code connections
between CE to ECR.

Circular development

social responsibility
onmental society

N mar ment
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Industria — )] Maintenance

Agricultural

Circular development
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Corporate social responsibility Sustainable decision

Waste management

ard Corporate
Industria Responsibilty
Production management Al

Sustainable decision making

Sustainable development

chetype an: ) \ =
ey | W gt
........ L
Sustainable development Praclicts mental models
»

Waste management

Figure 41. Variable coding added to the CLD - Model Development 4

The validated CLD provides a comprehensive framework for understanding how
human behaviour influences the success or failure of sustainability initiatives within the
CE. Moreover, the use of grounded theory in model validation ensures that the causal
relationships identified in the model are grounded in empirical evidence, making the
model a valuable tool for future research and practical applications. After the CLD is
validated, the SFD created from it can now be simulated with real data, as seen in the
next section.

3.3.5. Empirical survey data used in the Stock and Flow diagram

Thi s s emwodel aims fopromote sustainability by closing the loop of resource
usage and waste management. However, decision-makers, including consumers,
businesses, and policymakers, are often influenced by cognitive biases that can
obstruct the adoption of sustainable practices.

This model integrates cognitive biases into an SD model, using both qualitative and
guantitative data to simulate how these biases shape decisions within the CE. By
modelling these biases, the aim is to provide a more nuanced understanding of the
dynamics that underpin stakeholder behaviours in the CE.
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Table 12. DSR summary for section vs thesis - Model Development 5

DSR applied to this model
Problem identification and motivation.
Define objectives for the solution.
Design and development of the artefact.
Demonstration.

Evaluation.
Communication.

DSR applied to the thesis
Demonstration. (Seen in Section 6)

The model in Table 12 specifically explores how biases such as confirmation bias,
anchoring bias, and status quo bias, among others, shape mental models of
sustainability. The focus is on identifying where these biases create barriers to
sustainable decision-making and determining leverage points for intervention.

The BSD model integrates both empirical survey data and SD to explore the biases
impacting CE decision-making. A survey was carefully designed to capture the
behaviours, perceptions, and biases of stakeholders involved in the CE. See Appendix
H i Model Development 5. More detail on this process can be found in Section 6. The
survey responses were coded and categorised to identify recurring themes and
patterns that reflect cognitive biases. The data gathered were then integrated into the
SD model. These diagrams map the relationships between variables such as cognitive
biases, decision-making, and sustainability outcomes, providing a clear structure for
further analysis.

Data were collected through a structured survey designed to assess CE stakeholders'
decision-making processes. Stakeholders included consumers, businesses, and
policymakers who play a role in the sustainability landscape. The survey consisted of
26 questions, with 18 specifically selected forthiss e ct i o n 0 s. Tlseiquestibna
aimed to uncover cognitive biases by exploring decision-making drivers, risk
perceptions, and the sources of information stakeholders rely on. Survey responses
were analysed using Atlas.ti, which facilitated the coding and categorising of biases
and sustainability-related behaviours. The data collection process also involved
refining the survey through pilot testing to ensure its validity and reliability. See
Appendix B T Survey questions extracted from Jotform and Appendix C 1 Raw data
from surveys.

The diagram from Figure 40 is then simulated with the results from the Atlas.ti analysis

of the survey questions. All of this is demonstrated in Section 6. The following
information is in Table 13:
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Table 13. Variable and simulation details for conceptual SFD with survey results

Variable/simulation | Value (BaseCase) Value (HigherCap) | Value (LowerOpp)
setting
Biases stock 201 (all the initial | No change 100
opposing biases)
Opposed Cognitive | 1015 (the total biases at | 2030 No change
Biases play)
Reference sustainability | 0.134 (focus and | No change No change
need rate informed  sustainability
awareness)
Reference  supporting | 0.80 (the ratio of the total | No change No change
cognitive biases bias to the total
supportive bias count)
Step increment 0.25 No change No change
Initial value increment 0.00 No change No change
Final value increment 100.0 No change No change

The model is also validated through a sensitivity analysis in Chapter 7.3, testing how
variations in cognitive biases affect decision-making and sustainability outcomes.
Different scenarios were simulated, ranging from a high presence of opposing biases
to a strong dominance of supportive biases. The results were compared to real-world
data and previous studies on sustainability behaviour to ensure the model's reliability.

This simulation is particularly valuable for policymakers and practitioners seeking to
promote more sustainable societal behaviours. The model also opens avenues for
further exploration, particularly in developing interventions that mitigate the impact of
opposing biases and enhance supportive ones.

The next section describes the application methodology followed to test this model in
a real-world application.

3.3.6. CLD applied to specific industry

This section explores the interplay between Sustainable Technology Management
Initiatives and Circular Economy Model Adoption, and the integration of Al within these
frameworks. The goal is to develop a system dynamic model that maps out the critical
feedback loops, stakeholder dynamics, and biases influencing sustainable decision-
making within a CE.

Central to this section is the modification of Figure 38, which serves as the foundation
for modelling how these elements interact.

The CLD enables stakeholders to visualise the interdependencies between various
socio-economic and environmental variables, which are central to sustainable
practices.
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Table 14. DSR summary for section vs thesis - Model Development 6

DSR applied to this model DSR applied to the thesis
Problem identification and motivation. Demonstration. (In Section 6.4.4)
Define objectives for the solution.
Design and development of the artefact.
Demonstration.

Evaluation.
Communication.

The key question that guides the development of the model in Table 14 i s : AHow do
the dynamics between Sustainable Technology Management, CE adoption, and Al

bY

integration shape sustainable decision-making and system behaviour in the CE? 0

This question is motivated by the need to understand how biases, technological
innovations, and decision-making frameworks interact within CE models.
Understanding these dynamics is crucial for predicting how changes in one part of the
system affect the whole, providing actionable insights for policy and decision-making.

This model development utilises a mixed-method approach, integrating qualitative and
quantitative methods to capture the complex feedback loops within sustainable
technology management and CE adoption. Through qualitative literature review from
Sections 1 and 2 and focus group discussions, preliminary CLDs are constructed to
outline the system map. Quantitative methods, in the form of simulation models, are
then applied to test the dynamics of the model and predict future behaviour. This
iterative process, involving constant refinement and testing, ensures a robust model
that accurately reflects real-world dynamics.

A deductive approach was used to evaluate existing theoretical frameworks, while an
inductive approach allowed for identifying new patterns that emerged from the data.
The core of the model is the CLD in Figure 42, which maps out the interactions between
key variables. The diagram includes both reinforcing and balancing loops, capturing
the dynamic nature of decision-making in a CE.

Reinforcing loops demonstrate how increasing the adoption rate of CE models leads
to greater societal sustainability, which in turn enhances corporate social responsibility
and the standard of living.

Balancing loops highlight how improvements in sustainability can reduce the perceived
need for further action, potentially leading to stagnation in decision-making.

These loops are influenced by cognitive biases such as risk perception, sunk cost
fallacy, and status quo bias, which shape how decisions are made in response to new
information.
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Expert reviews and peer feedback were incorporated to refine the model and ensure
its relevance to real-world CE practices. Triangulation methods involving multiple data
sources enhanced the reliability and validity of the model.

By mapping these biases and their influence on system behaviour, this model provides
valuable insights for policymakers and businesses seeking to promote sustainability in
an increasingly complex world.

3.3.7. Formulating and merging the final CLD and SFD

The core objective is to explore how cognitive biases impact stakeholders' choices and
identify leverage points for interventions promoting sustainable practices across
various industries.

In addressing this challenge, this model development is underpinned by several key
questions: How do cognitive biases manifest in CE decision-making processes? To
what extent do these biases hinder or promote sustainable practices? What strategies
can mitigate the negative impact of biases, and how can stakeholders leverage positive
biases to enhance sustainability outcomes? This model aims to shed light on these
complex dynamics, offering insights into the behavioural aspects of decision-making
in the CE.

Table 15. DSR summary for section vs thesis - Model Development 7

DSR applied to this model DSR applied to the thesis
Problem identification and motivation. Demonstration. (In Section 8)
Define objectives for the solution.
Design and development of the artefact.
Demonstration.
Evaluation.
Communication.
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This methodology

integrates both qualitative and quantitative approaches,

incorporating conceptual and empirical methods to investigate decision-making
dynamics, as seen in Table 15. Central to the approach is developing a new CLD
grounded in research on cognitive biases, behavioural economics, and CE principles
listed in Sections 1 and 2. This model captures the relationships between cognitive
biases, stakeholder behaviour, and CE decision-making processes. The themes
identified from the literature are listed in Table 16 below.

Table 16. Conceptual CLD variable discussion - Model Development 6

changes. Positive behaviour
change is essential for achieving
sustainability targets at an
individual and societal level
(Berkman, 2018:28-44).

Variable Discussion Variable Discussion

Media Influence | Media influence refers to the | Agreement Agreement with sustainable

(M) impact various media channels, | with practices indicates the degree
including news outlets, social | Sustainable to which individuals believe in
media, and advertisements, | Practices and support actions and
have on an individual's | (ASP) behaviours that promote
perception of sustainability and sustainability. This variable
environmental issues. Positive reflects how much a person
media coverage can raise aligns with principles such as
awareness and encourage recycling, conservation, and
individuals to adopt sustainable responsible consumption
practices, while negative or (Sajjad et al, 2024:2849-
misleading coverage can lead to 2867).
scepticism and  resistance
(Gordon, 2018:17-46).

Response  to | Response to information | Agreement Agreement with fossil fuel

Information (RI) | measures how individuals react | with Fossil | reduction  represents an
to new information or media that | Fuel individual's stance on the
challenges their views on | Reduction need to decrease the use of
sustainability and the | (FFR) fossil fuels in favour of
environment. Positive cleaner, sustainable energy
responses might include a sources. A higher level of
willingness to adapt and change agreement suggests a
behaviours, while  negative preference for renewable
responses may lead to energy and efforts to reduce
scepticism or resistance (Caled carbon emissions
and Silva, 2022:123-159). (Achakulwisut et al.,

2023:5425).

Behaviour Behaviour change refers to | Agreement Agreement with public

Change (BC) adopting new practices or habits | with Public | awareness measures how
that align with sustainability | Awareness much individuals believe in
goals. This can include | (PA) raising awareness about
consumption patterns, waste environmental issues and
management, and energy usage sustainability. The high

agreement suggests support
for education and outreach
efforts to inform the public and
drive change (Calculli et al.,
2021:129244).
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Willingness to | Willingness to change habits | Individual Individual action evaluates the

Change Habits | assesses an individual's | Action (I1A) extent to which a person takes

(WH) openness to modifying their personal initiative to support
lifestyle  and  consumption sustainability — efforts.  This
patterns to support sustainability includes reducing waste,
and environmental protection. A conserving resources, and
strong desire indicates a advocating for environmental
readiness to embrace new causes (Sheng et al,
practices aligned with 2023:709-723).

sustainable living (Lubowiecki-
Vikuk et al., 2021:91-101).
Cognitive Bias | Cognitive bias impact examines | Technology Technology and innovation

Impact (CBI) how an individual's biases, such | and impact assesses the belief in
as confirmation bias or status | Innovation the  potential of  new
quo bias, affect their perception | Impact (TI) technologies and innovative
of and engagement with solutions to address
sustainability practices. The high environmental challenges. A
impact of cognitive biases can high perceived impact
hinder the adoption of suggests confidence in the
sustainable behaviours (Mouad role of technology in
and Zakia, 2023:457-457). promoting sustainability (Al-

Emran and  Griffy-Brown,
2023:102240).

Business Business sustainability priority | Belief in | Belief in  human-caused
Sustainability evaluates how much individuals | Human- climate change measures the
Priority (BSP) believe  businesses  should | Caused extent to which individuals
prioritise sustainability in their | Climate attribute climate change to
decision-making processes. | Change (CC) | human activities such as
This includes ethical sourcing, greenhouse gas emissions. A
waste reduction, and strong belief in this connection
sustainable  product design often motivates individuals to
considerations (Benkert, support policies and practices
2021:441-456). to mitigate climate change

(Milfont et al., 2017:1-5).
Cognitive Bias | Cognitive bias influences how an | Resistance to | Resistance to change

Influence individual's biases shape their | Change (RC) | evaluates the degree to which

(CBI2) approach to change and individuals oppose or hesitate
innovation within the CE. This to change their habits or adopt
includes resistance to adopting new practices. High
new practices due to entrenched resistance may stem from
habits or scepticism towards cognitive biases, lack of
new information. While both information, or entrenched
variables deal with the influence norms, posing challenges to
of cognitive biases, CBI1 sustainability initiatives
focuses on the impact of biases (Constantino et al., 2022:50-
on decision-making and 97).

sustainable practices. At the
same time, CBI2 examines how
biases contribute to resistance
to change and the adoption of
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CE practices (Palmucci and
Ferraris, 2023:1130059).

Some of the survey questions are also analysed to create the new CLD. Table 17
shows the questions evaluated in this study.

The analysis involves coding the survey data from Appendix C i Raw data from
surveys to identify patterns, themes, and relationships between cognitive biases and
decision-making behaviours. See Appendix | i Model Development 7 for the Atlas.ti
methodology.

Table 17. Survey questions and discussions - Model Development 7

Question Question Discussion
number in
the survey
Question 6: "Which of the following factors will | This question explores the decision-
convince you to buy/use sustainable | making factors related to sustainability,
products?” providing insights into what influences
individuals in choosing sustainable
options.
Question 7: "Are you willing to change your habits | This question directly addresses the
to be more sustainable?" willingness of individuals to change their

behaviours for the sake of sustainability,
shedding light on their openness to
adopting CE practices.

Question 10: "How do you respond to information or | Understanding individuals' responses to
media that challenges your views on | challenging information about
sustainability and the environment?" sustainability can help reveal potential

cognitive biases in their perceptions and
decision-making processes.

Question 12: "How much do you believe that | This question directly addresses the
cognitive biases can impact the | perceived influence of cognitive biases on
success or failure of CE initiatives?" CE initiatives, providing valuable insights
into participants' awareness of cognitive
biases in this context.

Question 14 | "To what extent do you believe | Several statements within Question 14

(multiple cognitive biases influence decision- | are relevant to understanding individuals'
statements): making in adopting CE principles and | beliefs and attitudes toward sustainability,
practices?" environmental practices' importance, and

"To what extent do you think that | cognitive biases' role in decision-making.
cognitive biases play a role in the
resistance to change and adoption of
CE practices?"

The coding process involves both deductive and inductive methods. Predefined codes
based on the research framework are applied deductively, while new themes emerge
inductively from the data. This dual approach ensures a more comprehensive
understanding of the cognitive biases at play and their impact on CE decision-making.
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This CLD development adopts an iterative process, continuously refining the CLD
based on both literature insights and empirical data. The dynamic hypothesis guiding
the study suggests that cognitive biases significantly influence decision-making
processes in the CE, either promoting or hindering sustainable practices. By identifying
feedback loops within the system, the study aims to reveal leverage points for effective
intervention, as seen in Figure 43.

Figure 43. Conceptual CLD, validated with survey data - Model Development 7

The research employs grounded theory methodology to validate the relationships
within the CLD. Grounded theory allows for the iterative development and refinement
of theoretical constructs based on empirical evidence, ensuring that the model reflects
real-world dynamics, as seen in Table 18.

Table 18. Variables connection and discussions - Model Development 7

Variable Connection discussion Proven by survey or literature
connection
Ml to RI Positive media influence may lead | Survey data: Grounded frequency of MI=48

to a positive response to | Grounded frequency of RI=37
information. Negative  media | Co-occurrence = 26

influence may lead to an adverse
reaction to information.

RIto BC Positive and open responses to | Survey data: Grounded frequency of BC = 30
information may lead to increased | Co-occurrence =13

sustainable behaviour. Adverse | Positive Co-occurrence = 32

reactions to information may lead | Neutral Co-occurrence = 14

to decreased sustainable | Negative Co-occurrence = 22

behaviour.
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