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Abstract

Land-use systems are complex socio-ecological systems shaped by the interaction between human decision-
making and environmental processes. Managing these systems sustainably requires informed decision-making
and awareness of their complexity. Stimulating this requires learning approaches that can facilitate deeper
engagement and understanding. Simulation-based learning tools, such as serious games, are increasingly
recognised for their potential to meet this need, with designs ranging from board games to complex computer
simulations. However, evaluation of serious games’ learning outcomes remains limited, with little compar-
ative research across design formats. The absence of theoretical and methodological consistency limits
our understanding of how dilerknt serious game designs influence learning in environmental sustainability
contexts. This study explores how dilerknces in game formats, when used as simulation-based learning
tools, influence individuals’ learning about complex land-use systems and the dynamics within them. Specif-
ically, this study compares the e [edts of design dilerbnces between a physical board game and a virtual,
agent-based game on players’ understanding and engagement. The study consisted of three methodological
steps. First, a literature review was conducted to examine commonly adopted learning theories in the design
and evaluation of simulation-based learning tools. The findings of this review guided the development of
a typology with specific, measurable indicators to assess learning. Secondly, to examine the influence of
game design, an existing multiplayer physical serious game (RESORTEScity) was translated into a digi-
tal, single-player, agent-based format. Thirdly, the developed typology was applied in a quasi-experimental
study to compare learning outcomes across the two game formats. Both the physical and digital versions of
RESORTEScity promoted learning about complex land-use systems and decision-making in the context of
urban planning and climate adaptation. However, the learning gains di Lerkd depending on the game format.
The multiplayer board game fostered stronger social learning and larger shifts in collaborative competencies,
while the digital version enhanced individual reflection and more targeted attitudinal changes. The study
highlights the need to improve evaluation methods and focus on examining how specific design elements
influence learning trajectories, in order to enhance comparative analysis and understanding of their e [ed-
tiveness. Overall, the study reveals that, rather than one format consistently being superior to the other,
each design format presents unique advantages.
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1. Introduction

Land-use systems are of central importance to both human subsistence and the functioning of natural

environments (Long et al., 2021; Zandlova et al., 2023). These systems provide essential resources for
livelihoods, including food production, water security and economic activity. However, the unsustainable

exploitation of these resources has resulted in environmental degradation and the depletion of natural

resources, including water, soil, and biodiversity. This is further intensi ed by pressures such as rapid

population growth and climate change, which put strain on land-use systems worldwide. Although land-use

decisions are frequently made at the local level, they have far-reaching implications that have contributed

to many of today's most pressing challenges (Epanchin-Niell et al., 2022; Long et al., 2021; Washington-

Ottombre et al., 2010). In order to ensure long-term sustainability, it is essential that land use systems are

managed in a manner that supports environmental health and societal needs. This is a complex task that
requires an understanding of the dynamic nature of land use and land cover change (LUCC), and the e ects
of stakeholders' decisions across various spatial and temporal scales.

Land-use systems are complex socio-ecological systems, which emerge from dynamic socio-ecological inter-
actions, shaped by the interplay between human decision-making and environmental processes across spatial
and temporal scales (Harik et al., 2023; Githinji et al., 2024; Ives et al., 2018). Rather than exhibiting linear
cause-and-e ect relations, these systems are characterised by interdependencies, non-linear relationships and
feedback loops. Human decisions both shape and are shaped by the environment, generating unpredictable
outcomes and emergent behaviours. As a result, potential outcomes of decisions are a series of trade-o0 s
with intended and unintended consequences rather than mutually bene cial outcomes (Verburg et al., 2015;
Wamucii et al., 2024).

Decision-making in such systems is rarely straightforward, as such processes are driven by a multitude of
contextual factors and constrained by the system's inherent complexity. Although indirect environmental
feedbacks are seldom considered explicitly, many feedback loops operate across spatial and temporal scales,
making it di cult to anticipate the full impacts of choices (Parker et al., 2008). As individuals' decision-
making is shaped by their understanding of the systems they operate within, decisions are often made without
a full understanding of their broader consequences, thereby unintentionally creating new challenges instead of
resolving existing one. (Alford et al., 2024). Therefore, the assumption that people make rational decisions
based on perfect knowledge overlooks the complexities of human behaviour (Frank et al., 2011; Rouwette
et al., 2004). In reality, choices exist on a spectrum ranging from deliberate reasoning to mindlessness, and
while actions may seem reasonable in their immediate context, they can have unintended consequences at
multiple levels of society (Githinji et al., 2023).

While perspectives on human decision-making vary across disciplines, a consistent theme is the importance
of problem recognition and awareness in shaping actors' attitudes and behaviours (Tang et al., 2009; Githiniji
et al., 2023). Furthermore, behavioural studies have demonstrated that a better understanding of the system
leads to higher levels of awareness of the consequences of decisions among actors of the issues present within
the system (Tran et al., 2018; Ningrum et al., 2018). However, increasing actors' awareness of the dynamic
feedbacks inherent in land-use systems, including interrelations, trade-o s and the consequences of decision-
making, is challenging (Baird et al., 2014). Consequently, actors may make decisions that inadvertently
generate unintended outcomes. The process of raising awareness requires more than the mere provision of
information; it needs an approach to learning that can facilitate deeper engagement and understanding. In
order to address these challenges, innovative approaches are required that allow actors to actively engage
and support understanding of complex system dynamics.

Simulation-Based learning (SBL) tools, such as Serious Games (SGs), are gaining recognition across disci-
plines and contexts as tools that can facilitate this type of engagement (Bayeck, 2020; Feng et al., 2018;

Speelman & Garcia-Barrios, 2010; Chernikova et al., 2020). SGs, games designed with a serious purpose,
are increasingly being used for research and data collection, teaching and training, and to foster changes in



practices (Rodela et al., 2019). They enable participants to engage with system representations and explore
the consequences of decisions in a secure environment (Falk et al., 2023; De Gloria et al., 2014; Rodela &
Speelman, 2023).

The concept of SGs represents a spectrum of design formats, ranging from simple role-playing exercises
and physical board games to complex computer simulations (Robinson et al., 2021). This spectrum varies
across multiple dimensions, including game complexity; the nature of decision-making, ranging from entirely
human-driven to fully computerised; and the degree of digitalisation within the tool environment (Le Page
et al., 2014; Valbuena et al., 2010).Non-digital multiplayer board games are positioned towards the human-
oriented end of this spectrum. They serve as simulation tools that enable participants to engage with system
representations, interact with other players and explore the consequences of decisions within a collaborative
learning environment (Falk et al., 2023; De Gloria et al., 2014; Rodela & Speelman, 2023). In contrast,
digital SGs driven by simulations, such as Agent-Based Models (ABMs), represent the more computerised
end of the spectrum. They incorporate rules governing individual and community-level behaviours, thereby
enabling the simulation of direct and indirect social in uences on decision-making processes (Matthews
et al., 2007; Barnaud et al., 2013). In environmental science, SGs functions both learning tools for exploring
socio-ecological system relationships and intervention tools in participatory approaches such as co-design
(Page et al., 2016; Dernat et al., 2025; Rodela & Speelman, 2023). Emerging research highlights the high-
impact potential of SBL approaches in sustainability contexts, such as water management, risk management
and climate change adaptation(Hallinger & Wang, 2019).

Although a growing body of literature suggests that simulation-based learning tools enhance learning, several
studies have noted a lack of high-quality empirical research to substantiate these claims (Boyle et al., 2015;
Tan & Nurul-Asna, 2023; Despeisse, 2018; Connolly et al., 2012). At the same time, learning is shaped by a
variety of contextual factors, such as prior knowledge, participant motivation and the learning environment,
that complicate e orts to generalise ndings across settings (Mayer et al., 2013; Bas et al., 2019; Haan &
Van Der Voort, 2018). The absence of a shared de nition of 'true learning' adds complexity, as learning
is inherently multifaceted, involving varied pathways and outcomes. This conceptual ambiguity has led to
inconsistencies in how learning is de ned and measured across literature (Gosen & Washbush, 2004; Madani
et al., 2016; Jean et al., 2018; Rodela et al., 2019; Yardley et al., 2012). Moreover, although individual
characteristics like prior knowledge and experience are often assumed to a ect learning outcomes, few studies
have explicitly examined their in uence (Loon et al., 2015; Geithner & Menzel, 2016). Little research has
been dedicated to the evaluation of the e ectiveness of simulation tools in learning. The existing body
of literature mostly studies the e ectiveness of simulation based learning tools in the educational domain
(Dai & Ke, 2022; Hallinger & Wang, 2019). Assessing the learning e ects of these tools, particularly in
collaborative settings, remains both methodologically challenging and under-researched. In many cases,
learning is inferred from a tool's overarching objectives rather than evaluated as a distinct outcome, making
it di cult to determine the extent to which the tool itself contributes to learning. Furthermore, most
empirical studies that do address learning outcomes are situated in educational contexts, with less attention
paid to other settings in which these tools are used (Speelman & Garcia-Barrios, 2010; Rodela et al., 2019;
Madani et al., 2016).

In the domain of participatory decision-making and co-creation within land-use systems, there has been
limited e ort dedicated to the analysis, evaluation and re ection on the learning outcomes of experiential
simulation tools (Doyle et al., 2019; Busse et al., 2023; Janssen et al., 2023). Scholars increasingly call
for more organised and theory-based methods, emphasising the need for coherent frameworks to guide
the creation and evaluation of simulation-based learning interventions (Rodela et al., 2019). Moreover,
comparative evaluations could shed light on which contextual, design-related or procedural factors shape
learning outcomes in di erent settings (Mayer et al., 2013). However, the diversity of evaluation methods
and the absence of a uni ed conceptual foundation continue to limit the capacity for meaningful comparisons
across tool designs (Madani et al., 2016). In order to develop a more comprehensive understanding of the
manner in which simulation tools can contribute to learning and decision-making processes, further research
is necessary to gain deeper understanding of the learning e ects a ected by these tools. Furthermore, it is



crucial to establish a more robust theoretical foundation to facilitate consistent and rigorous evaluation of
learning outcomes (Falk et al., 2023; Haan & Van Der Voort, 2018; Flood et al., 2018). Addressing these
research gaps improves our understanding of how simulation tools can enhance learning and decision-making
processes in environmental management, which is crucial for unlocking their full potential.

This thesis explores how di erences in serious game designs, when used as simulation-based learning tools,
in uence what individuals learn about complex land use systems and the dynamics within them. The study
compares a physical board game and a virtual, agent-based simulation, with the aim of evaluating and
comparing the e ects of these design di erences on players' understanding and engagement. To this end,
the following research questions are addressed:

() Which learning theories are most commonly employed to guide the design of simulation-based learning
tools and to assess their e cacy in facilitating learning?
(i) Which speci ¢, measurable learning indicators are most suitable for evaluating and comparing di erent
serious game designs?
(i) How can a physical board-based serious game be modi ed into a virtual agent-based version while
maintaining core system and decision-making dynamics?
(iv) How do di erent game formats a ect players' learning outcomes?

In this study, an adaptation of the RESORTES serious game is examined. This serious game focuses on the
urban heat island e ect in the Dutch urban environment (RESORTEScity) (Speelman et al., 2013; Eero,
2023). The urban-focused version was selected for two reasons: participants' familiarity with the Dutch urban
context; and its role-playing elements, capturing urban social complexity while allowing participation beyond
direct stakeholders. Two versions of the RESORTEScity game are used: a non-digital, multiplayer format
created by Eero (2023) for her Master's thesis and a digital, single-player, agent-based format developed for
this thesis. A quasi-experimental design is used to enable comparison between the two formats.

The remainder of this thesis is structured as follows. Chapter 2 addresses research questions i and ii by
reviewing the literature on learning theories used as the theoretical guidance for designing and assessing
learning through simulation-based tools across disciplines, and by deriving an extensive learning typology.
Chapter 3 presents the methodology, including: (1) a detailed description of the RESORTES game and its
adapted version; (2) the approach used to translate the game into a digital, agent-based version; and (3) the
learning evaluation approach, including the quasi-experimental design setup. Chapter 4 addresses research
question Il by outlining the process of translating the RESORTES game from its original non-digital format
into a digital, agent-based implementation. Chapters 5 to 7 present the experimental ndings related to
research question iv. Chapter 5 reports the game-session outcomes, while Chapter 6 and Chapter 7 analyse
these outcomes based on the learning-typology indicators. Finally, Chapter 8 discusses the implications of
the results, and Chapter 9 presents the overall conclusions.



2. Addressing Research Question | & II:
Learning Theories and Indicator Development

The question of what learning and knowledge are, where learning takes place, and how it can be facilitated
can be answered in a variety of ways and through a variety of academic domains. This has led to a growing
body of learning theories, each having a di erent angle to look at learning and emphasizing other aspects
(Blackmore, 2007).

The word “learning' undoubtedly denotes change of some kind. To say what kind of change is
a delicate matter.

Gregory Bateson (1972, p. 283)

2.1 Methodology

This chapter addresses how SBL tools support learning by mapping the variety of learning theories employed
during the design and application phases of these tools. Building on this theoretical foundation, the aim
is to translate the underlying learning constructs of the identi ed theories into a coherent set of specic,
measurable learning indicators.

Phase 1: Descriptive literature review

The rst phase involved conducting a keyword-driven descriptive literature review iS¢bpusand Google

Scholar databases. This review aimed to identify and map the learning theories frequently employed in
literature concerning SBL tools, encompassing the diverse designs, environments and purposes of these
tools. The review targeted literature reviews from di erent scienti c disciplines through the following search
queries: (‘Learning theonAND 'simulation tool'), ('Learning'AND ‘through' AND 'simulation’), 'Theoretical
foundation' AND 'simulation based learningAND 'tool"), and (‘Conceptualisation'AND 'simulation-based'

AND 'learning’ AND ‘tool").

Phase 2: Focused snowballing review

Following the initial mapping phase, a new set of search queries was formulated by combining each identi ed
theory with the terms: (‘simulation-based®ND tools') , (‘game-based'AND 'learning' AND 'tools'), and
(‘'serious games'). Alongside these search queries, backward and forward snowballing was employed to
examine the references cited in the initial reviews, as well as subsequent articles that cited these reviews.
Backward snowballing was solely employed if the publication did not meet one of the inclusion criteria
indicated in Phase 3. The combination of additional keyword queries and bidirectional snowballing ensured
that both foundational and novel applications of learning theories in the context of SBL tools were captured.

Phase 3: Indicator typology

Drawing on insights from Phases 1 and 2, a list of speci ¢, measurable learning indicators was compiled.
These indicators were derived from the underlying constructs of the identi ed theories. Underlying constructs
referring to the same core phenomena were grouped under common terms. The resulting indicators were
organised into a typology and categorised by their nature. The common terminology used to refer to
these learning constructs includes: learning types, learning e ects, learning goals and learning indicators.
Publications included in the analysis met at least one of two criteria. (1) Operationalisation of theory; the
publication includes a theoretical underpinning that is, at least in part, broken down into smaller, measurable
components. (2) Conceptually-grounded evaluation; the publication contains an evaluation procedure of the
e ects of SBL tools that demonstrates a clear, explicit or implicit, link to the theoretical underpinnings.

2.2 Often Recurring Learning Theories

The manner in which learning is conceptualised within SBL tools re ects the eld's inherently multidisci-
plinary character. As demonstrated by Hallinger & Wang (2019), SBL draws on theoretical contributions
from academic and professional elds such as psychology, education, management studies and human-



computer interaction. This broad foundation results in a diverse understanding of learning that is frequently
rooted in theories that did not originate in the domain of simulations, yet which are commonly co-cited
in SBL literature. Scholars such as Bandura (social learning), Lave and Wenger (situated learning), Kolb
(experiential learning) and Vygotsky (situated cognition) frequently appear in SBL literature, despite not
having published directly on the topic. The ndings of the literature review suggests that, in literature
related to SBL tools, the integration of a theoretical foundation for learning is predominantly incorporated
in the design phase of the tool. Theoretical foundations of learning are less frequently employed during the
evaluation phase, particularly for SBL tools not primarily intended for educational purposes.

Through the analysis of 12 literature reviews on learning through SBL tools, six commonly recurring learning
theories were identi ed: Cognitive and social-cognitive learning; contextual learning; experiential learning;
self-centred learning; simulation and multimedia learning; and social learning. In this research, 'contextual
learning' is employed as an umbrella term for situated cognition, collaborative learning, social constructivist
learning and constructivist learning.

Table 2.1 provides an overview of the identi ed recurring theoretical foundations, including their distribution
across purpose and tool environmeRurposedistinguishes between tools that are designed for educational
purposes and those intended for behavioural change. tdheenvironmentdi erentiates between physical
tools and digital tools.

Table 2.1: Overview of recurring learning theories and their associated purpose and tool environment

Purpose Environment
Behaviour

Education change Physical Digital

Dai & Ke, 2022 X X
Haan & Van Der Voort, 2018 X X

Rajan et al., 2024
Sitzmann, 2011

Dai & Ke, 2022
Hallinger & Wang, 2019
Kebritchi & Hirumi, 2008
Radianti et al., 2019

De Gloria et al., 2014
Haan & Van Der Voort, 2018 X X
Despeisse, 2018 X X X
Falk et al., 2023 X X

Hallinger & Wang, 2019
Kebritchi & Hirumi, 2008
Radianti et al., 2019
Rodela et al., 2019 X X

Dai & Ke, 2022
Self-centered learning Rajan et al., 2024
Sitzmann, 2011

Dai & Ke, 2022
Simulation & multi-media learning Radianti et al., 2019
Rajan et al., 2024

Dai & Ke, 2022

Haan & Van Der Voort, 2018
Social learning Flood et al., 2018

Hallinger & Wang, 2019 X

Rodela & Speelman, 2023

Cognitive and social-cognitive learning

Contextual learning
(Situated cognition, collaborative learning,
(social-)constructivist learning)

X X x X[ x x

x| > X < X| x x
<
<

Experiential learning

x X x
X X x

X[ x X|x x X
X< x X| x x X

><><><><
s X XX




The distribution across these two domains highlights how certain learning theories are more prevalent in
speci ¢ contexts or tool environments within simulation-based learning approa8iesilation & multimedia

learning and self-centred learningre frequently cited as theoretical foundation for educational tools in a
digital environmentContextual learningand cognitive & social-cognitive learningre most commonly cited

in relation to tools designed for educational use in digital environments, while they are also reported, although
less frequently, in the context of behaviour change or tools in physical environments. The learning theories
most commonly reported as theoretical foundation in SBL literature sweial learningand experiential

learning both widely cited across purposes and environments. Social learning is mostly reported in tools
designed for behaviour change purposes in physical environments, whereas experiential learning is reported
for both purposes in both physical and digital environments.

2.3 Learning Typology

Drawing on the set of recurring theoretical foundation for SBL tools described in Section 3.1 and on
the focused snowballing review, a series of associated learning constructs was identi ed. Guided by the
theoretical model of the learning process proposed by Moody & Sindre (2003), these constructs were grouped
into four overarching categories: knowledge, skills, attitudes, and long-term learning. Gains in Knowledge,
skills and attitudes can be used as proxy to evaluate learning e ectiveness (short-term knowledge). Long-term
learning, which is directly in uenced by these short-term outcomes, captures e ects that extend beyond the
intervention itself. The resulting learning typology with speci ¢, measurable indicators is presented in
Table 2.2.

The typology is based on a set of 22 scienti c articles that met at least one of the inclusion criteria,

operationalisation of the employed theory or conceptually-grounded evaluation of the learning e ects of
the SBL tool under study. It is important to acknowledge that a substantial proportion of studies lacked

detailed evaluation procedures, or the tool's ndings were based on a limited sample of participants. In
addition, a substantial proportion of the initial reviews used to map theoretical underpinnings of SBL did
not satisfy either inclusion criteria and were therefore excluded. The link between the (sub-)indicator and
the supporting literature is presented in Table 2.2.

In uencing factors

As learning is a complex process in uenced by both internal and external factors, learning theories examine
the entire learning cycle rather than focusing solely on outcomes. In uencing factors that are commonly
mentioned in literature include prior knowledge, individual experiences, social interactions, active participa-
tion and motivation (Haan & Van Der Voort, 2018; Kebritchi & Hirumi, 2008; Dai & Ke, 2022). When
evaluating learning through SBL tools, these factors should be taken into consideration. A number of the
publications under review additionally incorporate dispositions in their learning evaluation approaches (Boyle
et al., 2015; Connolly et al., 2012; Wouters et al., 2009; Lee & Jeong, 2014; Garris et al., 2002). While
research suggests that dispositions can in uence academic performance and predict learning approaches,
they primarily represent individual characteristics rather than outcomes resulting from speci ¢ learning in-
terventions. Dispositions are therefore excluded from the present typology of learning indicators as they fall
outside the scope of this study's focus on measurable learning constructs.

2.3.1 Contextual Application of Learning Indicators

The broad scope of the developed learning indicator typology does not imply equal relevance of learning
indicators in all SBL contexts. The selection of specic learning indicators should be made with careful
consideration of the tool's subject domain, primary purpose, environment, and intended audience. While
acknowledging the multifaceted nature of learning outcomes, comprising both intentional outcomes and
unintended outcomes that were not deliberately incorporated (Connolly et al., 2012). Section 3.3.1 outlines
the selection of indicators for the comparative evaluation of RESORTEScity game designs. The selection
of learning indicators for the speci c case study on Dutch urban planning and the urban heat island e ect
is in uenced by the contextual dimensions outlined below.



Table 2.2: Learning indicators with supporting literature; full references in Appendix B

SHORT-TERM LEARNING

KNOWLEDGE

K1

Factual knowledge on the topic

1- 4, 8,9, 13- 15, 17- 19, 21, 22]

[
K1.1 Facts, principles, terminology [5, 6, 10-12]
K1.2 Ways and means [15, 22]
K1.3 Concepts and their relationships [5, 6, 10]
K2 System complexity [2, 4, 19]
K2.1 Interconnections between elements [5, 19, 22]
K2.2 Dynamics at temporal scale [19, 22]
K3 Decision-making processes [2, 4, 22]
K3.1 Trade-os & uncertainty [2]
K3.2 Social complexity [4, 19]
SKILLS
S1 Perceptual & cognitive skills [9, 11, 13, 16, 17, 21]
S1.1 Problem recognition & solving [9, 10, 13, 16]
S1.2 Decision-making [10, 13, 16]
S1.3 (Situational) awareness [2, 10]
S1.4 Spatial ability [10]
S2 Soft & social skills [8, 9, 12, 13, 16, 21, 22]
S2.1 Leadership [10]
S2.2 Communication [7,9, 10, 13, 16, 22]
S2.3 Collaboration / Teamwork [9, 13, 15, 16]
S2.4 Negotiation / con ict resolution [10, 13, 19]
S3 Motor & technical skills [8- 10, 13, 14, 16, 17, 21, 22]
ATTITUDE
Al Self-e cacy [5, 10, 12- 14, 18, 20]
A2 Worldviews
A2.1 Values, beliefs and attitudes [1, 2, 4, 6-11, 13-15, 19, 21]
A2.2 Viewpoints and perspectives [1, 2, 4,8, 12, 20]
A3 Understanding of others [3, 4, 12, 22]
A3.1 Perspectives, mindsets and roles [1- 3, 19]
A3.2 Feelings and emotions [2, 7]
A4 Shared decision-making
A4.1 Relationships (1,2, 4]
A4.2 Consensus [1, 7, 19]
A4.3 Trust & cooperation [1, 2, 4, 10, 13, 19, 22]
A5 Behaviour intention [12, 21]
LONG-TERM LEARNING
L1 Knowledge transfer [5, 6, 10, 13, 14, 19]
L1.1  Apply knowledge to perform a task or action
L1.2 Apply knowledge in a new context
L2 Skill transfer [5, 10, 13, 15, 21]

L2.1

L2.2  Apply acquired skill in a new context

Apply acquired skill to perform a task or action




Problem domain

For complex socio-ecological problems, such as land-use planning or climate adaptation, indicators ad-
dressing system complexity (K2), decision-making processes (K3), and stakeholder understanding (A3,A4)
demonstrate heightened relevance due to the inherently interconnected and multi-stakeholder nature of these
domains. Conversely, technical training applications may prioritise motor-technical skills (S3) and knowledge
transfer indicators (L1,L2).

Purpose & Environment

The primary objective further in uences indicator selection. Educational SBL tools tend to emphasise
cognitive learning outcomes (K1-K3), skill development (S1-S3) and long-term learning (L1-L2) (Elfadil
& lbrahim, 2022; Battistella et al., 2017; Bakhanova et al., 2020), whereas tools that focus on behaviour
change place greater emphasis on cognitive learning (K1-K3) and attitudinal (A2-A4) outcomes (Haan &
Van Der Voort, 2018; Flood et al., 2018; Bakhanova et al., 2020). Furthermore, the design characteristics
of the tool in uence indicator selection. Physical multiplayer SGs naturally emphasise system understanding
and social learning indicators (Haan & Van Der Voort, 2018; Flood et al., 2018), whereas attitudinal changes
and the development of socio-cognitive skills are becoming increasingly relevant within digital SBL tools
(Garcia et al., 2020; Daré et al., 2013; Lee et al., 2023).

Intended audience

Participant characteristics, such as prior knowledge, professional backgrounds and experience with simulation
tools in uence the relevance and content of certain indicators. Audiences with limited prior knowledge may
bene t from an emphasis on foundational aspects of system understanding (K1) and perceptual skills (S1),
while those with more experience may bene t from an emphasis on more advanced system thinking (K2,K3)
or the development of collaborative competencies (S2,A4) (Haan & Van Der Voort, 2018; Dai & Ke, 2022).



3. Methodology RQ iii & IV:
Game Translation and Learning Evaluation
3.1 The RESORTES Game

The RESORTES game, a non-digital multiplayer board game, is the foundational simulation-based learning
tool used in this research. Initially developed for agricultural contexts, RESORTES focuses speci cally on the
dynamics of cooperation among smallholders in managing the risks and opportunities involved in ecosystem
management (Speelman et al., 2013). The game simulates land-use decisions within a simpli ed agricultural
landscape that mirrors real-world complexities. Players experience the social and economic consequences
of their decisions rst-hand, which fosters meaningful discussions around sustainable land use planning and
community-based decision-making. The board game features a landscape divided into four quadrants, each
of which contains nine hexagonal plots. At the start of the game, players select four plots to represent their
land. During each round that follows, they have to decide strategically which land use to place on each
plot. The game is played in a slightly competitive setting to stimulate interest in obtaining additional points
and encouraging player interaction. At the same time, it re ects the dynamics between actors involved in
decision-making within a complex system.

Over time, RESORTES has been adapted for various case studies and decision-making contexts beyond its
original scope. These contexts include both agriculture and, more recently, urban areas. For this thesis,
the RESORTES adaptation developed by Eero (2023), RESORTEScity, will be used. This adaptation
speci cally addresses the concept of Urban Heat Islands (UHIs) in Dutch cities. This game version aims
to facilitate discussion, raise awareness and critically assess land-use planning processes within an abstract
representation of a Dutch city a ected by the UHI e ect, through a multi-stakeholder simulation. The

aim of the game is to collect the most points after six rounds, to successfully complete role-speci ¢ tasks,
and respond e ectively to unexpected events that occur during gameplay. Appendix C provides a detailed
overview of the speci cs of the RESORTEScity gameplay.

The decision to use this urban-focused version was guided by two main considerations. The rst was the
game's Dutch urban setting, which is familiar to the participants and re ects an environment in which they
regularly operate. This familiarity increases the relatability of the simulation, enhancing the meaningfulness
and relevance of the gameplay. A second consideration was the incorporation of role-playing elements, which
enables participation by individuals who are not stakeholders in the simulated system. At the same time,
the role-play approach preserves the complexity of urban planning and decision-making processes involving
multiple stakeholders. Unlike previous versions, this adaptation does not require participants to be directly
involved in the system to play the RESORTEScity game.

Environmental challenges, such as UHIs, a ect di erent stakeholders in di erent ways, and these stake-
holders, in turn, in uence the physical environment. This interplay requires nuanced consideration of social
dynamics and stakeholder perspectives. In this adaptation, each of the six virtual players in a game ses-
sion is assigned a unique role based on one of the six stakeholder groups identi ed by Eero (2023). senior
citizens, nature conservationists, students, municipal workers, real estate agents, and parents. These roles
introduce stakeholder-speci ¢ objectives that guide players' strategies, while allowing them to pursue these
objectives in a exible manner and integrate their own knowledge and perspectives. Successful achievement
of these goals results in bonus points, adding motivation and strategic depth without making competition
the primary focus.These roles introduce stakeholder-speci ¢ objectives that guide players' strategies, while
allowing them to pursue these objectives in a exible manner and integrate their own knowledge and per-
spectives. Successful achievement of these goals results in bonus points, adding motivation and strategic
depth without making competition the primary focus.

Thus, the actor-role dimension enriches the simulation by incorporating realistic human interests, interac-
tions, and decision-making inclinations, including how stakeholders perceive possible outcomes, e ectively
capturing stakeholder dynamics without requiring direct participation from real-life stakeholders.
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3.2 Translating RESORTEScity into a Digital Game

In this research, a digital single-player board game version of the serious game described in the case study
section, RESORTEScity, will be developed. The Digital single-player game version of RESORTEScity
(RESORTESCIty-DG) aims to preserve the core dynamics of the physical multiplayer game RESORTEScity
as closely as possible. However, there will be some key di erences between the original physical board
game and the newly developed virtual version. Firstly, whereas the original game was played physically, the
adapted version will be situated in a virtual environment. Secondly, rather than involving six human players,
the virtual version will feature one human player interacting with ve virtual agents.

3.2.1 Virtual Game Development in an ABM Environment

The RESORTEScity-DG will be developed as an ABM. ABMs are increasingly used to model and simulate
complex socio-ecological systems as their rules are based not only on the state of the environment, but also
on human decision-making processes. ABMs are increasingly used to model and simulate complex socio-
ecological systems. Their rules are based not only on the state of the environment, but can also incorporate
human behaviour into a model, since ABMs allow individual agents and their decision-making processes to be
represented the simulation, as well as the interactions between these agents and their environment (Schwarz
et al., 2020). ABMs can incorporate decision-making rules at both the individual and community levels,
allowing for the inclusion of both direct and indirect social in uences (Barnaud et al., 2013; Matthews et al.,
2007). These characteristics align naturally with the core components of the game: multiple autonomous
decision-makers (agents); distinct decision-making processes; agent interactions; and adaptive behaviour.
Consequently, ABMs are well suited to simulating the complex dynamics and interactions of the urban
environment in a realistic way, e ectively capturing the nuanced decision-making present in the original
game.

3.2.2 Decision Making of the Virtual Agents

The decision-making process of the virtual agents will be guided by several factors, including assigned
stakeholder roles, prede ned planning schemes and an element of randomness introduced through land-use
dice. Various theoretical approaches have been proposed in literature for modelling behavioural realism in
decision-making processes. Schliter et al. (2016), outlines a selection of well-known theories of decision
making from di erent disciplines and investigates its potential use and how these di er from each other;
Rational Choice Theory, Bounded Rationality, Theory of Planned Behaviour, Habitual/Reinforcement Learn-
ing, Descriptive Norm, and Prospect Theotfgational Choice Theornassumes that individuals have access

to all information and optimise utility, whereaRounded Rationalityacknowledges imperfect information

and cognitive constraintsTheory of planned behavioumphasises attitudes, social norms and perceived
control, whereDescriptive Normsfocus on how the behaviour of others can inuence a person's deci-
sions. Habitual/Reinforcement Learningncorporates the tendency for actions to become habitual through
feedback loops. FinallfProspect Theoryincorporates cognitive biases such as loss aversion and reference
point-dependent evaluations (Schliter et al., 2016). Each of these theories o er valuable explanatory power
but also di er in their scope, level of formalisation, and suitability for modelling. Theories such as rational
choice andProspect Theoryare highly formalised and are well suited to mathematical representation. On
the other hand, theories such as descriptive norms or reinforcement learning capture social or temporal
dynamics more directly.

For the RESORTES-VG, Prospect Theory is chosen as the the theoretical basis for modelling virtual agent
decision-making. It accounts for individual perceptions of gains and losses, and how context shapes actors'
evaluations and behaviour (Schliter et al., 2016). According to Prospect Theory, individuals assess potential
outcomes di erently based on perceived probabilities and contextually in uenced biases. In a modelling
context, Prospect Theory is operationalised as a specialised rational actor model. Virtual agents select
behaviours based on optimal returns calculated from de ned value functions, while accounting for the
inherent randomness of human decision-making. Prospect theory uses a high degree of formalisation that
allows for virtual agents to evaluate potential outcomes of goal i under uncertainty through de ned probability
weighting functions (Equation 3.1) and value functions (Equation 3.2). In the RESORTES-VG, agent
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decisions are primarily driven by role-speci ¢ goals in combination with overarching game objectives, ensuring
alignment between theoretical principles and gameplay realism.

_ P; (pi) = weighted probability for goal i;
(pi) = (1 NN (3.1) pi = probability goal i;
(p; +( Pi) ) = distortion parameter,
8 v(Xx;) = subjective value of outcomex;;
< (Xi ry) ; if X re (gain); Xi = actual outcome goali;. .
v(xi)= . (3.2 r¢ = reference point for gain/loss at timet;
' (re xi); ifxj<r¢ (loss; = sensitivity for gains,

= sensitivity for losses,
= loss aversion parameter,

Given the limited time frame available for translating the RESORTEScity game into an agent-based version,
this approach o ers a pragmatic compromise between computational feasibility, theoretical grounding, and
the controlled simulation of decision-making dynamics. At the same time, it is acknowledged that this choice
represents a simpli cation, as the model only partially accounts for social context and does not capture the
collaborative and adaptive dimensions of human decision-making that other theories emphasise.

To provide a clear description of the translation of the RESORTEScity into the RESORTEScity-DG, this
research uses the main structure of t&®D+D protocol developed by Mdller et al. (2013) in combination

with the MoHuUB frameworkdeveloped by Schliter et al. (2016). The ODD+D protocol o ers a structured
way of documenting model components: overview, design concepts, details and decisionsoRbB
framework is speci cally designed to capture and represent individual human decision-making processes,
which are a core element of RESORTEScity gameplay.

3.3 Learning Indicator Selection

To evaluate the learning process facilitated by the two RESORTEScity game formats, the learning typology
established in Chapter 2 was used as a foundation. Given the limited time-frame of this thesis, a targeted
selection of indicators was used, followed by a mixed-methods approach to assess and compare these in-
dicators across the digital and physical game. The selection of indicators was based on two main criteria:
(1) their relevance to the context and objectives of RESORTEScity, including their potential to investigate

di erences between RESORTEScity and RESORTEScity-DG, and (2) the feasibility of their operationalisa-
tion and measurement. Based on these criteria, the following six indicators were selected from the derived
learning typology (Table 2.2) for inclusion in the evaluation strategy:

K1 Factual knowledge on the topic
K2 System complexity

K3 Decision-making processess
A2 Worldviews

A4  Shared decision-making

3.3.1 Justi cation for the Selection of Indicators
Knowledge-based learning indicators

The RESORTEScity game aims to raise participants' awareness of the complexities of urban land-use plan-
ning in the context of UHIs. As outlined in the introduction, a better understanding of the system leads to a
greater awareness of the issues present within it and the impact of decisions made by those involved. Where
understanding of complex systems requires both factual knowledge and comprehension of interconnections
(Lalani et al., 2023). To capture learning in terms of system understanding, the evaluation includes three
interconnected knowledge indicatorBactual knowledge on the topic (K1) , System complexity (K2) ,
Decision-making processes (K3). Each of these indicators addresses a distinct yet complementary aspect

of systemic understanding. K1 focuses on factual knowledge and concepts, as well as their relationships;
K2 addresses the interdependencies and dynamics present in the system; and K3 addresses the trade-o s,
uncertainty and complexity involved in decision-making processes within the system.
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Attitudinal learning indicators

To examine how the game may in uence players' views on urban climate issues, particularly within the
context of Dutch Urban Planning (UP), indicatoworldviews (A2) has been included. This indicator

re ects potential shifts in values, beliefs, viewpoints and perspectives resulting from engagement with the
game. Changes in these factors can be used as a measure of changes in attitude, which are particularly
relevant when it comes to the socio-political nature of climate-related UP (Kolek et al., 2023; Corner et al.,
2014).

Within a complex system involving ‘wicked problems' that can be open to various interpretations and
solutions, the diversity of stakeholders' perspectives makes decision-making processes challenging (Forrester
et al., 2018; Dentoni et al., 2018). UP inherently includes this socio-relational dimension, particularly with
regard to complex socio-environmental challenges such as UHI and its impacts (Asadi & Arbab, 2024).
Therefore, indicatorShared decision-making (A4), was selected to assess how the game fosters an
understanding of stakeholder engagement. However, as the game is played as a role-play and not with
stakeholders, measuring changes in the social-relational dimension is not applicable to the context of the
game. Consequently, A4 has been implemented in the evaluation through examining participants' views on
the signi cance of relationships, consensus, trust, cooperation, and other elements involved in the decision-
making process.

3.4 Quasi-Experimental Research Design

A quasi-experimental research design was employed to conduct a comparative analysis of the learning out-
comes associated with the two formats of the RESORTESCcity serious game, focusing on the selected learning
indicators. Each game format served as a distinct experimental group. Each game format served as a dis-
tinct experimental group. Group A involved a physical, multiplayer board game with six participants per
session (RESORTEScity). Group B involved a digital, single-player board game with one participant per
session (RESORTEScity-DG). Throughout the thesis, Group A will be referred to as the 'physical’ group,
and Group B as the 'digital' group. This design enabled the investigation of the potential impact of the

di erent game formats on players' learning experiences and outcomes, addressing research question 4.

3.4.1 Participants

The target group for the experiment consisted of students and recent graduates from Wageningen Univer-
sity & Research (WUR). The target group was selected based on their availability, and diversity in terms
of academic discipline, and professional interest. Additionally, participants were, at least to some extend,
familiar with the Dutch urban context and had recently experienced heat-related issues. To avoid contam-
ination and prevent in uencing the responses of those who had not yet participated, two measures were
taken. Participants could only take part in the experiment once, and were explicitly asked not to share any
information about their experience or the game with other potential participants.

Recruitment followed a convenience sampling strategy. For the physical experiment group, groups of six
were formed through personal networks. Participants in the digital experiment group signed up through an
open invitation. In order to facilitate comparability during the data analysis stage, the aim was to ensure

an equal number of participants in both groups. A total of 49 participants took part in the study. Of these,

24 took part in four sessions for experimental group A, with six participants in each session, while 25 took
part in 25 individual sessions for experimental group B. The distribution of stakeholder roles was controlled

in both conditions. In experimental group A, each participant was assigned a unique stakeholder role, with
each role represented in one session. In experimental group B, roles were counterbalanced across sessions
to ensure even representation and minimise role-speci ¢ bias.

3.4.2 Experimental Procedure

The experimental procedure comprised three main phases: a pre-game evaluation, the game session itself
and a post-game evaluation. A total of 28 sessions were conducted between 16 and 29 June. Before
the start of each session, participants gave oral consent before participating, in accordance with the WUR
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guidelines. Each session was expected to last 1.5 2 hours for the physical group and 45 60 minutes for the
digital group, with the duration of each phase depending on the experimental group. Figure 3.1 provides a
graphic representation of the experimental procedure.

Figure 3.1: Visualisation of the experiment procedure

Phase 1: Pre-game evaluation

The experiment was introduced, including the experimental procedure. The concept of serious games
was clari ed if necessary, to ensure that all participants understood what they would be doing during

the experiment. Participants were then instructed to complete a pre-game questionnaire , which took

approximately 20 minutes. During the physical experiment group sessions, participants were instructed not
to communicate with each other during this task to prevent peer in uence.

Phase 2: Game session

After completing the questionnaire, participants were provided with an in-depth explanation of the gameplay
process, including information on the set-up, overarching objectives and general rules of the game. Once
this was clear, the corresponding version of the game was played. The game itself took approximately 1 1.5
hours for the physical group (Figure 3.2) and 20 35 minutes for the digital group (Figure 3.3). After each
round, players were informed of the points obtained per actor to inform their next-round decision-making.
Building on this, participants in Group B were encouraged to think aloud during gameplay, verbalising their
thoughts, observations and strategies. This approach was intended to facilitate personal re ection on game
dynamics and playing strategies throughout the game. After nishing the game, the session ended with a
debrie ng. During this discussion, the participants shared their emotions, experiences and perceptions of
the game in response to a set of guiding questions. This gave participants time to re ect on the game and
consider their experiences in a broader context.

Phase 3: Post-game evaluation

After the game, the participants completed a post-game questionnaire. This phase lasted around 15 minutes.
As with the pre-game evaluation, the physical group participants were asked to complete the questionnaire
silently and individually. Participants unable to complete the post-game questionnaire on-site (e.g. due to

time constraints) could complete it at home. However, they were instructed to do so on the same day to

maintain consistency and accuracy of memory recall.
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Figure 3.2: RESORTEScity: Group game session  Figure 3.3: RESORTEScity-DG: Individual game session

3.4.3 Data Collection

A wide range of studies have evaluated the e ectiveness of games for learning using diverse research methods.
Mayer et al. (2013) emphasise the importance of multi-method data collection, incorporating techniques
such as pre- and post-test surveys, in-game data collection, observational analysis, and self-reported learning
re ections. This research focuses primarily on data collection during the pre- and post-game phases to en-
able a structured evaluation of the selected learning indicators. Several in uencing factors were considered
alongside these indicators: participants' demographics, prior knowledge, individual experience, active par-
ticipation and motivation. Additionally, observation notes were collected during the game and debrie ngs,
including participant comments and verbal re ections. After data collection, a comprehensive analysis was
conducted to answer the fourth research question.

Data on the participants' learning indicators and the factors in uencing them was collected via a structured
qguestionnaire both before and after the game session (Appendix D.1). The questionnaire consisted of mul-
tiple sections, covering both learning indicators and in uencing factors. Information about the participants'
demographics and prior knowledge was collected before the game. The post-questionnaire covered individ-
ual experience, active participation and motivation. These were captured through self-reported open-ended
guestions and 5-point Likert scale questions about gameplay experience and engagement. To assess indi-
cators K1 K3 and A4, a combination of open-ended, closed-ended and 5-point Likert scale questions were
used. These indicators were measured through direct knowledge assessment and self-assessment. Indicator
A2 was investigated using Q-methodology to capture changes in subjective viewpoints (Qme, 2019; Zabala
et al., 2018). This multi-method questionnaire design allowed for a comprehensive and comparative eval-
uation of learning outcomes across the two game formats. The responses to the pre-game guestionnaire
were considered baseline responses and were consequently used as a proxy for the in uencing factor of prior
knowledge.

Q-methodology

The Q-methodology is a semi-quantitative approach used to explore subjective viewpoints and perspectives
(A2) by asking participants to rank a set of prede ned statements, known as Q-statements, according to
the extent to which they agree or disagree with them (Zabala et al., 2018). This approach enables the
identi cation of patterns in opinions and has proven to be a valuable tool for analysing viewpoint diversity
and identifying clusters of perspectives (Watts & Stenner, 2012). Consequently, Q-methodology facilitates
the investigation of both similarities and di erences in viewpoints.

In this thesis, the Q-statement list developed by Eero (2023) and presented in Table 3.2 was used. These

statements were derived from interview data and relevant literature, and formulated as neutral sentences
covering the topic of the game. The Q-statements were included in both the pre- and post-questionnaires.

14



Participants ranked the Q-statements in a forced-distribution grid, producing a Q-sort. Each statement was
placed along a scale ranging from least agreeable (-3) to most agreeable (+3). Although this forced
distribution may initially appear restrictive, it ensures that individual perspectives are mapped within de ned
boundaries and allows pre- and post-game responses to be compared systematically. Each Q-sort thus
represents the perspective of a single respondent at a speci ¢ point in time (Zabala et al., 2018).

Table 3.2: Statements Q-methodology, developed by Eero (2023)

N Statement
Cities need to have a large variety of commercial buildings (o ces, stores, malls) available
in all its neighbourhoods
Cities need to have a large variety of a ordable housing or real estate available in
all its neighbourhoods
Green spaces are essential for managing or mitigating local urban heat stress
Waterbodies like rivers, canals and lakes signi cantly reduce heat stress in a city
The size, positioning and distribution of buildings and width of roads play a key role
in shaping the urban climate
Building our cities densely without urban sprawl is a great approach to limit
climate change problems
Good spatial / land use planning can e ectively mitigate the negative impact of
extreme weather events such as heat
8 Mixed land use should be more apparent in cities
9 Health concerns or death from hot weather is a serious enough of a consequence
to put more e ort into reducing urban heat extremes
10 Knowing how to act during a heat wave in urban areas is common knowledge
11 The public awareness about temperatures increasing does not call for additional discussion on it
12 Creating more recreation or economic opportunities on empty land is more important than
conserving the land's natural state
13 Mitigation methods are too expensive to reduce the creation of excessive heat in cities
14 Industries and companies are the main cause of rising temperatures and heat stress
15 More nancial investment is needed for researching warming of cities
16 Controlling and managing urban heat is the responsibility of all citizens
17 The government is solely responsible for creating and maintaining a comfortable
urban climate/space
18 The government is to blame for not addressing local climate change problems enough
19 There needs to be more dialogue and active participation of stakeholders in new spatial plans
20 Cities need to help each other in adapting to climate change
21 Increased temperatures in cities will result in even larger problems (or more fatalities)
29 Addressing the problem of hotter than average temperatures is an urgent issue
all around the world
Urban planning practices do not take climate change adaptation seriously enough in
new development plans
Climate change is inevitable so we should rather accept it than change our behaviour
to become more suitable
25 Cities face many problems that are much worse than heat stress
26 Increased hot temperatures should not be framed as a realistic issue in cities

a hrow N
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3.4.4 Data Analysis

The data analysis for the knowledge indicators centred on the quanti cation of shifts in participants' under-
standing after gameplay. The evaluation of the three knowledge-based learning indicators (K1, K2, and K3)
is primarily based on participant self-assessments. The assessment of each indicator was evaluated through
multiple components of the topic, thereby enabling the capture of multifaceted comprehension. The eval-
uation of K1 was operationalised through the analysis of two concepts related to the game context: urban
planning and urban heat islands. The following components were employed for the evaluation of the shift in
understanding for each knowledge indicator: The shift in participants' understandifagtfal knowledge on

the topic (K1) was analysed through two concepts: UP and UHI, each evaluated using three self-assessment
components. Similarly, the shift in understanding syfstem complexity(K2) was operationalised through

three self-assessment components addressing system complexity and system thinking. Finally, assessment
of the shift in understanding afiecision-making process@is3) encompassed four components.
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K1 Urban Planning;
"~ familiarity with the concept of UP
" relationship between Land use planning and urban climate resilience
" relationship UP and city's ability to cope with climate-related challenges
Urban Heat Island;
~ familiarity with the concept of UHI
causes & consequences UHI e ect
strategies to reduce UHI e ect

A~

K2 Intended and unintended consequences of LU decisions
interconnectedness environmental and human actions within urban system
spatial and temporal scale of UP decision outcomes

K3 In uence of di erent stakeholders in shaping the urban system
roles, priorities and perceptions of stakeholders in urban planning
motivations and interest of urban stakeholders
interconnectedness stakeholder decisions and urban environment

In addition to these self-assessments, K1 included open-ended questions. Participants were asked to identify

the causes and consequences of UHIs, as well as potential adaptation strategies, both before and after the

game. To investigate shifts in conceptual understanding, these open-ended responses were analysed using
word-cloud visualisations.

To assess participants' perspectivesgrared decision-makingA4) in urban planning processes, this study
evaluated the competencies that participants believed to be crucial for e ective participation processes.
Participants were asked to indicate the importance of seven competencies related to stakeholder-involved
decision-making processes, namely communication, negotiation, cooperation, con ict resolution, trust, re-
lationship building and stakeholder engagement, both before and after the game.

Variable classi cation & Comparative data analysis

The values used for scoring the variables and their assigned scoring labels can be found in Appendix D.2.
The ranges of values for the classes of the di erent variables di er according to the maximum value that
can be achieved for each variable. Cohen's d was utilised as a means of estimating e ect size, representing
the variation in learning curves (post - pre) between the physical and digital participant groups. Cohen's d

is a measure of the standardised mean di erence between two groups, calculated by dividing the di erence
between the group means by the pooled standard deviation. This dimensionless measure has conventionally
accepted thresholds for small (d = 0.2), medium (d = 0.5) and large (d = 0.8) e ects. Asitis a standardised
measure, the e ect size can be employed in the mixed-method approach used for the di erent learning
outcomes (Wouters et al., 2013).

Q-methodology

To investigate participants' shifts imiewpoint(A2), the Q-sorts from the pre- and post-game questionnaires
were analysed using thgmethodpackage inRStudio. Within the Qmethod, analysis is conducted on an
individual Q-sort level, with all Q-sorts being compared with each other through correlation and factor
analysis. The process of extracting factors involves the aggregation of all individual responses into a smaller
number of representative responses. This process reveals clusters of subjectivity (factors) which represent
shared perspectives on the topic. Each factor is represented by a composite Q-sort, which provides the most
representative arrangement of statements for that viewpoint (Zabala et al., 2018).

The analysis irRstudio was conducted in line with earlier Q-method applications to the RESORTES board
game (Eero, 2023; Kempen, 2025). In this study, the Principal Components Analysis (PCA) was used to
extract the factors. The factors were rotated using the Promax rotation method to obtain a clearer and
more interpretable structure. The number of factors retained was determined according to the selection
criteria proposed by Watts & Stenner (2012). Pre-game analysis resulted in four distinct factors among
the 40 participants, with nine participants not loading signi cantly onto any factor. Post-game analysis
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likewise revealed four factors, with 45 participants assigned and four participants unassigned. Of these,
one participant remained unassigned in both pre- and post-game analyses, while the remaining three had
previously clustered.

The interpretation of the factors was guided by two main outputs: The factor loadings indicate the relation-
ship between each respondent and a factor (Zabala et al., 2018). The statement scores (rounded z-scores)
describe the relationship between each statement and a factor. Factor loadings are a measure of the extent
to which an individual Q-sort aligns with a factor. While many participants load clearly onto a single factor,
some may load signi cantly on more than one, re ecting overlapping viewpoints. This phenomenon occurs
because factors are not mutually exclusive clusters of individuals, but rather descriptive archetypes that
capture the key dimensions of shared subjectivity (Watts & Stenner, 2012). Statement scores represent
the average ranking of each item within a factor and illustrate the shared perspective of the factor group.
These scores are particularly useful for identifying consensus items, which receive similar rankings across all
factors, and distinguishing items, which di erentiate one factor from the other (Zabala et al., 2018; Kim &
Feng, 2024).

The interpretation of the data was conducted in three stages. First, the creation of opinion type narratives
provided insight into the range of perspectives among participants before and after gameplay. Secondly,
the correlations between factor scores were examined in order to investigate how opinion dimensions related
to each other. Thirdly, shift pattern analysis was employed to evaluate the relationship between pre-game
factors and post-game factors, focusing solely on shifts that were supported by at least three participants
who loaded on both the pre- and post-game factors. This threshold is consistent with the recommendations
for sample sizes in Q-methodological factor analysis (Watts & Stenner, 2012). Additionally, only state-
ments agged as distinguishing for either the pre- or post-game factors within a given shift pathway were
included, as these provide the most meaningful basis for interpreting perspective change. In order to guide
the investigation of consensus and diversi cation between shifts moving from a speci ¢ pre-game factor,
shifts were classi ed into ve categories: consistent negative shifts, consistent positive shifts, mixed shifts,
diverging shifts, and minimal change shifts. Consistent shifts (positive or negative) re ect a strengthening
of agreement or disagreement within shared viewpoints, diverging shifts indicate diversi cation, mixed shifts
suggest no clear trajectory, and minimal change shifts reveal persistence of the pre-game perspectives.

3.5 Participants' Characteristics

Before the game started, participants were asked to complete a pre-game survey. This survey included a
section on personal information, which was used to identify the participants' general characteristics. This
section consisted of three components: participant demographics; background knowledge relating to the
RESORTEScity context; and, for group sessions, the relationships between players.

3.5.1 Demographics

A summary of the participants' demographics can be found in Table 3.4. A total of 49 participants were
included in the study, with an even gender distribution. The participants' ages ranged from 18 to 31, with
the majority aged between 22 and 25 and an average age of 24. The majority of participants were Dutch,
with 84% having lived in the Netherlands all their lives. Four of the participants in the physical group had
non-Dutch nationalities, originating from Somalia, Belgium, the United States and Romania. Similarly, four
non-Dutch participants from China, Brazil, Sint Maarten and Germany participated in the digital sessions.
The participants' geographical origins were distributed evenly across suburban, urban and rural regions. A
total of 65% of participants were either pursuing or had recently graduated a Master's degree, while 35%
were pursuing a Bachelor's degree. The number of years that participants had studied at university ranged
from one to eight. Among those who had recently graduated, ve participated in the digital group and
seven in the physical group.
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Table 3.4: Participant demographics

Male 45% Urban area 35%
Gender Female 53%  Place of origin Rural area 27%
Prefer not to say 2% Suburban area 39%
18-21 yrs 22% 1-2 yrs 24%
Age 22-25 yrs 55%  Years studying  3-4 yrs 14%
>25 yrs 22% at university 5-6 yrs 39%
Whole life 84% 7-8 yrs 22%
Years spentin  2to 3 yrs 6% Studv dearee Bachelor 35%
the Netherlands 4 to 6 yrs 6% y deg Master 65%

17 to 18 yrs 4%

3.5.2 Background Knowledge on Serious Gaming and the Context

A wide range of study areas at Wageningen University were represented in both experiential groups (Fig-
ure 3.4). Notably, the distribution of study backgrounds was uneven among the four game sessions of the
multiplayer group. In Game Session B, only one study direction was represented: International Land and
Water Management. Conversely, all participants in Session D had an educational background in agrotech-
nology and food sciences. Approximately half of the participants indicated that they had experience of

SGs or role-play simulations within the context of land use systems. These participants generally had a
background in environmental or social sciences. The distribution of experience levels was uniform among
the virtual group participants, ranging from none to very experienced. In the physical group, however, 58%

of participants had no prior experience. Of those with experience, the majority rated themselves as very
experienced.

Figure 3.4: Participants' study background
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4. Results Research Question IlI:
Game Adaptation from Physical to Digital

4.1 Overview

This chapter outlines the translation of the RESORTEScity board game into RESORTEScity-DG. The
purpose of RESORTEScity-DG, driven by a ABM, is to adapt the RESORTEScity board game into a digital,
single-player format. The ABM is primarily designed and parameterised based on the original design elements
of RESORTEScity. Human behaviour is integrated into the model through decision-making procedures
based on Prospect Theory. The model aims to replicate the core dynamics of the RESORTEScity game
comprehensively, simulating ve of the original human players using virtual agents. Table 4.1 illustrates key
di erences in game speci cs between the original game and the digital adaptation.

Table 4.1: Comparison of RESORTEScity and RESORTEScity-DG

RESORTEScity RESORTEScity-DG
Game Participatory, Agent-based simulation,
type Goal-seeking, Goal-seeking,
Common access, Distributed access,
Role-play, Role-play,
Narrative Narrative
Game Physical board game, Virtual board game,
form physical Digital
Goal Collaborate with other players to successfullfEngage with virtual agents to successfully
manage unexpected events on the journeymanage unexpected events on the journey.
Players Six participants, each representing one stakédne participant and ve virtual agent, each
(amount) holder group representing one stakeholder group.
Resources 1. Gameboard with 37 hexagons togethet. Netlogo simulation (includes physical re-
Needed distributed in 4 quadrants sources 1 6)
2.2 O 4 coloured eld cards of player-2. Game progress overview sheet
assigned colour 3. Arole play card for the human player
3. 4 sets of pieces of high and low risk typd. Visualisation of land use pieces and stake-
(24 pieces of each together) holder types used in the simulation

4. 2 dices with small- and large-scale num-
bers resulting with the same average

5. Small complexes playing pieces of green

and purple to indicate renewable en-

ergy circulation (green) and UHI loca-

tions (purple)

A role play card for each player

7. Discussion with other players about their
moves is recommended

o

Game Discussion with other players about theifThinking and reasoning aloud about strategy
rules moves is recommended. and potential moves is recommended.
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The RESORTEScity-DG model is developedNietLogo 6.4.0. The game board environment included in
the model is based on a hexagonal grid (Figure 4.1) created @S Key entities included in the model;

Temporal scale
Spatial scale

Spatial units
Agents

Exogenous Factors

One game session per simulation run, consisting of ve rounds, each representing
one year.

The spatial environment replicates the original game board.

Hexagonal plots with attributes including plot ID, quadrant, ownership, and land-use.
Six players, one human and ve virtual agents, each with a speci c stakeholder role
and decision-making order. The virtual agents are assigned unique characteristics
(attributes) that shape their decision-making algorithms, enabling them to exhibit
more authentic and diverse decision-making patterns. These attributes include risk
perception (risk-prone, risk-averse or balanced), game objectives specic to their
stakeholder role and memory.

Unexpected events simulated through event cards, including energy economy crisis,
Humanitarian crisis, and wither relief. However, the ecological crisis was excluded
from the digital version of the game, as it was not possible to e ectively and feasibly
translate the mechanics and concept of the event card.

Figure 4.1: Virtual hexagonal game board of the RESORTEScity-DG model, developed in NetLogo
6.4.0; The board reproduces the original game layout, with hexagonal plots representing spatial units

The simulation process closely mirrors the original RESORTEScity board game process (Appendix C.1),
incorporating additional agent-speci ¢ decision-making steps executed by the virtual agents. After each game
session, the models memory resets. A simulation run starts by the initialisation of the digital game board and
player attributes, followed by the game cycle (Figure 4.2) . The game cycle progresses through ve distinct
rounds, where rounds three to ve include the event cards. The procedural sequence of each game round
is composed of four core submodels that operationalise the game process and decision-making steps within
the RESORTEScity-DG serious game. These submodels translate the complex decision-making processes
within the RESORTEScity, enabling virtual agents to exhibit stakeholder-driven behaviour based on prospect
theory, whilst maintaining strategic gameplay dynamics. The four core submodels are; (1) Turn-based eld
allocation (round 1 only) (2) Land use assignment (3) Points calculation (4) Event card implementation

(rounds 3 5).
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Figure 4.2: Schematic overview of the RESORTEScity-DG simulation process,
outlining the main components of the virtual game cycle

4.2 Design Concepts

RESORTEScity-DG is based on the conceptualisation of the complexity of the urbanistic UHI e ect context

of Eero (2023) including feedback loops and the inherent drivers of the players decision making, which
include potential risks, stakeholder objectives and planning schedules. These feedback loops and drivers are
formalised as rules in the game simulation. Additionally, the simulation attempts to include the dimension
of human decision-making into the simulation model through the inclusion of virtual agents decision-making
processes grounded in the prospect theory. Similar to the human agent, virtual agents strive to achieve
stakeholder objectives under uncertainties, in uenced by probabilistic outcomes, events and risk percep-
tions. Decision-making is constrained by game dynamics, land and land use availability and role-specic
rationalities. A key outcome of the model is its representation of the emergence of the urban environmental
system and the changes that occur throughout the simulation as a result of the cumulative e ect of individual
decisions. These outcomes include collective land-use patterns (collaborative planning schemes), strategies
for adapting to unexpected events (event cards), and achieving stakeholder objectives (score distribution
among agents).

Figure 4.3 visualises the decision-making mechanics of the virtual agents through the MoHuB framework.
This framework forms the basis for all decisions virtual agents make during the simulation. At the star of
the game, the risk attitudes are assigned randomly to the virtual agent. Additional to the general goals of
the agents, each agent has distinct personal goals derived from the stakeholder roles. The decision-making
process for agents considers only the current state of the game board and past events, without anticipating
future player actions. This ensures individual learning is incorporated into decision-making while preventing
unrealistic all-knowing behaviours.
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Agents cannot communicate with each other, however, their behaviours indirectly in uence each other by
altering the state of the game board. The model employs a static coordination network of state sharing,
where each agent's decisions and the potential to achieve a speci ¢ goal depend on the real-time actions
and states of other agents. This creates interdependencies and emergent collective patterns, despite the
absence of explicit collective decision-making or learning processes.

Figure 4.3: Overview of the individual decision-making process presented through the
MoHuB framework, adapted from (Schliter et al., 2016)

4.3 Detalls
4.3.1 Virtual Agents' Risk Perception

The model makes use of three distinctive risk perception types; Risk averse, Risk prone, Balanced risk.
During the model initialisation, each virtual agent is randomly assigned one of these risk types, with equal
probability across the three risk types. The sensitivity for gaih &nd sensitivity for loss () parameters of

the value function are derived through the assigned risk types. Each risk type corresponds to a prede ned
range of and values (Table 4.3), from which a speci ¢ value is drawn and assigned to the agent at the
start of the game cycle. a specic value is assigned to the virtual agent at the start of the game cycle.
These values remain constant throughout the game. The loss aversion paramgiafrthe value function

is modelled as a dynamic risk parameter that can change during gameplay. Speci caljinked to the

virtual agent's relative position on the scoreboard (Table 4.3). As agents move up or down positions, their
value for loss aversion adjusts accordingly, re ecting the in uence of shifts in relative performance on risk-
taking behaviour. This design enables the model to capture context-dependent changes in decision-making:
agents in lower positions may become more risk-prone, while those in higher positions tend to act more
cautiously.

Table 4.3: Value function risk parameters

Risk type  Sensitivity for gain () Sensitivity for loss ( ) Scoreboard Loss aversion ()

Risk averse 0.7 0.8 09 10 1&2 25

Risk prone 09 1.0 0.7 0.8 3&4 2.25
Balanced 0.85 0.9 0.85 0.9 5&6 2

4.3.2 Formalisation of the Stakeholder Goals

All the stakeholder roles represented by the actors come with two personal goals. Additionally, the bonus
schemes are included in the stakeholder goals. Human actors do not know the exact conceptualisation of
the goals. However, this conceptualisation is included in the decision making processes of the virtual agents.
There are three general types of goals; count-based goals, contain-based goals, and neighbour-based goals.
One goal type, count-based goals, does not include a spatial component, the other two goal types do include
a spatial component. The conceptualisation of the role based personal goals and planning scheme goals
present in the game are provided in Table 4.4.
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Table 4.4: Conceptualisation of the game goals. Abbreviations for the four land-use types; LH
(Residential area), LG (Green-blue infrastructure), HH (Economic development), HG (Large-scale

parks)
DESCRIPTION CONCEPTUALISATION
Senior citizen
Goal 1 Housing for all social groups 6 elds with LH present on the board
Goal 2 Make sure all housing developments Each eld with LH has 1 adjacent
have greenery adjacent to them eld with green land use (LG, HG)
Nature conservationist
Goal 1 Make sure there are at least three Each Quadrant has 3 elds
green parks in each neighbourhood with green land use (LG, HG)
Goal 2 Make sure t.hat there are a.t Ieast. three .. 3 elds with LG present on the board
green-blue infrastructure pieces in the city
Student
Goal 1 Housing for all social groups 6 elds with LH present on the board
Goal 2 Make sure that all players d|.scuss Each agent owns 1 LG
and place down green-blue infrastructure
Municipality worker
Goal 1 Housing for all social groups 6 elds with LH present on the board
Goal 2 Adhered to your cities 6 elds with green land use
sustainability challenges (LG, HG) present on the board
Real estate agent
Goal 1 Provide housing throughout the city Each Quadrant has 1 eld with LH
Goal 2 Provide economic opportunities with 3 elds with HH present on the board
commercial developments
Parent
Goal 1 Housing for all social groups 6 LH present on the board
Goal 2 Make sure that there are green pa nrks Each eld with built-up (LH, HH) has 1
close by to all new developments adjacent eld with green land use (LG, HG)
Planning schemes
Board Atleast 10 high risk o ce/commercial 10 elds with HH or 10 elds with HG
or 10 large park land use cards
scheme present on the board

present on the board

Quadrant 8 elds out of 9 in one quadrant must 8 plots in one quadrant are elds with
scheme be covered with a greenery land use cardgreen land use (LG, HG) or empty plots

4.3.3 Submodel: Turn-Based Field Allocation

During the initial round of the game cycle, the eld allocation submodel (Figure 4.4) sequentially selects
four hexagonal plots by each player. The submodel is structured through a turn-based selection loop that
distinguishes between human and virtual agent procedures. Virtual agents execute a systematic maximisation
procedure, evaluating all available empty plots through eld value functior (ue) maximisation in order

to determine the optimal eld location. The decision-making procedure incorporates multiple valuation
components based on the stakeholder role assigned to the agent.

As mentioned in Section 4.3.2 the model distinguishes between three types of goal. For eld allocation, the
procedures distinguish between goals with no spatial component (count-based) and spatially dependent goals
(contain-based and neighbour-based), each of which has a distinct evaluation algorithm. The total eld
valuation procedure combines the weighted role-based goal assessmentse = (fRolel + fRole2),

where each role-based component incorporates the probability-weighting functign)(and valuation
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Figure 4.4: Schematic overview of the turn-based eld allocation submodel

function (v(r)) of the prospect-theory to calculate the probability-weighted expected poirrs e = v (r)

x 2.5 x (r)). All virtual agents utilise their assigned risk parameters, which vary according to their
risk pro le (Section 4.3.1). Furthermore, spatially dependent goals include previously allocated plots, the
probability of potential plot allocation and potential land uses in the goal valuation functions and

v(r).

The human agent engages with the game interface through manual plot selection by direct mouse click,
maintaining agency while operating within the same structural constraints as virtual agents. The procedure
for eld selection by the human agent validates selections against ownership of the selected plot. If the plot
is available, the visual representation of the hexagonal plot is updated accordingly. This hybrid approach
preserves the interactive elements that are crucial to the RESORTEScity serious game, while incorporating
human decision-making processes into the virtual agents' selection algorithm.

4.3.4 Submodel: Land Use Assignment

Following eld allocation, the land use assignment submodel (Figure 4.5) manages the strategic placement
and modi cation of land use types across owned plots in a randomised order. This submodel is the game's
core decision-making mechanism, incorporating multiple valuation layers that evolve throughout the ve
rounds of the game cycle. Virtual agents employ comprehersiveue maximisation procedures for the

four available land uses, which aggregate multiple valuation dimensions: (1) Stakeholder-specic goals
valuation (2) Collaborative planning schemes (3) Dynamic event responses.

The temporal adaptation of the algorithm shows that the submodel can incorporate evolving complexity,

with the number of valuation components increasing and the decision-making algorithm becoming more
complex across rounds. Within each valuation component, virtual agents utilise prospect theory principles to
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weight potential gains and losses. Valuation components refer to the individual factors or criteria within the
algorithm, based on prospect theory, that virtual agents use to calculate potential gains and losses during the
decision-making process. The submodel starts with four valuation components that remain active throughout
all game rounds: role-based goalmlel & fRole2) and planning scheme$Quadrant & fBoard) and
increases progressively through the three conditional temporal components; land use dice nfBigcery (
rounds > 2), energy-economy crisis event card memdBnérgy, rounds > 3) and humanitarian crisis
event card memoryf(Uhi, rounds > 4), re ecting the accumulating constraints and learned experiences
throughout the RESORTEScity game cycle.

fRole Each virtual agent evaluates two stakeholder-speci c objectives, with the algorithm di er-
entiating between spatial and non-spatial goals. Spatial goals require separate probability
and value calculations for each quadrant (contain-based) or clustered plots (adjacent-based),
while non-spatial goals (such as total housing provision) employ uni ed board-wide assess-
ments. The role-based goals receive double weighting in the nal calculation, re ecting their
importance to stakeholder identity.

fQuadrant This component evaluates the potential to obtain the quadrant-based nature scheme within
the four quadrants. The algorithm assesses whether placing speci c land uses will help achieve
the threshold of nine green plots or empty spaces required for the quadrant planning scheme.

fBoard The two board-wide collaborative planning schemes are included irfBbard valuation.
Similar to fQuadrant, the algorithm assesses whether placing specic land uses will help
achieve the threshold for each of the two schemes separately.

fDice Activated after round 2, this component incorporates agents' accumulated memory of dice
roll outcomes for low-risk and high-risk land uses. The valuation re ects learned expectations
based on historical performance, with each virtual agent memorising their personal dice roll
outcomes.

fEnergy After the energy economy crisis event card (round 3), agents incorporate memory of their
personal green/red building classi cations into their decision-making. The memory factor
decays over time, ensuring that the most recent events have larger weighting on the total
fvalue .

fUHI Following the humanitarian crisis event card (round 4), agents consider potential Urban Heat
Island formation when evaluating building placements. This component uses spatial clustering
algorithms to anticipate heat island e ects and incorporates them into land use valuations.

The framework concludes with a weighted integration formdlgalue = (2 O fRolel) + (2 O fRole2)

+ fQuadrant + fBoard) + fDice + fEnergy + fUhi . This mathematical expression ensures that role-
based objectives maintain primacy while allowing temporal factors to modulate decisions based on evolving
game conditions. The agent selects the land use option that maximizes this comprehPfaive across

all four available land use types (parks, residential, large parks, commercial), subject to resource constraints
(maximum 12 plots per land use type). This resource constraint scarcity dynamic ensures that strategic
choices have meaningful consequences while preventing any single land use type from dominating the game
board.

Similar to the turn-based eld allocation submodel, the human agent interacts with the game interface
through manual selection. During the initial game round, the human agent has a total of four opportunities
to assign a land use to one of their four elds. The order of elds is not xed; the sole requirement is that
all four elds have a land use assigned by the end of the four turns. During subsequent rounds, the human
agent has four opportunities to either maintain the current land uses or swap the land use of one of the
elds; these turns are not matched with a speci ¢ plot.
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Figure 4.5: Schematic overview of the land use assignment submodel

4.3.5 Submodel: Points Calculation

The point calculation submodel evaluates performance across multiple dimensions after each land use as-
signment round. It serves two functions: as a re ection tool towards the human agent and as a virtual agent
learning system. Virtual agents integrate performance outcomes through two memory mechanisms: dice
role histories for stochastic learning, and component-speci ¢ reference points derived from the achievements
of the previous round. Each component's outcome level becomes the baseline against which decisions in
the next round are evaluated using prospect theory value functions. This one-round memory integration
enables adaptive decision-making by updating the reference points to the outcome points from the previous
round. This creates a dynamic learning loop in which the agents become sensitive to changes in performance
relative to their recent historical achievements.

4.3.6 Submodel: Event Card Implementation

The event card implementation submodel (Figure 4.6) integrates the event cards into the game cycle. The
original RESORTEScity included four event cards; however, due to virtual translation potential, the current

version only includes three. The event cards have been adapted slightly to make them operational in the
RESORTEScity-DG simulation algorithms. The event cards employed in both the physical and digital format

can be found in Appendix C.3. The order of the event cards is the same for both game formats: Energy
economy crisis (round 3), Humanitarian crisis (round 4), Winter relief (round 5).

The initial two events, Energy Economy Crisis and Humanitarian Crisis, are included in the cumulative
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learning of the virtual agents through agent memory variables that in uence subsequent decision-making
processes. These variables are included to ensure that crisis experiences continue to in uence virtual agents
decision making in later rounds. Additionally, a gradually diminishing impact factor, the memory decay value,

is included in the event memory algorithm. This gradual forgetting re ects realistic learning dynamics where
recent experiences have greater in uence than distant memories, while still incorporating a sense of long-term
strategic planning. The virtual agents' memory stores both positive and negative building counts for the
energy economy crisis card, which are included in subsequent rounds through mihled calculations

within the land use assignment. For the humanitarian crisis card, the virtual agents' memory stores penalty
points andUHI formation patterns, which are then incorporated into subsequent rotvalsie calculations.

Round 3: energy economy crisis card

The energy economy crisis procedure counts the total number of build-up land uses (residential and commer-
cial developments) board-wide before applying classi cation rules that assign sustainable and unsustainable
energy labels to each of the build-up land uses. When six or fewer buildings exist board-wide, all receive
green energy classi cation with +5 point bonuses. However, when building counts exceed six, the algorithm
randomly designates six buildings as green while classifying the remainder as red with -5 point penalties.
The adaptation from group decision making in selecting the six buildings in the physical format towards the
random allocation mechanism causes a loss in simulating shared decision-making but retains the uncertainty
inherent in sustainability transitions.

Round 4: humanitarian crisis card

The humanitarian crisis procedure includes the most complex event mechanism, implementing spatial clus-
tering algorithms to identify Urban Heat Island formation patterns. The event algorithm employs proximity
analysis to identify building clusters where three or more residential or commercial land uses. The digital
adaptation of the humanitarian crisis card includes point penalties calculated as -10 base points plus -10
points per UHI intensity level, where intensity re ects the size of the largest cluster a ecting each agent's
properties, instead of the time-based penalty employed in the physical format.

Uniguely among the three events, the humanitarian crisis event includes reactive responses through land use
swapping mechanisms (only land use, not plot ownership). The human agents can select pairs of plots to
exchange land uses, potentially reducing UHI intensity by breaking up building clusters or relocating speci ¢
land uses away from heat-a ected areas. The check-UHI function provides immediate feedback on the
e ectiveness of swapping decisions, allowing players to experiment with di erent adaptive strategies before
nalising changes. Even though this land use swapping mechanism does not include time pressure and
discussion like the physical format, this reactive capacity aims to re ect real-world urban planning responses
to climate challenges, where existing developments can be modi ed, repurposed, or relocated to address
emerging environmental problems.

Round 5: winter relief card

The winter relief procedure reapplies the same UHI identi cation algorithms used in the humanitarian crisis
but with reversed valuation. Buildings previously identi ed as problematic heat islands now generate warming
bene ts valued at the current green dice roll multiplied by the number of a ected plots owned by each agent.
This seasonal reversal illustrates how environmental conditions that create problems during summer heat
waves may provide essential warming bene ts during winter cold periods.
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Figure 4.6: Schematic overview of the event card implementation submodel, consisting of three sub-procedures: energy economy crisis,
humanitarian crisis, and wither relief



5. Results Research Question 1V:
Game Performance & Experience

5.1 Game Performance
5.1.1 Stakeholder Goals

Throughout the game, players represented their assigned stakeholder through two pre-de ned stakeholder
speci ¢ goals. The patrticipants received these goals through their role-play cards Appendix C.2 and for the
physical game format the goals were integrated into the decision-making algorithms of the virtual agents.
The di culty of meeting stakeholder-speci ¢ goals varied across stakeholder types and across game formats
(Figure 5.1). While stakeholders such as Municipality worker (MW), Student (S) and Real Estate Agent
(REA) showed similar achievement rates across game formats, stakeholders such as Nature conservationist
(NC), Senior Citizen (SC) and Parent (P) displayed notable di erences. Furthermore, three of the goals
proved more di cult for all participants to reach: NC goal 1, S goal 2, and REA goal 2. Under 50% of
participants and virtual agents achieved these goals in at least one game session round.

Figure 5.1: Normalized cumulative achievement rate for the role-speci c goals, with a
maximum combined score of 2

Human players across the two game formats

To examine the relationship between participants' goal achievement across the two game formats (human
players), Pearson's and Spearman's correlations were calculated, the outputsrbeifigs55 andr = 0.7
respectively. These moderate correlations suggest that stakeholder roles with high achievement rates in one
game format also tended to perform well in the other. However, the strength of this correspondence varied
by stakeholder and goal.

Figure 5.2 demonstrates the relationship between the achievement rates of stakeholder-speci ¢ goals across
experimental groups. Signi cant di erences in goal achievement were observed between the two groups for
the goals NC1, SC2 and P2. SC2 and P2 both focus on adjacent land use, whereas NC1 involves the spatial
distribution among the quadrants. In all three cases, participants in the digital group were considerably less
successful. However, two goals had a higher success rate among participants in the digital group: S2 and
REA2. Nevertheless, neither exceeded 50%. This suggests that the transition from physical to virtual may
have posed additional challenges for participants with these goals.

29



Figure 5.2: Normalized stakeholder goal achievement of human players across both game formats

Virtual game: human and virtual agents

Across all stakeholder types, the proportion of successful achievement of the stakeholder speci ¢ goals was
similar for both human and virtual agents within the digital game format (Table 5.1). Two-sample tests
for equality of proportions did not identify any statistically signi cant di erencgs ( 0:05) between the

two agent types for any stakeholder type. Similarly, no statistical signi cant di erences were identi ed
when looking at the two stakeholder goals individually, as seen in Appendix E.1. Consequently, the virtual
agents appear to have achieved their pre-de ned roles at levels comparable to human participants within
the structure of the physical game.

Table 5.1: Stakeholder goal achievement proportions and statistics for the digital
format (2-sample test for equality of proportions)

Proportion Achieved Goals Test Statistics
Stakeholder - -
Human agents Virtual agents p-value 95% CI (di)
Senior citizen 0.55 0.61 0.59 -0.25t0 0.12
Nature conservationist 0.53 0.46 0.58 -0.12 t0 0.25
Student 0.50 0.49 1.00 -0.17 t0 0.18
Municipality worker 1.00 0.96 0.71 -0.01 to 0.10
Real estate agent 0.63 0.64 1.00 -0.19 to 0.17
Parent 0.68 0.58 0.34 -0.08 to 0.27

5.1.2 Collaborative Planning Schemes

In addition to the goals specic to each stakeholder, the players could obtain additional points through
three collaborative planning schemes, one quadrant-based and two board-wide schemes. The industry board
scheme, requiring 10 land use pieces of industry on the board, was not achieved in any session for either
game format. In all four physical game sessions, the quadrant scheme was reached in at least one round, as
was the board-wide nature scheme in three sessions. By contrast, both schemes were only reached in part
of the digital game sessions. Both planning schemes were achieved more often during the physical game
sessions (Figure 5.3). This suggests that direct human interaction enhances achievement of these schemes.
Furthermore, once a planning scheme had been reached in a round within the physical format, it was often
reached again in subsequent rounds, a trend that was not observed for the digital format.

30



Figure 5.3: Planning scheme achievement across both game formats

5.2 Game experience

During the post-game assessment, participants' game experience was examined across three overarching
themes: Game realism & Design, Role understanding & Representation, and game elements. An overview
of the participants' perceived game experience can be found in Table 5.2. Appendix E.2 provides a detailed

breakdown of the game experience by stakeholder role.
Table 5.2: Overview of participants' game experience

Total Physical Digital
Mean SD Mean SD Mean SD M Cohens'd

Game realism

Enjoyabilty 44 06 44 06 45 05 0.1 0.25
Engagement and motivation 4.2 0.7 44 06 4.1 0.7 -0.2 -0.36
Realism 36 09 34 09 38 08 04 0.45
Behaviour virtual agents NA NA 35 0.8 NA NA NA NA
In uence virtual agents NA NA 3.8 0.6 NA NA NA NA
Role understanding & representation
Role goals & responsibility 4.0 1.7 3.9 20 4.2 1.4 0.2 0.14
Role representation 4.0 1.7 3.9 20 4.2 1.4 0.2 0.14
Game elements
Decision-making re ection 3.9 08 4.2 0.7 3.7 08 -05 -0.62
Impact perception 34 1.0 35 1.0 3.3 09 -0.2 -0.19
Communication e ectiveness 2.8 1.3 2.4 1.2 3.3 11 1.0 0.84
System dynamics understanding 3.7 0.9 3.6 1.1 3.9 06 04 0.40

Game realism & design

The overall evaluation of the game experience was positive. The large majority of participants indicated
high or very high levels of enjoyability of the game, as well as engagement and motivation during game-
play. Notably, a larger number of participants engaging in the digital format indicated very high levels of

engagement and motivation compared with the physical format.

Participants rated the game to b = 3:6=5 in terms of how realistic the game felt. Participants in the
physical group perceived an overall higher average score in realism. Particularly, participants representing the
NC (d = 1:15) and MW (d = 1:59) roles showed large e ects in favour of the physical format. Moreover,
participants who participated in the digital group rated the strategic level and believability of the virtual
agents' behaviour as average to high. Additionally, participants indicated that the presence of virtual agents
had an average to very high level of in uence on their personal decision-making process.

Overall, engaging with the physical game format led to a higher level of trust towards decisions made
by other players. This was particularly evident for those representing the roles ol SC1(37) and P

(d = 1:40), both re ecting large e ects. In contrast, among participants representing the MW role, those
engaging with the digital format showed substantially higher trust than in the physical grdep (1:61),

also re ecting a large e ect.

M = mean; SD = standard deviation, M = mean di erence between conditions;r = correlation; d = Cohen's e ect
size;n = number of participants.
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Role understanding & representation

During the post-game assessment, participants were asked to indicate the extent to which they understood
the goals and responsibilities of their assigned role, and how e ectively they could represent it. This resulted
in a 5-level rating, with 1 indicating the lowest level of understanding or e ective representation and 5
indicating the highest.

Participants demonstrated an overall high level of understanding of their roles, although variation occurred
across di erent stakeholder groups. The MW role demonstrated the lowest level of understanding and
the greatest variation in responsed (= 3:88), while the REA M = 4:50) and NC M = 4:40) roles
demonstrated the greatest understanding with the least variation. Comparing the two game formats revealed
di erences in role understanding, with the physical game format demonstrating an overall higher mean.
Furthermore, the physical format showed a large e ect size for participants representing tie=4 (44)

and REA @ =1:15) roles, and a medium e ect size was observed for the SC rdte @ :60).

Overall, participants showed relatively lower levels of role representation. Those representing the P role
reported the highest role representation e ectivenelt £ 4:44), whereas the S group reported the lowest
scores M = 3:38). Participants in the physical group demonstrated an overall higher level of performance,
re ecting notably large e ect sizes for the SC rold € 1:2). The opposite was seen for the P role, where
notable e ect size was seen in favour of the digital group5 1:2). A moderate negative correlation
emerged between role understanding and representation e ectiveness (0:41), indicating that the roles

with the highest understanding scores did not necessarily achieve the most e ective representation.

Game elements

The participants were consequently asked to indicate their perceptions regarding several elements of the
game: their level of re ection on their personal decision-making process during gameplay (decision-making
re ection); the impact of their actions on the game dynamics (impact perception); the e ectiveness of inter-
action with other players (communication e ectiveness); and their level of understanding of decision-making
within the game (system dynamics understanding). Overall perception patterns showed that decision-making
re ection scored highest, followed by system dynamics understanding and impact perception. Communica-
tion e ectiveness demonstrated the lowest scores. Notably, participants representing the student role showed
the smallest perception di erences across all four game elements.

Participants in the digital group demonstrated substantially higher levetieofsion-making re ectiorthan

those in the physical groupd(= 0:60), particularly those representing the RI(= 1:9), MW (d =

0:81) and SC @ = 0:81) roles. The e ects of game modality on participantshpact perceptionvaried
considerably by stakeholder role. Participants representing the NC role perceived substantially higher impact
in the physical groupd = 1:14), while the P d = 1:84), SC d = 0:81) and REA d = 1) roles
showed large e ects in favour of the digital format. No signi cant e ects were shown for the S and MW
roles across game modalities.

The mean level asystem dynamics understandimgas moderately higher among participants in the physical
group d = 0:40), with large e ect sizes for the NCd = 0:91) and REA @ = 1:15) roles. Despite achieving
the lowest overall scored = 2:8), communication e ectivenesshowed the largest overall e ects of the
game modality in favour of the physical formad & 0:83). Participants in the physical group reported
consistently higher e ectiveness, particularly participants representing the M (:28), P (d = 1:14),

NC (d =0:96), and SC @ = 0:91) roles.
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6. Results Research Question IV:
Knowledge-Based Learning Outcomes

The following two chapters present the results derived from the pre- and post-game assessments of the set
of selected learning indicators. Chapter 6 outlines the knowledge-based learning indicators (K1, K2, K3),
followed by Chapter 7 which outlines the attitudinal learning indicators (A2, A4). For each indicator, the
outcomes of the two assessments are presented, followed by an overview of the changes observed between
the two assessments. These chapters explore the potential learning outcomes associated with engaging in
the RESORTEScity game and examines the similarities and di erences in these outcomes across the two
game designs. Participants knowledge levels for the knowledge-based learning indicators K1, K2, and K3
were primarily assessed through self-assessment of knowledge relating to the indicators, as described in the
methodology section.

6.1 Factual Knowledge (K1)

To evaluate the e ect of engaging in one of the two game formats of the RESORTEScity game in terms

of indicator K1, participants' perceived knowledge of the concepts of UP and UHI was measured through
self-assessment before and after the game. Alongside the self-assessment, participants were asked to identify
the causes and consequences of the UHIs e ect, as well as potential adaptation strategies, before and after
the game (Appendix F).

6.1.1 Shift in Perceived Knowledge

Prior to the game, looking across participants from both experimental groups, 7 participants indicated to
have a low knowledge level regarding UPs, 9 moderate, 28 high, and 5 a very high level. After the game,
the number of participants that indicated to have low or moderate levels of knowledge decreased to 7
participants. The majority of participants indicated to have high to very high knowledge levels, with 33
indicating a high level. Before the game, participants' knowledge levels on UHIs was more diverse than their
knowledge of UP. 16 participants showed very low levels of knowledge; they reported to be unfamiliar with
the concept of UHIs. Of the remaining participants, 5 demonstrated a low level, 8 a moderate level, 17 a
high level and 3 a very high level. After the game, all participants demonstrated moderate to very high levels
of knowledge about UHI, with the majorityn(= 31) reporting a high knowledge level. Figure 6.1 illustrates

the shifts in self-assessed knowledge levels about UHI (Figure 6.1a) and UP (Figure 6.1b), comparing
participants' pre-game and post-game scores; bubble sizes represent participant counts, and bubble colours
indicate the change in knowledge level (shift), with blue for increased knowledge and orange for decreased
knowledge.

(a) Urban Heat Island (b) Urban Planning
Figure 6.1: Pre- and post-game knowledge levels for K1
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Urban Planning

Analysis of changes in participants' perceived understanding of UP revealed that 29 participants the same
knowledge level of UP after gameplay. A dominant positive movement direction is seen amongst participants
exhibiting change, with 18 participants showing an increase in knowledge, while 2 showed a slight decrease.
Among those demonstrating change, there is a clear tendency towards the high level, with 12 participants
shifting to this direction. Among those with a low to moderate pre-game knowledge level, 4 participants
demonstrated no change after the game. The other 15 participants demonstrated an increase in knowledge
level after playing the game. Among those who showed high or very high levels of knowledge prior to the
game, further improvement was limited: 25 participants showed no change, 7 showed an increase, and 2
showed a decrease.

Urban Heat Island

After gameplay, 29 participants showed a positive shift in knowledge level on UHI, where 2 participants
demonstrated a negative shift in knowledge level. Notably, the largest increases were seen among those
with a very low or low knowledge level prior to the game. All 19 participants demonstrated a shift towards
higher levels: 6 demonstrated an increase of two levels, 8 an increase of three levels, and 4 an increase of
four levels. Furthermore, 8 participants demonstrated an increase in knowledge level from high to very high
after gameplay. Of the 18 participants for whom no change in knowledge level was observed, 1 participant
did not demonstrate a high to very high level of knowledge prior to the game.

6.1.2 Comparison by Game Format

Comparison of the two experiment groups reveals the di erences in participants' shift in knowledge about UP
(Figure 6.2) and UHI (Figure 6.3) after engaging with the game. An overall stable to increasing trend in UP
knowledge is seen for both game formats. Across both experiment groups, more than half of the participants
demonstrated an improvement in their UHI knowledge. A slightly larger proportion of participants of the
physical group showed an increase in UP=8 vs. n = 10) and UHI (h = 13 vs. n = 16) knowledge

than the digital group. The perceived knowledge level of participants related to UP showed a negligible
e ect size between the two game formats M =0, d= 0:04), while UHI showed a small e ect size in
favour of the physical group (M = 0:6, d = 0:45). Although this is considered a small e ect according

to Cohen's conventions, it suggests that meaningful di erences exist between the two game formats.

Within the subset of participants that demonstrated an increase in knowledge level, the average increase
is found to be 2 levels for the digital group and 2.6 for the physical group. Notably, when investigating
the two concepts separately, a minimal di erence in average increase favouring the digital group is seen for
UP ( M = 0:4), while a higher average increase in UHI is seen among the participants engaging in the
physical group (M =0:7).

Figure 6.2: Knowledge ows and shift directions regarding UHI, split by game format
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Figure 6.3: Knowledge ows and shift directions regarding UP, split by game format

6.1.3 Reported Causes, E ects & Adaptation Strategies related to
UHIs

After gameplay, there was a noticeable shift in the content of participants' responses regarding the causes,
e ects and adaptation strategies for UHI, while the overall number of responses per participant remained
relatively stable.

Causes

The most signi cant changes in cited causes were related to the spatial con guration of urban land use
(Figure 6.4). Participants increasingly identi ed the agglomeration of buildings, limited green and blue
infrastructure, industry and a lack of land use diversity as contributing factors to UHI. Conversely, references
to more general causes, such as ‘climate change' and 'lack of vegetation’, decreased, as did mentions of
factors explicitly related to urban ventilation and shading.

Figure 6.4: Pre- and post-game reported causes of the UHI e ect
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E ects

The UHI e ects of rising temperatures and health problems were mentioned most frequently both before
and after the game, with a greater number of participants reporting e ects related to health issues after the
game (Figure 6.5). Additionally, there was a signi cant increase participants indicating rising energy demands
and emissions, reduced urban liveability and mortality as consequences of the UHI e ect. Conversely, the
proportion of participants that reported negative impacts on air quality declined substantially, alongside a
moderate decrease in mentions of pressure on green spaces and biodiversity. Overall, post-game responses
increasingly focused on UHI impacts relating to human health, well-being and urban liveability.

Figure 6.5: Pre- and post-game reported e ects of the UHI e ect
Adaptation strategies

Regarding adaptation strategies, green infrastructure remained a dominant theme after gameplay. Indi-
vidualised approaches, such as 'increasing vegetation cover', ‘greening the city' and 'increasing perennial
greenery', were mentioned less frequently. Conversely, there was a notable shift towards strategies oriented
towards systems thinking, particularly those emphasising sustainable UP, nature-inclusive neighbourhoods
and buildings, preventing excessive building agglomeration, and consequently increasing the spatial dis-
persion of buildings (Figure 6.6). Furthermore, an increased focus was placed on integrating green-blue
infrastructure, as well as water bodies, into urban spatial planning. After the game, strategies relating to
urban transport management, such as reducing car tra ¢ and expanding pedestrian zones, were no longer
mentioned. Similarly, strategies involving urban shading as a cooling mechanism were also absent.

Figure 6.6: Pre- and post-game reported adaptation strategies for the UHI e ect
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6.2 System Complexity (K2)

Prior to the game, an analysis of the participants’ self-assessed understanding related to the system com-
plexity indicator (Figure 6.7) revealed that the majority of participants across both groups indicated a high
(n = 23) to very high f = 16) level of knowledge related to the topic. A total of 9 participants demon-
strated a moderate level of knowledge related to system complexity, while 1 participant exhibited a low level
of knowledge. In the post-game phase, the overall perceived knowledge level of the participants increased,
with the majority exhibiting highrf = 32) to very high f = 15) levels of knowledge on the topic of systems
complexity, while the number of participants demonstrating moderate levels decreased to 2.

6.2.1 Shift in Perceived Knowledge

With regard to the system complexity indicator, over half of the participamts=(27) demonstrated stability

in knowledge level after gameplay, while 29% £ 14) exhibited positive movement and 16% & 8)
negative movement. Examining the trajectories of participants according to their pre-game knowledge level
for system complexity in more detail, 8 participants who demonstrated low to moderate levels pre-game
shifted towards high levels post-game, with minimal movement to other levels. Of the 22 participants who
initially indicated a high level of knowledge, 17 (74%) demonstrated stability, while 5 exhibited a marked
improvement to a very high level. Of those who demonstrated a very high level of knowledge, 9 remained
stable and 7 regressed towards a high level.

The central tendency that emerged after gameplay was a convergence towards a high level of knowledge.
Prior to the game, the majority of participants had already demonstrated this level of knowledge; however,
following the game, the number of participants who demonstrated this level of knowledge increased by 9
(n = 32). As indicated by the diagonal elements of the cross-table, the stability of the study's design is
moderate, with a total of 27 participants (55%) demonstrating no change in perception after engaging in
the game. Amongst the participants who exhibited change, a positive shift in knowledge emerged as the
dominant direction. This enhancement in knowledge levels is most clearly evident in the shift from moderate
to high levels of knowledge. The majority of participants who exhibited a decline in knowledge levels had
initially demonstrated a very high level of knowledge prior to the game.

Figure 6.7: Pre- and post-game knowledge levels for K2

6.2.2 Comparison by Game Format

A comparison of the game design groups indicates that the participants in the group game demonstrate a
greater number of participants with an upwards movemengystem complexitfknowledge level, with nine
participants compared to ve participants. The di erence between the physical and digital group showed
a small e ect size ¢ = 0:35), indicating a modest advantage for the physical format. As demonstrated in
Figure 6.8, participants in the digital group show slightly higher numbers of stability of knowledge levels (16
vs. 11 participants). It is noteworthy that while a greater increase in levels was observed for the physical
format, the average post-game knowledge level is seen to be similar for both game formats. This nding
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suggests that participants in the digital group possessed higher pre-game knowledge levels, and the small
e ect size suggests that the physical format provided a modest advantage in terms of system complexity
understanding.

Figure 6.8: Knowledge ows and shift directions for K2, split by game format

6.3 Decision-Making Processes (K3)

With regard to the learning indicator 'Decision-making processes', the participants' self-assessment of under-
standing revealed a distribution of knowledge levels on the topic of decision-making processes (Figure 6.9):
with 1 participant demonstrating a low level of knowledge, 13 a moderate level, 29 a high level, and 6
exhibiting a very high level. Post-game, the majority of participants exhibited high=(32) to very

high (n = 15) levels of self-assessed knowledge on the topic of systems complexity, while the number of
participants demonstrating a moderate level of knowledge diminishes to two.

6.3.1 Shift in Perceived Knowledge

The distribution of participants' shift in perceived knowledge levels post-gameplay related to indicator K3
is presented in Figure 6.9. The majority of participants (90%) exhibited an even distribution between stable
(n = 21) or improved 6 = 23) knowledge levels. The remaining 10% € 5) demonstrated a negative

shift in knowledge level. A consistent pattern of increased post-game knowledge levels relative to pre-game
levels is evident among the participants. Participants with pre-game low to moderate knowledge levels
demonstrated strong improvement tendencies, with 12 out of 14 participants progressing to a higher level.
The majority of these participants exhibited a high level of knowledge following the conclusion of the game.
A balanced pattern was exhibited by participants with a pre-game high knowledge level, comprising 15
stable participants, 11 participants who improved to a very high level, and 3 participants who demonstrated
a decline to a moderate knowledge level.

With regard to the decision-making indicator, the central tendency is a redistribution from lower to higher
knowledge levels. The number of participants demonstrating low or moderate knowledge levels post-game
decreased by 9, while the number of participants demonstrating high to very high levels increased by 10
and 13, respectively. Stabilisation of knowledge levels is observed for 21 participants, with the majority,
15 participants, exhibiting a high level of knowledge both pre and post gameplay. In total, 5 participants
demonstrated a negative change in knowledge levels, resulting in a substantial improvement-to-decline ratio
and indicating a dominant positive change in perceived decision-making knowledge. Moreover, the number
of participants demonstrating a high level of knowledge increased by 12 subsequent to the game.
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Figure 6.9: Pre- and post-game knowledge levels for K3

6.3.2 Comparison by Game Format

With regard to the participants' perceived knowledge of K3, those involved in the physical group demon-
strated a considerably greater overall increase in knowledge levels (Figure 6.10), with a medium e ect size
(d = 0:78) representing a substantial advantage for the physical format. Particularly evident among those
with low to moderate levels of knowledge prior to the game. The physical game participants who demon-
strated low to moderate knowledge levels prior to the game exhibited a substantial increase, with all 9
participants progressing by one or two levels. Conversely, 4 participants of the digital group exhibited a neg-
ative movement towards low and moderate levels of knowledge post-game. These variations in movement
trajectories are consequently evident in the mean post-game knowledge levels across the two game formats,
with the physical format exhibiting a marginally higher knowledge level than the digital game format.

Figure 6.10: Knowledge ows and shift directions K3, split by game format

6.4 Predictors of Knowledge-Based Learning

Correlations between shifts in knowledge levels

Analysis of the relationships within the four observed shifts in knowledge-based learning reveals notable dif-
ferences between the two game formats. While overall correlations between knowledge shifts are generally
weak to moderate, the correlation matrices show that distinct patterns emerge between the digital andphys-
ical formats (Appendix F.1). When comparing the two game formats, stronger correlations are observed
in the digital game format for the relationships between UHI and UP knowledge shifts (digital0:44

vs. physical:r = 0:13) and between UHI and system complexity (K2) (digital: = 0:41 vs. physical:

r = 0:12). However, stronger correlations are observed between knowledge shifts for system complexity
(K2) and decision-making (K3) within the physical group (digital= 0:38 vs. physicalr = 0:61).
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In uencing factors and knowledge shift

Analysis of the relationship between in uencing factors and the participants shifts in knowledge-based learn-
ing indicator aspects reveals notable correlations for prior knowledge, prior experience with SGs or role-play
simulations, and educational background of the participants (Appendix F).

Prior knowledge

Linear relationship analysis between pre-game knowledge levels (used as a proxy for participants' prior knowl-
edge) and shifts in knowledge levels after gameplay revealed a strong correlation between prior knowledge
and shifts in knowledge. Furthermore, a signi cant proportion of the variance in knowledge shifts could be
predicted based on participants' prior knowledge (Appendix F.1)

The pre-game knowledge level for UP explains 40% of the variance in knowledge shifts for upQ(63),

while 57% of the variance in knowledge shifts for indicator K2 can be explained based on participants'
pre-game knowledger (= 0:65). The strongest relationship is observed for UHI knowledge levels, where
prior knowledge explains 84% of the variance in post-game knowledge shifts (0:91). The correlation

is weakest for indicator K3, where prior knowledge explains only 29% of the variance in knowledge shifts
(r=052.

These strong negative correlations suggest that participants with higher pre-game knowledge levels exhibit
smaller increases in knowledge levels after gameplay. This pattern is consistent across all knowledge domains,
though the magnitude varies. Additionally, notable di erences in pre-game knowledge levels are observed
across the two game designs. The linear regression analysis shows that these relationships are consistent
and statistically signi cant.

Prior experience & educational background

The in uence of prior experience with serious games and role-play simulations demonstrates a positive
correlation with participants' prior knowledge. Participants with no experience with SGs scored on average
lower for all indicators prior knowledge levels, as well as total average knowledg®(ro;13:5, once;

M =16, several timesM = 15:6). Contrastingly, participants with no previous experience demonstrate a
positive relation with learning curve, with the highest average shift in knowledge levelsi(r02 :9, once;

M = 1:1, several timesM = 1:9). Additionally, a notable relationship is present between participants
with an educational background in environmental sciences and the participants indicated prior knowledge
and demonstrated knowledge shift, when comparing to participants with other educational backgrounds.
Where participants with an environmental sciences study background demonstrated overall higher pre-game
knowledge levels and a smaller learning curve (Appendix F.2).
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7. Results Research Question IV:
Attitudinal Learning Outcomes

7.1 Worldviews (A2)

The worldviews learning indicator examines how RESORTEScity gameplay in uenced participants' values,
beliefs, and attitudes regarding urban climate issues. Worldviews were measured using Q-methodology, with
participants ranking a set of statements on Dutch urban systems, planning, and urban climate (Table 3.2,
Section 3.4.3) both before and after the game session. This approach enabled the extraction of distinct
factor groups, each representing a particular opinion type that served as a proxy for worldviews. Narratives
for each opinion type provides insight into the range of perspectives among participants before and after
gameplay, thus forming the basis for assessing changes in these worldviews.

Pre-game assessment of statement scores of the four extracted factor groups revealed no consensus state-
ments, meaning that no statements were ranked similarly by all participants. In contrast, two consensus
statements emerged from the post-game assessment, addressing the relationship between dense city plan-
ning and climate change issues (ST6), and knowledge of how to act during a heatwave (ST10). A full
overview of the factor correlations and statement z-scores, which quanti ed the relationship between the
extracted factors and the total set of statements, is provided in Appendix G.1. To clarify participants' views
on the Dutch urban system before and after the game, each factor group was characterised by the pattern
of statement rankings among the participants assigned to them, which formed opinion types. The narratives
and main features for each pre- and post-game opinion type are presented in Table 7.1.

7.1.1 Shifts in Worldviews Through Opinion Types

Factor score correlations

Cross-factor correlation analysis of factor scores for the 26 statements about the urban climate demonstrates
a shift in the grouped perceptions of participants, represented by the four opinion types, after engaging with
the game (Appendix G.2). Pre-game opinion types demonstrated relatively independent opinion dimensions,
with cross-factor correlation scores ranging fram= 0:03to r = 0:49 (M = 0:24), suggesting that

the participants initially exhibited divergent views across di erent aspects of urban climate management.
Analysis of post-game factor scores reveals a substantial shift in the views represented by the opinion types,
with cross-factor correlations increasing to an average #f0:57 (range0:30 0:75), indicating a signi cant
increase in correlation strength. These results suggest that participants' worldviews became more uni ed
and coherent after the game, with opinion types becoming more interconnected.

The strongest post-game correlation is observed between post-game factor 1 and post-game factor 2 (
0:76), indicating that the opinion types related to these factors are closely aligned within the post-game
opinion dimension. Additionally, pre-game factor 4 shows a strong correlation with all four post-game factors
(r=0:57 0:74, M = 0:65), suggesting that participants assigned to pre-game factor 4 experienced the
least opinion restructuring. While the correlation between post-game opinion types increased compared
to pre-game opinion types, analysis of shift patterns reveals that the mechanisms driving these changes
operated mainly in di erent directions.
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Table 7.1: Pre and post game Q-method derived opinion types

Distinguishing

Characteristics

Pre-game opinion types

Acknowledges the importance of green spaces and waterbodies for mitigating heat;
Values su cient housing and urban facilities; Is critical of the idea of dense cities as a climate solution;
Believes that the government should be responsible for heat management; Considers industry to be only a minor cause;
Thinks that many other issues facing cities are more important than heat stress

Downplays the importance of commercial expansion; Doubts if knowledge of heat waves is widespread,;
Considers urban heat as a pressing global problem;
Supports the notion that all citizens share responsibility for managing urban heat;
Strongly favours conservation of nature over economic or recreational development;

Strongly prioritises commercial development; sceptical that temperature-related problems will worsen;
Sees urgency of addressing urban heat as low;
Believes that climate change can be reduced through active behavioural change

Advocates for green spaces, waterbodies and well-designed structures as mitigation;
Believes that an increase in public awareness calls for additional discussion;
Believes that design choices in uence the urban climate;
Expects heat problems to increase and recognise the need for more public discussion;

Post-game opinion types

Opinion type statements
Pre-game I: 12,3 4,6,
Cautiousg ra m.atist 89,14, 15,
prag 16, 22, 25
Pre-game II: 1,5, 10, 12,
Eco-activist 16, 22
Pre-game III: 1, 11, 21,
Reserved realist 22,24
. 11 31 41 51
23, 24, 25
1,5,8,9
Post-game I: )
12, 14, 17,
Urban health advocate 19, 26
Post-game II: 1,5, 20, 21

Pragmatic collaborator

Sees urban design choices as important in shaping the urban climate;
Considers the health impacts of heat to be highly motivating; Highlights heat as an urban issue
Favours nature conservation over recreation and economic growth;

Considers commercial development to be less important;
Recognises the importance of inter-city collaboration for adaptation;
Expresses uncertainty about the future severity of heat problems

Deprioritises both commercial and residential development; Balances recreation and conservation;
Sees climate change as inevitable, only changing behaviour if it is seen as convenient;

Post-game IlI: 1, 2,13,
Minimal adaptor 22, 24 Recognises urban heat as a problem
Acknowledges the importance of waterbodies for mitigating the e ects of heat;
1,2, 4,9, 11, ; , , . Y . .
Post-game |V: Strongly rejects the ‘everyone's responsibility’ framing; Prioritises su cient housing;
12, 17, 18, 20, X . . L . .
Downplays the importance of collective city-to-city aid; Sceptical that temperature problems will worsen;

Traditionalist 21, 22, 25

Sees other city problems as slightly more important than heat




Shift pattern analysis

Participant transitions between opinion types before and after gameplay were analysed to identify shifts in
opinions. One participant was excluded from this analysis as this participant was not agged to one of
the factor groups for either the pre- or post-game. Other participants who were not strongly loaded to

a factor group pre- or post-game were assigned to the factor(s) they were most strongly correlated with
(Appendix G.3).

Participant transitions between opinion types before and after gameplay were analysed to identify shifts in
opinions. One participant was excluded from this analysis as this participant was not agged to one of the
factor groups for either the pre- or post-game. Other participants who were not strongly loaded to a factor
group pre- or post-game were assigned to the factor(s) they were most strongly correlated with. Figure 7.1
illustrates the ows of participants across the eight opinion types before and after gameplay. After the game,
participants' viewpoints shifted across various opinion types. Considerable shifts were observed for all of the
pre-game opinion types, with a scattered pattern towards post-game opinion types.

Shift pattern analysis was conducted for shifts among pre- and post-game opinion types involving three or
more participants (Appendix G.4). Shift patterns within this subset are presented and synthesised according
to the pre-game opinion types. The synthesis of shift patterns is based on factor representatives, which are
formed using the mean scores of all participants associated with the factor. This implies that a described
viewpoint does not necessarily re ect the exact subjective viewpoint of an individual participant, but rather
represents the most characteristic viewpoint of the group of participants associated with that factor. These
shift patterns are analysed using Q-sort statements agged as distinguishing statements for at least one
of the included factors. The resulting viewpoints on these statements are interpreted within the shared
perspective of the opinion types and in relation to the entire set of statements.

Figure 7.1: Opinion type transitions from pre- to post-game

Pre-game opinion type |: Cautious pragmatist

The Cautious Pragmatist Opinion TypéreOT-I) comprised sixteen participants whose Q-sorts clustered
on this factor. Post-game, these participants’ perspectives shifted, diverging into three distinct opinion
types: theUrban Health AdvocatgpostOT-1) and Pragmatic Collaboration(postOT-Il), each with six
participants, and theTraditionalist (postOT-1V) with four participants.

The shift pattern analysis focused on 21 Q-sort statements that were identi ed via QDC analysis as distin-
guishing at least one of the four opinion types. These statements, considered in combination, characterize
distinct aspects of participants' viewpoints and the trajectories of their subjective change between pre- and
post-game factors. When comparing the transitions from preOT-l to the post-game opinion types, the
shifts towards postOT-I and postOT-II showed a relatively high similarity, with a correlatian=00:74.

This suggests a strong association in the patterns of change represented by these two shifts. Moderate
correlations ¢ = 0:44 for both) between these shifts and the shift towards postOT-IV suggest that the shift
exhibits some independence while retaining relationships with the other two post-game shifts.
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Five distinct types of shift pattern emerged across the 21 statements: consistent negative shiftd ),
consistent positive shiftsn(= 3), mixed shifts 6 = 2), diverging shifts § = 6), and minimal change shifts

(n = 6). Among the diverging patterns, four statements exhibited similar directional shifts for postOT-I and
postOT-Il, while postOT-IV shifted in a di erent direction; these statements concerned health issues, housing
availability, commercial access, and nature conservation. Two statements displayed highly divergent patterns,
with all three post-game types shifting in distinct directions and magnitudes, indicating a diversi cation in
subjective viewpoints; stakeholder engagement and city cooperation.

Analysis of statements with the largest shift magnitudes revealed several patterns of change in viewpoint.
Across all shifts, there was an universal increase in perceived urgency to address urban heat problems.
Including an increase in perceived global urgency to address the problem of increasing temperatures and an
increased importance of heat stress in relation to other problems present in the cities. Divergence in subjective
importance of inter-city cooperation is seen, with postOT-IlI showing increased importance contrasted by a
decrease for postOT-1V. A redistribution of perceived responsibility relating to heat stress was evident across
all shift pathways. There was a shift away from assigning sole responsibility to the government, towards a
view of collective responsibility among all citizens. Across all three shift patterns, the importance of mixed
land use in cities increased relative to other topics. Divergence in health-related perceptions emerged as
the strongest topic in which viewpoints diversi ed. The postOT-I and glspost-ot2 shifts showed increased
concern related to health issues. In contrast, the postOT-IV shift did not show a change in viewpoint. All
shift pathways showed a shift in subjective perception with regard to heat as an unrealistic issue, suggesting
the presence of an increase in awareness regarding the risks associated with heat. Post-game, diversi cation
emerged in relation to perceptions of commercial and housing developments. The postOT-l and glspost-
ot2 shifts showed a decrease in subjective importance of commercial access and housing availability in all
neighbourhoods. In contrast, the postOT-IV shift showed stability in the subjective viewpoint.

Pre-game type Il: Eco-activist

The Eco-Activist Opinion TypgpreOT-II) was de ned by twelve participants, From this pre-game opinion
type shifts comprised of a meaningful number of participants are seen towards Urban Health Advocate
(postOT-I, n = 7) and Pragmatic Collaboration (postOT-1h = 3). For the shifts originating from preQOT-

Il, the shift pattern analysis focused on 14 Q-sort statements identi ed as distinguishing for at least one
of the opinion types. The shift pathways towards postOT-I and postOT-II demonstrated a correlation of
r = 0:65, indicating a moderate degree of similarity in the patterns of subjective change towards these
post-game opinion types.

Four shift pattern types emerged across the statements: consistent positive shifts 1), consistent
negative shifts it = 2), divergent shifts § = 4), and minimal change shiftsn(= 7). The frequent
occurrence of minimal change patterns suggests that, while shifts emerged in speci ¢ aspects, subjective
viewpoints remained relatively stable from pre- to post-game. Post-game, shared perspectives generally
maintained consensus, with some notable shifts occurring in similar directions, alongside diverging subjective
priorities particularly within postOT-Il. There was a consensus shift towards moderate subjective importance
regarding the responsibility for managing urban heat, moving away from a strong pre-game belief that it
is the duty of all citizens and that industry is the main cause of heat stress. Additionally, the importance
assigned to commercial access across neighbourhoods shifted from pronounced disagreement to a more
moderate viewpoint. Diversi cation in opinions is seen, with a deepening of viewpoints for the postOT-I
regarding the importance of health concerns and the role of urban form in shaping the urban climate, from
a moderate view to stronger subjective agreement. On the other hand, a move towards greater moderation
is seen in the importance given to inter-city cooperation.

Pre-game opinion type 1ll: Reserved realist

The Reserved Realist Opinion TygpreOT-Ill) comprised eleven participants. From this pre-game opinion
type shift patterns towards all four post-game opinion types were seen, with meaningful shifts towards
the Minimal Adaptor (postOT-Ill,n = 4) and Traditionalist (postOT-1V,n = 3). The analysis of shift
patterns originating from preOT-Ill focused on 14 distinguishing Q-sort statements. The two shift pathways
showed a moderate positive correlatian= 0:5), indicating some aspects of consensus alongside notable
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diversi cation in shared perspectives among the two shifts. Among the investigated statements, four shift
pattern types were seen: consistent negative shifts=(3), consistent positive shiftsn( = 5), divergent

shifts (n = 5), and minimal change shiftsn(= 1). The predominance of consistent and divergent shifts
distinguishes preOT-IlI from the other opinion types.

Shift analysis reveals a strong reorientation of subjective priorities from preOT-Ill to post-game opinion
types. Consistent moderation of subjective importance is seen related to the severity of problems related
to increasing temperatures, the urgency of addressing these issues worldwide, and the need for inter-city
cooperation in adapting to these changes, the magnitude of these problems in relation to other problems
cities face, and that the severity of health impacts calls for stronger action against urban heat stress. Shifting
from strong importance in preOT-IIl to more moderate and nuanced perspective for postOT-Ill and postOT-
IV. Consistent deepening in opinions is seen related to the impact of the presence of waterbodies to reduce
heat stress in cities. The strongest negative shift in the post-game transitions concerned the perceived need
for commercial variety in neighbourhoods. Both pathways moved away from placing strong importance on
this issue: postOT-IIl shifted to a clear disagreement, while postOT-IV adopted a more moderate view.
A similar diversi cation of viewpoint emerged in relation to recreation versus the conservation of natural
land: while postOT-IIl placed stronger emphasis on conservation, postOT-IV remained more moderate.
Conversely, postOT-IV showed a strong deepening of agreement that all citizens share responsibility for
maintaining a comfortable urban climate, that su cient housing in all neighbourhoods is very important
and that climate change is not inevitable if behaviours change. postOT-Ill, however, displayed a more
moderate view on these aspects.

Pre-game opinion type IV: Reformist

The Reformist Opinion Type(preOT-IV) comprised nine participants. From this pre-game opinion type

a balanced shift towards all four post-game opinion types was seen, with meaningful shifts towards the
Minimal Adaptor (postOT-IIl,n = 3) and Traditionalist (postOT-1V,n = 3). The analysis of shift patterns
originating from preOT-1V focused on 19 distinguishing Q-sort statements. The two shift pathways showed a
negligible negative correlatiom & 0:02), indicating that almost no consensus is seen in the magnitudes of
shift among the two shifts. Four shift pattern types were seen: consistent negative shift4 {, consistent

positive shifts ( = 2), divergent shifts § = 6), and minimal change shiftsn(= 9). The predominance

of minimal change suggests a comparatively stable set of baseline beliefs, while the presence of divergent
shifts suggests some diversi cation of opinions.

Overall modest reorientation of subjective priorities from preOT-IV to the two post-game opinion types is
seen, with a clear movement on some aspects. Consensus movement for both shift pathways was seen for
aspects that shifted towards more moderation in subjective importance. The shared perspectives moved
away from the belief that the government is solely responsible for the urban climate and away from the belief
inter-city cooperation is not necessary in adapting to climate change. Notable is the set of statements that
show a diversi cation of opinion between the two post-game pathways. postOT-Ill exhibited a deepening
opposition to prioritising recreation or economic opportunity on vacant land over conserving its natural state,
and it also deepened opposition to the idea that all neighbourhoods need su cient commercial access. By
contrast, postOT-IV moved toward stronger emphasis on ensuring su cient commercial access and housing
available across neighbourhoods, and it simultaneously showed a deepening of the belief that climate change
is not inevitable if we actively change our behaviour.

7.1.2 Comparison by Game Format

Subsequently, the shifts in opinion identi ed in the Q-method analysis were categorised by game format.
A comparative analysis of worldview shifts revealed distinct transition patterns across the two formats,
as illustrated in Figure 7.2. Although both groups of participants demonstrated signi cant changes in

perceptions after playing the game, the pathways and destinations of these changes diered. The shift
patterns containing three or more participants will be discussed below.
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The distribution of pre-game opinion types di ered between the two experimental groups. The digital
format included a higher proportion of participants who were clustered in the preOT-IIl opinion type. For
the physical participant group, this was the case for preOT-Il. The pre-game opinion types preOT-l and
preOT-IV comprised a relatively equal humber of participants from both groups.

The preOT-I transitions reveal the most signi cant di erences between the game formats. Participants in
thedigital group showed equal convergence towards postOi-£(4) and postOT-Il ( = 5). Within

the physical group, a preference tendency was observed towards glsposi-et44). Participants who
clustered in preOT-Il demonstrated relatively consistent clustering after the game for both formats, with
most shifting towards postOT-I (digital:n = 3, physical: n = 4). One participant in the digital group
clustered within postOT-II, while the rest of the physical group clustered within both postOm-H @)

and postOT-lll = 2). Participants in the pre-game opinion types preOT-lIl and preOT-IV showed the
most diverse post-game cluster patterns across the two formats. There was only one signi cant pre- to
post-game movement present for the digital format: preOT-lIl to postOT-hIH3).

The post-game distribution of opinion types similarly reveals di erences between the two experiment groups.
The digital group exhibited a more concentrated distribution, with postOT-1 an postOT-Il emerging as the
dominant opinion typesn(=9 andn = 8, respectively), while postOT-Ill and postOT-IV both included 4
participants. The post-game opinion type clustering among the physical group resulted in a more balanced
spread across all four opinion-types, with most participants shifting towards post@T=lg), followed by

a relatively equal distribution among the other three opinion types (postOTfi-H: 4, postOT-lll:n = 5,
postOT-1V:n =6).

(a) Digital (b) Physical
Figure 7.2: Comparison of opinion type transitions from pre- to post-game, classi ed by game format
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7.2 Shared Decision-MMaking (A4)

The shared decision-making indicator is evaluated through seven competencies related to stakeholder-
involved decision-making processes: communication, negotiation, cooperation, con ict resolution, trust,
relationship building, and stakeholder engagement, assessed both before and after the game. In this section,
each competency is classi ed on a scale from 1 to 5, with 1 representing the lowest score ( not important )
and 5 representing the highest score ( extremely important). None of the participants assigned the lowest
score to any of the seven competencies, either pre- or post-gameplay.

7.2.1 Shift in Perceived Importance

Before the game, the majority of participants assigned high scores to most competencies. Communication,
cooperation, con ict resolution, and stakeholder engagement were widely recognized as important, with
participants assigning either witbcore 4or score 5 The remaining competencies resulted in a more diverse
range of responses from participants. while negotiation and trust received moderately high scores, with most
participants assigning therscore 3or score 4 Relationship building showed the most variation in pre-game
assessments. This was the only competency where a substantial minority of participants assigreed

while the majority assignedcores 3or 4. After the game, the perceived importance of all competencies
increased. Over half of the participants assigned the highest scores to each competency, indicating an overall
elevation in perceived signi cance across all measured competencies. Communication and collaboration
were the two competencies most frequensiyored 5 while negotiation, con ict resolution and stakeholder
engagement were most frequentigored 4 Trust and relationship building continued to show the greatest
variation, with responses ranging frosgsores 2to 5.

The analysis of participants' responses across the seven competencies reveals perceptual shifts. The mag-
nitude of these changes indicates that engagement in the RESORTEScity game resulted in considerations
of the perceived importance of these competencies. Across all competencies, nearly half of the participants
exhibited a change in their importance ratings between the pre- and post-game assessments. Furthermore,
the directional analysis of these changes demonstrates a notably positive trend, with positive changes (32%)
exceeding negative changes (17%), yielding a net positive change direction of +15%.

Examination of individual response trajectories reveals nuanced and heterogeneous patterns in how partic-
ipants' perceptions shifted across the competency domains, with each competency demonstrating distinct
shift patterns. Negotiation emerged as the competency exhibiting the most substantial positive movement,
with half of the participants demonstrating an increase in importance. Conversely, Trust exhibited the most
complex perceptual shift pattern, registering the highest proportion of negative changes (26%) across all
seven competencies examined. Notably, all seven competencies displayed bidirectional changes, indicating
that participants' responses were not uniformly positive or negative. The competencies can be categorised
according to their dominant movement direction: those exhibiting predominantly positive to stable tra-
jectories; Negotiation, Relationship Building, and Communication (Figure 7.3), and those demonstrating
more complex heterogeneity in perceptual trajectories; Trust, Collaboration, Stakeholder Engagement, and
Con ict Resolution (Figure 7.4).

The analysis reveals that perceptual shifts in competency importance are neither uniform nor unidirec-
tional. The divergent results indicate a shift in the hierarchical structure of the competencies. Collaboration
and communication retained their highest total perceived importance, where the di erence between them
decreased due to an overall larger increase in perceived importance of collaboration after the game. Ne-
gotiation and relationship building have gained greater recognition as important in stakeholder-involved
decision-making processes, while trust underwent the most signi cant reevaluation.

Competency-speci ¢ shifts
Negotiation

The most substantial upward shift in perceived importance (+37% net change, Figure 7.3a) was demon-
strated by negotiation, with 25 participants showing increased levels and 8 showing decreased levels of
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importance. The central tendency of the shift in perception across the participants was towards higher
levels of importance, with 27 participants moving towarstores 4-5post-game ( = 12 and n = 15,
respectively). In addition, of the 17 participants who did not exhibit a change in perception, 14 allocated
scores 4 & 5pre-game § = 12 andn = 2, respectively). An examination of the individual trajectories

of participants according to their pre-game importance level revealed that 13 participants that assigned
scores 2-Jre-game shifted towardscores 4-5post-game. Participants who initiallscored 4demonstrated

a bidirectional shift in their perceptions. Of these, 12 exhibited no change, 12 an increase, and 4 a de-
crease in their perceived importance. Of the participants who allocated the highest score prior to the game
(n =4), 50% did not demonstrate any change in perceived importance, while the other half demonstrated
a slight decrease towardscore 4 The shift patterns apparent for negotiation suggest that gameplay has
led to di erentiated but overall increased rates of importance for negotiation within shared decision-making
processes.

Relationship building

Relationship building similarly exhibits upward movement as dominant direction (+29% net change, Fig-
ure 7.3b) among the participants, with 19 showing positive and 5 negative change. A consistent upward
trend in perceived importance is evident, with 4 participants demonstrating an increasesfrora 2to

score 3 Among the participants who indicatestore 4after the game, 10 participants exhibited an upward
shift from the initialscores 1-3In addition, 5 participants shifted froracores (n =1)and4 (n=4)to a
post-gamescore 5 Notably, four of the participants demonstrated a negative change from a pre-gaore

4 to lower rates of importancesgores 2-3. A total of 25 participants displayed stability in perceived im-
portance towards relationship building, equally distributed amsogres 3-5each including 8 participants.
These shifts indicate that gameplay has led to an overall increased importance of the role of relationship
building in shared decision making.

Communication

The last competency to demonstrate a distinct upward trend in its perceived importance among participants
as the dominant direction is communication (+27% net change, Figure 7.3c), with 16 participants indicating
an increase in importance and 3 indicating a decrease. The central tendency for communication is shown
to be in the direction of the highest importance scosedre 5, which increased by 14 participants post-
game. Of these, 12 demonstrated an increase from an irétate 4 Furthermore, a high level of stability
among participants that assigned high importance scores pre-gatad 4 n = 15, score 5 n = 14).

This pattern of stability and primarily upward movement suggests that pre-existing high rates of perceived
importance of communication in decision-making processes were validated rather than challenged.

Trust

Analysis of the trust competency revealed a distinctive negative shift in perceived importance following
gameplay, contrasting markedly with the stable or positive patterns observed for the other six competencies
(Figure 7.4a). While 55% of participants(= 27) maintained identical scores, 13 demonstrated decreases
compared to only 9 showing increases, causing trust to be the only competency that exhibits a negative
dominant movement direction, with a net change of -9%. Of the 27 participants that show stability in their
perceived importance of trust, 7 participants assigrsedre 3 15 score 4and 5score 5 The perception of
importance is concentrated arourstore 4post-game. However, this is not due to a general tendency for
perceptions to change towards this level of importance, but rather due to participants who did not show a
change in their perception of the importance of trust. For participants who indicatme 3prior to the

game, bidirectional trajectories are observed: 3 participants showed a decrease in importance, 7 no change
and 4 an increase. A similar bidirectional change is seen among participants who indicatedlpre-game,

though with a stronger tendency towards no change: 5 participants showed a decrease, 15 no change and
4 an increase. Of those who assigrembre S5before the game, 50%n(= 5) demonstrated a decrease in
importance, while the other half did not show a change. Trust represented the most signi cant negative shift
among the seven competencies examined, suggesting that engagement with the game prompted a critical
re-evaluation of the importance of trust in the context of shared decision-making.
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(a) Negotiation (b) Relationship building

(c) Communication
Figure 7.3: predominantly positive to stable trajectories

Collaboration

Collaboration presents a bidirectional movement pattern among participants who show change in their
perceived importance, which exhibits a moderate enhancement in importance following gameplay of 9%
net change (Figure 7.4b). Substantial movements in both the upward and downward directions are seen.
Most stability is visible amongst participants that indicatsdore 5pre-game ( = 19). Examining the
individual trajectories according to their pre-game importance level reveals that most participants that
show a decrease in importance level shifted fregore Stowardsscore 4 For the other three importance
levels present pre-game, most movement is seen towarde 5 with solely 1 participant demonstrating a
decrease in importance score fraoore 4to score 3 This nding suggests that, while some participants
signi cantly increased their valuation of the importance of collaboration, others diminished its importance
through gameplay. However, even among those who perceived a decrease in importance, the majority still
considered collaboration to be very important after gameplay.

Stakeholder engagement

The stakeholder engagement competency analysis demonstrates heigh stability (Figure 7.4c), with 55% of
participants fy = 27) maintaining their initial importance scoring after gameplay and a balance in change
direction. Among the participants exhibiting change, 12 demonstrated increases while 10 demonstrated
decrease, resulting in a modest net positive shift of +4Stakeholder engagement demonstrates the highest
stability of the 7 competencies. This enhanced stability may re ect the pre-existing high perceived impor-
tance of stakeholder engagement among participants, with 39 participants initially assigning stakeholder
engagement the highest scoresc¢re 4 n = 20, score 5 n = 19). Analysis of central tendency re-
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veals a small but consistent shift. The mean remainedgaire 4 with post-game shifts demonstrating a
strong tendency to converge towards the mean perception, depending on the perceived pre-game level of
importance.

Conict resolution

Analysis of the con ict resolution competency reveals a stable pattern (Figure 7.4d), with modest positive
shifts in the perceived importance of con ict resolution post-gameplay. Approximately half of the participants
(n = 24) maintained their pre-game scores, while 15 demonstrated increases and 10 showed decreases. The
distribution resulted in a net positive shift of +11% in perceived importance of con ict resolution, though
the magnitude of change was generally modest. While a net positive shift is evident, the median remains
stable atscore 4 Stability was achieved because, although a substantial number of participants reported
an increase in importance, this was o set by a negative shift primarily among those with pre-geomes

4-5. With approximately half of the participants maintaining their pre-game score, moderate stability in
perceptions is seen post-game. Furthermore, the majority of observed shifts remained within one level of the
pre-game score, suggesting that no radical shifts in perception occurred. Participants' individual trajectories
reveal distinct patterns based on their initial perceived importance levels. Those with lower soidrais

2-3 showed consistent improvement. Conversely, participants with higher initial scores exhibited di ering
patterns. Participants who indicatescore 4before the game showed minimal change, with most remaining

at their initial level fi = 21) and a relatively balanced increase & 10) versus decreasen(= 5).
Participants with pre-gamescore 5showed an overall negative trajectory, with 5 participants decreasing
towardsscore 4

(a) Trust (b) Collaboration

(c) Stakeholder engagement (d) Conict resolution
Figure 7.4: complex heterogeneity in perceptual trajectories

50



7.2.2 Comparison by Game Format

A comparative analysis of the seven competencies reveals substantial di erences in the direction and mag-
nitude of change after gameplay between the experiment groups, re ecting varying e ect sizes ranging from
negligible to mediumd = 0:19-0:65). Appendix H.1 demonstrates the transitions in the perceived im-
portance of each of the seven competencies, split by game format. Relationship building showed a medium
e ect in favour of the physical groupd(= 0:65). A small e ect size fl = 0:21 0:49) in favour of the physi-

cal group was seen for communication, negotiation, and con ict resolution. There were minimal di erences
in the competencies of collaboration, stakeholder engagement and trust across the two game formats. Trust
was the only competency to show a small e ect size in favour of the digital group ( 0:19).

Figure 7.5: Competency-speci ¢ directional shifts in perceived importance, split by game format

Relationship building

The relationship-building competency showed a medium e ect size in favour of the physical game format
(d =0:65). The two game formats showed signi cant variations in perceptual shifts, with a larger proportion
of participants in the physical group demonstrating positive chamge (4), while the majority of the digital
group showed perceptual stabilitpy & 18). While the variance in responses for the digital group remained
similar pre- and post-game, the variance within the physical group decreased signi cantly, primarily resulting
from the substantial proportion of participants demonstrating positive shifts of ane ), two (n = 3),

or three f = 2) levels. Despite that the physical group participants showed greater positive movement, the
post-game distributions of perceived importance were largely similar, with 13 patrticipants in both groups
indicating score 4post-game. Additionally, 8 digital group participants and 9 physical group participants
indicatedscore 5

Communication

Both experimental groups demonstrated robust positive shifts for the communication competency, with a
small e ect size in favour of the physical groug € 0:21). The digital group showed higher stability,
whereas the physical group demonstrated a larger proportion of positive change: 10 participants, compared
to 6 in the digital group. Despite the slightly higher variance in shift magnitude within the physical group,

the variance in responses pre- and post-game demonstrated remarkable consistency across game formats.
Post-game, the perceived importance distributions across formats demonstrated similar patterns, with equal
numbers of participantsn( = 23) reporting scores 4-5While the mean score for both formats wasore 5

a slightly larger share of participants the highest score for the physical group.

Negotiation

The most signi cant variation in shifts across experimental groups was evident for the negotiation com-
petency, with substantially greater positive shifts observed in the physical group than in the digital group.
Within the physical group, 17 participants increased their perceived importance, resulting in a signi cantly
lower stability score compared to the digital group (17% vs. 52%). The most signi cant shifts in perception
were observed among participants who indicated moderate scores pre-game. Within the physical group,
all participants with an initially moderate score demonstrated positive shifts to eghere 4or score 5
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whereas the change among the digital group participants was more varied, rangingdémwm2to score 4
Furthermore, 11 participants in the physical group shifted towsedre 5 compared to only 4 participants in

the digital group. These shifts are re ected in the post-game assessment, where the mean response for the
physical group wascore 5(n = 12), while the mean for the digital group wasore 4(n = 15). The shift
patterns across the two groups revealed a medium-sized e ect in favour of the physical fatmadi:.@4).

Con ict resolution

The most signi cant inconsistency in change direction between the two game formats is shown for the
con ict resolution competency, with substantially larger positive shifts within the physical group (10 positive
to 4 negative) compared to negligible negative change within the digital group (5 positive to 6 negative).
Across both game formats, 5 participants showed positive change $aore 4to score 5post-game. The
remainder of the positive movement in the physical group resulted from participants with a presganee

2-3 demonstrating an upward movement € 5). A clear di erence in negative movement is seen between
the two formats. While the dominant trajectory of negative movement in the physical group was from
score 5to score 4 in the digital group it was fromscore 4to score 3 Furthermore, the physical group
exhibited a decrease in variance of perceived importance, while the digital group exhibited an increase. These
contrasting patterns are re ected in the post-game assessment, where the physical group demonstrated
complete elimination of scores below score 4, with 17 participants indicatoge 4and 7score 5 whereas

within the digital group larger dispersion of perceptions remained post game, with 6 participants indicating
score 313score 4and 6score 5 This di erence between groups resulted in a medium e ect side=(0:49)

in favour of the physical group.

Collaboration, Stakeholder engagement & Trust

Collaboration showed greater variability in perceptual shifts within the physical group (14 participants)
compared to the digital group (8 participants). Despite this, both groups converged to a comparable post-
game distribution, withscore 5emerging as the modal response € 16). This pattern resulted in a
negligible e ect size ¢ = 0:01). Stakeholder engagement demonstrated minimal di erential e ects across
the two formats, with both showing only marginal change post-game. This stability potentially re ects the
already high pre-game importance attributed to this competency for both experimental groups. The apparent
convergence in the physical group was primarily due to larger pre-game variability rather than substantive
post-game di erences, as re ected by the negligible e ect side=(0:11). Trust was the only competency

to show consistent negative shifts across both formats, with a more pronounced decrease and 67% increased
variance for the physical group compared to stable variance for the digital group. However, the shifts seen
in the negative direction were more pronounced for participants in the physical group. Although the most
common response across both formats vgasre 4 the number of participants who indicated this level

di ered substantially 6 =8 vs. n = 13). This resulted in a negligible e ect size in favour of the physical
group d= 0:19)

Across RESORTEScity group game sessions

The comparative analysis of the seven competencies revealed noteworthy variability between the four game
sessions of the physical game format. Participants in Session A demonstrated a positive change in perception
signi cantly more often than those in the other three sessions. This di erence was particularly evident for the
competencies of stakeholder engagement, relationship-building, collaboration and negotiation. However, this
group also demonstrated the highest proportion of negative change for the trust competency. Conversely,
participants in session B showed the greatest consistency in perception after gameplay, with the largest
proportion of no change and the smallest proportion of negative change across all competencies. The
greatest variation in perceptions amongst participants was found in session D, which was also the only
group that demonstrated a net negative change in conict resolution. Appendix H.2 provides a complete
breakdown of the dominant directions of change across the four group game sessions.
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8. Discussion

This study explored the learning e ects of di erent serious game designs in complex land-use decision-
making contexts by comparing two design formats of the RESORTEScity serious game; a physical multiplayer
board game and a digital agent-based single-player adaptation. The research involved 49 participants from
Wageningen University & Research, divided into two experimental groups for comparative analysis of the two
design approaches. The evaluation of learning outcomes was conducted using ve learning indicators, which
were selected from the literature-based learning typology derived in the rst phase of the research. The
ndings contribute to the growing body of literature demonstrating that serious games can foster meaningful
learning in environmental sustainability contexts (Flood et al., 2018; Medema et al., 2016; Aubert et al.,
2018; Edwards et al., 2019; Haan, 2020) as well as complex urban issues (Serra et al., 2018), while also
revealing di erential learning e ects between the two designs.

The study's theoretical foundation is developed through its aim of addressing the disconnect between abstract
learning theories and practical assessment methods in Simulation Based Learning (SBL). The research
developed and operationalised a comprehensive learning typology (Table 2.2) with the aim of translating
theoretical constructs into measurable indicators. This typology has been developed based on the synthesis of
six recurring learning conceptualisations in SBL: cognitive and social-cognitive learning, contextual learning,
experiential learning, self-centered learning, simulation and multimedia learning, and social learning. The
research aimed to address the critical gap identi ed by scholars regarding the lack of a shared conceptual
basis for evaluating learning outcomes across di erent simulation tools by creating this typology, with the aim
to develop a typology that transcends speci ¢ tool environments and purposes, providing a more universal
assessment strategy. In order to explore its practical application, the study conducted a quasi-experiment
using this typology to evaluate and compare learning outcomes across two game design formats of the
RESORTEScity game. Translating the RESORTEScity board game to a digital agent-based model without
changing the objective and narrative of the game provides the opportunity to investigate the in uence of
game design di erences on learning outcomes.

8.1 Results in Context

The results reveal that both the original RESORTEScity game and the adaptation of the game to a digital
environment proved to be useful in facilitating learning, which is in line with previous ndings of studies on
learning through adaptations of the RESORTES serious game (Speelman et al., 2013; Eero, 2023; Kempen,
2025; Bergeijk, 2025). However, the ndings simultaneously reveal that the two game formats enhance
learning through di erent learning mechanisms and distinct patterns, consistent with research on di erences
in game environments (Janakiraman et al., 2020; Aksoy, 2019; Ponticorvo et al., 2020; Subrahmanyam
& Renukarya, 2015) and collaborative versus individual learning approaches (Despeisse, 2018; Lin & Lin,
2024).

Knowledge-based learning outcomes

Analysis of the knowledge indicators reveals clear learning enhancement across both game designs, with
particularly strong gains in urban heat island (UHI) understanding. 59% of participants demonstrated
positive shifts in UHI knowledge following gameplay, while Urban Planning (UP) knowledge gains were more
modest, with 37% of the participants indicating increased knowledge levels post-game. This substantial shift
in UHI knowledge potentially re ects the game's explicit focus on this phenomenon as its core objective,
with game mechanics designed to model and highlight the UHI e ect throughout the gaming experience.
Participants with low initial understanding of the UHI e ect demonstrated the most signi cant improvements,
with all 19 participants demonstrating substantially higher post-game knowledge levels. This suggests
that ceiling e ects were present among participants with high pre-game knowledge, indicating that the
game is an e ective introductory educational tool for complex environmental concepts. The more limited
improvements in UP knowledge may be due to the game's abstract representation of the urban system
or its focus on climate-related planning challenges rather than broader UP principles and processes. A
comparative analysis across the two game formats revealed negligible di erences in the learning curve for
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the perceived understanding on the topic of UP. A stronger di erence in shifts was observed for the perceived
understanding of the UHI e ect. Although the e ect size for the UHI shift between the experimental groups
is considered small according to Cohen's conventi@shensd = 0:45), the ndings suggest a meaningful

di erence in e ect across the two game formats, favouring the physical format.

Understanding of system complexity revealed mixed learning outcomes: 50% of participants maintained sta-
ble knowledge levels, 25% demonstrated positive progress, and 16% showed negative progression. Overall,
a stable to positive change in direction was seen for the decision-making processes indicator, with 90% of
participants demonstrating stable or improved understanding related to the topic. Convergence towards high
knowledge levels was observed across both indicators, suggesting e ective knowledge acquisition through
gameplay experiences. Comparative analysis across the two game design formats revealed substantial dif-
ferences in system complexity and decision making learning outcomes. The physical format demonstrated
larger shifts in understanding of system complexity and decision-making processes, compared to digital for-
mat. The medium e ect size for decision-making processes understanding in favour of the physical format
(Cohen’sd = 0:78) supports the hypothesis that collaborative gameplay enhances learning opportunities in
understanding stakeholder dynamics, trade-o s and decision complexity. As participants across both formats
demonstrated similar overall post-game knowledge levels, these ndings suggest that, whereas a stronger
learning e ect was observed for the physical format, participants in the digital group showed higher pre-game
knowledge levels.

The qualitative analysis of the indicated causes, e ects and adaptation strategies revealed shifts in partici-
pants conceptual understanding, showing shifts from di use to more speci ¢ understanding of UHI causa-
tion and adaptation strategies. Participants increasingly recognised urban form characteristics and de cits
in green and blue infrastructure as in uential factors. Simultaneously, adaptation strategies evolved from
individual or non-speci ¢ approaches to more comprehensive planning interventions stressing sustainable
planning, nature-inclusive neighbourhoods, and limiting dense building clusters. Which is consistent with
existing literature on the perceptions of the UHI e ect and adaptation strategies (Klok & Kluck, 2016). The
game mechanics potentially had a signi cant in uence on how participants prioritised the causes and e ects
of UHI. Factors actively represented through in-game events gaining emphasis whilst non-modelled elements,
such as air ow dynamics, shading e ects and surface re ection, showed reduced emphasis post-gameplay.
This pattern suggests that serious game design elements signi cantly shape learner attention and priority,
emphasising the necessity of accurately representing the dynamics of the system model in order to facilitate
e ective learning.

When considered within the broader context of the learning cycle, the ndings reveal a strong predictive rela-
tionship between prior knowledge and observed learning outcomes, consistent with existing literature (Haan
& Van Der Voort, 2018; Kebritchi & Hirumi, 2008; Dai & Ke, 2022; Wouters et al., 2013) Speci cally,
shifts in knowledge indicators demonstrate negative correlations with pre-game knowledge levels. Partic-
ipants with more prior knowledge demonstrated less improvement. This is consistent with ceiling e ect
patterns, whereby prior knowledge and educational background signi cantly in uence and constrain learning
potential within the RESORTEScity context. These ndings highlight the importance of adopting varied ap-
proaches that consider prior knowledge related to the topic. These ndings align with previous studies on the
interaction of prior knowledge and participants learning potential through interventions (Rahimi et al., 2022).
These results suggest that participants who demonstrate more advanced initial levels of understanding may
bene t from more complex system representation and relationships in order to achieve meaningful learning
potential, while taking into account the 'expertise reversal e ect', a rich learning environment is e ective
for experts, but may be counterproductive for beginners, highlighting the interaction of prior knowledge and
complexity of game design. These results suggest that participants who demonstrate more advanced initial
levels of understanding may bene t from more complex system representation and relationships in order to
achieve meaningful learning potential. However, Dankbaar (2016) highlights that the interaction between
prior knowledge and the complexity of the design also works in the opposite direction through the ‘expertise
reversal e ect', where a rich learning environment is e ective for experts but may be counterproductive for
beginners.
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Attitudinal learning outcomes

The Q-methodology analysis revealed substantial shifts in participants' worldviews regarding urban planning
and urban climatic challenges. After gameplay, convergence emerged between the four identi ed opinion
types. Cross-factor correlations increased from 0:03 0:49 (M = 0:24) pre-game tor = 0:30 0:75

(M = 0:57) post-game, whilst the pathways to these convergent perspectives di ered substantially. This
indicates that gameplay promoted convergence towards more shared viewpoints, regardless of the initial
viewpoints. Overall, the ndings suggest that engagement with the RESORTEScity game increased partici-
pants' awareness of the complexity and importance of climate induced challenges in the urban environment.
The ndings revealed di ering pathways to post-game viewpoints across the two game formats. The digital
format revealed a more concentrated distribution of post-game opinion types, whereas the physical format
resulted in a more balanced distribution of opinion types. This di erence likely re ects that interactions
between players in the physical format, exposing participants to a broader range of perspectives. By con-
trast, individual gameplay led to more focused attitude changes, which is potentially facilitated through
personal re ection and interaction with virtual agents. These patterns align with research demonstrating
that perspective-taking can enhance pro-environmental behaviour by facilitating exposure to alternative
viewpoints (Koessler et al., 2023) and that environmental serious games can successfully enhance players'
awareness and comprehension of environmental issues (Chen et al., 2024; Janakiraman et al., 2020). Several
Q-sorts did not load signi cantly on any factor. These Q-sorts generally showed moderate to strong loadings
across multiple factors, indicating blended or ambivalent perspectives rather than clear alignment with a
single shared perspective. Pre-game, most unassigned Q-sorts loaded on two or three factors, with only one
Q-sort not including factor 1 Cautious Pragmatistin these loadings. Post-game, all unassigned Q-sorts
loaded on two factors, most commonly factor @rpan Health Advocateand factor 4 (Traditionalist). This

pattern indicates that the lack of assignment re ects blended perspectives combining elements of the iden-
ti ed opinion types rather than entirely distinct ones. While the ndings provide an insight in participants
shift in viewpoints post-gameplay, it should be considered that participants were assigned a stakeholder
role during gameplay, which could have in uenced participants perspectives post-game, as participants are
encouraged and motivated to think through the stakeholder lens during the game session.

The ndings on competencies for shared decision-making revealed notable patterns. Negotiation showed
the strongest positive movement in perceived importance (+37% net change), while communication and
relationship building demonstrated substantial positive shifts (+27% and +29% respectively). While most
competencies showed positive trends in perceived importance, trust uniquely demonstrated a net negative
shift across both game designs. This suggests that gameplay may have highlighted the complexities and
challenges inherent in collaborative decision-making, leading to a more nuanced understanding of the com-
petencies (Irabor et al., 2025). Rather than showing how the game reduced or improved the perceived
importance of these competencies, the ndings demonstrate how gameplay can enhance awareness of their
complexity. From this point of view, the net negative change for the trust competency could be explained by
the e ect of the game session's speci ¢ dynamics on participants' di ering perceptions of trust's in uence in
multi-stakeholder contexts (Sapp et al., 2019). Overall, the physical design showed more shifts in perceived
importance across most competencies, suggesting that real-life social interactions may enhance the learning
e ects of shared decision-making (Bakhanova et al., 2020; Zheng et al., 2021; Ke et al., 2021). Interestingly,
the ndings reveal substantial variation between participants in di erent game sessions within the physical
group. One possible explanation for this variability lies in the group dynamics specic to each session,
which create a unique learning environment. This environment, in turn, in uences participants' perceptions
of the importance of shared decision-making competencies. The digital format, however, provides a more
consistent environment. From this point of view, the net negative change for the trust competency could
be explained by the e ect of the game session's speci ¢ dynamics on participants' di ering perceptions of
trust's in uence in multi-stakeholder contexts (Sapp et al., 2019).

The observed shifts in viewpoints and shared decision-making competencies, as well as the post-game
convergence of viewpoints, suggest that the RESORTEScity game facilitates knowledge- and attitudinal-
based learning. The di erential e ects across learning indicators highlights the multidimensional nature of
learning in complex systems contexts. This is consistent with previous research on how a serious games
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can facilitate both knowledge-based and attitudinal learning in complex social-ecological and sustainability
contexts (Irabor et al., 2025; Haan & Van Der Voort, 2018; Chen et al., 2024).

Linking learning outcomes to learning theories

The ndings provide empirical support for the presence of experiential learning within the gameplay, demon-
strating clear knowledge improvements through direct engagement with complex urban planning scenarios,
consistent with research showing that serious games e ectively enable participants to progress through
Kolb's experiential learning cycle (Pacheco-Velazquez et al., 2023). Both game formats enabled patrtici-
pants to move from concrete experience to re ective observation, as seen by post-game responses shifting
from general concepts such as ‘climate change' to systems-thinking approaches including 'sustainable urban
planning' and 'preventing excessive building agglomeration'. This aligns with previous research suggesting
that serious games allow individuals to safely experiment with complex issues and decision making practically
while remaining e ective as an educational tool (Falk et al., 2023; Pacheco-Velazquez et al., 2023). Further-
more, the ndings similarly support the presence of mechanisms of social learning. The e ect sizes observed
in favour of the multiplayer format, in which discussion and collaboration were encouraged, demonstrate
that social interactions and group discussion enhance comprehension of complex decision-making processes.
These outcomes align with Bandura's social learning theory, which highlights that learning is enhanced
through observation and interaction with others (Bakhanova et al., 2020). The observed advantages of
collaborative learning in decision-making knowledge are consistent with core social learning mechanisms.
Participants benet from shared problem-solving experiences and observing each other's decision-making
strategies. This aligns with research showing that peer interaction promotes cognitive development in
problem-solving situations (Wendel et al., 2010).

8.1.1 Game Performance and Experience

Two mechanisms stand out when looking at the results players achieve during game sessions. Firstly,
no statistically signi cant di erences were found in the achievement of stakeholder-dependent goals when
examining the performance of participants and virtual agents in the digital format. However, participants
in the digital group achieved stakeholder goals signi cantly less frequently than those in the physical group,
especially for goals that were spatially dependent on the choices of other players. This suggests that the
inability to communicate with each other represents a disadvantage for players of the digital game when it
comes to achieving these collaborative stakeholder goals. Furthermore, during the digital game debrie ng,
several participants indicated that it was impossible to anticipate the choices of the virtual agents because
they could not communicate with each other. These participants therefore argued that they could only
react to changes reactively, not proactively, as they could not know with certainty what other stakeholders
would do during each round nor reach consensus with them due to the absence of discussion opportunities.
While the results demonstrate that achieving collaborative stakeholder goals is more challenging in the
digital game format, suggesting that communication is important for achieving objectives, there appears
to be a ceiling e ect in terms of collaboration potential. One of the goals of the student stakeholder
could only be achieved if all players cooperated, and this goal was never reached in either game format.
The in uence of communication on goal achievement is also evident in the collaborative planning schemes,
which were signi cantly less frequently achieved in the digital format. Another noteworthy nding is that
stakeholder goals and collaborative planning schemes related to commercial development and industry were
achieved signi cantly less often in both game formats. The planning scheme relating to commercial and
industrial development was not achieved in any of the game sessions. This nding may be explained by
the convenience sampling method that was employed with participants from Wageningen University, whose
academic backgrounds may have resulted in a bias towards environmental rather than economic development
priorities.

In relation to game experience, the results reveal several notable di erences between the two game for-
mats, with e ect sizes ranging from small to medium across the measured elements. The results showed
that digital gameplay exhibited a medium e ect advantage for decision-making re ection. Participants
reported signi cantly higher levels of personal re ection after digital gameplay, suggesting that the single-
player game format promotes deeper individual re ection, which contradicts with the ndings of Imlig-lten
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& Petko (2018). Conversely, the physical game demonstrated notable advantages in terms of enhanced
communication e ectiveness and improved system dynamics awareness. Which suggest that social interac-
tion, which is an essential component of the multiplayer setting, enhances both collaborative competencies
and comprehension of complex system relationships. Furthermore, participants in physical games perceived
higher levels of simulation realism, while digital game participants indicated higher levels of engagement and
motivation. In addition, both game formats resulted in comparable levels of stakeholder role understanding
and enjoyability. Suggesting that in terms of game experience no strong favourable e ect was seen for one
of the game designs, which is in line with previous research on the in uence of gameplay types on players
experience (Lin & Lin, 2024). These ndings suggest that, rather than one format being consistently pre-
dominant, each game design format may activate distinct learning mechanisms and o er unique advantages.
Individual formats appear to promote personal re ection and introspective engagement, while group formats
appear to facilitate collaborative skills and systems-level thinking. As such, these ndings align with the
ndings reported by Lin & Lin (2024), who observed marginally elevated learning outcomes for collaborative
gameplay, while also noting that there were no signi cant di erences in game experience between single
and collaborative gameplay. This study therefore similarly suggests that the selection of the game format
employed should align with the learning objectives rather than assuming format equivalence in educational
outcomes.

8.2 Ciritical Evaluation and Limitations

In the context of conducting research with limited time, challenges are inevitable, this thesis research was
no exception. In this section, the most signi cant challenges and limitations are discussed in order to
demonstrate the strengths of this research, as well as the aspects that are less robust.

8.2.1 Methodological Considerations

Quasi-experimental design

The quasi-experimental design introduced limitations regarding causality and generalisability. The lack of
random assignment to experimental conditions increased the likelihood of selection bias and uncontrolled
confounding variables in uencing the observed variations in learning outcomes. Additionally, systematic
di erences in prior knowledge between participant groups could have contributed to variances in learning
curves that were independent of the game design interventions themselves.

Sample representation

The sample of participants was mainly composed of students and recent alumni from Wageningen University
& Research. This introduces a sampling bias that limits the generalisability of the results to other demo-
graphic groups or educational backgrounds. Participants’ academic backgrounds, as well as the university's
overarching educational vision, likely shaped their values and skills in dimensions relevant to the game. For
example, the university's educational environment and vision emphasise environmental sustainability and
interdisciplinary approaches. This shared academic environment may have created arti cial homogeneity
in participants' responses, as collaboration patterns, authority relationships, and environmental awareness
may not generalise to other cultural, institutional, or demographic contexts. The sampling approach has
implications that extend beyond demographic representation, raising more fundamental questions about the
research validity. Consequently, employing university students and recent graduates instead of genuine stake-
holders from varied professional backgrounds may have yielded di erent responses to both design formats
compared to engaging actual practitioners, policymakers, and community representatives who contribute
unique expertise, constraints, and motivational factors to collaborative decision-making processes.

Time constraints

The limited time frame for the learning assessment, which is conducted immediately after the game, prevents
evaluation of knowledge retention or long-term learning e ects. This restricts the analysis to measuring short-
term learning outcomes immediately after gameplay. Additionally, temporal bias could have arisen from the
unequal session durations between the experimental conditions (1.5 2 hours versus 45 60 minutes), which
could have in uenced learning outcomes independently of the game design characteristics. This inconsistency
may have a ected participant engagement, re ection and retention. Consequently, it is di cult to determine
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whether the observed changes in knowledge, attitudes, and competencies persist beyond the experimental
context, or to attribute di erences in learning outcomes solely to the inherent design features of each game
format as opposed to di erential exposure time.

8.2.2 Measurement and Assessment Constraints

Learning indicator selection constraints

The selection of learning indicators (K1, K2, K3, A2, A4) was based on their contextual application for the
RESORTEScity game and the possibility of comparing the two game formats. However, the focus on these
speci ¢ indicators may not have captured the full spectrum of learning outcomes during gameplay.

Self-assessment and response bias

Several response biases should be considered. Social desirability bias may have been introduced into the
assessment strategy. Participants may have responded in line with their perceived socially acceptable atti-
tudes towards sustainability and collaboration, rather than their true opinions. Secondly, relying primarily on
self-assessment for knowledge learning indicators introduces potential bias, as participants' perceptions of
their knowledge may di er from their objective knowledge. Self-report bias may cause participants to over-
estimate their prior knowledge or learning gains by providing responses that they perceive as educationally
appropriate, which may not accurately re ect their actual learning gains. Furthermore, some participants
were a ected by concentration and time constraints during game sessions, particularly during the post-
assessment phase, potentially a ecting response quality and variability that may not re ect true di erences

in learning outcomes.

Q-Methodology

Several methodological constraints associated with the Q-methodology implementation introduced limita-
tions and assumptions in the assessment of the altitudinal learning indicator on worldviews. The PCA tting
and rotation procedures may have resulted in the loss of nuances and variance during factor extraction and
analysis. Additionally, the explanatory power varied among opinion types, making it challenging to compare
pre- and post-game clusters. This necessitated assumptions when comparing opinion types and analysing
perception shifts on speci ¢ statement topics. Furthermaore, it is important to bear in mind that interpreting
data analysis and assigning participants to opinion types involved subjective interpretation. Additionally,
the Q-sort process proved to be time-intensive, creating challenges for participants to complete the full
assessment, which may limit its applicability for evaluation strategies with multiple components and under
time-constrained conditions.

While the forced distribution nature of the Q-sort proved valuable in capturing nuanced shifts in perspectives,
it also presented constraints in variance representation. Q-methodology allows only for relative ranking of
statements, meaning that placements indicate how strongly participants prioritized certain statements in
relation to others, rather than capturing absolute levels of agreement or disagreement. Some patrticipants
experienced the imposed normal distribution as restrictive, noting that their natural balance between agree-
ment and disagreement did not align with the forced structure and that they had to rank statements they
agreed with relatively lower. This created the perception that their was a need for polarization of their opin-
ions, which caused discomfort for some participants. Even though the method is designed to elicit relational
patterns in viewpoints, these observations were consistent with documented limitations of Q-methodology's
forced distribution approach, also indicating that this forced distribution could lead to arti cial polarization
(Buchholtz & Vollstedt, 2024).

Within the established shared perspectives, considerable variability was observed in the Q-sorts assigned
to them. Therefore, it could be argued that focusing on these representatives is not huanced enough to
understand an individual's changes in viewpoint. Blended worldviews may therefore warrant greater attention
when analysing individual-level perspectives. One way to capture this nuance would be to examine each
individual Q-sort's relationship to all revealed factors, rather than only to the factor to which it loads most
strongly. This approach would enable both assigned and unassigned Q-sorts to be interpreted in relation to
the broader spectrum of viewpoints.
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8.2.3 Game Translation and Design Adaptation Constraints

The methodological constraints introduced when adapting the RESORTEScity board game may have in u-
enced the comparative learning outcomes of the two formats. These di erences must be considered when
interpreting the results.

Digital adaptation limitations

Translating the physical board game into a digital, agent-based model simulation presented signi cant
challenges in ensuring similarity while adapting to di erent interaction modalities. While most of the core
game dynamics were preserved, elements such as face-to-face negotiation and collective decision-making on
event responses could not be fully replicated in the digital format. These limitations had a particular impact
on the social learning dimension of the study.

Digital game simpli cations

Both game designs simplify the complex, multidimensional perspectives of stakeholders into role-play ob-
jectives and simpli ed, stakeholder-speci c goals, potentially oversimplifying the nuanced decision-making
processes that characterise real-world urban planning contexts. However, the digital format involved fur-
ther simpli cation through decision-making algorithms for virtual agents, which do not fully capture the
complexity of human decision-making processes and social interactions. Although agent-based models al-
low behaviour to be modelled, the virtual agents operated within a con ned framework that do not fully
incorporate the emotional, intuitive, attitudinal and contextual factors that signi cantly in uence human
decision-making processes.

8.3 Implications for Further Research

8.3.1 Evaluation Strategy and Methodological Advancement

The methodological limitations highlight several critical areas that requires further investigation to strengthen
the evidence base for the e ectiveness of serious games in complex systems learning. The homogeneity of
the sample of participants may explain players' choices and achievements during gameplay, but it also
raises concerns about generalisability. This highlights the need for further research into how individual
characteristics, such as prior knowledge, professional background, and personality, interact with di erent
game design elements to in uence learning outcomes.

The study's reliance on immediate post-game assessment prevented insight into knowledge retention or
enduring attitude changes. Future studies could bene t from follow-up evaluations to investigate whether
participants' knowledge enhancement and perception shifts persist and in uence real-world decision-making.
Furthermore, incorporating long-term evaluations would enable the inclusion of long-term learning indicators
in learning evaluations. Additionally, the study focused on only ve of the fteen learning indicators identi ed

in the developed typology, potentially overlooking other important learning outcomes in uenced by the
gameplay. Further evaluation of the learning indicators in the learning typology across di erent serious
game contexts allows for a more robust assessment on the sensitivity of the learning indicators to design
variations and could provide more insight in the relationships between learning indicators. Furthermore, the
study's reliance on self-assessment and Q-methodology was found to introduce bias and be time-consuming
and challenging for participants. Therefore, future studies should investigate developing objective assessment
methods to complement self-assessment approaches and address the concerns about response bias identi ed
in this study. The time required for assessment should also be taken into account when developing an
assessment strategy.

8.3.2 Game Design and Game Translation

The ndings revealed that game design elements and mechanics had a signi cant in uence on participants'
learning. This highlights the fact that design choices can have a fundamental impact on learning outcomes.
To deepen our understanding of gameplay's in uence on learning, future research should analyse how speci ¢
design elements a ect learning trajectories and e ectiveness. Comparing the e ects of di ering elements in
the two RESORTEScity formats provides insight into how variations in core game mechanisms and player
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interactions in uence learning outcomes across design formats. Furthermore, investigating how assigned
stakeholder roles a ect participants' actions and perceptions, and how these in turn impact other learning
indicators, could enhance our understanding of the in uence of game design choices.

The virtual agents in this study were based on prospect theory and were unable to fully replicate the complex-
ity of human decision-making processes. For instance, they failed to capture the emotional and contextual
nuances of decision-making, limiting collaborative planning and learning. Therefore, improvements to the
decision-making mechanics of virtual agents and opportunities for human and virtual agents to interact
within the virtual environment would bene t the digital format. Future research could involve developing
adaptive agents that use machine learning to analyse player behaviour in real time or agents that are trained
using data from physical game sessions. Another approach would be to integrate additional psychological
frameworks to embed emotional and social dynamics into the agents' decision-making algorithms, or to
incorporate diverse models of risk perception and cultural decision-making in order to increase behavioural
realism. Furthermore, the digital translation of event cards introduced systematic variations that may have
had an impact on learning experiences and outcomes. The digital adaptation required modi cations to the
collaborative event-handling mechanisms, eliminating the group discussion and consensus-building processes
present in the original gameplay. This limited opportunities to experience shared decision-making processes.
Therefore, future research should attempt to incorporate collaborative event handling into the digital for-
mat, and test whether enhanced agents and improved mechanisms more accurately represent collaborative
decision-making contexts, thereby strengthening learning outcomes.

8.3.3 RESORTEScity Game Advancements

Participants' feedback revealed that some found the game overly simpli ed, while others found it too com-
plex. Future research could involve introducing adaptive game designs with multiple complexity levels into
the RESORTEScity game based on participants' prior knowledge. It would also be interesting to investi-
gate algorithms that automatically adjust the complexity of the game based on participants' experience.
This would enable personalisation of the gaming experience, optimising learning outcomes within the RE-
SORTEScity gameplay. Furthermore, many people viewed the board as a Dutch city, assuming that this
was the optimal organisational structure, and consequently imposed personal behavioural constraints on
it. However, the virtual agents do not incorporate these biases into their decision-making processes. For
instance, participants believed that industries should be located on the outskirts of the city and housing
should be present in the centre. Similarly, despite preferring to build green infrastructure, the idea of a
city with no industries was considered unrealistic. These considerations should be taken into account when
re ning the RESORTEScity game further, particularly with regard to the behaviour of the virtual agents.
The virtual agents' failure to behave according to these constructs most likely impacted participants' un-
derstanding of the system's complexity and dynamics. Participants indicated that they were confused by
the agents' actions and even frustrated by their choices. One way to incorporate these constructs into the
behaviour of the virtual agents would be to introduce contextual rules, such as imposing consequences for
building industry close to the city centre.

The transition to a digital, agent-based game environment o ers a promising way to enhance the spatial
dimension of the RESORTEScity gameplay, which could help to increase spatial awareness and facilitate a
deeper understanding of the system. Future research could build on the spatial modelling capabilities of
a digital environment to incorporate geospatial data, such as terrain elevation and climate projections, to
create representations of urban microclimates that evolve as players make planning decisions, or enhance
the visual simulations of land use and its e ects, thereby enhancing environmental understanding, systems
thinking skills and decision support in urban climate resilience. Another interesting direction would be to
develop a hybrid RESORTEScity format that combines the physical, multiplayer board game elements with
the digital, single-player agent-based modelling (ABM) environment. This would create a game that takes
advantage of the unique strengths of each environment.
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