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Tabletop role-playing games (TRPGs) for disaster response management are collaborative exercises in which participants take on the roles of
characters and are guided by a “game master.” TRPGs are useful tools for training, improving the preparedness of emergency responders, and
understanding/validating agent-based models (ABMs). This study evaluated the knowledge of participants and assessed the effectiveness of utilizing
TRPGs in validating a NetLogo model. The central components of the ABM were transformed into a Disaster Response Tabletop Role-Playing Game
(DRTRPG). Medical doctors and master’s students were divided into two groups and participated in the exercise based on defined disaster response
strategies. Multiple pre- and post-assessment tests were used to evaluate each group's knowledge, while a performance scoring matrix was used to
generate data from in-game activity. The data were analyzed using Pandas and MS Excel data analytical tools. Pre- and post-assessment test results (n
= 8) revealed 11.5% and 3.1% increases in the knowledge of disaster and healthcare decision-making, respectively, among medical doctors and students.
A visual comparison between the ABM and DRTRPG results revealed partial model validity. However, the statistical comparison showed clear variation
in the outcomes. The “alternate” policy strategy resulted in better disaster response outcomes. The design and implementation of the DRTRPG resulted
in a collaborative understanding and communication of the ABMS model with promising results. However, there were significant differences between

the two methodologies, highlighting the challenge of validating the predictive ability of ABMS using RPGs.

Corresponding author: Nimisingha Jacob Amakama, nimisingha.amakama@mines-ales.fr

Introduction

Tabletop role-playing games (TRPGs) are collaborative exercises in which participants take on the roles of characters in a fictional game world and are
guided by a human supervisor called a “Game Master.” The Game Master (GM) acts as both storyteller and guide, working with players to help shape the
game world. Creativity is central to TRPGs and influences both the players and the game master (Katifori et al., 2022). These serious games aim to train or
prepare users in a specific area, such as disaster management, thereby improving the preparedness of emergency and crisis responders (Guiamalodin et
al., 2024; Kwadwo & Morkla, 2024; Tanguid & Tanguid, 2023; Simdes-Marques et al., 2020). Tabletop role-playing games (TRPGs) provide instructors
with the opportunity to monitor group dynamics and decision-making activities while serving as immersive and effective tools for promoting soft skills
(Linehan et al., 2009; Suguitan & Natividad, 2022). They provide a valuable environment for improving the understanding of abstract concepts such as
drought and water-related challenges while improving communication and conflict resolution skills (Alejandria et al., 2023; Pasinetti et al., 2015). Serious
games have also been integrated into educational contexts to improve learning outcomes and promote social behaviour. An example of this is the recycling

of knowledge through immersive virtual reality environments (Podébradska et al., 2020).

Because they collect data from player interaction data, they can accurately predict knowledge changes based on player interactions in the game. Serious
role-playing games are also effective tools for understanding and validating the predictive capabilities of agent-based models in scenarios with limited
computational resources (Alonso-Ferndndez et al., 2021; 2019; C. Liu et al., 2021). Games such as ANYCARE, a role-playing game (RPG), help players
understand the challenges and intricacies of dealing with weather-related emergencies, thereby increasing their confidence in making timely decisions
(Terti et al., 2019; Raimi et al., 2022). Cheng et al. (2020) found that role-playing games (RPGs) are valuable pedagogical tools for promoting students'
understanding and responsibility, as well as their ability to reach consensus in multiple role scenarios. In the context of disaster response, RPGs can serve
as useful tools for disaster prevention and promote communication between public and academic stakeholders (Sakai et al., 2019). Roleplay exercises such
as RAMSETE provided participants with the opportunity to discuss and challenge concepts, policies, and practices in the areas of disaster risk reduction,
management, and adaptation to climate change (Fleming et al., 2020; Deinkuro et al., 2021; Olalekan et al., 2018; 2022; Sanchez et al., 2021). A study by
Hosseini et al. (2022) revealed that disaster and crisis games are more efficient than case-based approaches for improving nursing students'

understanding and behavioral skills in crisis management. The use of role-playing in the development and validation of agent-based models offers several
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advantages. These benefits include adapting game parameters and player demographics to real-world scenarios, incorporating experimental design into

data collection processes, and integrating operational validation phases into modeling procedures (Utomo et al., 2022).

This study examines the effectiveness of integrating role-playing to engage both healthcare professionals and nonexperts (students) in understanding and
validating an agent-based model of disaster response strategies. This research is significant because it introduces a method to improve model validation
and capture the complexity of agent-based models by leveraging the formal and informal knowledge and behavior of stakeholders, thereby bridging the
gap between theoretical modeling and real-world situations. Hence, this study aims to evaluate the effectiveness of utilizing disaster response tabletop
role-playing games (DRTRPGs) in facilitating the understanding of disaster management concepts and in validating the predictive capabilities of an
agent-based model for a hypothetical disaster setting. To achieve the study’s goal, the following objectives were proposed: (1) Evaluate the knowledge
enhancement achieved through the training and implementation of the DRTRPG via multiple-choice pre- and post-assessment tests; and (2) To visually
and/or statistically compare the outcomes of the DRTRPG against the ABMS model outcomes (validation) by examining the impact of ambulance
deployment policies on mortality outcomes. The authors assert that the lessons learned from this research can be integrated into disaster preparedness
and response strategies, resulting in improved training, preparedness, and coordinated disaster responses. The subsequent aspects of this study consisted
of a literature review and the methods and materials adopted for the study. The final two sections present the results and discussion and draw conclusions,

including limitations and recommendations for future studies.

Literature Review

In a tabletop role-playing game (TRPG), players create characters and go on adventures under the guidance of a game master (Guzdial et al., 2020). Role-
playing games (RPGs) are structured to instruct, guide, and equip players to overcome specific challenges by simulating real-world scenarios (“The
Functions of Role-playing Games: How Participants Create Community, Solve Problems and Explore Identity,” 2011; Rye & Aktas, 2022). Disaster response
tabletop role-playing games have a variety of uses in improving preparedness and response skills. With the help of these emergency simulation games,
players can test their decision-making skills and practice response plans and better understand their role in disaster situations (McCourt & Watson, 2023).
Suleman et al. (2022) assert that TTRPGs significantly improve the understanding of disaster management among healthcare workers, with an emphasis
on strategies, communication, and collaboration. Additionally, tabletop exercises have been shown to improve nursing students' knowledge and
disposition during disaster exercise, making them useful tools for improving disaster response skills (Ademiluyi et al., 2010; Husna et al., 2020; Raimi et

al., 2020; Raimi et al., 2019).

Agent-based simulation, on the other hand, is a computational modeling approach that positions autonomous agents within an environment to
investigate emergent outcomes resulting from interactions between agents and their surroundings (Y. Liu et al., 2023). McDonald and Osgood (2023)
stated that these simulations are useful for deciphering macrolevel phenomena by studying individual-level interactions in complex systems. They offer
advantages such as scalability, flexibility in representing diversity and the ability to include static and dynamic network contexts in addition to spatial
aspects (Antelmi et al., 2022). Ogie et al. (2022) highlighted the potential benefits of using ABM for collaborative translation in crisis communication.
Role-playing games and agent-based models together provide a vantage point for exploring a variety of phenomena. According to (Guyot et al., 2007), a
combination of ABM and RPGs can serve three main purposes: (i) assisting stakeholders in decision-making in challenging scenarios; (ii) promoting group
learning and negotiation between participants; and (iii) validating and refining a model by observing stakeholder behavior. In regard to modeling a specific
case, RPG players are usually selected from among the key stakeholders at the case study site (D’Aquino & Bah, 2014). However, if the research goal

includes hypothesis testing and group comparisons, participants may be selected from a broader population (Meijer et al., 2006).

As an additional method for validating agent-based models, role-playing games (RPGs) facilitate validation triangulation by observing agents' decision-
making within the game environment (Villamor et al., 2023). Utomo et al. (2022) argued that role-playing games (RPGs) provide valuable insights for
model validation by allowing observation of player behaviour that can be contrasted with agent behaviour in a model. This was supported by Pira et al.
(2017), who asserted that RPGs could improve the robustness and relevance of agent-based models by enabling stakeholder-driven validation, especially
in complicated situations such as urban freight transport decision-making. However, several studies suggest that validating ABMs using classical
empirical methods is very challenging, as there is typically a paucity of data and ABMSs are based on future predictions (Marks, 2007; Takadama, Kawai
and Koyama, 2008; Anand et al., 2016; Onggo & Karatas, 2016; Gore et al., 2016; Utomo et al., 2022). These findings reveal that the classical empirical
validation of agent-based models is challenging because of features such as path dependence, emergence, and complex interactions, in addition to the lack
of microlevel data. Other aspects cited by the researchers border the complexity of social processes and the stochasticity of the simulation. This may lead to

disagreement in the results compared to an experiment that is well controlled.
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However, Robinson et al. (2007) argue that models should be subjected to validation using various techniques and approaches and emphasize that the
validity of ABMs depends on the accessibility and quality of the data for model calibration and validation. They also advocate the use of RPG-based
validation to test and validate ABMs; however, they caution that the results should be verified with historical data and validated using alternative methods.
According to Dubois et al. (2013), the settings of games can influence participants' attitudes and behaviour patterns and subsequently affect the outcomes
of role-playing games. In addition, the interchangeability of the terms “player” and “agent” is debated as part of the discussion about combining role-
playing games and agent-based models (“Introduction to Agent-Based Modeling,” 2019). Squazzoni et al. (2020) suggested that realism and validation in
role-playing games (RPGs) depend on the assumptions and rules built into the game design. They suggested that if a role-playing game is well designed on
the basis of the basic rules and assumptions of empirical data, it can realistically simulate human behavior and decision-making, thereby improving the
validity of the validation process. These studies support the need for the current study by highlighting the context of disaster response strategies for
disaster preparedness, training, and ABM validation. To achieve our research objectives, this study evaluates the effectiveness of using a disaster relief
tabletop role-playing game for improving player knowledge and validating the results of an ABM by assessing the impact of ambulance policy on mortality

outcomes—a topic not specifically addressed in previous studies.

Materials and Methods

Research Methodology: DRTRPG Design and Implementation

This research falls into the area of experimental research, particularly at the interface of simulation and educational research in the context of disaster
protection strategies. This study aimed to improve the understanding of process and knowledge representation in agent-based models (ABMs) and role-
playing games (RPGs) through the practical and interactive involvement of participants, including both experts and nonexperts. In addition, the present
research addresses a specific gap in the literature by assessing and validating the impact of ambulance policy on mortality rates to improve the
understanding of the ABMS model through the use of a disaster response tabletop role-playing game. As a validation strategy for this study, a scenario-
based disaster response tabletop role-playing game (DRTRPG) was developed, as suggested by Ligtenberg et al. (2010) for the ABM model validation

method using the RPG. The process of transforming ABMs into RPGs for the purpose of validation is summarized below:

+ To develop a basic ABMS model,

« Develop a role-playing game based on the basic ABMS model in which players can engage in tasks that replicate the agent’s actions;
« Guide players in completing game tasks,

« The RPG was used to collect the data.

« The ABMS results are analyzed and contrasted with the RPG results.

DRTRPG exercise is divided into two phases. First, participants completed preparatory training and participated in exercises to familiarize themselves with
the DRTRPG concept in a group setting. The goal of this phase is to refine both the game and the ABMS model components. In phase 2, response results are
generated, analyzed and compared among doctors, master's students and the ABMS basic model in a group setting. The DRTRPG, developed between 2023
and 2024, includes two exercises with three training sessions each. Tabletop gaming sessions take place in a standard classroom at the IMT Mines Ales
Claviéres location and can comfortably accommodate 10 to 15 participants. With this setup, each group experiences the same crisis response scenario
throughout the game. Prior to participating in the DRTRPG exercise, participants' understanding of disaster management and health-related decision-
making was assessed using a multiple-choice pregame questionnaire. A simulation is then run that represents components of the ABMS model within the
DRTRPG, creating a scenario in which players collaborate and make decisions. During the game, each group records the time spent on tasks while
observers rate the players' actions. This approach aims to quickly collect large-scale data. Following the in-game activities, a debriefing will take place,

along with a postgame questionnaire and an observer rating assessment completed by players and observers, respectively.

Participants

This study involved participants with diverse backgrounds and experiences playing the DRTRPG game in teams assigned specific roles (e.g., surgeons,
triage nurses, emergency responders) to manage a hypothetical explosion event and provide optimal medical care to ensure supply. Provide care in a
collaborative, interactive role-play environment. As part of the first practice session, the game was first tested in four groups with a total of 15 players
(including observers). In phase 2, two groups with 11 participants were used to compare the actions of students and doctors. The researcher claims that the
DRTRPG improves the validation and effectiveness of disaster response strategies by integrating agent-based models and tabletop role-playing

techniques.
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Concepts, principles, and experimental setup

Tabletop role-playing games designed for disaster response are helpful resources for confirming the accuracy of agent-based models used in disaster
management. PREDIS and other similar games facilitate the decision-making processes of experts and nonexperts alike, allowing quicker and more
precise responses (Rye & Aktas, 2022). According to Utomo et al. (2022), RPG data are used to validate ABMS models at both the macro- and microlevels to
ensure that the model accurately represents real-world knowledge and processes. The graphical user interface of the developed ABMS simulation model

underlying the design concept of the DRTRPG is shown in Figure 1.
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Figure 1. Graphical user interface of the simulation utilized in the DRTRPG design (Amakama et al., 2023a; 2023b)

The graphical user interface (GUI) of the ABMS model represents a simulated (720 runs) crisis scenario that is integral to the design of the disaster
response role playing game (DRTRPG). Within the DRTRPG, participants assume various roles as agents responding to an explosion in the oil and gas
sector, while regional and mobile field hospitals collaborate to determine optimal response strategies and provide care for the injured. These roles simplify
the elements of the ABMS simulation. The development of the game required careful consideration of the game elements, roles, and simulations. Table 1
outlines the guiding principles of DRTRPG design and serves as a three-step guide for tabletop role-playing serious game exercises with a focus on

disaster response and healthcare simulation training, education, and validation.
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DRTRPG

elements

DRTRPG

description

DRTRPG

design choices

Playing considerations/concerns

DRTRPG

storyline

A scenario to validate response interactions and
outcomes in a regional and mobile field hospital
simulated around an oil and gas industry disaster and

modeled using an ABMS framework.

Assessment tests designed to evaluate knowledge

acquisition resulting from the DRTRPG exercise.

To ensure accurate representation, the game
closely follows the guidelines and
parameters of the ABMS model.
Dynamically adjust the game to address
player concerns as they arise in real time
The plot of the scenario is designed to

explore various “what if” situations.

. The degree of accuracy with which the
game replicates the dynamics of the
ABMS-modeled scenario
o The extent to which the game scenario and
model accurately represent a potential

real-world situation

DRTRPG

roles

Participants assume the roles of various agents
represented in the ABMS model, including positions
such as emergency dispatcher, triage nurse, surgeon,

and others

Detail the tasks and decision protocols for
each role within the groups
There are specific, measurable metrics
available to assess performance
In the DRTRPG design, players should feel

the impact of their role interactions.

« Itensures thatarole is complex enough to
test the model, but remains playable for
participants
. The impact of the roles on the model
validation
o The need for players to understand ABMS

procedures through pre game training

DRTRPG

simulations

An ABMS-derived simulation sequence reflecting the
oil and gas explosion incident and its aftermath, with
an emphasis on collaborative response and decision

making, accomplished via in-game tasks

The simulations include scenarios and tasks
that require the use of disaster management
skills
Establish iterative game loops to facilitate
model validation through multiple trials
Provide statistical and/or visual comparisons
illustrating the impact of decisions within
the DRTRPG compared to outcomes

predicted by the ABMS.

« Ensure game simulation provides valuable
and robust data for model validation
. Achieving a balance between the
complexity of the ABMS and the simplicity
of the game
e Effectively communicate the goals and
framework of the basic ABMS model to

participants and relevant stakeholders

Table 1. DRTRPG exercise components, design decisions, and considerations.

Experimental setup

Five essential progressive steps constitute the procedure, which are listed as follows. (i) A summary of the objectives, rules, and plot of the DRTRPG to the

players.; (ii) role assignment; (iii) simulation

activities (in-game action); (iv) debriefing of the players based on the game; and (v) gathering of player and observer feedback, as presented in Table 2.
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Duration
Actions to be taken Resource(s)
(est.)
GM/MoD explains the game’s rules, plot, and objectives to all participants. Power Point presentation 25 mins
The GM/MoD assigns each player their respective roles (usually preselected based on the background of the
Printed slips or via email 5 mins
participants in a group).
The members (of every group) discuss the specifics of their assigned roles. Group deliberation 5 mins
The simulations begin with the GM/MoD presenting the game's possible outcomes as hypothetical truths. Power Point presentation 10 mins
Participants take part in simulated scenario tasks. By directing the story and generating relevant dialog, the GM/MoD Cards, phones, PowerPoint
55 mins
directs the game, ensuring the mechanics of the game follow the rules. presentation
Power Point presentation of
The GM/MoD initiates the debriefing process with the players and observers. 10 mins
questions
The participants respond to a brief multiple-choice post exercise questionnaire to assess their knowledge Microsoft form designed
10 mins
improvement and lesson learnt. Observers fill out the postgame performance assessment questionnaire(s) (online)

Table 2. DRTRPG experiment implementation steps (estimated time: 2 hrs)

The GM assists players by introducing important plot points, providing hints, and initiating relevant conversations in accordance with the DRTRPG rules.
Observers score the performance, both during in-game activities and provide an overall assessment of the game design and implementation. According to
the researcher's findings, a playgroup with eight to sixteen participants would be more ideal; if the goal is to produce better datasets for validating the

ABMS model, further activities are needed.

The DRTRPG guidelines
Based on traditional disaster-themed role-playing game guidelines, the DRTRPG runs according to the following rules:

« Prior to making decisions, only players on the same team are required to communicate and collaborate with their group.

« The MoD/GM provides instructions, directions, and clues for the game, and the observers observe the players and document their observations.

« Each group's discussion will be centered only on the emergency response scenario that will require prompt decision-making. There are time limits and
consequences (mortality outcomes) for each in-game task to promote deliberative decision-making and boost game realism.

« Limited resources, such as ambulances or operating rooms, are incorporated into the game's design, which the players need to thoughtfully allocate to

reduce mortality outcomes.

DRTRPG implementation materials

To succeed, materials that improve experience must be chosen for any tabletop role-playing game. The DRTRPG's resources are made up of various

materials, each of which serves a distinct function within the ecosystem of the game. The following are the basic steps of the exercise.

« Maps of the disaster response scenario, depending on the in-game tasks
« PPT presentation slides
« Pencils/pens/stopwatches

« Pre/post assessment test/observer performance evaluation forms

Figure 2 shows a representation of the in-action phases in the implemented game setup for the disaster response tabletop role-playing game. In this
configuration, each group is assigned an observer, while the GM continually provides direction to the process by emphasizing the game’s story and
ensuring that the game mechanics are maintained. In this exercise, two teams (A and B) compete by completing a series of similar but challenging tasks

involving 18 emergency challenges in a disaster scenario with varying patient numbers, response resources and severity indices.
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Figure 2. (a)-(d): DRTRPG player interaction and collaboration. (a) the group stakeholder’s tabletop setup,

(b)-(c) The second experiment involving students and medical doctors (7 March 2024) and (d) the first

experiment (6 March 2023).

Metrics, data generation and analysis

The mortality outcome of the disaster scenario team decisions was assessed using the DRTRPG activity assessment chart (Table 3). Although it promotes
competition between groups for efficient time management, the points awarded do not affect the outcome of the game. The estimated six minutes required

to complete a task (the in-game activity contained 18 tasks) corresponds to one tick in the ABMS model.

Decision time conditions Estimated outcomes (mortality) Outcome points
Team decision taken at T < 2 minute All mild patients saved. Death's outcome ranges between d < 5 from moderate and severe 10
Team decision taken at 2 < t < 4 minutes All mild patients saved. Death's outcome ranges between 5 < d <10 from moderate and severe patients 5
Team decision taken at 4 < t > 6 minutes All mild patients saved. Death's outcome d > 10 from moderate and severe patients o

Table 3. In-game activity mortality scores

Using this scoring table and the recorded reaction times for each game task of each group, it was possible to estimate mortality outcomes based on the
investigated ambulance policy strategies. An ambulance policy is a set of rules that control performance, patient care, ambulance dispatch, emergency
response times, and other elements of an emergency response system. The two studied ambulance strategies are “always go to RH”, which is based on a
traditional dispatching approach in which ambulances are dispatched based on patient severity and availability, with only the Regional Hospital (RH)
available. The second strategy (“alternate”) involves a more dynamic approach involving the use of a mobile field hospital (MFH) to strategically support
the RH in the scenario. The authors claim that shorter response times could be a sign of better decision making and team coordination. With NetLogo 6.3,
large datasets could be generated by modeling and simulating complex systems. The BehaviorSpace interface, along with Python's Pandas library, gave the
researchers access to a few useful libraries for working with and exploring the dataset. These tools were used for dataset cleaning, information filtration
and aggregation. The analysis criteria for the ABMS and DRTRPG data are on our GitHub:

https://github.com/Nimisingha/Ambulance Policy_RPG/blob/main/codes ambulance policy mortality outc ome.ipynb and

https://github.com/Nimisingha/Ambulance_Policy_RPG/blob/main/codes DRTRPG.ipynb, respectively.
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Results and Discussion

Results

A total of 12 participants (divided into four groups), with 2 observers, were involved in the preliminary 2023 game test. (tabletop simulation experiment).
The participants were informed of their background and experience as follows: three PhD students, one medical doctor, one emergency responder, one
postdoctoral student, and nine master's degree students. Ten participants (in two groups), with 2 observers, participated in the final DRTRPG activity held

in March 2024.

Pre, post, and observer performance evaluation

The results of the assessment tests showed that medical doctors’ (Group A) knowledge of disaster management and health interactions increased
significantly (11.5%). However, only a slight increase in knowledge (3.1%) was observed among master's degree students. These results were generated
based on correctly answered questions in the multiple-choice assessment test. According to the observers' assessments, both teams also showed an
elevated level of involvement and communication during the game. Nevertheless, both groups had some difficulty managing their time, suggesting that

they could do better. According to Figures 4a and 4b, both teams were judged to be competitive.

Observers' DRTRPG in-game evaluation Observers' DRTRPG feedback evaluation
45 45
g )
g 35 g 35
8§ g § 2 g
§ 2 § 2
E 13 E 15
e 1 & 1
g 05 g 05
a 0 e 0
o ] Decision-making Stuaion Time Role- Overdl
Involvement Communication Role-pkying il P Teamwork manzgement  empathy | performance
HGroupA 4 4 3 3 HGroupA 4 4 3 4 3
mGroupB 4 4 4 3 mGroupB 3 4 3 3 4
mGroupA EGroupB HGroupA M GroupB

Figure 3. (a) Observer in-game performance evaluation and (b) observer feedback performance evaluation

While these results illustrate the potential and utility of TRPG design and implementation for disaster response class problems, further development is

required to provide a more accurate representation of the complexity of complex systems.

ABMS model validation: Effects of the ambulance policy on mortality outcomes

An ambulance policy is a collection of policies that govern patient care, ambulance performance, deployment, and other elements of emergency response
systems. The boxplot shown in Figure 5(a) represents the distribution of data from the ABMS model, which simulates the behavior and interactions of
autonomous agents using complex system computational techniques. Figure 5(b) shows the results of the teams participating in the in-game activities
based on the DRTRPG exercise, which use a more participatory and interactive simulation technique and a tabletop serious game to address aspects of the

ABMS decision protocols. This assessment is based on two response strategies (“Always go RH” and “Alternative”).
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ABMS outcomes (a) DRTRPG outcomes (h)
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Figure 4. Effects of the ambulance policy on the morality outcome for the (a) ABMS model and (b) DRTRPG exercise

The “always go to RH” ambulance policy is based on a traditional dispatching approach in which ambulances are dispatched based on patient severity and
availability and only the Regional Hospital (RH) is operational. The “alternate” ambulance policy involves a more dynamic approach involving the
deployment of a mobile field hospital (MFH) to strategically support the RH in the disaster response scenario. This study's approach to comparing the

results of both methods aims to provide insights into the effectiveness of using role-playing methods in the validation of agent-based models.

Discussion

This study used a different approach than did the widely used traditional methods to validate and communicate the results of ABMS models. In this study,
we compared the simulation results of an ABMS model (visual and statistical) with the results of a disaster response role-playing game rather than
comparing the accuracy of the model results with those of an equivalent model in the real world. This participatory approach is intended to increase

stakeholder confidence in the model's ability to predict an equivalent disaster situation.

For the simplified class case of the study, which is understandable to the role-play participants, the observers, and the modeler, the use of the group-
based collaborative TRPG approach to data generation and validation of the ABM appears to provide promising results. According to the DRTRPG's
findings, games can help emergency responders improve their disaster management skills, especially those with a medical background. Hence, the tests
were of greater benefit to people with prior knowledge of medicine or disaster management, suggesting that the subjects were suitable for them. Players
recognized that the game could be used as a teaching tool for disaster management and found it helpful and educational. The researcher emphasizes that
when designing such games, it is important to take participants' backgrounds into account when optimizing their learning outcomes. Based on observer
ratings (Figure 3) and insights into game activity, the results support a more nuanced assessment of team performance. Observers noted that both teams
made poor use of time management, suggesting potential for development in future game design. While situational awareness was an area where Team A
excelled, observers valued role connection slightly more than overall performance, which is why Team B received higher ratings. Overall, observers valued

different competencies within each team, with no team emerging as leaders across all the metrics.

Based on a visual comparison of the results of the two strategies (Figure 5), the decision dynamics (the mortality results for the policies) follow a similar
trend for both the ABMS model results and the DRTRPG results (alternative policies led to more lives saved). However, because the data distributions
(shown at different plot scales) appear to be significantly different, basic statistics from the boxplots were used to examine the data in more detail.
Regarding the ABMS results, the average mortality rate and standard deviation (SD) for the ABMS under the “always go to RH” policy was 23.22 and 8.98,
respectively, which were greater than those under the “alternate” policy. The smaller mean of 15.85 and standard deviation (0.79) show that the policy has
consistently saved lives. There was also some variation in mortality outcomes, as evidenced by the mean and standard deviation of the “alternate” policy,
which were 19.75 and 8.27, respectively. The 25th, 75th and median percentiles, which are 20, 14 and 26, respectively, show a higher concentration of

dataset points below the median.
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According to the DRTRPG data, the “always go RH” policy had a slightly greater mean mortality (8.94) than did the “alternate” policy, with an S.D. of 2.6,
indicating greater variability. On the other hand, the lives saved show good consistency, although with a mean of 29.72 and an S.D. of 2.86, above that of
the “alternate” policy (33.0, 2.11). The results of the “alternate” policy showed an S.D. of 1.19, indicating lower variability and lower mean mortality (6.11)
than those associated with the “always go RH” policy. In terms of the average number of lives saved, the “alternate” policy also resulted in a greater

number of lives (33 lives saved), with an S.D. of 1.90, showing that this policy consistently saved more lives.

While the "alternate" policy has a lower average mortality than does the "always go to RH" policy (suggesting that the "alternate" policy may be a more
effective strategy for reducing mortality/saving lives), the "always go to RH” policy produces more consistent results in saving lives, as evidenced by the
lower S.D. for lives saved. For both policies, the DRTRPG results consistently showed lower mortality and more lives saved than did the ABMS results, with
less variability in the results. This could mean that the ABMS overestimates variability or that the DRTRPG does not fully capture the range of variability
encountered in the ABMS model. The maximum value for lives saved in the DRTRPG compared to the ABMS may indicate that the ABMS overestimates the

lives saved.

The significant differences between the results of the ABMS model and the DRTRPG highlight the challenges in validating ABMS prediction capabilities
through role-playing games. The limited number of runs (18) in the DRTRPG compared to the ABMS model (720) may contribute to this variation and
reduce the statistical robustness of the DRTRPG result. This smaller sample size may also not accurately reflect the scope of the scenario, introducing
uncertainty in the validation process. Additionally, players' knowledge, experience, and biases in the DRTRPG may have influenced the results, resulting in
better decision-making than expected. To improve the validation, the researcher suggested adapting the ABM to better fit the interactive dynamics of the
DRTRPG. Since the goal is to validate the ABMS protocol using the DRTRPG, it may be necessary to consider the DRTRPG only as a “best case” scenario.
Further analysis could include comparing the models with real data (if available) to determine which strategy fits the actual results better and to examine

the discrepancy between the two simulation results.

Disaster response tabletop role-playing games have been effectively utilized to validate agent-based models (De Rouck et al., 2023). These games function
as simulations to assess healthcare workers' readiness for disasters and improve their understanding of disaster management (Rye & Aktas, 2022).
Participatory simulation games such as the PREDIS have been used to validate decision support systems, demonstrating their viability in helping both
experts and nonexperts make quicker and better-informed decisions after a disaster (Suleman et al., 2022). Another example is the study by Ramchurn et
al. (2016), who validated an ABM to enhance comprehension and assess the system's efficacy in simulating scenarios using a tabletop disaster response
role-playing game. In a study conducted by Utomo et al. (2021), the authors examined the behavior of agents and validated models through role-playing in
an agent-based milk supply chain model. The study demonstrated the effectiveness of role-playing in validating agent-based models at both collective
levels. Furthermore, Mariano and De Maria Albuquerque Alves (2020) used a simulation game focused on water management to study the actions of

agents. An agent-based model was then built to simulate the results.

Conclusion

The purpose of the design and implementation of the disaster response tabletop role-playing game presented in this study is to validate the predictive
capability of a disaster response agent-based model and to test the impact of the game on improving participants' knowledge in the domain of the study.
By comparing the results between the pre- and posttest assessments for each group, the level of knowledge gained was calculated. A visual and statistical
comparison between the ABM and the TRPG results provided insight into the effectiveness of the validation process. Although the combination of RPGs
and ABMs is not one of the most popular ABM validation techniques, this study produced promising results.The results also suggest that this approach can
lead to an increase in knowledge, particularly for participants with backgrounds in medicine and disaster risk management. Visual analysis of the results
revealed a similar trend in the investigated ambulance policies. However, a statistical analysis comparing the results of the different approaches showed
clear differences, highlighting the challenges in validating ABM using RPGs. The game scenario therefore not only offers the opportunity to practice basic
skills but also illustrates the importance of timely and efficient coordination of various health facilities and emergency services. By providing a detailed
analysis of the results of these strategies in the ABMS model and game environment, public health practitioners and policymakers can use this combined

approach to develop more evidence-based and informed policies and protocols tailored to specific disaster response conditions.

Additionally, the combination of the DRTRPG and NetLogo (ABMS) approaches shows great promise for evaluating contingency plans. The methodological
approach of this study resulted in a realistic simulation and a platform that can be customized for staff training and decision-making. The application of
these strategies demonstrated the need for improved disaster response and reduced mortality rates. These collections of generative science and

gamification techniques can help develop a valuable framework for consideration in subsequent research.
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Limitations and Future Study

Although using TRPGs to simulate healthcare disaster situations offers stakeholders the opportunity to refine their skills and improve their decision-
making ability in a safe and managed scenario, there are limitations to using RPGs to validate agent-based models. One limitation is that the game often
does not have a complete representation of the scenario in the computational model. Additionally, since the study focused on predicting mortality
outcomes in simplified systems, other factors that could lead to other secondary outcomes from interactions within the model and game (e.g.,
coordination, clinical staff, etc.) were not integrated into either strategy. Therefore, future ABMs should aim to involve stakeholders in the initial model
development process. In addition, a dynamic online version of the game is proposed to reduce bias among participants and provide larger datasets for

more robust statistical analysis.
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