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Abstract:

This project investigates engagement and informing university students
about evacuation safety practices through a realistic virtual fire evacua-
tion simulator. The created application is a first-person serious game, that
simulates a fire evacuation in a realistic location using BIM to construct
a realistic 3D environment, with typical evacuation scenarios based on
theoretical evacuation behaviors. 57 within-group participants were used
for a pre/post-test knowledge assessment questionnaire comparison and
a post-test engagement questionnaire. This data was supplemented with
data collected from the game, including choices made during evacuation
and time taken to evacuate. The data was not normally distributed, and
the game proved to be sufficiently engaging with positively skewed results.
Learning outcomes were generally positive though one of the six success
criteria was not met, with the knowledge question associated requiring
a re-evaluation. Unforeseen implementation of BIM of a building plan
following safety guidelines made decision-making and risk-taking easier
for the player than expected, when always given the choice of taking the
stairs or taking the elevator, resulting in a lack of experience when par-
ticipants were asked not to use an elevator in the knowledge assessment
questionnaire. The research question "Can a serious game be engaging
and used to improve the knowledge about fire evacuation procedures at
a university campus?" was considered a success with five out of 6 success

criteria achieved. Potential further research into smaller, more focused

simulations rather than a single, larger simulation as done in the project.

The content of this report is freely available. Publication may only be pursued with agreement of the authors.
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1 Introduction

With large buildings, there is the risk of potential fire or terror emergencies that can happen while many people
reside within. For a long time, traditional training methods for evacuation purposes have been in use but have been
reported not to be effective learning methods (Feng, Gonzalez, Amor, Lovreglio, & Cabrera-Guerrero, [2018)). Those
traditional training methods can be a series of images or a paper introducing multiple-choice scenarios for each pivotal
decision a person can make during an evacuation. It has been reported that most accidents and injuries are caused
by not following official evacuation practices, and which practices to authorize in different situations (Lin, Zhu, Li,
& Becerik-Gerber, 2020)), (Proulx & Reid, |2006). This emphasizes how critical that knowledge is regarding how to

behave during emergency evacuations.

Behaviors, seen in emergencies, range from how people perceive imminent danger and know there is an evacuation,
to wayfinding through an environment with other people to an exit (Kinsey, Gwynne, Kuligowski, & Kinateder,
2019)), (Kobes, Helsloot, de Vries, & Postl [2010)), (Lin et al., |2020). People may also have motives for not evacuating
immediately (Thompson & Wales| [2015)). Traditional methods of providing instructions in a written format have been
reported to be less efficient than multimodal media, such as video instructions - both when it comes to becoming
knowledgeable in the long term, and the general sentiment from the users (Bloch & Blochl [2013]), (Schnellinger et al.l
2010)).

It was found that in some situations, text was more convenient to find information quickly through skimming compared
to video. However, this was at the expense of its effectiveness in terms of the level of comprehension (Alexander}2013)).
One should also consider the mediums’ advantages and disadvantages, and how multimodalities play a part in a user’s

level of comprehension (Alexander} 2013)).

AAU-CPH and current evacuation warning methods: Aalborg University Copenhagen, referred to as AAU-CPH, is
a university campus operated by Aalborg University in Copenhagen, Denmark. All of Aalborg University’s educational
and research activities in the Greater Copenhagen area are based here. The three buildings, located at Teglholmen, are
a former Nokia research & development center. AAU-CPH offers 10 undergraduate programs (bachelor’s degrees) and
24 Master graduate programs (master’s degrees), both within the fields of natural sciences and humanities. Aalborg

University Copenhagen has approximately 4,000 students and 600 employees across three buildings.

There are written manuals for evacuation instructions at Aalborg University Copenhagen (AAU-CPH). In some cases,
the instructions are open to interpretation and may not achieve the desired level of comprehension. The instructions
dictate that only staff may take action to lead an evacuation. According to a meeting with the facility management
at AAU-CPH both staff and students are allowed to take action with an evacuation. Not achieving clear instructions
or the comprehension of a user like a student or staff, seems like an oversight of where you may demand multimodal
media to assist the instruction materials. In particular, when someone like a student or staff is most likely to cause
additional accidents (Proulx & Reid, [2006).

Hovedstadens Beredskab (The Capital Emergency Response) has different guides depending on each institution’s
circumstances, overall, they offer four methods for which they have created guides that can be downloaded on their
website. E| The three methods, which are within scope, focus mostly on how the institution’s warning systems and their
reporting of the fire, which should be done according to what the individual institution has (Hovedstadens-Beredskabl
2024).

! In Danish:https://hbr.dk/brand-og-evakueringsinstrukser/
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The guide relevant to this project is the guide made with the assumption that the building has an ABA(Automatic
fire reporting system) system and an automatic warning system activated by the ABA once a fire is detected or
discovered. According to Hovedstadens Beredskab, this would be the case for newer institutions, schools, assembly
halls, etc (Hovedstadens-Beredskab), [2024), which the AAU-CPH campus is.

Apart from these guides, Hovedstadens Beredskab has a general guideline that can be followed. This guideline,
however, only informs what to do if a fire is found, but not how to prepare for that eventuality except for conducting
physical exercises (Hovedstadens-Beredskabl, |2024). Their guide follows these four steps roughly if a fire is found: 1;
Dial emergency services, 2; How to warn others in the building, 3; How do you ensure that others have gotten out,
and 4; What to do, if you can’t get out. It is made clear that depending on the space and type of institution you are
in there may be different fire and evacuation guidelines to follow (Hovedstadens-Beredskab, [2024)).

Introducing more multimodal training content could help increase the level of comprehension and potentially mit-
igate the number of accidents during evacuations. One possible direction to make multimodal evacuation training
content beyond just video animation is the development of serious games (Bjgrner et al.| [2023), (Carvalho, Ranauro,
De Abreu Mol, Jatoba, & Legey de Siqueiral |2022), (Feng et al., 2018)), (Yang, Xu, Wu, Wei, & Song, 2021)). A serious
game is a game genre with a purpose beyond entertainment but contains crucial, typically educational information
within the entertainment medium of games. Several serious games for various evacuation training have already been
made but vary in purpose, target groups, and platforms (Chen & Chien, 2022)), (Feng et al., 2018)). It may be possible
to convey the same instruction segments in serious games and introduce instructions to the user through creative
use of attention, engagement, and surprises. This allows for effective information conveyance to an engaged user to

facilitate long-term knowledge for someone like a student or staff at a university (Zhonggen| 2019)).
This study is based on the following research question:

Can a serious game be engaging and used to improve the knowledge about fire evacuation procedures

at a university campus?

% | Success Criteria

70 | Are engaged with a combined mean score of above 3.75

90 | Know how to evacuate during a fire

70 | Know not to use an elevator during a fire

70 | Know always to try to take the shortest unblocked route to an emergency exit
90 | Recognize the alarm warning about a fire evacuation

70 | Know the color of the evacuation leader’s vest when an evacuation is active

Table 1: Success criteria used in this project.
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2 Analysis

2.1 Previous Work

Other serious games regarding evacuation are dominated by the overall intent of minimizing the risk of injuries and

death in case of a fire in a public setting. This ranges from offices to schools, with the most common environment being

serious games simulated within a university setting (Carvalho et al., [2022)), (Bourhim & Cherkaouil 2020)), (Menzemer,|
[Ronchi, Karsten, Gwynne, & Frederiksen, 2023)), (Sacfung, Sookhanaphibarn, & Choensawat), 2014)), (Silva, Almeida,|
Rossetti, & Leca Coelho, 2013), (Yang et al., 2021).

Most serious games about evacuations focus on the general practice of safety protocols in an immersive setting. They
are measured either by self-evaluation, a knowledge test to verify learning through the game, by the number of correct
actions taken within the simulation, or by the general time it took the trainee to evacuate the building
12022), (Chen & Chien| 2022), (Sacfung et al. [2014), (Yang et al. [2021).

The minority of the studies cover realistic simulated environments through Building Information Modelling (BIM) to

achieve a more believable experience (Riippel & Schatzl [2011)), (Sacfung et al,[2014)). In contrast, other studies try to
emulate the environment by hand, (Carvalho et all [2022), (Chen & Chienl [2022)), (Yang et al., 2021),(Wolf & Teizer}

2022).

A notable issue in these kinds of studies is the lack of clarity within the methodologies used, the need for data to be

further analyzed, and the projects being evaluated to require more realism to achieve a better sense of presence and
predictive behavior (Chen & Chien, [2022)), (Menzemer et al., 2023)), (Silva et al., 2013), (Wolf & Teizer, [2022).

Methodologies are often presented as general pre-existing guidelines similar to real-environment drills, just directly
converted to a game-environment drill instead. However, the studies do not seem to base the tasks of an objective

with the focus on underlying human behavioral theories that would happen in case of a fire emergency, as they stay

pragmatic and in some cases true to the existing emergency practices in their local area (Bourhim & Cherkaouil 2020)),
(Carvalho et al. [2022)), (Chen & Chien, [2022)), (Menzemer et al., [2023), (Sacfung et al. 2014), (Silva et al., 2013),
(Yang et al., [2021)), (Wolf & Teizer} [2022).

In general, the reception of the serious games made by those studies is that they are invaluable tools, but are not meant
to replace the existing fire evacuation training (Carvalho et al., 2022), (Chen & Chien, 2022), (Sacfung et al., 2014),

(Silva et al.,2013), (Yang et al.,|2021)). Based on several studies, developing, and evaluating fire evacuation simulators

should ideally contain an immersive setting and gameplay, exercising some safety protocols evaluated on knowledge
assessment questions, self-evaluating questionnaires, and logged gameplay performance such as interior navigation and
choices made within the game. Some theoretical and practical background as to why some safety protocols are the
way that they are would benefit in bringing further clarity to the implementation of scenarios suited for the safety

protocols, and how to log the gameplay data.

2.2 Evacuation Practices at AAU-CPH

Aalborg University (the overall organization) has a general plan that covers all campuses (AAU, [2019)) and a local
plan for each campus(AAU-Copenhagen| |2023)). For this project, the local plan for the campus is employed as a basis

for the knowledge participants need to gain. The local evacuation plan contains the different types of warnings that
one might encounter. The three types of warnings are explained as, 1; using loudspeakers informing that something
has happened in a local area, it is used to guide people. 2; Tonewarning, is using tones to inform that one should leave
the area since it is no longer safe. 3; Warning by yelling, if one discovers it is no longer safe to be in an area a person

yells to make people aware that they should leave the area. It states that evacuation must happen if a building is no

longer safe and the automatic warning system must be activated (AAU-Copenhagen| [2023). It is not explicitly stated
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if there’s an ABA system in place, but it mentions that by pressing the fire alarm the automatic warning system is
activated and the fire brigade is dialed. However, during a conversation with the facility management from AAU-CPH,
they informed there are ABA systems in place in every room at AAU-CPH. As per AAU-CPH’s internal evacuation
plan, it is the employees’ own volition to act and evacuate during an emergency. When an evacuation is necessary,
two roles are to be undertaken: The evacuation leader and the gathering place leader. Each role requires a unique
vest and a guide outlining the responsibilities. For this project, only the evacuation leader is considered relevant, due
to the gathering place leader role mainly involving post-evacation. It is worth mentioning that in situations where a
teacher is teaching, they are responsible for acting as the evacuation leader for their students. In the event of a fire,
the discoverer of the fire must limit the fire, if it is safe to do so. Fighting the fire is only recommended if it is safe and
with the appropriate equipment for different types of fires (AAU-Copenhagen, 2023|). This is the case for both students
and staff. Students are not mentioned in the local emergency plan, only staff is mentioned (AAU-Copenhagen, [2023]).
In an interview with the facility management at AAU-CPH, they disclosed that it is expected that both students and
staff can take on the roles of evacuation and assembly leader. In case of an emergency, having a clear and well-defined
evacuation and firefighting plan is crucial. However, the current emergency response plan for AAU-CPH is lacking in
certain areas, which leaves room for interpretation. For instance, students are not given any responsibility in case of a
fire, and it is unclear what they should do apart from following directions. There is also no guidance on whether they
should fight the fire or evacuate, nor are there any instructions on distinguishing what type of firefighting equipment
to use, when it is safe to use, or whether to press the fire alarm. There is also no guidance on what to do if a teacher

isn’t present to take responsibility for the two roles of the leader.

It can be concluded that the identification and role of an evacuation leader is important. The route that people take to
evacuate is important as is the knowledge about the areas that the person is in. The overall concept of the evacuation
alarm and what to do once it is active is important, especially since some routes may be more intuitive to take but
not the fastest.

2.3 Behavioral Theories

In some aspects, serious games are no different from ordinary games regarding how they would integrate a game’s
narrative into game mechanics. One narrative feature in these simulations that could be integrated as a mechanic
to evoke surprises is to promote events based on various behaviors under emergency evacuations and challenge the
trainee (Zhonggen, 2019). By challenging typical behavioral theories, trainees can gain a deeper understanding of
emergency procedures. This not only enhances the player’s knowledge but also helps them become more self-aware
of their behaviors. This awareness can prevent players from violating emergency procedures due to personal ideals or
demeanor that may go against the guidelines they have been taught. A way of categorizing several facets of behaviors

. . . . ey . . W . i . . i
met during emergencies is separating them into “pre-evacuation behavior”, “wayfinding behavior”, “interactive behavior

with others”, and “interactive behavior with the environment" (Lin et al., 2020).

Pre-evacuation behavior Pre-evacuation behavior is during the early stages of decision-making and taking action.
It can be before people realize that they have to evacuate, understanding that it is not a drill, or even knowing the
severity of the situation that will come moments after (Proulx & Reid, 2006), (Lin et al., 2020). Empirically data has

shown that pre-evacuation behavior can set an evacuation back by hours (Kinsey et al., [2019).

Wayfinding behavior Other behaviors, like wayfinding behaviors, are under the context of the heuristics involved
when navigating to the exit under an evacuation (Lin et al.l 2020). It is about navigating under pressure, may that
be through layout familiarity, and the complications of stress tampering with cognitive processes (Kobes et al., [2010)),
(Lin et al., [2020). When smoke is introduced, many signs, such as exit signs, are paid significantly less attention
(Kobes et al.l [2010).
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Interactive behavior with others During emergency evacuations, people usually evacuate in groups and interact with
each other . This interaction may involve individuals taking on specific roles, helping those needing
assistance, and dealing with various emotions that arise due to the stressful situation. These emotions can range from
altruism, where individuals act in the best interest of others, to competitiveness, where individuals may feel the need

to compete for resources or attention. All of these factors contribute to the overall experience of an evacuation (Kobes

let al.l 2010), (Lin et al) [2020). For instance, in a tall building, some co-workers would prioritize helping disabled
people out of the building at a rapid pace (Proulx & Reid, [2006). Note, that this is not limited to disabled people but

anyone needing assistance evacuating.

Interactive behavior with the environment Lastly, interactive behavior with the environment is the decision-making

and risk-taking involved in navigating through hazardous environments or retrieving and protecting property from a

given hazard by either evacuating with said property or containing the hazard directly (Thompson & Wales| 2015)),
2020). An instance, as mentioned previously, some of the co-workers helping disabled people out of a
larger building risked taking the elevator, although it is normally seen as something that shouldn’t be risked
. It should be noted that the three categorizations of human behavior under emergency conditions are

not always distinct from one another, as certain themes may overlap. One paper has explored this topic, examining

various facets of human behavior in a detailed manner and linking them to each of the aforementioned categorizations
(Lin et all [2020). Looking at the behavioral theories, it is possible to investigate the individual behavioral elements
presented and break down further the individual behavioral aspects of emergency evacuations. A visualization of

where the individual behavioral aspects are affected can be seen below in figure [T}

Panic theory (Quarantelli, 1954) |

Pre-evacuation Heightened emotionality theory (Janis,
behavior 1954)

Social attachment theory (affiliative theory)
(Mawson, 1978)

Self-categorization theory (social identity
theory) (Tajfel and Turner, 1979)

r Wayfinding behavior

Role rule theory (Canter, 1980) |

Interaction behavior Organizational breakdown theory
with others (Johnson, 1987)

Social proof theory (Cialdini, 1993) |

Interaction behavior Social influence theory
with environment ) (Nilsson and Johansson, 2009)

Figure 1: Visualization of relevant topics related to the four overall topics of emergency evacuations 1, .
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Type of Description
response
Panic Under emergencies, it is typical behavior to experience someone undergoing immense

distress and start acting out on core fight or flight instincts which can contribute to the
chaos in an already distressing situation. (Quarantelli, [1954)
Heightened Similarly to panic, this is less focused on the instinctual part of human behavior but
emotionality more on the heightened sense of emotions that can be overwhelming and cause
emotionally driven decisions or suffer cognitively based on your current level of stress
Kobes et al.| (2010)), [Janis| (n.d.|)

Self-categorization In the moment of knowing a friend or a stranger, there the intergroup categorizations,
whether you are in a friend group, or outside of a friend group, you may experience
different behaviors or perhaps develop a fear of abandonment should they not trust you,

etc. (Hogg & Reid, [2006)).
Role rule In contrast to the intergroup categorization, roles make certain patterns, based on social
roles, per-event actions, and together role rules. Based on roles a pattern can be made
for the human behavior, and assist in simulations to make more efficient evacuation
plans (Canter} [1980), (Chu & Law) 2019).
Organizational In contrast to forming roles, a crisis may inflict social disorder, promote aggression, and
breakdown selfishness, and similarly to picking up an authority position, may start competitive
behavior. The idea is that having a social structure will mitigate any sort of disorder
(Lin et al., 2020).

Table 2: Relevant emergency evacuation topics for individual evacuation behavior

These types of responses from table 2| could potentially aid in creating some context-related game mechanics when
designing the serious game. This context-relation could make game mechanics and education work together. Instead
of working as separate entities unrelated to one another. This gives more room for the potential creative freedom to

make a more engaging experience.

2.4 Serious Game Design for fire evacuation and disaster management

Serious games enjoyment and surprise mechanics Using player enjoyment (Sweetser & Wyethl [2005)), (Sweetser}
2021)) there’s the potential to increase the engagement of players. Player Enjoyment contains different elements,
and not all elements can be implemented in the design of a serious game. Regarding the element of Challenge, this
might not necessarily be desired in a serious game, as it could potentially interfere with the learning goals, regarding
increasing and adding challenge. As the serious game’s primary function would be to educate, most of the challenge
will likely be based on the user’s knowledge and should assume that players have little to no prior knowledge. The
social interaction element is not likely to apply to this project, as multiplayer or social communities outside of the
game are beyond, the scope of the project. The increase in engagement together with surprises should allow for better

learning retention.

Surprises in serious games have been shown to create an increase in learning retention when players were exposed to
a sudden increase in their cognitive load through the effects of a surprise that was not expected as per the rules of the
game (Bjgrner et al., |2023). By using player enjoyment (Sweetser & Wyeth, [2005)), (Sweetser| |2021)) together with the

principles of surprise the learning effect could be improved.

Serious Game Design for fire evacuation Serious games to teach fire evacuation have been created where different
goals have been set, and different methods were used to reinforce the learning and detect if players did learn anything
from it. It is common for serious games to focus on the time and route that players take. Some games focus on
repetition to learn and enforce the learnings, while also focusing on hazard avoidance through the use of NPCs (Non-
playable characters) (Yang et al.,|2021)). Results showed that players did increase their safety scores, a score that was
calculated at the end of the game, for each of their playthroughs (Yang et al., [2021). Serious games can be designed

and implemented with a rule-based design that allows elementary schoolchildren to learn about evacuation practices
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(Carvalho et al.,|2022)) without having to go through a real-life scenario. By design, rules were used as guides to follow
and the players were then asked to go against these rules. If they choose to do so, they fail in their task. This choice
of design contrasts with the players’ model of how the game should be played since they learn that even if they are

asked to do something that is against the standard procedures and rules they will fail (Carvalho et al., 2022).

Measuring the players’ knowledge before and after also helps with eliminating doubt as to what their base knowledge
was and is. This is beneficial due to how self-reported measures can be affected by bias when it is measured directly
after playing the game. Several serious games mimic real-life places (Yang et al., 2021), (Carvalho et al., 2022), some

are more direct in their approach to mimic real-life places at universities (Sactung et al., [2014]).

Common for fire evacuation is that they tend to work with known locations and have themes that use local rules for
evacuation. Often are the games based on rules that dictate what can and cannot be done within the confines of the
game. If players were informed of their choices being wrong, they would correct themselves (Sacfung et al., |2014]).
This gives reason to believe that if players are informed of their choices being wrong, and the reason for them being

wrong, it can increase their retention further.

Different training methods of evacuation practices through literature (Menzemer et all [2023) found that modern
technology is prevalent in evacuation training where immersion, engagement, and realism would positively affect the

learning if an increase in the aforementioned themes was possible (Menzemer et al., |2023)).

Most of the literature suggests that serious games are the most prevalent method of teaching evacuation training where
often a public setting is used as the 3D environment. It is also noteworthy that serious gaames increase engagement
and awareness by allowing players to explore and experience the consequences of their choices in a safe environment
(Menzemer et al. [2023)).

Disaster management serious games To evaluate the players’ game different methods have been used, from self-
reported measures (Bjgrner et all 2023]), granted not an evacuation type game, however, the method can still give an

insight into methods for which obtaining player’s self-reported measure.

Measuring the steps taken during an evacuation down to their interaction with the environment (Silva et al.l [2013])
and summative scores at the end of playing with repeated playthroughs (Yang et al., 2021)), basing the serious game
on rules in stages where players are confronted with choices that ultimately would lead them to fail where a pre and
post questionnaire was used to detect if the game was successful in improving knowledge (Carvalho et al., |2022]).
Some results indicate that there isn’t a relationship between players who are knowledgeable and not regarding the
environment that the serious game takes place in (Sacfung et al. [2014]). This is however not something that all
researchers agree on (Daylamani-Zad, Spyridonis, & Al-Khafaaji, [2022). Knowing the building layout may give faster
decision times, resulting in more immediate action. This gives reason to believe, that if the game is designed effectively
and players have concise instructions regarding the evacuation, it doesn’t matter if they know the internals of the

building they evacuate from. However, there is also evidence for the opposite.

Results indicate that there is a correlation between in-game and real-life evacuation time. Players can learn to evacuate
efficiently and if the 3D environment is transferable to the real world, knowledge can be conveyed that can be crucial

to the evacuation (Sacfung et al.l [2014)).

Overall we see that serious games have been made and that it is possible to transfer knowledge from a serious game
to the real world with comparable results. Likewise, it is possible to reliably and efficiently measure participants’

learning through self-reported measures but also measures that are not visible to the players.
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2.5 Success Criteria

This study has integrated current recommended emergency plans from Hovedstadens Beredskab and local emergency

plans from AAU-CPH with behavioral theories and knowledge on the design of serious games. Drawing on a review

of relevant literature and expert knowledge from [Hovedstadens-Beredskabl, we have devised a set of criteria that must

be met to define our artifact as having achieved sufficient learning. These criteria serve as design pillars that, must be

reflected in the artifact as seen in table [f] From left to right the percentages that are deemed a success, the success

criteria, how it should be implemented, the theory on which it is based, and the knowledge assessment questions the

success criteria are reflected in.

%

ID: Success Criteria

Implementation

Theory

70

SC1: Are engaged with a
combined mean score of
above 3.75

Game “Flow”; Enjoyment
criteria

Test Questions

(Sweetser & Wyethl [2005))

UES-sf inspired questions

90

SC2: Know how to evacuate
during a fire

Players are given a
debriefing at the end of the
game informing them
regarding their choices
during the evacuation.

Wayfinding behavior

Q1, can be seen in table@

70

SC3: Know not to use an
elevator during a fire

Taking an elevator in the
game will lead to a “loss” but
evacuation will still take
place.

Interactive behavior with the
environment

Q2, can be seen in table@

70

SC4: Know always to try to
take the shortest unblocked
route to an emergency exit

Multiple routes the player
can choose within the map.
Only the shortest route
results in a “win”.

Pre-evacuation behavior,
Wayfinding behavior

Q1 and Q3, can be seen in
table[g]

90

SC5: Recognize the alarm
warning about a fire
evacuation

Use real alarm sounds from
AAU-CPH and implement
cues relating to fires.

Pre-evacuation behavior

Q1, can be seen in table@

70

SC6: Know the color of the
evacuation leader’s vest
when an evacuation is active

The player is informed of the
correct color when receiving
their game evaluation.

Game evaluation at the end
of playing (Carvalho et al.,
2022).

Q4, can be seen in table@

Table 3: The knowledge assessment questions can be seen in chapter tab1e|§|
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3 Design

The game was designed based on the principles of game enjoyment, supplemented by surprise as seen in Table [, and
behavioral theories in Table[f] Social interaction from game enjoyment was not considered for this project, as there is
no multiplayer, and the dialog within the game is not considered to fulfill this requirement; social interaction should

not be confused with interaction behavior with others from behavior theories.

Game Design Design
Principle
Concentration The game contains text-based prompts and audio cues within the environment, to help
hold the player’s attention and direct the player.
Challenge The game simulates a fire evacuation and contains realistic and believable scenarios that

can occur during an evacuation. The game is also objective-based, with tasks the player
must complete in sequential order.
Player skill and All players, regardless of game experience, should be able to play the game without
controls much difficulty. Therefore, the game is a simple first-person game, which uses

industry-standard, first-person controls. Dialog and interactions are done via the left

mouse button or the E key. When the player looks at interactable objects a text popup

containing these controls also appears.

Clear goals In the top left corner of the screen, the player’s current task is shown. When the player

completes the current task, it is updated to a new task. The tasks are used to guide the

player through the game. An evacuation plan detailing the level that the player can look

at and signs and icons placed around the level marking escape routes and certain rooms

also help to guide the players to find their way around.
Feedback Interactable objects have both a sound and visual cue when the player interacts with
them. The current task for the player is visible in the top left corner of the screen.

Furthermore, at the end of the game, the player is given a debriefing regarding their

choices during the game. The debriefing informs the player about why certain behaviors
during a fire evacuation are correct. Should the player make an incorrect choice, the
debriefing will also inform the player why the choice is incorrect and what the correct

choice should have been.

Immersion The game level imitates a hallway based on the AAU CPH campus. Sounds present in

the game, also mimic what an expected real sound would make for the corresponding

object. The evacuation alarm is also the real evacuation alarm used by the AAU CPH

campus.

Surprise The evacuation alarm happens during a mundane task the player will be performing
shortly after the game starts. The player is also questioned by an NPC firefighter after
they have evacuated based on the responsibilities of an evacuation leader, a role the
player has not been informed about nor has actively taken. There is also an NPC
student whom the player can help during the evacuation but is not directly informed
about this possibility.

Table 4: Game design principles applying to the game, and how they were implemented.

Much like the game design principles, Behavior Theory is similarly applied, based on the work mentioned in chapter
[2:3) with the idea that developing certain elements and mechanics could help stimulate real evacuation behavior from
the player. The design is not randomly chosen but picked from previous serious games about navigating interior

buildings, evacuation procedures, and detecting hazards from chapter [2.4]
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Behavior Design
Theory
Pre-evacuation As you are finishing your task of printing out paper, an alarm will go off out of nowhere
Behavior and you have to figure out how to evacuate by yourself after hearing the announcement.
Wayfinding The game simulates a campus corridor, constructed through BIM based on old campus
Behavior building plans from a CAD file distributed from the safety department of AAU CPH.

The evacuation plan for navigating the hallway is inspired by the existing Escape Route
to help navigate the player out of the hallway. Additionally, all available rooms and
exits have a near 1:1 replica of the existing signs based on AAU CPH’s campus.

Interaction The player will have opportunities to notify another student unaware of the alarm and

behavior with will require the player’s help to evacuate. This is only possible should the player take it

others upon themselves to check for other students, otherwise the player will engage in dialogue

with a firefighter, and be questioned as if the player has the role of an evacuation leader.

Interaction During the task, an attachment is set towards finishing a pending task so you can get a

behavior with document, this is to challenge the player’s temptation to wait for the document to finish
environment despite being instructed to evacuate as a matter of risk-taking decision-making.

Table 5: Behavioral theories applying to the game, and how they were implemented

The game simulates an evacuation drill. Players go sequentially through several tasks, which are automatically updated
during gameplay, visualized in figure 2] Blue squares indicate tasks that do not involve any choices. Green squares
indicate a correct choice and red squares indicate incorrect choices. The purple squares are optional and mutually
exclusive choices, as the player can either evacuate the student or inform about the student should the player choose
to do so, but not both.

|' Go to printer | | Interact with | ;a::uiili;mn
| room ) | Printer ) e
A ( Opfional:
Evacuate EEEEE—
P, ) I P S \__Student |
Startin Interact with Alarm staris i evacualnmgn Enter Smoke
Laptop Room laptop !
X J X J X J H X route J
i Unsure that
Take stairs i G e
ake either - Interact wnh Iona ' Debneﬁng
stairs or firefighter Inform about starts Game Ends
., _ elevator L 0 \__student .
Iniurm lhal
Take elevator area = clear

Figure 2: Flowchart of the game showing the sequential tasks and choices a player can make during a playthrough.

Note that there are three evacuation plans distributed in the level, which players can look at to get an understanding of
the layout of the level. The evacuation plans are not represented in figure [2] as this is an optional choice the player can
engage in at any point before they evacuate. These tasks are visible to the player in the top left corner of the screen,
to guide the player. Certain areas are blocked via locked doors until the player has completed the corresponding task.
This limits the play area and prevents sequence breaking such as evacuating the building before the alarm sounds.
The level is based on the BIM that uses information from AAU-CPH and includes two possible exits at either end of
the hallway, both containing stairs and an elevator. At the end of the stairs and elevators, the player will encounter a
firefighter NPC. Doors automatically close 5 seconds after they are opened. This prevents the player from going back

into the building after evacuating by relocking the doors located just before the stairs and elevator.
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RAISING THE ALARM @
.
1) Provide safety 4) Evacuate the building
2) Call112 A) Follow the evacuation procedures and the instructions of your
A) State your name and location local emergency team who will be wearing yellow and orange vests
B) Provide information on the incident; what has happened 5) Call the AAU CPH emergency phone number (+45) 99 40 36 00 @ EMERGENCY EXIT
and how many people are injured wor in danger A) Repeat the information provided in step 2
C) Provide the phone number you are calling from B) Confirm that you have called 112 2 °' ESCAPE ROUTE
3) Give first aid treatment
A) Find a defibrillator or other first aid equipment . YOU ARE HERE
Safety Points placed around the campus

Figu re 3: Escape plan containing a map of the level and evacuation instructions.

Task 1: Use Laptop To Print Documents. The player starts in a classroom. There is a laptop on a table that the
player can interact with to complete this task. The room’s door is locked during this task to prevent players from
leaving before players have interacted with the laptop. This is done to make the player aware of the objective-based
nature of the game and allow the player to get used to the controls in a smaller environment. This also prevents
frustration or confusion of needing to backtrack back to the laptop if the door had been unlocked from the start and
the player leaves the room without interacting with it. To further alleviate frustration, important objects are framed

within the golden ratio every time the player leaves or enters a room, so the player’s eyes rest on them.

Use Laptop To Print Documents

Figure 4. The player is presented with important information to fit the golden ratio when starting the game.
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Task 2: Go to the Printer Room. Once the laptop has been interacted with the player can enter the hallway. As the
task doesn’t inform the player of the printer room’s location, it is expected that the player will use the evacuation plans
on the walls to get a better understanding of the layout or use the information conveyed on the whiteboard shown in
figure f] The printer room is also marked by an icon on the door and clutter by the floor. The doors to classrooms
other than the printer room are non-functional to minimize time wasted by the players in entering empty classrooms
and the doors leading to the emergency exits are locked to limit the play area and prevent sequence breaking. There
is a blue student NPC wearing headphones located between the player’s starting classroom and the printer room.
The player will be able to hear music originating from the student and should the player choose to interact with the
student, they will be informed that the student doesn’t seem to be aware of them. This is to increase the believability
that the student wouldn’t necessarily hear the evacuation alarm and that the player might need to provide assistance

at that stage.

Print Documents

Figure 5: In-game screenshot of the interior of printer room and door marked with printer sign.

Task 3: Print Documents. Upon entering the printer room, the player needs to interact with the printer, which

players can immediately see upon opening the printer room door as seen in figure [5]

Task 4: Wait For Documents to Print. Upon interacting with the printer, the player has to wait. After 10 seconds
have passed, the evacuation alarm will sound. 15 seconds into the alarm, the task will change to task 5. The reason
for this delay is to avoid informing the player that they need to evacuate before they have heard the evacuation alarm

instructions.

Task 5: Evacuate The Building OR Wait for Printing to Finish. Both the correct and incorrect choice is shown,
letting the player decide which to follow. The correct choice is kept intentionally vague, evacuate the building, rather
than something more descriptive such as including directions. This puts the focus on the player’s decision-making
regarding evacuation and allows for further correct or incorrect choices during the evacuation without the need for
prompts. Possible choices during the evacuation include; taking the longer or shorter route to the exits, evacuating

the blue student, or checking the evacuation plans.
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"Oh, | Didn't hear the evacuation alarm. Thank you so much for telling
e

The student evacuates the building

Figu re 6: An instance where the player interacts with the student during the evacuation.

After the 15-second delay when the alarm starts, the player has 180 seconds to evacuate for the game to consider the
evacuation “successful”. The incorrect choice of waiting in the printer room only results in the player wasting time,
as the documents will never finish printing. It is not expected that the player will spend much if any time waiting
for the documents, however, as there is little to no incentive to disobey the alarm. This is mainly a cognitive and
motivational issue, that is difficult to simulate in a serious game. In a real-life scenario, it can be assumed that some
potential reasons for delaying one’s evacuation would be due to wanting to save personal objects. While the scenario
presented in the game involves a small task given to the player using a laptop and printing documents, the player
has no real attachment to the virtual laptop or documents to be printed, as these are simply part of the game and
not something the player would feel any kind of ownership over. In a real-life scenario, the player would have more
reasons to not evacuate immediately, as potentially losing what would be their own laptop, would cause the player to
lose not only in the monetary aspects but also whatever the contents of their laptop would be. Therefore the player
would likely be more inclined to stay in the building to collect any owned objects despite the correct procedure being

to evacuate immediately, which is not the case in the game.

Figu re 7: In-game screenshot of the hallways leading to the closest emergency exit to the printer room
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Task 6: Take The Elevator OR Take the Stairs. Upon reaching either of the exits, the player will enter an invisible
collider. The player is then given a choice between using either the stairs or the elevator to evacuate. Either option
will result in the player evacuating and progressing to the next task. Compared to other evacuation games described
in section [2.4] where taking the elevator results in failure and restart of the scenario, an early game over in this game
would result in less information given to the player. In this scenario, an early game over, should the player take the
elevator, would have resulted in the player not speaking to the firefighter NPC. By not speaking to the firefighter
NPC, the player would not have gained any information from that encounter. It would not have been ideal to have
the players replay the level after an early game over. The data logging would be negatively affected, due to the
complexity with data logging potential "failed" playthroughs. A player could also be affected by knowledge gained
from previous playthroughs, such as a faster evacuation time compared to a player who successfully evacuated during

the first playthrough.

Figu re 8: An instance where the player is presented with two possible directions.

Task 7: Talk to the firefighter at the meeting point. Upon successfully evacuating via either the stairs or the
elevator, the player is prompted to speak with a red firefighter NPC. The firefighter will force the player to assume
the role of an evacuation leader and question the player based on an evacuation leader’s responsibilities. This was
done as both a surprise factor to the player and to convey information about what an evacuation leader and their
responsibilities are. Forcing the player to assume the role of the evacuation leader was done as a light introduction to
the role, as it was conveyed in the expert interview that it was rare for people to take the initiative to take the role of
evacuation leader. The player is given the opportunity to inform the firefighter about the student if the player didn’t
help the student evacuate. Both informing the firefighter about the student or evacuating the student themselves
is considered correct, with the incorrect choice being doing neither. The dialog options that inform the firefighter
about the student is intentionally written to not remind the player about the student, being “No” when asked by
the firefighter if anybody is still in the building, with “Yes” and “I’'m not sure” being the alternatives. The option
is presented this way, as a more descriptive option, such as “There is a student” or even a more vague “there was
someone”, could have reminded the player about the student during the dialog with the firefighter rather than because

they actually remembered the student or made a decision not to help them during their evacuation.
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Talk to the firefighter at the meeting point

Figure 9: In-game screenshot of the firefighter the player needs to speak to after using either stairs or elevator.

Task 8: Get debriefed regarding your choices. A few seconds after the player speaks to the firefighter, a debriefing
will automatically appear on the screen. The debriefing contains the choices the player could make during the
evacuation and dialog with the firefighter. The choices include; Did the player evacuate successfully within the 180
seconds time limit, whether the player used the stairs or elevator, did the player evacuate the student, inform the
firefighter about the student, or neither, did the player say the area was fully evacuated, and did the player take the
short or long route to evacuate. All correct choices are explained to the player as to why they were the correct choices
and incorrect choices are likewise explained as to why they are incorrect. Additionally for incorrect choices, the correct
choice is presented as well and explained. For multiple correct choices, in the case of the student where both personally
evacuating the student and informing the firefighter are correct, the alternative choice is also presented to the player
and explained, with the debriefing making it clear to the player that both options are correct and mainly dependent
on the situation. When the player is done with the debriefing, the game automatically returns to the starting menu

where the game can be restarted.
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4 Implementation

The data logging is created in a string array at the start of the game. The array is created by importing a CSV
containing the column names, which mark the logged data and make up the initial row. An integer array the same
size as the string array is created at the start of the level and populated with 0s. The Os are placed underneath the
initial column to mark all the logged data. When a player takes an action that would be datalogged, such as entering
the elevator or evacuating the student, the event EditChoice is called. As seen in figure EditChoice replaces the
0 with a 1 in a specified index, in order to mark that the player has taken that action in their playthrough. Edit
Time Looked is used for objects that log how long time a player has looked at the object, with the additional input of
time. Time is how many integer seconds the player has looked at the object and replaces the initial 0 in the specified

index.

f Set Array Elem

"C EditChoice »
/ i5 Target Array
»

@ Index

Index @ ol
Or Item \l]

Choices Int &} Size to Fit
O eimeloked S
F Set Array Elem

Index @ =0 Target Array

Time @ Ri @ Index

@ Item

Size to Fit

Figu re 10: The two custom events EditChoice and Edit Time Looked, both set a certain element of an integer array to either 1 or a
custom number.

When the debriefing begins, the integer array is first converted to a string array as seen in figure[I1] by looping through
the entire array and adding each element to a new string array. This string array is then converted into a comma-

separated string. This string is then converted back into a string array and appended to the initial string array as
seen in figure
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Figu re 11: The Int Array To String blueprint component, when called, will convert the integer array input into a comma-separated string

Converting from the array to a comma-separated string and back to an array again is done to convert the initial data
from being logged as a column in the CSV file to instead be logged as a row. Once the debriefing ends, the player
is returned to a starting menu and their playthrough is over. The scenario can be restarted, allowing the data to be
contained in a single CSV file as long the application is not shut down. Each row within the CSV file will represent a

single playthrough of the game, with each additional row representing a new participant.

. J Int Array To String
J Set Array Elem y V1D S

Target Target utp g Choices String Array

Choic " Int Array to String
Input Array [o] Array
Evac Time - I
Choices Int 32 Addpin @

Size to Fit

Alarm Seconds I Logged Data

Figu re 12: Blueprint excerpt containing parts of the logic that creates the data row upon completion of the game.

The tasks being updated are handled similarly. At the start of the game, a data table containing the object descriptions
is imported and each element in the data table is added to a string array as seen in figure [I3] The original CSV file
containing the data is called ObjectiveStrings and the row imported is Levell. The contents of the row are then broken

into each string array index before being set as the initial objective string.
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Figure 13: Blueprint excerpt showing the data table being imported and each data table element being broken and added to an array.

These elements in the data table can be accessed by using a Get function, where the string for the current element is
added to the player’s viewport, thus showing the current task to the player. By using the get function in combination
with an input int, the task can be updated during gameplay as the player completes them.
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5 Method

A pre-post experiment is employed to measure participants’ engagement levels and verify knowledge assessment by
offering a serious game to play in a prepared setup. The pre-post experiment was split into five parts: 1. Concept
test and pilot testing; 2. Knowledge assessment; 3. A questionnaire with UES-sf-inspired questions; 4. Data collected

from the game; 5. Observations.

1: A concept test was conducted to gain insight into players’ understanding of the questions they would be asked in a
setting with no game or prototype. It was found that the questions needed to be clear and direct with as few questions
and answers as possible. The UES-sf shows that some questions were too close semantically and had to be removed
or changed to be positive. Therefore the UES-sf is not directly used but inspired. Two pilot tests were conducted to
ensure that the learning goals, game design, implementation & procedure were functional. Acquired participants for
the first pilot test, were through convenience sampling on AAU-CPH Campus. It was discovered that the game was
too implicit and thus iterated on making the goals more explicit. The second test used the same method of gathering
participants and found redundancies in some of the datalogging in the game since players did not stop to read pages

of information, players also struggled to read the maps from AAU-CPH and engagement was very low.

5.1 Participants

The study involved students from various study programs at AAU-CPH. Participants were found by convenience
sampling, sampling students from various programs. The test was conducted by setting up a "stall" with our test in

a corridor between two buildings.

Leading participants to the testing area was used as an opportunity to build rapport, like their study program to keep
track of, and avoid too many students from the same study. It was also a source for gaining noteworthy knowledge
written in a collection of observation notes. This also increased the likelihood of the participants cooperating when

asked to help with snowball sampling.

By participating, students were rewarded with the option to pick a bar of chocolate that had a value of nine to 15
DKK depending on the type. Distributing rewards allowed both convenience sampling, and the likelihood of snowball
sampling when participants realized they got rewarded for participating. One participant chose not to take a reward.
Participants were informed about the reward if they asked when approached. The rewards were on full display at the
stall, for passersby to notice. All participants gave informed consent and they could withdraw at any point during
testing. They were also anonymized with ID numbers. Participants were also informed that any level of reading
comprehension and gaming ability was acceptable for the test and that they could proceed at any speed or ability
without being hurried or judged. In total, 57 students participated; 41 male, 12 female, and 3 nonbinary with one
choosing not to say. Some students disclaimed that they were also staff but primarily students. 39 people had been at
AAU-CPH for 1-3 years, with 18 being there for 4-5 years. 37 participants were 18-25 years old, 19 were 26-35 years

and one was 36-45 years old.
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5.2 Procedure

The experiment uses data collected through four questionnaires: The participant information questions, one pre-test

and post-test knowledge assessment questionnaire, and the UES-sf inspired questionnaire.

The stall was rigged with two laptops, one with the game and one with the questionnaires, with the ability for the
participant to either sit or stand at any point. Participants started with the first part of the questionnaire and then
switched laptops until the game was finished then returned to the first laptop to answer the remaining questions.
Participants were briefed on the procedure and their rights according to GDPR with informed consent before starting
the test. The participants were asked to answer general questions regarding their age, role at AAU-CPH, and how
long they had been at AAU-CPH. Four questions regarding their knowledge of fire evacuation related to the procedure
on AAU-CPH were also asked. Participants were then asked to play the game to completion where they subsequently
were asked to answer a questionnaire with the same four questions relating to their knowledge of fire evacuation.
The knowledge assessment questions were based on the success criteria. Items from the UES-sf were included to
measure participants’ engagement (O’Brien, Cairns, & Hall, |2018), these questions were measured on a 5-point Likert

scale.

2: The knowledge assessment consisted of the same questionnaire that the participants had to answer before they
played the game and after playing the game. The knowledge assessment questions had four questions with three

possible answers. Only one of the answers is correct. The questions and answers are in table [6]

Q1: When I have heard
the alarm, I should do
the following?

Q2: While evacuating I
should, as the main
priority?

Q3: If I don’t know
where the nearest
emergency exit is
located, I would be able
to find out by?

Q4: In case of an
evacuation, do you know
which color vest an
evacuation leader is
wearing?

Q1.1: I find the nearest
map of emergency exits
in my area.

Q2.1: Focus on getting out
as quickly as possible.

Q3.1: Looking at the
emergency plan for my
area in the building.

Q4.1: They are wearing the
orange vest.

Q1.2: I close the windows
and doors when I hear the
alarm.

Q2.2: Avoid using
elevators when
evacuating.

Q3.2: Asking someone else
where the emergency exits
are.

Q4.2: They are wearing
the yellow vest.

Q1.3: I finish my work, then
evacuate with my stuff.

Q2.3: Ensure all doors and
windows are closed before I
leave the area.

Q3.3: The evacuation alarm
will inform me where the
exits are.

Q4.3: They are wearing
the red vest.

Table 6: Knowledge assessment questions, asked before and after the game. Correct answers are marked in bold.

3: After playing the game, participants were asked to answer the modified UES-sf. The UES-sf inspired questionnaire
had some modifications where the questions were changed to all be positive. This meant the requirement to revert
the subscale of perceived usability (PU1, PU2, PU3) was eliminated. One question from the aesthetic appeal was
dropped since the pre-test showed that participants did not feel there was enough of a difference between the two

other questions in aesthetic appeal.
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1D Focused Attention

FA1 I lost myself in this experience

FA2 The time I spent playing the game just slipped away
FA3 | I was absorbed in this experience
Percieved Usability

PU1 | While playing the game I felt encouraged
PU2 | I found the game simple to use

PU3 | Playing the game felt easy to me
Aesthetic Appeal

AE1 | The game was attractive

AE2 | The game was aesthetically appealing
Reward

RW1 | Playing the game was worthwhile

RW2 | My experience was rewarding

RW3 | I felt interested in this experience

Table 7: UES-sf inspired questions that were asked after participants had played the game. Items were shown on a 5-point Likert scale.

4: Data collected through the game logged which escape plans players looked at, how long they looked at each escape
plan, Participants’ choice of whether to evacuate using the elevator or stairs, how long it took them to evacuate after
the emergency announcement, and finally their choices, based on the surprise mechanic. These data entries were
logged in a CSV file to be read by a Python script that would return the data in datasets to be made into figures and
tables that would summarise our participants’ choices. The datasets were split into five different sets. The evacuation

choices, the surprise mechanic choices, the time looked at escape plans, and the evacuation time.

5: While testing, one researcher would stand by to answer questions from the participants. As the participants were
playing the game, the researcher would take notes from their observation of how the participants were performing.
This could be if the players saw the clues of where to go, looked at the escape plan, or if they just walked around
randomly to try and open doors. The notes were written into a sheet where segments had been prepared before testing
so it was possible to mark if the participants were from buildings A, B, or C if they had played games before, or if

they asked questions about any of the questionnaires.

5.3 Data Analysis

The collected data were analyzed using a data partitioning Python script with relevant libraries to transform the data
from raw CSV datasets to usable figures. Data was collected from SurveyXact where it was split into the four needed
datasets before being read by the Python script. These four datasets were participant data, knowledge assessment
questions before, knowledge assessment questions after, and UES-sf data. The data logged in the game was also read

by the Python script.

Due to the data having a non-parametric distribution, it is not possible to perform a Dependent T-test on the
knowledge assessment questionnaires while ensuring that the data has validity. The non-parametric distribution is
further supported by a Shapiro-Wilk test performed on the UES-sf data. To ensure that the UES-sf data has validity
the Cronbach’s alpha method is used on all the subscales and their items. Likewise, an overall score is also calculated.
A score was calculated for each subscale to be able to specify if any, concerns that may contribute to a lesser degree
of validity. The knowledge assessment questions were treated using the Wilcoxon Signed-Rank Test. The knowledge

questions were evaluated by comparing before playing the game with the data collected after playing the game.
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6 Results

6.1 Game logging data

Evacuation choices: Regarding the route participants chose to use for evacuation, 57 people chose to evacuate
using the stairs, and 0 people chose to use the elevator. 10 participants entered the smoke in the hallway. Since no
player took the elevator they didn’t get the information from the debriefing regarding taking elevators during a fire
evacuation. Due to the design of the game, it is not possible to determine if entering the smoke is equal to taking
the long route, as the player could have turned back and taken the short route after entering the smoke. This would,

however, technically be the longest route a player could take for an evacuation.

Entered smoke | Took stairs | Took elevator
10 57 0

Table 8: Evacuation choices and if participants entered smoke. Each participant only contributes one value to the score. n = 57.

Surprise mechanic choice: Seven participants chose to evacuate the student whereas 12 participants chose to inform
about the student. four participants said the area was clear. One participant chose to inform that the areas were clear
even when they did not evacuate the student nor informed about the student’s possibility of being in the afflicted

area.

Evacuated student | Informed about student | Told area was clear
7 13 4

Table 9: Choices of surprise mechanics in the game. n = 57.
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Time looked at the Escape Plans Participants had a mean time of 5.25 seconds for the first escape plan, 2.67
seconds for the second escape plan, and 0.39 seconds for the third escape plan. The third plan was the least viewed due
to its position being near the end of the long route. If a participant did not look at the escape plans, they contributed

a 0 to the score for each escape plan.

Mean (s) | SD (s) | Min (s) | Max (s) | Partipants Partipants
observed not
escape observed
plans escape

plans
Escape Plan 1 | 5.25 8.72 0 42 34 23
Escape Plan 2 | 2.67 4.09 0 20 29 28
Escape Plan 3 | 0.39 2.30 0 17 3 54

Table 10: Time in seconds all participants observed the escape plans in the game. n = 57.

While table [10] gives an overall impression of how participants performed, it includes all the "0" sum values.

In table [11] participants who actively looked at the escape plans and contributed with a score higher than 0 are used.
In other words, participants who, actively looked at the escape plans. Values with a score of 1 or higher are included
to give an alternative view of the time spent observing the escape plans. The participants who did not observe the

escape plans are not included in table

The total time spent observing each escape plan was added to provide an overview of which escape plans were observed

the longest.

Median | Mean | SD | Participants | Participants | Total time
observed not observed
escape observed escape plans
plans escape

plans
Escape Plan 1 | 5.5 8.79 9.84 | 34 23 299
Escape Plan 2 | 4 5.24 4.40 | 29 28 152
Escape Plan 3 | 4 7.33 8.50 | 3 54 22

Table 11: Corrected value of only participants’ time who observed the escape plans.
y p P pe p

Comparing the data, regarding table and table there is a difference in both the mean values and SD. Table
does not show how long individual participants looked at the escape plans. To show this the data were loaded
into a histogram. This histogram shows the three escape plans for each participant. It should be noted that since
escape plans are logged throughout the game, a long duration spent observing escape plans does not necessarily mean

a longer evacuation time, as participants could have observed escape plans before the alarm.
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Figu re 14: Histogram of the duration each participant observed the escape plans
the number of seconds. n = 57.
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Evacuation Time: Expected evacuation times were between 30 and 60 seconds for participants who understood

Danish, due to the alarm instructions being conveyed in Danish 15 seconds after the alarm was sounded. An additional

15 seconds were expected to be added for non-danish speaking participants, as alarm instructions would be conveyed

in English 30 seconds after the alarm was sounded, for an expected evacuation time between 45 and 75 seconds. As can

be seen in table [I2] participants were on average able to evacuate faster than expected. On average, participants took

33.89 seconds to evacuate from when the alarm sounded to choosing an evacuation route. Participants had a standard

deviation of 11.41 seconds for actual evacuation times between 22.48 and 45.3 seconds. The slowest evacuation time

taken was 73 seconds and 21 seconds for the fastest. The values in difference, from table [[2] indicate that participants

were generally able to evacuate faster than expected.

Expected evacuation Actual evacuation Difference
time time
SD subtracted 30 22.48 7.52
Mean 45 33.89 11.11
SD added 60 45.3 14.7

Table 12: Expected and actual evacuation times in seconds. Difference was calculated by subtracting the actual evacuation time from

the expected evacuation

Participants ID

HFNWhWO o

Time Used To Evacuate

B Total Evacuation Time

T T T
10 20 30

T
40

T T T
50 60 70

Seconds taken to evacuate

Figure 15: Histogram of participants’ time to evacuate. Time is measured in integer numbers. n = 57.
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6.2 Improved knowledge

Knowledge Questions: The knowledge test revealed that the participants had pre-existing knowledge about the
more general procedures they should do in case of a fire as can be seen from their answers in Q.1, Q.2, and Q.3 before
the game. The standard deviation does not change much from before versus after with the exception being the first
question having a difference of -0.29 lower, Which could indicate that some participants changed their answers from the
third option to the second or first which would give an overall lower standard deviation. Based on the data collected
it can be said that the serious game managed to fulfill five out of six of the set success criteria with an increase in
the percentage, that managed to answer correctly following playing the game. See table [15] for more information. An
increase can be seen of 8.78% in Q.1, a 6.75% increase in Q.2, a 8.77% increase in .3, and a 22.80% increase in Q.4.
Interestingly the game managed to make participants answer wrong in some cases, this was a bit unexpected since it
did not correlate to what the participants were meant to learn. Although the overall number of answers increased in
the correct numbers, some wrong answers increased. When it comes to fire evacuation there’s a big gap in what one
should be doing and what one is doing. The P-value of the knowledge assessment findings is generated by a Wilcoxon
Signed-Rank Test, =< 0.05. The results from the knowledge test found no significant difference from before VS after
with a P-value of 0.31.

Before Game After Game

Questions % Corr | % Wrong | SD | Mean | % Corr | % Wrong | SD | Mean | Mean Diff

Q.1: When I hear an 85.96 14.04 0.52 1.19 94.74 5.26 0.23 1.05 -0.14
alarm, I should do the
following?

Q.2: While evacuating I 31.58 68.42 0.56 1.39 38.60 61.40 0.60 1.49 0.10
should, as the main
priority?

Q.3: If I don’t know 77.19 22.81 0.47 1.25 85.96 14.04 0.51 1.19 -0.05
where the nearest
emergency exit is, I
would be able to find out
by?

Q.4: In case of an 54.39 45.61 0.57 1.49 77.19 22.81 0.75 1.39 .0.11
evacuation, do you know
which color vest an
evacuation leader is
wearing?

Table 13: Knowledge questions before and after playing the game. n = 57.

6.3 High engagement

UES-sf: There were significant positively skewed results which meant that the data was not normally distributed.
This led to treating the knowledge assessment question data with the alternative to a dependent T-test, namely the
Wilcoxon Signed-Rank Test, which does not have as much power as its contemporary. The findings indicate that it
was possible to create an engaging experience and that a game-based approach to teaching about fire evacuation can
supplement existing knowledge with more direct and localized information. Across all subscales, in the UES-sf the
average mean score was 3.57 for Focused attention, 4.32 for Perceived Usability, 3.76 for Aesthetic Appeal, and 4.21

for the Reward scores.

The 11 items are shown in a boxplot for an easy and fast overview of the min, max, and median scores and where the
50% quartile score range is. This further supports the notion that the data is not normally distributed since a true
normal distribution can only be seen in question one (FA1). Outliers are present and can lead to some bias, however
with the shape of the data being as it is, outliers do not take much to be created since the majority has answered very

identically. This is especially visible in FA3 where the min, max, median, and 50% quartile are centered at a score of
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4 on the Likert item. Shown with outliers marked as circles, circles in bold contain two or more outliers.

UES-sf Inspired Question Scores
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Figure 16: Boxplot of all scores of UES-sf inspired questions.

markers represents the mean value. n = 57.

UES-sf Questions

Yellow line represents the median value. Green dashed line with green

Total

Mean

SD

Cronbach’s alpha (CA)

CA Total

Focused Attention

n = 57

0.72

0.75

FA1: T lost myself in this
experience

17

19

3.12

1.04

FA2: The time I spent
playing the game just
slipped away

17

33

3.60

0.75

FA3: I was absorbed in
this experience

44

4.00

0.53

Percieved Usability

0.74

PU1: While playing the
game I felt encouraged

14

31

3.70

0.80

PU2: I found the game
simple to use

15

42

4.74

0.44

PU3: Playing the game
felt easy to me

16

36

4.53

0.71

Aesthetic Appeal

0.73

AFE1: The game was
attractive

10

31

12

3.89

0.82

AE2:The game was
aesthetically appealing

20

20

11

3.63

0.92

Reward

n = 57

0.61

RW1: Playing the game
was worthwhile

32

20

4.25

0.66

RW2: My experience
was rewarding

14

25

17

4.00

0.85

RW3: I felt interested in
this experience

24

28

4.39

0.70

Table 14: The UES-sf inspired questions, their mean score, standard deviation score, subscale Cronbach’s alpha, and overall Cronbach’s
alpha score. n = 57.
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Success criteria: Based on the results and their respective percentages it can be said that the study managed to
accomplish five out of the six success criteria that were set out to be accomplished. Percentages shown in table [15] are
the percentage of correct answers from the knowledge questions. The mean UES-sf score is calculated by taking the
mean score of every answer from the individual participant and seeing how many participants achieved a score of 3.75

or higher out of the 57 participants.

Success criteria Score Accomplished success criteria
70% Are engaged with a combined Mean UES-sf: 70% Yes

mean score of above 3.75
90% Know how to evacuate during a Knowledge assessment: Q1: 94.74% Yes

fire

70% Know not to use an elevator Knowledge assessment: Q2: 38.6% No
during a fire

70% Know always to try to take the Knowledge assessment: Q1 and Q3: Yes
shortest unblocked route to an 94.74% and 85.96%

emergency exit

90% Recognize the alarm warning Knowledge assessment: Q1: 94.74% Yes

about a fire evacuation
70% Know the color of the evacuation | Knowledge assessment: Q4: 77.19% Yes
leader’s vest when an evacuation is
active

Table 15: Success criteria goals and the associated scores from the knowledge assessment and UES-sf questions.

The significance of the results, shown in table indicates more than one thing. The UES-sf inspired questions had
a score of 70% that did answer above the requirement of 3.75. This signifies that it is possible to say that it was
an engaging experience for the majority of the players. Regarding the knowledge assessment questions, one success
criteria were not achieved. It is not possible to say that the game has taught that players do not know that an elevator
should not be taken during a fire. Having achieved 38.6% correct answers, it is indicated that some challenges with
Q.2 are present. Q.1, Q.3 and Q.4 did get an increase in correct answers that achieved above the set goals of the
success criteria. Q.1 with 94.74%, Q.3 with 85.96%, and Q.4 with 77.19% answering correctly. This shows that the
participants do know how to evacuate, that they are knowledgeable that the shortest route should be taken during an

evacuation, and that the correct color of the evacuation leader’s vest was conveyed.
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7 Discussion

Looking at the engagement scale based on UES-sf, the data is positively skewed with most outliers being negative.
When monitoring participants during the tests, a select few participants were unable to pick up hints and directions
for their task, which led to frustration caused by a lack of perceived usability. Future versions could have a greater
emphasis on user error recovery to prevent user experience frustrations and test the application further away from
upcoming exams and accumulated deadlines. Such external pressure combined with the open design of the application
could have contributed to the negative outliers. The data collected from the UES-sf questionnaire has two main

challenges. The challenges of the data not being normally distributed and the outliers present in the data.

The application achieved three technical achievements: One is that the interior is created with BIM, the second is
making a believable simulated environment and the third is that the application was generally seen as engaging. This
gave clearance to investigate learning outcomes through the knowledge assessment questions which all increased in
correct answers, with the smallest change being 4 new correct answers and the largest change being 13 new correct
answers. In total, there are two underperforming questions: Q.2 “While evacuating I should, as the main priority”,
and Q.4 “In case of an evacuation, do you know which color vest an evacuation leader is wearing?”. Q.2 and Q.4
are both unorthodox and according to the remarks of some participants, were aspects of evacuation that they had
never considered. Q.4, has a lower total correct answer percentage, compared to Q.1 and Q.3, but has taught the most
participants, of a new concept with the largest increase in correct answers. This is a large change compared to common
knowledge such as the best-performing question Q.1 “When I have heard the alarm, I should do the following?”, with
only 5 answers seeing a positive change. Q.3 “If I don’t know where the nearest emergency exit is located, I would be
able to find out by?”, had 5 answers as a positive change, but like Q.1 was already deemed common knowledge among

most of the participants before playing the game.

Like Q.1 and Q.3, Q.2 sees a similar change, as the serious game prepares them to learn about not taking the elevator.
It should be said that since the level is created with BIM, the level already follows safety practices, making it unlikely
for the participant to use the elevator, which caused all the participants to exclusively take the stairs. It was expected
that some people would take the elevator to get the unique debriefing dialogue advising against using the elevator.
There is also the possibility that the question of Q.2 is semantically confusing, and it feels correct to choose Q.2.1
“Focus on getting out as quickly as possible.”. In a vacuum, this answer is correct, but that is if you do not take
risk-taking into account for the time spent evacuating. Q.2.1 may have been clearer if it was put into the perspective
of taking the elevator regardless. The debriefing could also have mentioned that the elevator would be ill-advised
regardless of whether the player had taken the elevator or not. That might have made the knowledge question Q.2

easier to answer by the serious game being less implicit.

While the game successfully implemented BIM and a believable environment, questions such as FA3 "I was absorbed
in this experience", challenge the implementation of an explorative hallway in a campus, where people either clock in
or are on a deadline. This kind of game design may further contribute to frustrating gameplay. Future applications
should practice some fire evacuation practices in a vacuum before accurately simulating the interior of a building to
see how the participant may interact with the world. AE2 "The game was aesthetically appealing" was consistently
reported to be semantically confusing and seemed identical to AE1 "The game was attractive". Participants were also
more likely to feel indifferent about some aspects of the game because they were unsure what the question meant.

Participants were only guided when they explicitly requested help with questions.

While the overall total percentage of correct answers for Q.2 is lacking, the positive learning result trajectory is
promising for playing a serious game. Serious games are not a direct replacement, but an addition to training students
regarding what to do during an evacuation, and should be paired with different media such as written instructions,

infographics, animations, quizzes, and physical drills.

Page 31 of



Aalborg University Copenhagen

The Cronbach’s alpha score from the subscales of the UES-sf is somewhat useable. Collectively the data has a score
of 0.75 which is useable. The data in their respective subscales shows what part of the dataset has a lower validity,
this indicates that more participants would probably be needed to correct our dataset. To judge if that was the case

the data needs to be normally distributed since that is a pre-requisite for calculating Cronbach’s alpha.

All participants were students and likely does not have the same training as the staff, it may explain why the total
percentage of Q.2 was as low as it was. As opposed to if the population sample had been more balanced with students
and staff.

In chapter [3] it was mentioned that there was a 15-second delay before the objective would change, and locked doors
would unlock once the alarm started. The reasoning behind this delay was to avoid the objective pushing the player
to evacuate before they listened to the alarm first. Observations during testing revealed that players would evacuate
as soon as the alarm started, reaching the locked doors by the short emergency route before the 15 seconds had passed
and would be unable to open the doors. Instead of waiting the remaining seconds, some players might have evacuated
via the longer route, which would have resulted in a higher number of players being recorded entering the smoke and

a higher total average for evacuation time.

Future versions of the game should reduce or remove the 15-second delay. This raises a question regarding a potential
problem with the standard alarms or at least the perception of these alarms. The evacuation and the “barricade
yourself inside the building” alarms use the same initial 15-second alarm sound before the verbal instructions start.
This could cause problems if someone’s initial reaction to hearing the alarm is to evacuate and the alarm turns out
to be a “barricade yourself inside the building” alarm. Note there are differences between how someone would act
upon hearing the alarm in a real-life scenario and how they would act in our game. In a real-life scenario, there would
likely be some delay before an evacuation, such as the unexpectedness of the alarm. Due to the nature of the test,
the players were aware that the game was about evacuation and were likely to assume that any alarm would be an

evacuation alarm.

The results show that most players did not inform about or evacuate the student. While this could indicate that
during an evacuation scenario, most people would mainly consider their evacuation over assisting others, it might
instead have been due to not considering this a possibility in the game. Previous experiences with making serious
games have indicated that various game mechanics and possibilities for the players often need to be explicitly told to
the players, otherwise the players will not consider them. In the case of the student, players might not have assumed

they could interact with the student at all.

In the current game version, the student can be encountered between the starting room and the printer room. The
player has the option to interact with them or walk past them without any interventions. It might have helped if the
student instead was blocking the path to the printer room or the seminar room, forcing the player to interact with

the student to move them and make the player aware of the possibility of interacting with them.

Alternatively, additional distinct NPCs could have been added to the level and the player made aware of them while
going to the printer room. Once the alarm started, these extra NPCs could have been moved to the room with
the firefighter to indicate that these NPCs had evacuated on their own. Once the player successfully evacuates and

interacts with the firefighter, they might notice that the student is not among the other NPCs.
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8 Conclusion

The serious game is sufficiently engaging, achieving 70% of participants having a mean UES-sf score equal to or above
3.75, but contains outliers and is positively skewed. According to the knowledge assessment after playing the serious
game, the success criteria "Know not to use an elevator during a fire” was not met by 38.6% answering correctly from
the expected 70%. "Know how to evacuate during a fire" and "Recognize the alarm warning about a fire evacuation"
both achieved 94.74% correct answers from the expected 90%. Finally, "Know the color of the evacuation leader’s
vest when an evacuation is active" achieved 77.19% correct answers from the expected 70%, and "Know always to
try to take the shortest unblocked route to an emergency exit" achieved 94.74% and 85.96% correct answers from the
expected 70%.

The learning outcomes from playing the game are also consistently positive with the least positive change in the
number of correct answers being 4 and the most positive change being 13 correct answers after playing the serious
game. This further validates the use that serious games may connect with some users and educate them where other
methods do not and have serious games supplement with existing training methods such as evacuation drills and

courses.

Besides 1 success criterion out of 6 not being met, the research question "Can a serious game be engaging and
used to improve the knowledge about fire evacuation procedures at a university campus?" is generally a
success. Note that .2, is a question that needs to be re-evaluated, particularly how it is phrased in the questionnaire
for the knowledge test in future research. While the other 4 knowledge questions and combined mean UES-sf score

has exceeded the minimum expectations, they should still be re-evaluated to validate the results.

The game successfully implemented a believable simulated environment created with BIM, however this may have
resulted in an overly easy evacuation scenario. While the accessibility of the game was likely improved due to the way
the level was built, the simple layout, the visible signs marking evacuation routes, and evacuation plans, the game
might have been too easy due to this, and knowledge gains were reduced due to players not being challenged enough

and forced to draw upon that knowledge.

The simple layout could explain the overall low average means of 9.79, 5.24, and 7.33 seconds the escape plans were
looked at, and the high number of players who didn’t observe the escape plans at all. A more complex layout of
the level, which could potentially include dead ends, would have brought more attention to the usefulness of the
escape plans. The elevators were also not used, as the elevators always had an accompanying staircase that could
be used as an alternative evacuation route, with little reason to consider the elevator. Blocked staircases or hallways
only containing elevators would have forced more consideration and thought from players. It would also have further
emphasized the values of the escape plans as evacuation routes that only lead to elevators and not stairs would need
to be avoided. Alternate scenarios, which included additional NPCs that required evacuation within a certain amount

of would have brought more emphasis on the evacuation leader role.

Further research may also look into practicing different fire evacuation procedures in small tutorial-like instances in a
vacuum rather than making one big simulation and relying entirely on player behavior to teach these practices. It would
also be interesting to see if isolating it in those instances would impact player engagement, or if making a big simulation
is worth the trade-off of being less clear with its learning outcomes for some players. Future research should also

consider testing the application at the start or the middle of the semester, to avoid time-pressured participants.
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10 Appendix

Observation Notes See external appendix A
AAU Facility Management Meeting Keynotes See external appendix B

Hovedstadens Beredskab Meeting Keynotes See external appendix C
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