
Int. J. Human–Computer Studies 162 (2022) 102790

Available online 12 February 2022
1071-5819/© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

A framework and serious game for decision making in stressful situations; a 
fire evacuation scenario 

Damon Daylamani-Zad *,a, Fotios Spyridonis a, Kamal Al-Khafaaji b

a Brunel University London, Uxbridge UB8 3PH, UK 
b University of Greenwich, Park Row, London, SE10 9LS, UK   

A R T I C L E  I N F O

Keywords: 
Serious games 
Decision making 
Stress 
Training 
Firefighters 
Emergency personnel 

A B S T R A C T

Decision making is a core cognitive process of human behaviour that is often affected by stress. Whilst we make 
several decisions on a daily basis, firefighters in particular are called to make important decisions in a split 
second and within life-threatening settings. Stress can therefore impact their ability to perform and carry out 
their job. The implications of stress are similarly important in other settings requiring high-vigilance. In this 
paper, we aim to contribute to efforts to better train firefighters in decision making in stressful situations through 
a serious game solution. The game was designed based on the Stress Exposure Training (SET) approach and in 
accordance with typical stressors identified in the literature. Those were then mapped to relevant game me
chanics. The evaluation of the resulting game was twofold: A. to assess its ability to increase participants’ stress 
level, and B. to investigate whether decision making performance would be improved for participants under 
stress. The proposed framework and the prototype were evaluated through empirical research that consisted of 
the participants’ self-reported stress levels using the State-Trait Anxiety Inventory for Adults (STAI) and the 
participants’ physiological measurements, namely galvanic skin response (GSR) and heart rate (HR). Our results 
demonstrate the potential of serious games to assist towards training of firefighters to make better decisions 
under stressful situations. Our findings are of wider importance as they contribute to ongoing efforts to improve 
decision making under stress in a variety of settings and scenarios.   

1. Introduction

We make hundreds of choices everyday. It is estimated that an adult
makes approximately 35,000 conscious decisions each day (Sahakian 
and LaBuzetta, 2013) in various settings including, but not limited to, 
personal and professional practice. Decision making is considered a core 
cognitive process of human behaviour and can be defined as the process 
of choosing an option or an action from a set of alternatives based on 
criteria or strategies (Wang et al., 2006; Wilson and Keil, 2001). 

It is common that many decisions are often made under stressful 
situations (Starcke and Brand, 2012). The Mental Health Foundation 
defines stress as “the feeling of being overwhelmed or unable to cope 
with mental or emotional pressure”, which is triggered as a result of 
experiencing something new or unexpected (Mental Health Foundation, 
2021). This is the definition we adopt in this work and we particularly 
focus on the emotional (physiological) responses to environmental and 
emotional pressures. 

Research has shown that there is an association between stress and 

decision making, which is often of a negative nature (Galvan and Rah
dar, 2013; Staal, 2004; Starcke et al., 2008). Indeed, past work by 
Starcke and Brand (2012) identified that the effects of stress on decision 
making can have a lasting impact to public health by increasing the risk 
for unhealthy decisions, such as smoking, drinking or an unhealthy diet. 
Similarly, stress can have a negative impact on situations of vigilance 
such as natural disasters, fire or war which can be life threatening, as 
they require a person to make decisions in quick succession to avoid 
potential catastrophic consequences (Williams-Bell et al., 2015). It is 
therefore evident that making decisions under stress can and often leads 
to undesirable results such as increased distraction and increases in re
action time due to hurried decision making (Driskell et al., 1999). 

In particular, firefighting personnel experience decision making 
under stressful situations on a daily basis. Past research revealed that 
emergency services personnel demonstrated lack of cognitive func
tioning due to stress, which resulted in second-guessing judgements 
(Baker and Williams, 2001). Fire departments are therefore naturally 
concerned about the negative effects of stress on their personnel’s 
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decision making and performance. In fact, the negative association be
tween decision making and stress has been extensively researched in the 
past, as evidenced in the body of research (Driskell et al., 1999; Gok and 
Atsan, 2016; Starcke and Brand, 2012). However, enabling individuals 
to prepare themselves about how to make the right decisions in stressful 
scenarios is an ongoing area of research (Phillips-Wren and Adya, 2020; 
Sun and Sekuler, 2021). 

Accordingly, this paper aims to address the above issue through a 
serious game solution for a fire evacuation vigilance scenario. Serious 
games which are defined as digital games that do not have entertain
ment as their main focus, have been shown to be an effective platform 
for improving training, education or modifying objectives (Michael and 
Chen, 2005). As such, they have been successfully applied to a wide 
range of scenarios, as they have been found to be captivating and they 
have been proven to statistically contribute to better decision making 
(Clark et al., 2020; Czauderna and Budke, 2020; Mendonca et al., 2006). 
Specifically, the aim of this work is to investigate whether a serious 
game solution could be an effective approach to induce stress and at the 
same time improve decision making performance of firefighters with a 
view on ultimately helping towards efforts to prepare them for emer
gency scenarios. 

This paper is structured as follows. Section 2 presents previous work 
on decision making, stress and relevant serious games. Section 3 then 
discusses the design and implementation of the game, whilst Section 4 
presents the user evaluation. Finally, Section 5 identifies the main 
findings and contributions from this work. 

2. Related work

In this section, previous work on decision making, stress training,
serious games, and Game Design Frameworks are presented. 

2.1. Decision making and stress 

A number of theoretical models on decision making behaviour under 
stress are available in the literature, namely the conflict-theory of de
cision making, the threat-rigidity effect model, the crisis model, and the 
decision making under time pressure model (Gok and Atsan, 2016). 
Whilst each model presents a different approach to the study of decision 
making under stress, they all agree on certain sources of 
decision-specific stress that are common amongst them - the perceived 
level of threat, the decision context, and the decision maker. 

Similarly, from a methodological perspective, the process by which 
humans make decisions can also be affected by stress. Robbins and 
Coulter (2012) describe an 8-step process which is followed to make a 
decision, namely identify a problem, identify decision criteria, allocate 
weights to criteria, develop alternatives, analyse alternatives, select an 
alternative, and implement the alternative. Along the same lines, 
Kowalski-Trakofler et al. (2003) discuss a similar process consisting of 
five steps, namely recognise problems or objectives, generate alternative 
courses of action, evaluate and/or rank possible alternatives of action, 
make a choice from among them, and implement the selected course of 
action. 

Evidently, stress has been shown to impair both the decision making 
process and the decision making behaviour. It is reasonable, therefore, 
to hypothesise that if stress could be moderated, then decision making 
could be improved as a result. Indeed, past research has found that stress 
handling could be improved through practise depending on the scenario 
and context (Driskell et al., 2008). This work is build upon this premise 
and aims to train firefighters in stress coping, which ultimately could 
have a positive effect in their decision making. 

2.2. Stress training 

A number of stress training approaches across various application 
areas have been proposed in the literature. Past research challenged the 

applicability and usefulness of such approaches to task-based skills 
training under stressful scenarios. This work will be based on the Stress 
Exposure Training (SET) approach described by Driskell (Driskell and 
Johnston, 1998), as it has been found to be able to train individuals in 
more generalizable factors than task skills, such as controlling perceived 
stress and workload by managing stressors, as well as by providing in
formation on how stress affects task performance (Ross et al., 2004). The 
latter is particularly important to firefighters as their performance can 
be impacted by stress-related factors (Baker and Williams, 2001). 

Stress Exposure Training consists of a three-phase process, namely 1. 
information about the stress environment, problem stressors, and their 
effects, 2. skills acquisition and coping, and 3. application and practice 
of skills in a simulated environment that reproduces the identified 
stressors (Ross et al., 2004). The identification of relevant stressors is 
paramount in this process. (Staal, 2004) usefully summarised stressors 
that are typically present in tasks of vigilance (Table 1), such as the ones 
that firefighters are subjected to where they are required to maintain 
high levels of attention for prolonged periods. The effect of stressors on 
vigilance can lead to errors of commission and errors of omission, 
depending on the type of the stressors and their impact on arousal level 
(Carmen, 1998). Stressors such as fatigue, lack of sleep and heat lead to 
increases in errors of omission, whilst time pressure, increased work
loads and noise tend to lead to increases in errors of commission (Cor
rigan et al., 2021). 

Specifically, in vigilance situations such as fire, which can be both 
life-threatening and stressful, managing an emergency requires effective 
coordination and communication (Chen et al., 2008) in order to solve 
the problem at hand. However, the research findings regarding the 
negative effect of the aforementioned stressors in tasks of vigilance are 
clear; vigilance tasks, attention and performance were the most nega
tively affected due to stress. 

In addition to the above stressors, vigilance situations typically 
require a significant investment of mental effort whilst working on 
vigilance-related tasks. It has been shown that the perceived complexity 
of such tasks (i.e. mental load) and this invested mental effort are 
characteristics of an individual’s cognitive load, which can impact on an 
individual’s ability to learn or perform a task (Minkley et al., 2021). A 
number of cognitive load causal factors have been identified in the 
literature, which can be related to learner characteristics (e.g. prior 
knowledge, motivation), learning task (e.g. complexity, time pressure), 
physical learning environment, and emotion (e.g. stress, enjoyment) 
(Choi et al., 2014; Plass and Kalyuga, 2019). One of the challenges in 
situations of vigilance is that cognitive processing could be hard due to 
the expected load on an individual’s senses. 

It is expected that both stressors and cognitive overload can affect 
decision making in emergency situations. Therefore, allowing stake
holders involved in such situations to be able to prepare and cope with 
relevant problem stressors and cognitive overload in advance and whilst 
out of direct harms reach would be an ideal setting. Serious games can be 
an effective solution to this respect, as they typically aim to teach or 
train users in a simulated real-world situation through a game, and 
further allow users to interact with these environments in order to gain a 

Table 1 
Stressors for vigilance and attention tasks (adapted from Staal, 2004).  

Stressor Impact 

Fatigue and sleep 
deprivation 

decrements in vigilance and performance Baranski et al. 
(2002); Kujawski et al. (2018); increased errors of omission 

Time pressure and 
workload 

more errors, poor performance van Galen and van 
Huygevoort (2000); Wickens et al. (1993); increased errors 
of commission 

Heat diminished vigilance Pepler (1958): increased errors of 
omission 

Noise decrements in attention tasks and decreases in reaction 
times and performance Kjellberg (1990): increased errors 
of commission  
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better understanding of the situation (Sorace et al., 2018). 

2.3. Serious games for training and decision making 

Serious games are increasingly applied in a range of areas and dis
ciplines. They typically offer interactivity coupled with immersive ex
periences in order to engage people in tasks and activities that are not 
necessarily considered fun. As such, their application in education and 
training market has ever been growing over the past decade. Specif
ically, there are many studies into the positive impact of serious games 
in training and education. Connolly et al. (2012) reported empirical 
evidence about their impact to learning and engagement, as well as their 
benefits to knowledge acquisition and motivation. Similarly, 
Papaioannou et al. (2016) demonstrated how serious games can be used 
to modify behaviour and effectively train users in reducing energy 
consumption. Spyridonis and Daylamani-Zad (2019); Spyridonis et al. 
(2017) developed GATE, a serious game to train designers about web 
accessibility guidelines. Along the same lines, Katsaounidou et al. 
(2019) employed a serious game to help users learn and decide on bogus 
content in news. 

In fact, improving decision making through serious games has long 
been the focus of past research work. Flood et al. (2018) reviewed 
serious games that have been used to improve decision making for 
climate change applications. Serious games have also been effectively 
used to train the decision making behaviour of groups (Linehan et al., 
2009). Johnsen et al. (2016) used a serious game to help nursing stu
dents practice their decision making skills, whereas Al Osman et al. 
(2016), Carlier et al. (2020) and Holz et al. Holz et al. (2018) employed 
serious games for stress management and awareness. Serious games 
have therefore the capacity to contribute towards better training in 
various settings and scenarios and it was found that use of game me
chanics helps increase participation in online training by 61% (Halan 
et al., 2010). 

Despite strong evidence for the benefits of serious games, there are 
limitations to their use. There have been concerns that serious games 
created in the domain of learning difficulties and autism disorder are 
designed and developed for high-functioning individuals and therefore 
their clinical validation does not meet the evidence-based medicine 
standards (Grossard et al., 2017). In educational games, there are con
cerns over potential conflicts between intended learning outcomes and 
game objectives (Frederik et al., 2010; Mitchell and Savill-Smith, 2004). 
These are further highlighted in Daylamani Zad et al. (2014); Day
lamani-Zad et al. (2016) which identifies the need for a balance between 
how close a task in game environment should be to the real-world sce
nario. If the task in the game and the mechanics for it are too close the 
game can become boring, whilst if they are too far apart the game will 
loose its efficiency. 

Accordingly, building on the benefits reported above, this work 
presents a serious game which aims to simulate a stressful situation for 
firefighters that allows a player to train their decision making skills 
through the Stress Exposure Training approach identified earlier. This 
game is designed with consideration of the limitations of serious games 
where we aimed to create a balance between the game and the simulated 
scenario, similar to the approach presented in Spyridonis and Day
lamani-Zad (2019), by presenting a scenario that represents the 
real-world but provides extra cues, rewards, help and a soft User Inter
face (UI). 

2.4. Game design frameworks 

A number of game design frameworks have been reported in the 
literature (O’Shea and Freeman, 2019) towards the development of 
games, including serious games. However, it is commonly accepted that 
there is no universal formula for creating a game, as it largely depends 
on the task and goals for each individual project. For instance, the Bartle 
Taxonomy Bartle (1996) and the Engines of Play (VandenBerghe, 2014) 

frameworks mostly focus on understanding player characteristics and 
motivations with limited consideration to the game context and pur
pose. Accordingly, this work will be based on Lu-Lu game design 
framework (Daylamani Zad et al., 2014; Daylamani-Zad et al., 2016), as 
it specifically addresses decision making games. Lu-Lu framework was 
designed for collaborative decision making games, which suggests two 
dimensions to a serious game; the Ludic dimension which is the enter
taining dimension of the game and the Lusory dimension which is the 
serious purpose behind the game. Lu-Lu identifies that in a successful 
serious game, there is a balance between the two dimensions influencing 
each other so that the serious aim is pursued without negatively 
impacting the entertainment aspect. The Lusory dimension consists of a 
Goal and Means to achieve the goal, Efficiency of achieving the goal, and 
Complexity of the system. The Ludic dimension consists of game Me
chanics, a Story, Technology and Aesthetics. The above framework and 
its dimensions will be used towards the design of our serious game. 

3. Design and implementation

This section presents the detailed design of the serious game, eXtri
cate, using the Lu-Lu framework and how vigilance stressors (Table 1) 
are mapped to game stressors in order to simulate a stressful situation for 
participants. 

As suggested in Lu-Lu, the closer the game setting is to the real-world 
scenario, the easier it will be to achieve the Lusory goal. Hence, the 
chosen scenario is to help evacuate a number of civilians from a burning 
building. The participants are unable to move without a player’s assis
tance. The goal of the game is to train the firefighters in making de
cisions under stress. This goal has been implemented using an 
evacuation mechanic, where a player is required to evacuate victims 
from a burning building. The means for this goal have been imple
mented as a first person player which would closely resemble the 
experience of the firefighters. The aesthetics of the game need to also 
include mission information and potential guidance on the screen to 
help a player progress through the game. The player would be required 
to choose paths based on the information provided to them about the 
victims’ health and locations. Finally vigilance stressors are imple
mented both in the story and aesthetics of the game. These are sum
marised as the framework in Table 2. 

3.1. Scenario and environment 

The player is presented with the information about victims during a 
mission briefing which includes their vital stats and location in the 
burning building. The player then has a limited time of two minutes, 
indicated via a timer, to attempt to save as many victims as possible. 

The player would need to enter the burning building, and then locate 
and save the victims. Inside the building, there are smoke, flames and 
obstacles. The player also has health and should be wearing a mask to be 
able to breathe in the heavy smoke. The mask does warp their vision 
slightly. Victims are indicated on a mini-map and highlighted in the 
environment, using a shader developed using Unity’s ShaderGraph so 
that a player can focus on the goal of the game. Each victim has a 

Table 2 
Mapping the design to Lu-Lu framework.    

Ludic   

Mechanics Story Technology Aesthetics 

Lusory Goal Evacuation Burning 
building 

– Mission UI 

Means Movement Limited life – Simulated 
realism 

Efficiency – Path and 
victim 

PC Vigilance 
stressors 

Complexity – Vigilance 
stressors 

PC –  
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different level of vitality and therefore different time to live. The player 
needs to analyse the situation and save the victims in an optimal order, 
in order to save the most number of victims they can. 

In order to evaluate player performance in decision making under 
stress, we use a similar approach to Daylamani Zad et al. (2014); 
Graafland et al. (2014) who record a player’s performance in decision 
making tasks by using the player’s score and how fast they have ach
ieved it. To incorporate this into the game, total time taken and the 
number of victims saved were used as indicators of a player’s 
performance. 

3.2. Implemented stressors 

We previously discussed that firefighters are often faced with a 
number of stressors relevant to vigilance situations. The research pre
sented in LeBlanc et al. (2012); Ponder et al. (2003) usefully aligns de
cision making stressors with vigilance stressors, which can be 
summarised as:  

1. Pace: Time pressure and high tempo music are considered to induce
stress.

2. Emotional attachment to the decision: Gravity of the decision, life or
death situations or when the player cares about the consequences of
the decision.

3. Rewards and punishment: These could be both real or anticipated/
perceived.

4. Information overload: Too much information can cause stress when
making decisions.

5. Sensory overload: both auditory and visual.
6. Partially visible environment: Incomplete information for making

the decision.

Accordingly, Fig. 1 presents the mapping of the above stressors, as
they are grouped for the design of the game, to game mechanics suitable 
to the aforementioned scenario. Table 3 further presents a description of 
how each mechanic is implemented into the game. Each stressor is 
implemented using a mechanic which would fit well within a realistic 
simulation in order to increase immersion and provide a close to real- 
world experience. Whilst this approach increases the Complexity of 
the Lusory dimension, it also increases the Efficiency of the serious 

game. 

3.3. Implementation 

The game, eXtricate, was implemented using Unity game engine and 
C#. It is aimed to work on average PCs so that it is accessible in most 
places. It is designed to be played using a mouse and a keyboard. It uses 
low poly assets to increase performance. 

3.4. Game flow 

As previously mentioned, the game setting is in a burning building. 
At start, a player is equipped with an audio-visual mission briefing 
which explains the scenario at hand. The game starts with the player in a 
fire truck, being driven to location to provide immersion and build 
emotional attachment. The mission briefing explains that there is a 
burning building and there are victims inside, as well as displays where 
the victims are located. The victims are rated on a Risk scale where the 
higher the number the closer the victim is to death. The goal is to enter 
the building and save as many victims in as little time as possible. Fig. 2 
presents a screenshot of the mission briefing with victims information 
and risk scale values. 

Once the player has analysed the mission brief, they can leave the 
truck. As soon as they leave the truck, a timer starts counting and the 
music changes. The timer on the Heads-up Display (HUD) indicates time 
left until the game is over. Victims are spread throughout the level 
equivalent to the map shown in the mission brief. Fig. 3 illustrates a top 
view of the level, identifying the positions or locations of the victims. 

Fig. 4 shows the scene from a player’s perspective. As can be seen, 
fire, smoke and fog have been used with added post-processing in order 
to create an immersive and realistic environment with limited visibility 
and added stressors of fire and heat. 

To prevent the game from becoming a puzzle game and rather focus 
on the goal of deciding which victim to save next, each victim is high
lighted through the smoke. The player moves through fire and smoke, 
implemented using Unity’s particle system, to find victims that are 
injured and carry them back to the starting point of the game where they 

Fig. 1. Mapping stressors to mechanics in game, expanding the pro
posed framework. 

Table 3 
Proposed framework: stress inducing mechanics and their descriptions.  

Mechanic Description 

Dynamic music Music changes based on the location of the player. The 
tempo is also adjusted based on the time left on the 
timer. 

Fire Helps with realism as well as obscuring vision. The 
false sense of light and heat is also considered to induce 
stress. 

Fire truck siren Constant siren in the distance adds to the auditory 
overload. 

Information on the HUD Information such as victim’s heart rate, radar, player 
health, timer and various animations are used to 
overwhelm the player. The animations include; pulsing 
image and heart rate pulse for each living victim, and 
pulsing victim locations on mini-map. 

Mission briefing The briefing provides some background and 
information regarding the victims, the layout and the 
gravitas of the task at hand. 

Radio The player is notified of events and the progress of the 
mission. The game encourages (rushes) the player with 
prompts to hasten the player. 

Victims dying One victim cannot be saved; this provides a sense of 
instability and also brings gravitas to the player 
decisions. 

Smoke alarm This alarm inside the building can be heard through out 
the game scenario. 

Visibly injured victims The victims are injured and they can be heard crying 
for help. There are also prompts for immediate help 
rather than evacuation. 

Volumetric smoke & 
Screen space fog 

Smoke is used to reduce visibility of objects closer to 
the player, whilst fog is used to obscure farther objects.  
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are placed in a safe spot. Some victims cry for help, one more than the 
others in order to apply social pressure. The player then returns into the 
building to save the next victim, and this process is repeated until all 
victims have been saved, the timer has run out, all victims died, or the 
player dies. Whilst performing these tasks, a radio attempts to further 
stress the player by hassling him through the entire performance with 
comments such as “3 Victims Left!” or “Hurry!”. Fig. 5 demonstrates the 
user interface element that shows the current victims, their health and 
their vital stats. This feature reinforces empathy with the victims to 
increase the gravitas of the decisions. The heartbeat and flashing of 
victims’ figures as their health drops further contributes to audio-visual 
overload and time pressure stressors. 

4. User evaluation

In order to validate the ability of the developed game to A) induce
stress and B) improve decision making performance, an experiment was 
setup. The experiment involved participants playing the game described 
in Section 3. The experiment was designed to have two layers. In Layer 1 
the participants’ stress levels were self-reported using the STAI-S scale of 

the State-Trait Anxiety Inventory for Adults (STAI) (Spielberger, 1983b) 
before and after experiencing the game. The STAI-S scale is typically 
used to report how participants feel at a particular moment in time and 
can be used to determine the actual levels of anxiety intensity induced 
by stressful procedures. Accordingly, we hypothesise that if participants’ 
anxiety scores increase as a result of using the game, then stress at this 
particular moment in time has been successfully induced (Spielberger, 
1983a). In Layer 2 the participants’ stress level was captured using 
physiological measurements, namely galvanic skin response (GSR) and 
heart rate (HR), by recording these before, during and after experiencing 
the game. Fig. 6 illustrates the steps and layers in the experiment design. 

4.1. Physiological measurements 

Real-time user physiological responses are a valuable external in
formation source which can be captured directly from the user without a 
conscious effort from them. They allow for a less biased measurement of 
changes in the users’ affective state. Affective state is made up of two 
dimensions: valence and arousal. Valence is defined as the level of 
pleasantness the user feels toward a specific stimulus, which ranges in a 

Fig. 2. Mission briefing which shows the victims, their location and their risk scale values. The briefing includes pictures and some description in order to build 
emotional attachment. 

Fig. 3. Victim positions inside the level. These are similar to the locations 
provided in the mission briefing. 

Fig. 4. Fire and smoke incorporated into the scene. These are highlighted 
further using post-processing. These effects are aimed to reduce visibility. 
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continuum from positive to negative. Arousal, or intensity, is the level of 
autonomic activation that an emotion elicited by a specific stimulus is 
felt (Bestelmeyer et al., 2017; Lin et al., 2020). With the technological 
advances and the rise of the Internet of Things (IoT), physiological 
response sensors are widely accessible, affordable and more versatile in 
regards to how they can capture the physiological data. 

In this experiment GSR and HR were the physiological responses 
recorded. GSR, which measures the electrical conductivity of the skin, is 
a function of the amount of sweat produced by the eccrine glands 
located in the hands and feet. GSR is believed to have a linear correlation 
with the arousal dimension. HR acceleration and deceleration has been 
shown to be an indicator of valence where negative valence is signified 
by a greater increase in HR than positive valence (Money and Agius, 
2010). For the measurement two sensors; Grove - GSR Sensor (Zuo, 
2020) and Grove - Finger-clip Heart Rate Sensor with shell Zuo (2022) 
connected to Raspberry Pi 3 were used. 

4.1.1. Method 
As mentioned previously, HR and GSR are bidirectional. In addition, 

the rise and fall of both HR and GSR, their intensity and their fluctua
tions can differ from person to person (Garnacho-Castaño et al., 2015). 
Therefore the raw data itself cannot always be comparable. Further
more, not all fluctuations in HR or GSR are significant enough to be 
included in the analysis and some fluctuations could be due to sensor 
inaccuracies. These and the sheer amount of data points can make the 
accurate analysis of physiological responses difficult. Therefore, it is 
vital to establish a normalised dataset that is ranked based on signifi
cance which would allow for comparable and accurate analysis of the 
responses. 

We have followed a similar approach to Money and Agius (2010) in 
order to create high-low data which would allow us to cater for the 
bidirectional nature of the HR and GSR. We adopted a default stand
ardised sampling rate of 8Hz to standardise the data from the sensors 
and to synchronise the observations so that observation time stamps 
correspond for both measurements. According to Money and Agius 
(2010) 8Hz provides sufficient detail. The standardised data is then 
subjected to moving window average and detrending calculations. This 
would enable construction of initial percentile rank (IP) data which can 
be converted to high-low data. 

We apply a moving window average calculation to HR in order to 
construct S Value, presented in Eq. (1). In this equation, srr is the fre
quency of the standardised physiological response data observations 
(Hz), mgsal is the minimum game sequence action length as performed 
by a player (seconds). HR St is the constructed HR value and t represents 
the point in time from which the moving average is calculated. T stands 
for the final point in time from which t is calculated. Vt− i represents the 
actual value of the HR signal at the time t − i. 

HR St =
1

srr × mgsal

∑srr×mgsal

i=1
Vt− i

t = srr × mgsal, srr × mgsal + 1,…, T

(1) 

The GSR baseline varies significantly during the experimental ses
sions (Slater et al., 2006), therefore we need to treat the GSR data 
differently. GSR St, the constructed S value for GSR which is presented 
in Eq. (2), also reflects players’ minimum game sequence action length. 
Similarly, the moving window is calculated as srr× mgsal. In this 
approach we identify the value of the signal immediately before a rise 
within an appropriately sized moving window. Therefore, this method 
allows for evaluating fluctuations in GSR regardless of baseline varia
tions. GSR St is calculated with the assumption that minVi for time point 
θ occurs before maxVi for the same time point. Otherwise, GSR St is set to 
zero. 

GSR St = max
t− ((srr × mgsal)− 1)

i=t
Vi − min

t− ((srr × mgsal)− 1)

i=t
Vi

t = srr × mgsal, srr × mgsal + 1,…, T
(2) 

We calculate initial percentile rank (IP) values for HR so as to 

Fig. 5. Picture, health and vital stats of the victims displayed on the UI.  

Fig. 6. User evaluation setup: using the game, questionnaire and physiological measurements.  
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standardise and normalise S values for HR, establishing a measure of 
significance for each value in the collected sample. The percentile rank 
calculation ensures that the response values for HR are directly com
parable and reflect the distribution of the sample, even for skewed data. 
Eq. (3) represents the calculation of initial percentile rank for HR, 
HR IPt, where HR S is the whole sample, ES represents the group of S 
values within the whole sample that are equal to HR St and LS is the 
group of S values within the whole sample that are less than HR St. 

HR IPt =
|EHR St | + |LHR St |

|HR S|

ES = {s : s ∈ HR S ∧ s = HR St}

LS = {s : s ∈ HR S ∧ s < HR St}

(3) 

The IP values are representatives of bidirectional fluctuations in 
player responses. We split the IP values into high and low datasets. The 
high values are considered as IP values ≥ 0.5 (Eq. (4)) and low values 
are considered as IP values ≤ 0.5 (Eq. (5)). Values in the low dataset are 
then inverted so that their significance is expressed on a similar scale as 
the high values on a range of (0–1), where 1 is most significant and 0 is 
least significant. These two high and low values are then combined in 
Eq. (6) to create a unidirectional representation of the player’s HR re
sponses, HR UDt . 

HR Hight =

{
HR IPt HR IPt ≥ 0.5
0 otherwise (4)  

HR Lowt =

{
1 − HR IPt HR IPt ≤ 0.5
0 otherwise (5)  

HR UDt = HR Lowt + HR Hight (6) 

In order to enable efficient comparison of values, we need to re- 
standardize the measures. This is achieved through constructing 
percentile rank values for the respective unidirectional datasets. Eqs. (7) 
and (8) represent calculating the percentile rank values for HR and GSR 
respectively. In Eq. (7), HR UD represents the full unidirectional sample, 
EUD represents the group of HR UD values within the whole sample that 
are equal to UDt and LUD is the group of HR UD values within the whole 
sample that are less than UDt. As GSR is naturally presented as a uni
directional measure, the results of Eq. (2) are converted to UDP values 
by applying the percentile rank calculation on the GSR_S values as 
presented in Eq. (8). For both cases, the response value is considered to 
be more significant when the UDP value is higher. 

HR UDPt =
|EUD| + |LUD|

|HR UD|

EUD = {u : u ∈ HR UD ∧ u = HR UDt}

LUD = {u : u ∈ HR UD ∧ u < HR UDt}

(7)  

GSR UDPt =
|EGSR S| + |LGSR S|

|GSR S|

EGSR S = {g : g ∈ GSR S ∧ g = GSR St}

LGSR S = {g : g ∈ GSR S ∧ g < GSR St}

(8) 

Finally, the standardized UDP formatted values of the two physio
logical responses are combined to produce a unified player response 
measure, UPRM, which combined the two unidirectional values as 
presented in Eq. (9). A final percentile rank calculation is applied to the 
UPRM, Eq. (10) to standardize the responses and assign each UPRM 
value a significance between 0 and 1. This enables allocating a unique 
percentile rank to each UPRM value which reflects the significance of 
each UPRM in percentile rank format (SUPRMP). 

UPRMt = GSR UDPt + HR UDPt (9)  

SUPRMPt =
|EUPRM| + |LUPRM|

|UPRM|

EUPRM = {x : x ∈ UPRM ∧ x = UPRMt}

LUPRM = {x : x ∈ UPRM ∧ x < UPRMt}

(10)  

4.2. Participants 

The participants were recruited through the authors’ contacts and 
they consisted of a random population, which did not include fire
fighters. The experiment included 25 participants, which were all un
paid volunteers, aged between 18 and 40 (M = 27.68, σ = 6.11) and 
included 14 males and 11 females. All participants had experience in 
playing games, whilst 15 out of 25 of participants played games 
regularly. 

4.3. Procedure 

Ethics approval was granted by the University of Greenwich 
Research Ethics Committee. Upon arrival each participant was seated at 
a PC with the game pre-loaded and would put on the glove with GSR and 
HR sensors. The measurements start at this point to establish an initial 
baseline. Then, the participants were given a consent form at the start 
which provided information about the purpose of the experiment and 
the process involved, whilst during this time the baseline GSR and HR 
were being confirmed. This was followed by a pre-experiment self- 
assessment using STAI-S, and whilst the participant was filling the 
questionnaire, the baseline was confirmed.These confirmation data are 
used to establish if the pre-experiment information and self-assessment 
have had any impact on the participants’ HR and GSR readings. Once the 
questionnaire was filled, each participant would play three levels in the 
game. The levels are very similar in their abstract layout, but look 
different enough for the player not to realise this. The levels are separate 
scenes which would allow for making aesthetic changes (i.e. entering an 
apartment as opposed to a house) that would be distinguishing enough 
for the player. The starting menu of the game provides participants with 
a description of the scenario and the effects and emotions they may 
experience. Participants are instructed to attempt to block these emo
tions through proper breathing and focus on the goal as part of Phase 1 
and 2 of the SET (Driskell et al., 2008). The experiment task involved 
participants trying to save as many victims in as little time as possible in 
a burning building, in accordance with the game scenario. The physio
logical measurements are continuously recorded during gameplay. Once 
the task was finished, the participants were asked to re-assess using the 
post-experiment STAI-S. The physiological responses during this stage 
are used to further confirm the heightened stress in comparison to the 
baseline. The full experiment session lasted approximately 25–45 mi
nutes depending on the participant. 

4.4. Results: stress induction; self-assessed 

The pre-experiment and post-experiment results of the self- 
assessment questionnaire for STAI-S were collated and analysed. The 
pre-experiment STAI-S score had a mean of 36.96 whilst the post- 
experiment results had a mean of 43.68 which shows a clear increase 
in the stress levels through playing our game. Table 4 summarises the 
statistical analysis of the pre-experiment and post-experiment results. 

Table 4 
Mean, Standard Deviation and Cronbach’s alpha, minimum and maximum 
values for pre-experiment and post-experiment STAI-S questionnaire.   

Mean Std Dev Cronbach’s alpha min max 

Pre-expt 36.96 10.93 0.91 57 21 
Post-expt 43.68 10.36 0.89 61 20  
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A Wilcoxon matched pairs signed-rank test was additionally per
formed to determine whether there is a significant difference between 
the two questionnaires. The results demonstrated that the difference is 
statistically significant (Z = − 3.491, p = 0.000), and therefore, the 
game has managed to increase stress levels in the participants, as 
anticipated. Hence, the stressors used in the game have successfully 
managed to achieve their aim. A further power analysis was preformed 
on the results to assess the probability of correctly rejecting the null 
hypothesis (i.e. the game has not managed to increase stress levels). The 
power analysis demonstrated a high probability (Pr = 1) for correctly 
rejecting the null hypothesis, therefore demonstrating the sample size 
has been sufficiently significant. 

4.5. Results: stress induction; physiological measurements 

The results of the physiological measurements (HR and GSR) gath
ered during the experiment were collected, standardised and analysed 
using the method defined in Section 4.1.1. The results show a clear in
crease in the SUPRMP, which we interpret as stress levels, of players as 
they went through the experiment, confirming the results from the self- 
assessment. The physiological measures are established at each stage of 
the experiment Introduction, Pre-game STAI-S, Playing the game, Post-game 
STAI-S. The time during play has been divided into five timepoints based 
on the duration of the timer; timer=2.00 (start of game), timer=1.30, 
timer=1.00, timer=0:30 and timer=0.00 (end of game). These make eight 
timepoints (observation points) to demonstrate the differences in the 
physiological measurements. Fig. 7 presents the SUPRMP (stress level) 
for each participant and their respective trendline. Fig. 8 presents the 
average SUPRMP (stress level) across all participants at each of the eight 
observation points. The values between observation point 2.00 (Start) 
and 0.00 (End) are the average of the SUPPRMP values across the three 
levels which players have played. The figures present the average across 
the three levels for better clarity of presentation and to enable a more 
accurate calculation of the trendline. 

As observable in these two figures, the SUPRMP (stress level) be
tween introduction and pre-game self-assessment shows a very small 
increase which is attributed to the excitement of starting the experiment. 

However, once the game has started, the timer starts counting down and 
all the visual and auditory cues are applied, there is a sharp increase in 
the SUPRMP (timer at 2:00), the increase continues as the timer counts 
down towards the end (timer at 0:00). There is not much difference 
between observation points 0:30 and 0:00 as most participants have 
reached maximum (≥ 0.99) levels. There are a few exceptions such as P9 
who does not reach 0.83 at the highest level of SUPRMP (stress level). P1 
also has a much slower buildup of SUPRMP (stress level) compared to 
other participants. There is also a slight drop in SUPRMP (stress level) at 
the post-game self-assessment which is attributed to the relief of having 
finished the game and lack of in-game stress cues (auditory and visual). 

A Wilcoxon matched pairs signed-rank test was performed to deter
mine whether the differences between the SUPRMP (stress level) at 
consecutive observation points are statistically significant, its results are 
presented in Table 5. According to this, the results and differences be
tween various observation points are statistically significant (p < 0.50) 
except for the difference between timer = 0:30 and end of game 
(timer=0:00). As mentioned previously the difference between these 
two were negligible and for most participants did not present any dif
ference as most had already reached their maximum SUPRMP (stress 
level) at 0:30. Based on these results, it is possible to conclude that 
eXtricate has been able to successfully induce stress in participants. This 
has been confirmed both through self-assessment and physiological 
measurements and is statistically significant. 

4.6. Results: performance 

The impact of the game has been also evaluated based on the deci
sion making performance of the participants. As demonstrated in Fig. 9, 
participants’ performance in decision making improved over three at
tempts. Specifically, participants increased their score by an average of 
22.12 between the first and second attempt, and by the third attempt, 
the scores were improved by an average of 7.44. This shows a sharp 
increase between the first and second attempts which is not matched 
between the second and third attempt. This can be explained as the 
participants are still understanding the game and environment in the 
first attempt, and therefore, the second attempt shows a sharper increase 

Fig. 7. Stress level (SUPRMP) for each individual participant per observation point with trend lines. The values between 2.00 (Start) and 0.00 (End), during game 
play, are averaged across the three levels. 
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in performance. The participants’ behaviour throughout the levels was 
consistent. Specifically, participants tended to visit the room that was 
closest to their last visited room regardless of the risk values in the brief. 

Fig. 10 presents the distribution of victim saves. As the majority of the 
participants visited room “A” first, victim “C” in room “C” is already 
dead by the time they get back inside the building. Participants seem to 
accept this behaviour and decided to skip room “C” in later attempts as 
well. These findings are in line with previous work showing that fast- 
paced action games can improve a number of individual traits and 
skills, including spatial cognition, reaction time, attention, and aspects 
of executive functioning (Bavelier et al., 2012). Of course, in this 
research we are not aiming to improve performance and therefore whilst 
the results are promising, they are not definitive. 

5. Concluding discussion

In this paper we presented a novel serious game that was developed
to assist towards efforts focusing on training for fire evacuation and 
making better decisions under stressful vigilance situations. An empir
ical experiment was reported which investigated its ability to initially 
increase stress levels and examine whether participant decision making 

Fig. 8. The average stress level (SUPRMP) per observation point.The values between 2.00 (Start) and 0.00 (End), during game play, are averaged across the 
three levels. 

Table 5 
Wilcoxon matched pairs signed-rank test for SUPRMP (stress level) at consecu
tive observation points.   

Mean Std Dev Z  p  

intro - pre-game − 0.020  0.009 − 4.372  0.000 
pre-game - 2:00 (Start) − 0.52  0.161 − 4.372  0.000 
2:00 (Start) - 1:30 − 0.18  0.121 − 4.372  0.000 
1:30–1:00 − 0.14  0.112 − 4.015  0.000 
1:00–0:30 − 0.071  0.107 − 3.351  0.001 
0:30–0:00 (End) − 0.015  0.0588 − 1.342  0.180 
0:00 (End) - post-game 0.014 0.008 − 4.372  0.000 

statistically insignificant at the 5% level. 

Fig. 9. The average score for each attempt shows an upward increase.  
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performance would be improved under stress. The results indicated that 
our serious game successfully managed to increase participants stress 
levels through its gameplay and implemented scenario (Tables 4 and 5, 
Figs. 7 and 8). These results are confirmed both through self-assessment 
and collected physiological measurements (HR and GSR). Accordingly, 
participants’ decision making performance improved through repetitive 
exposure to the game scenario (Fig. 9) which is in line with past research 
discussing that stressors that are repeated have been associated with 
changes in decision making-related brain regions (McEwen, 2007). An 
interesting finding that also arose from our results is that participants 
tended to visit the room that was closest to their last visited room 
regardless of the risk values in the briefing (Fig. 10). This demonstrated 
a decision making behaviour that is consistent with past work on the 
mere-exposure effect (Zajonc, 2001) which indicates that people tend to 
develop a preference for things merely because they are familiar with 
them. 

A number of contributions arose from this work. We demonstrated 
that the implemented decision making stressors have proven to suc
cessfully induce stress to the participants. Following Shafer’s stress 
management model (Schafer, 1996), this can have an important impli
cation to the efforts towards studying strengths that enable firefighters 
to handle stress. Our user experiment also revealed that familiarity with 
the search area (e.g. layout of a building) is an important consideration 
to participants and could be a particularly helpful finding for firefighters 
when making rescue decisions. This is in line with previous research 
showing that exposure to such stressors and changes in the surroundings 
could lead to firefighter disorientation and inability to perform tasks 
(Chammem et al., 2012). Work by Routley further demonstrated that 
firefighters can be hindered by low visibility and unfamiliarity with the 
building layout (Routley, 1995). Accordingly, potential applications of 
these findings include the design and implementation of informed in
terventions for monitoring of emergency personnel stress and decision 
making, as well as the improvement of communication methods used in 
emergency situations which can be affected due to the aforementioned 
factors. Finally, we found that simulating decision making stressors 
through a game could be facilitated through certain game mechanics 
(Fig. 1) which have shown to be effective for both inducing stress, as 
well as for helping to improve decision making performance for par
ticipants. The findings can be of particular importance to practitioners 
developing games for future similar efforts. 

Our findings present certain limitations. We acknowledge that the 
small number of participants may have an impact on the generalization 
of our findings. Additionally, we also acknowledge that participants 
were not firefighters themselves, however, their participation at this 

stage of our work is very useful as they offered significant insights in 
stressful decision making and their contributions could be used as a 
point of reference for future efforts. Finally, we appreciate that we used 
only two physiological responses (HR and GSR). Employing additional 
physiological measures such as Electroencephalography (EEG), Respi
ration sensors (RIP) and Facial emotion analysis could add further in
sights, such as real-time effects of the stress cues on brain behaviour with 
EEG, changes in breathing patterns with RIP and mapping emotional 
cues of facial stress. Accordingly, our findings present a main avenue for 
future work which includes a further study to address the effectiveness 
of our game with firefighters. Overall, this work can contribute to 
ongoing efforts to improve decision making of emergency personnel in 
situations of high vigilance. 
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physiological and mechanical responses during resistance exercise at the lactate 
threshold intensity. J. Strength Cond. Res. 29 (10), 2867–2873. 

Gok, K., Atsan, N., 2016. Decision-making under stress and its implications for 
managerial decision-making: a review of literature. Int. J. Bus. Soc. Res. 6 (3), 
38–47. 

Graafland, M., Dankbaar, M., Mert, A., Lagro, J., De Wit-Zuurendonk, L., Schuit, S., 
Schaafstal, A., Schijven, M., 2014. How to systematically assess serious games 
applied to health care. JMIR Serious Games 2 (2), e11. 

Grossard, C., Grynspan, O., Serret, S., Jouen, A.-L., Bailly, K., Cohen, D., 2017. Serious 
games to teach social interactions and emotions to individuals with autism spectrum 
disorders (ASD). Comput. Educ. 113, 195–211. 

Halan, S., Rossen, B., Cendan, J., Lok, B., 2010. High score!-motivation strategies for user 
participation in virtual human development.  International Conference on Intelligent 
Virtual Agents. Springer, pp. 482–488. 

Holz, H., Brandelik, K., Beuttler, B., Brandelik, J., Ninaus, M., 2018. How to train your 
syllable stress awareness. Int. J. Serious Games 5 (3), 37–59. 

Johnsen, H.M., Fossum, M., Vivekananda-Schmidt, P., Fruhling, A., Slettebø, Å., 2016. 
Teaching clinical reasoning and decision-making skills to nursing students: design, 
development, and usability evaluation of a serious game. Int. J. Med. Inform. 94, 
39–48. 

Katsaounidou, A., Vrysis, L., Kotsakis, R., Dimoulas, C., Veglis, A., 2019. Mathe the game: 
a serious game for education and training in news verification. Educ. Sci. 9 (2), 155. 

Kjellberg, A., 1990. Subjective, behavioral and psychophysiological effects of noise. 
Scand. J. Work, Environ.Health 16, 29–38. 

Kowalski-Trakofler, K.M., Vaught, C., Scharf, T., 2003. Judgment and decision making 
under stress: an overview for emergency managers. Int. J. Emerg. Manag. 1 (3), 
278–289. 

Kujawski, S., Słomko, J., Tafil-Klawe, M., Zawadka-Kunikowska, M., Szrajda, J., 
Newton, J.L., Zalewski, P., Klawe, J.J., 2018. The impact of total sleep deprivation 
upon cognitive functioning in firefighters. Neuropsychiatr. Dis. Treat. 14, 1171. 

LeBlanc, V.R., Regehr, C., Tavares, W., Scott, A.K., MacDonald, R., King, K., 2012. The 
impact of stress on paramedic performance during simulated critical events. 
Prehosp. Disaster Med. 27 (4), 369–374. 

Lin, H., Müller-Bardorff, M., Gathmann, B., Brieke, J., Mothes-Lasch, M., Bruchmann, M., 
Miltner, W.H., Straube, T., 2020. Stimulus arousal drives amygdalar responses to 
emotional expressions across sensory modalities. Sci. Rep. 10 (1), 1–12. 

Linehan, C., Lawson, S., Doughty, M., Kirman, B., 2009. Developing a serious game to 
evaluate and train group decision making skills. Proceedings of the 13th 
International MindTrek Conference: Everyday Life in the Ubiquitous Era. ACM, 
pp. 106–113. 

McEwen, B.S., 2007. Physiology and neurobiology of stress and adaptation: central role 
of the brain. Physiol. Rev. 87 3, 873–904. 

Mendonca, D., Beroggi, G.E., Van Gent, D., Wallace, W.A., 2006. Designing gaming 
simulations for the assessment of group decision support systems in emergency 
response. Saf. Sci. 44 (6), 523–535. 

Mental Health Foundation, 2021. Stress. https://www.mentalhealth.org.uk/a-to-z/s/ 
stress. 

Michael, D.R., Chen, S.L., 2005. Serious Games: Games that Educate, Train, and Inform. 
Muska & Lipman/Premier-Trade. 

Minkley, N., Xu, K.M., Krell, M., 2021. Analyzing relationships between causal and 
assessment factors of cognitive load: associations between objective and subjective 
measures of cognitive load, stress, interest, and self-concept. Front. Educ. 6, 53. 
https://doi.org/10.3389/feduc.2021.632907. 

Mitchell, A., Savill-Smith, C., 2004. The use of computer and video games for learning. 
A Review of the Literature. 

Money, A.G., Agius, H., 2010. Elvis: entertainment-led video summaries. ACM Trans. 
Multimed. Comput., Commun., Appl. (TOMM) 6 (3), 1–30. 

O’Shea, Z., Freeman, J., 2019. Game design frameworks: where do we start? Proceedings 
of the 14th International Conference on the Foundations of Digital Games. ACM, 
p. 25. 

Papaioannou, T.G., Hatzi, V., Koutsopoulos, I., 2016. Optimal design of serious games for 
consumer engagement in the smart grid. IEEE Trans. Smart Grid 9 (2), 1241–1249. 

Pepler, R., 1958. Warmth and performance: an investigation in the tropics. Ergonomics 2 
(1), 63–88. 

Phillips-Wren, G., Adya, M., 2020. Decision making under stress: the role of information 
overload, time pressure, complexity, and uncertainty. J. Decis. Syst. 29, 1–13. 

Plass, J.L., Kalyuga, S., 2019. Four ways of considering emotion in cognitive load theory. 
Educ. Psychol. Rev. 31 (2), 339–359. 

Ponder, M., Herbelin, B., Molet, T., Schertenlieb, S., Ulicny, B., Papagiannakis, G., 
Magnenat-Thalmann, N., Thalmann, D., 2003. Immersive vr decision training: telling 
interactive stories featuring advanced virtual human simulation technologies. 
Proceedings of the Workshop on Virtual Environments 2003. ACM, pp. 97–106. 

Robbins, S.P., Coulter, M., 2012. Management. Pearson Education LTD. 
Ross, J.M., Szalma, J.L., Hancock, P.A., 2004. Efficacy of transfer in simulation-based 

training: implications for stress exposure training. Proceedings of the Second 
Swedish-American Workshop on Modeling and Simulation. USA, pp. 145–150. 

Routley, J.G., 1995. Four Firefighters Die in Seattle Warehouse Fire, Seattle, Washington. 
Federal Emergency Management Agency, US Fire Administration, National Fire ... 

Sahakian, B., LaBuzetta, J.N., 2013. Bad Moves: How Decision Making Goes Wrong, and 
the Ethics of Smart Drugs. OUP Oxford. 

Schafer, W., 1996. Stress Management for Wellness. Harcourt Brace College Publishers. 
Slater, M., Guger, C., Edlinger, G., Leeb, R., Pfurtscheller, G., Antley, A., Garau, M., 

Brogni, A., Friedman, D., 2006. Analysis of physiological responses to a social 
situation in an immersive virtual environment. Presence 15 (5), 553–569. 

Sorace, S., Quercia, E., La Mattina, E., Patrikakis, C.Z., Bacon, L., Loukas, G., 
Mackinnon, L., 2018. Serious games: An attractive approach to improve awareness. 
Community-Oriented Policing and Technological Innovations. Springer, Cham, 
pp. 1–9. 

Spielberger, C., 1983a. Manual for the state-trait-anxiety inventory: Stai (form y). 
Spielberger, C.D., 1983. State-trait Anxiety Inventory for Adults. APA PsycTests. 
Spyridonis, F., Daylamani-Zad, D., 2019. A serious game for raising designer awareness 

of web accessibility guidelines. IFIP Conference on Human-Computer Interaction. 
Springer, pp. 3–12. 

Spyridonis, F., Daylamani-Zad, D., Paraskevopoulos, I.T., 2017. The gamification of 
accessibility design: a proposed framework. 2017 9th International Conference on 
Virtual Worlds and Games for Serious Applications (vs-Games). IEEE, pp. 233–236. 

Staal, M.A., 2004. Stress, Cognition, and Human Performance: A Literature Review and 
Conceptual Framework. National Aeronautics & Space Administration. 

Starcke, K., Brand, M., 2012. Decision making under stress: a selective review. Neurosci. 
Biobehav. Rev. 36 (4), 1228–1248. 

Starcke, K., Wolf, O.T., Markowitsch, H.J., Brand, M., 2008. Anticipatory stress 
influences decision making under explicit risk conditions. Behav. Neurosci. 122 (6), 
1352. 

Sun, Y., Sekuler, R., 2021. Decision-making and multisensory combination under time 
stress. Perception 50 (7), 627–645. 

VandenBerghe, J., 2014. Engines of play. Proceedings of the First ACM SIGCHI Annual 
Symposium on Computer-Human Interaction in Play-CHI PLAY, vol. 14, p. 476. 

Wang, Y., Wang, Y., Patel, S., Patel, D., 2006. A layered reference model of the brain 
(LRMB). IEEE Trans. Syst., Man, Cybern., Part C (Applications and Reviews) 36 (2), 
124–133. 

Wickens, C.D., Stokes, A., Barnett, B., Hyman, F., 1993. The effects of stress on pilot 
judgment in a midis simulator. Time Pressure and Stress in Human Judgment and 
Decision Making. Springer, pp. 271–292. 

Williams-Bell, F.M., Kapralos, B., Hogue, A., Murphy, B., Weckman, E., 2015. Using 
serious games and virtual simulation for training in the fire service: a review. Fire 
Technol. 51 (3), 553–584. 

D. Daylamani-Zad et al.                                                                            

http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0004
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0004
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0004
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0005
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0005
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0006
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0006
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0007
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0007
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0008
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0008
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0008
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0009
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0009
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0010
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0010
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0010
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0011
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0011
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0012
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0012
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0012
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0013
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0013
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0013
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0013
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0014
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0014
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0014
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0015
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0015
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0015
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0016
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0016
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0017
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0017
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0017
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0018
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0018
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0019
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0019
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0020
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0020
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0021
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0021
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0022
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0022
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0022
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0023
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0023
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0023
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0024
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0024
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0025
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0025
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0026
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0026
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0026
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0027
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0027
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0027
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0028
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0028
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0028
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0029
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0029
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0029
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0030
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0030
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0030
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0031
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0031
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0032
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0032
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0032
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0032
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0033
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0033
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0034
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0034
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0035
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0035
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0035
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0036
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0036
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0036
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0037
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0037
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0037
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0038
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0038
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0038
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0039
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0039
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0039
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0039
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0040
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0040
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0041
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0041
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0041
https://www.mentalhealth.org.uk/a-to-z/s/stress
https://www.mentalhealth.org.uk/a-to-z/s/stress
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0043
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0043
https://doi.org/10.3389/feduc.2021.632907
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0045
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0045
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0046
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0046
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0047
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0047
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0047
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0048
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0048
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0049
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0049
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0050
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0050
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0051
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0051
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0052
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0052
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0052
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0052
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0053
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0054
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0054
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0054
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0055
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0055
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0056
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0056
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0057
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0058
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0058
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0058
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0059
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0059
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0059
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0059
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0061
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0062
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0062
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0062
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0063
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0063
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0063
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0064
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0064
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0065
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0065
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0066
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0066
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0066
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0067
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0067
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0068
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0068
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0069
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0069
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0069
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0070
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0070
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0070
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0071
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0071
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0071


International Journal of Human - Computer Studies 162 (2022) 102790

12

Wilson, R.A., Keil, F.C., 2001. The MIT Encyclopedia of the Cognitive Sciences. MIT 
Press. 

Zajonc, R.B., 2001. Mere exposure: a gateway to the subliminal. Curr. Dir. Psychol. Sci. 
10 (6), 224–228. 

Zuo, B.. Grove - finger-clip heart rate sensor with shell. https://wiki.seeedstudio.com/ 
Grove-Finger-clip_Heart_Rate_Sensor_with_shell/. 

Zuo, B., 2020. Grove - gsr v1.2. https://wiki.seeedstudio.com/Grove-GSR_Sensor/. 

D. Daylamani-Zad et al.                                                                            

http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0072
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0072
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0073
http://refhub.elsevier.com/S1071-5819(22)00019-2/sbref0073
https://wiki.seeedstudio.com/Grove-Finger-clip_Heart_Rate_Sensor_with_shell/
https://wiki.seeedstudio.com/Grove-Finger-clip_Heart_Rate_Sensor_with_shell/
https://wiki.seeedstudio.com/Grove-GSR_Sensor/

	A framework and serious game for decision making in stressful situations; a fire evacuation scenario
	1 Introduction
	2 Related work
	2.1 Decision making and stress
	2.2 Stress training
	2.3 Serious games for training and decision making
	2.4 Game design frameworks

	3 Design and implementation
	3.1 Scenario and environment
	3.2 Implemented stressors
	3.3 Implementation
	3.4 Game flow

	4 User evaluation
	4.1 Physiological measurements
	4.1.1 Method

	4.2 Participants
	4.3 Procedure
	4.4 Results: stress induction; self-assessed
	4.5 Results: stress induction; physiological measurements
	4.6 Results: performance

	5 Concluding discussion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	References


