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ABSTRACT
Emotion regulation and coping strategies are key to resilience, prob-
lem solving and eventually well-being in everyday life, but investi-
gating or influencing thesewithout adjustable and ecologically valid
environments still poses a major challenge. With respect to video
games, stressful events can frequently appear and, depending on
the individual’s emotion regulation, lead to frustrating experiences,
dissatisfied players or even churn – or to a sense of accomplishment,
mastery or positive tension. In the greater endeavor of establishing
games for studying, controlling and reinforcing resilience, we de-
veloped an alternate reality game that unifies the advantages of a
fully customizable game environment with the close connection to
real-life interactions. To estimate how emotion regulation strategies
could be initiated as well as investigated, this work first induces
different kinds of established stressors (time pressure, social en-
counters and being unchangeably stuck) into ordinary gameplay,
quantifies the players’ physiological and psychological responses
and addresses the participants’ strategies on dealing with these
situations. In this paper we present results of the study showing
that the induced stressors were effective in constituting stressful
situations comparable to real-life experiences; and each of these
conditions resulted in different types of physiological and perceived
responses and behaviors, e.g. continuous stress in social encounters
versus instantaneous stress when notified about time pressure; or
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frustrating experiences when being forcibly stuck versus stress that
participants underwent but were able to work against. With this
platform to study how people cope with stress, instituted within a
multi-modal mixed-methods evaluation, we contribute to games
beyond entertainment towards educating resilience.
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1 INTRODUCTION
Understanding and interpreting player stress and responses during
game sessions can be a useful tool for creating a more enjoyable
gaming experience, as well as for gaining insight into participants’
coping mechanisms - a key factor of investigating (and elevating)
individual resilience [27, 28, 40]. Despite prior studies on stressors
such as public speaking [9] or academic stressors [48], video games
provide elements such as narrative, mechanics, and social contexts
that yield potent environments to study user experience [21], which
makes it important to investigate how stress in games can be mea-
sured, simulated and triangulated. To evaluate the stress and coping
mechanisms of video game participants, it is necessary to simulate
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real-world adversities while properly creating and utilizing stres-
sors into the scope of video games is under-investigated. Lazarus
et al [34] define stress as a state of tension that is experienced as
an aversive stimulus. Stress also refers to a complicated defense
system that represents one of the final stages of an organism’s dy-
namic engagement with its reactions to internal or external threats
[36]. Albrecht categorizes the major stress factors into four types,
i.e. Time Stress (being under pressure by approaching deadlines),
Anticipatory Stress (dreading upcoming future events), Situational
Stress (having no control over a current difficult situation), and
Encounter Stress (having to interact or communicate with people,
especially for controversial discussions or debates) [2]. In this paper
we aim to reproduce these real-life stressors as closely as possible
within an alternate reality game (LUX ), which helps us to establish
a potent environment to study (and eventually intervene and as-
sist in) situations that demand resilience and stress-related coping.
For the sake of practicality, we focus on Time Stress by presenting
players straight-forward time-limited tasks, Encounter Stress by
exposing participants to controversial and relatable debates and
Situational Stress by demanding that they solve an assignment that
is unanswerable by nature (without their knowing) – while leaving
Anticipatory Stress, that involves stress spanning larger amounts
of time, for future work. We analyze the effect of these stressors
using heart rate sensors, facial action units from continuous we-
bcam streams, experience sampling, and quantitative as well as
qualitative self-reports.

Cognitive appraisal and coping are crucial mediators of the link
between stressful personal-environmental factors and their imme-
diate and long-term effects [24]. Through experiencing a stressful
moment and as a result of their first appraisal, people judge whether
this moment is irrelevant, “benign-positive”, or stressful. According
to Folkman & Lazarus [23], during the secondary appraisal after
experiencing a stressful moment, a person starts evaluating the
options and possible coping resources. Both mentioned appraisal
stages can happen at any level of stress awareness, and their con-
tent will be decided by the interaction, factors in the stress stimulus
configuration and personality factors [33]. Hence, our analysis
moreover focuses on a multi-level analysis which includes individ-
ual differences in terms of emotional stability, anxiety and game
expertise. We investigate individual differences of stress responses
across personality and game expertise as these could arguably be
crucial factors that influence an individual’s psychological and
physiological stress experience.

Eventually, to ensure the construction of an ecologically valid
and feasible environment to reproduce, study and intervene human
resilience and coping, we aim to answer the following research
questions:

• RQ1: Can we create measurably stressful events in game
environments – that moreover are comparable to real-life
problems?

• RQ2: Are there significant differences between the types
of stressors and their impact on perceived and/or measured
stress?

• RQ3: Do individual differences of personality or game play-
ing expertise affect the measured stress responses?

Evaluating this gamified environment to study how people cope
with stress, we contribute to games beyond entertainment targeting
the examination and constitution of individual resilience.

2 RELATEDWORK
The work in this paper is related to previous works in several
areas, including affective computing due to our focus on stress
within games, individual differences as well as the work on creating
stressful situations within simulation or game environments.

2.1 Types of Stressful Situations
There are different type of stressful situations. According to Al-
brecht et al., there are four types of stressful situations, i.e. “Time
Stress”, “Encounter Stress”, “Anticipatory Stress”, and “Situational
Stress”. In this paper, we focused on three of them, excluding “An-
ticipatory Stress”. There is a substantial body of research on each
of the stressors discussed [7, 35, 48]. Some studies discussed time
stress, such as academic deadlines, as a big factor in creating stress-
ful situations. Macan et al. studied 165 students using self-reports,
assessing their time management behaviors, attitudes, stress, self-
perceptions of performance and grade point averages [37]. They
reported that college students are often overwhelmed with feelings
that there is no enough time to complete their work completely,
and time pressure is one of the factors that leads to poor academic
performance. Their findings also indicated that students who per-
ceived control of their time reported better evaluations of their
performance and, as a result, greater work and life satisfaction. To
represent this common stressor, we integrated time constraints as
one condition of our study, among other variants.

Prior work also discussed the impact of other stressful situations
such as related to social encounters or situational stress [3, 9, 39].
Beilock et al. [6] studied stressful environments such as high-stakes
testing situations, and analyzed them to determine how they affect
people’s ability to solve math problems. They focused on how in-
dividuals are made aware of negative stereotypes, and how they
should perform or find themselves in situations where poor per-
formance has social consequences that impact negatively on their
math performance. They assigned a math assignment to one group
of participants (low-pressure group) and asked them to do their
best to answer a math problem. Moreover, they assigned another
group a scenario based on common pressure phenomena such as
monetary incentives (where they defined a prize for solving the
problem), and peer pressure (where they informed that this prize is
dependent on the performance of both themselves and the partner
they were paired with). In order to increase the level of pressure
they told participants that their partner already completed the task
before them. Finally, they introduced a social evaluation where par-
ticipants were also told that their performance would be videotaped,
so that teachers and other students would watch it afterwards. Ac-
cording to their findings, the effect of negative stereotypes are not
uniform across individuals, as those who are most likely to fail in
stressful situations are those who have the greatest capacity for
success in the absence of stress. In our work, we confirm the im-
pact of social stressors and extend the insights from physiological
perspectives that go beyond self-reports.



Under Pressure: A Multi-Modal Analysis of Induced Stressors in Games for Resilience FDG 2023, April 12–14, 2023, Lisbon, Portugal

2.2 Affective Computing and Measurement of
Stress

The use of physiological signals to comprehend human stress, emo-
tion, and entertainment has been investigated for years [8, 19, 26,
44, 45], and there are lots of studies that utilized tools such as
physiological skin conductance and heart rate activity to study
stress experienced by players during gameplay [38, 51, 55, 56]. In
one of their studies, Blom et al. focused on the examination of
physiological signal activities and self-report data to model the
affective behavior of participants throughout a personalized crisis
management training game [41]. In their research, they focused
on time constraints and in-game behavior to generate stress levels
that could be manipulated during the playing session, and they
trained a machine learning model accordingly. Using players’ self
reports, they did not detect any significantly different stress levels
– yet, they found and discussed the impact of stress on physiolog-
ical measurements and in-game behaviour. They did not discuss
their physiological measurements in detail, and did not consider
the impact of individual variation or real-world impact on player
experience, which we seek to extend in this paper. In subsequent
work from Blom et al., they discussed a multi-modal approach to
understand the relationship between stress responses and in-game
behaviour in League of Legends (LoL) games [11]. They discussed
how they collected different physiological sensor data such as heart
rate, skin conductivity, and in-game information such as mouse,
keyboard and log data. They also observed that during competi-
tive game, players’ stress levels can be affected by different factors
such as in-game events, player experience, team communication
and inter-player relationships. In this paper, the authors just de-
scribed the design criteria and did not discuss any results, which we
strive to outline by implementing similar methods for measuring
player stress. In addition, we explored creating stressful settings
with various types of stresses and taking individual differences into
account.

In “Cardiac Arrest”, Fang et al. discussed a pilot study on social
deduction or deception games (e.g. Mafia) where players actively
deceive other players during the game in order to discover hidden
roles of the game and eventually win the game [22]. This paper
examined how the public visual display of heart rate (HR) signals
affected the gameplay of players. In addition, they examined HR
synchrony data during crucial gameplay moments. They discovered
that displaying biosignals affect gameplay decisions, with an even
greater influence on online players. While we did not display HR
signals during the game, this paper discusses the effect of social
games or settings on players’ stress level, which is related to one of
the stressors that we introduced during the game.

In another work. Porter et al. utilized the biopsychosocial model
of challenge and threat [10] to assess stress responses of video
game play [46]. They analyzed stress by observing heart activ-
ity, blood pressure, emotion ratings, video game experience, game
performance, game characteristics, and player background health.
They measured stress appraisal at baseline, pre-, and post-gameplay
points in different games such as “Mortal Kombat” and “Tetris”
which is comparable to some of the conditions we introduced dur-
ing our game. Their results showed no significant differences among
the groups for participants in terms of video game experience or

health indicators. While they observed a decrease in HR and blood
pressure when participants were threatened, they did not account
for individual differences or different environments, such as play-
ing in the wild, as impact factors in their studies – limitations of
generalizability that we seek to expand.

There are further studies focused on specific types of stress-
related problems such as post-traumatic stress disorder (PTSD)
[30, 32]. Holmgård et al. examined PTSD and how computer games
can be used for diagnosis and treatment, using a combination of
several modalities of observing affective reactions during gameplay
[31]. While we don’t look at a specific health condition in our
game, they discussed how to generate stress reactions from PTSD
patients, which is related to the stressors we introduced in our game.
They used “StartleMart” as a game-based PTSD exposure therapy
and several measurement techniques, such as self-report and HR
responses. Their game simulates a supermarket with unpredictable
auditory and social interactions, which is stressful for PTSD patients
similar to our “Encounter Stress” condition. The results indicated
a strong correlation between PTSD symptoms and physiological
responses to “StartleMart”.

2.3 Individual differences and stress in video
games

Different personalities react differently to mechanics, settings and
challenges in video games [16, 50, 52]. Outside of this, people’s
probability of encountering stressors varies based on their “social
environment” and their own behaviour [49]. People also vary in
their “appraisal” of stressors, with those with low self-esteem view-
ing failure as more stressful [12]. A number of studies discussed
different personality facets (such as neuroticism, extraversion or
sense of humour) as well as other factors (such as earlier experience
with the individual responses to stress). For instance, Lecic-Tosevski
et al. followed that individual stress responses and resilience are
dependent on a variety of characteristics, including age, gender,
intelligence, and personality [36]. Vollrath et al. examined the re-
lationships between personality and stress and demonstrated that
neuroticism is a predictor of anxiety and stress [53]. Other works,
such as that of Oswald et al. [43], examine the relationship be-
tween cortisol responses (one of the physiological stress indicators),
and personality using NEO Inventory five-factor model of per-
sonality [14]. Psychological stress, such as 5 minutes of speaking
and 5 minutes of mental arithmetics, was associated with reduced
openness and lower cortisol responses to difficulties. Cortisol re-
sponse was also associated with increased neuroticism in women
and decreased extraversion in men. Another work by Ebstrup et
al. discussed the influence of personality traits on different ways
of appraising and coping with life’s daily challenges [17]. They
studied a large population sample (𝑛 = 3471) using the NEO Five-
Factor Inventory (NEO_FFI), Cohen’s Perceived Stress Scale, and
General Self-Efficacy Scale (GSE). As a result, they found a negative
correlation between perceived stress and extraversion, conscien-
tiousness, agreeableness, and openness while neuroticism had a
positive association with perceived stress. They also discovered
the strongest stress association with neuroticism when data were
mediated by GSE. As we briefly mentioned, there are several previ-
ous works that discuss the relationship between personality and
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experiencing and responding to stressful situations. However, to
the best of our knowledge, no studies have examined the effect
of individual differences on experiencing and responding to stress
during video games gameplay.

3 GAME ENVIRONMENT
In this section, we will discuss the alternate reality game that we
developed to be the platform used for experimental work to answer
the research questions outlined in the introduction [27]. The game
revolves around the founding principles of the University of Cali-
fornia at Santa Cruz. UCSC was founded based on the principles
of making a utopian campus in the woods, where every student
could thrive in harmony, learn at their own pace without pressure
or worry about grades. Using this as a context, the game begins
with a hiring message from a group of people who believe in the
university’s founders’ grand vision. They seek support for the for-
mation of a group of loyalists who will restore the university’s core
values. Upon acceptance of the invitation, participants are added
to a Discord server where an agent starts a conversation with them.
LUX utilized one communication channel using transcript-based
Wizard-of-Oz techniques in which an agent mediates an external
stressors that exposes players to time pressure, refuses to acknowl-
edge their solutions, or annoys participants while they need to
persuade it in order to solve the puzzle. Through the Wizard-of-Oz
setup, experimenters engage in live conversations with the player,
and follow narrative fragments to create the experiment in which
the player experiences stressors close to the real-world. The story
follows a shapeshifting agent that has been dormant for centuries,
and first brought to UCSC by a Spanish mission. This amorphous
shell has been hooked up to a Discord connection, as it seems to
respond to modern technology quite favorably, and is able to talk
through that. In its endeavor to assume a physical appearance again,
it requires the players to solve tasks and puzzles, which in turn are
influenced by the types of stressors discussed in the following.

3.1 Design of stressors in the game
To enable research on participants’ stress responses, we tailored
the game’s mechanics to effectively mimic three types of stressors
based onAlbrecht’s breakdown [2] discussed in the previous section.
These stressors and their subsequent game implementations are as
follows:

(1) Time Stress: Time Stress revolves around the increased ten-
sion caused by the pressure of being exposed to temporal
limits or deadlines. Within the game, players were intro-
duced to a lateral-thinking puzzle (also known as situation
puzzle) [47] in which they were given 15 minutes (following
estimates from prior pilot test sessions) to deduce the story
behind a given scenario. Participants were permitted to ask
any number of questions, as long as they are answerable by
"Yes," "No," or "Irrelevant". Throughout the final portion of
this puzzle, the experimenter announced the expiring time
at five, three, or one remaining minute, emphasizing this
stressor.

(2) Situational Stress: Situational Stress entails unanticipated
occurrences in the real world where participants expect to

see a different result or do not anticipate an unsolvable out-
come. Consequently, the game features one level that in-
cludes the currently popular genre of (5-letter) Wordles 1,
which however involved an impossible solution. As such,
players can guess unlimited amounts of 5-letter words (that
exist in the English dictionary) and get informed when let-
ters of these words a) exist in the wanted word or b) are
also placed at the same location within the target word. This
target was set to a word not contained in the underlying
dictionary, whereupon players could only approximate a
solution, but eventually struggled to submit a correct word.
The condition ended when participants gave up or deducted
that there cannot be a valid answer.

(3) Encounter Stress: Encounter Stress revolves around the un-
easiness or tension around social encounters, especially in
public speaking or controversial debates. Thus, the game
implements this condition by introducting players to a “Con-
vincing Dilemma” with no definite answer. Being familiar
with their university’s environment sensitive to naturalistic
heritage, as well as with the housing crisis of the area, they
were involved in the political debate of campus deforesta-
tion for the construction of new student dorms. As soon as
they issued their stance in either direction, the experimenter
started to challenge their argument with compelling facts
favoring the opposing view. This condition ended when par-
ticipants were able to convince the experimenter or ran out
of arguments.

(4) Baseline: For the sake of benchmarking the participants’
stress experiences to regular game playing without artifi-
cially adding further stressors (but in the same context as
the other conditions), a straightforward (but complex) logic
puzzle served as a baseline. Given a set of playing cards and
declarative statements of fictional characters, players had to
deduct which card was looked for. Without temporal restric-
tions or artificially added stressors, this condition retained
until a player found the solution or surrendered.

4 STUDY
To investigate the feasibility of measuring the impact of the stres-
sors, we conducted a two-part study involving participants in two
conditions: one in front of their personal computer where they play
from home and the other took place on campus of UCSC. The later
condition was developed to mimic how participants are playing the
game, where they may be walking on campus and not sitting in
front of a computer to give our results ecological validity. On the
other hand, the fixed condition served to aggregate physiological
data with as few confounding factors as possible, as effects of espe-
cially facial action units and heart rate (see Section 4.1) are already
challenging to pinpoint and analyze under laboratory settings. In
total, we recruited (𝑛 = 16) participants (split evenly onto both
conditions) from the student pool of UCSC (13 male, five female,
aged 18-29 years).

1https://www.nytimes.com/games/wordle
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Table 1: Overview about the multi-modal measurements throughout the study

Measure Purpose

Pr
e-
St
ud

y

Revised NEO Personality Inventory [14] To correlate individual (personality trait) differences with physiological
responses under stress (RQ3). We focused on the domains of Neuroticism,
Conscientiousness and Extraversion as these were most likely affecting how
persons would deal with stress.

Positive and Negative Affect Schedule [54] To correlate individual differences in their emotional situation and stress
(RQ3).

Game Expertise Questionnaire To correlate individual differences with respect to their prior game experience
and stress in games (RQ3). Contents included:
Q1: In an average week, how many hours do you spend playing video games?
Q2: How much time with a new game do you need before you feel that you are
mastering the controls?

D
ur

in
g
St
ud

y

Heart Rate To quantify the impact and difference of stress responses among stressors
based on objective changes in heartbeats per minute (RQ1,2). These were
normalized with respect to a participant’s resting heart rate, and confounded
time windows (such as walking) were excluded.

Facial Action Units [25] To quantify the impact and difference of stress responses among stressors
based on objective facial expressions (RQ1,2). Following related work, we
mainly focused on the units AU01, AU06, AU12 and AU15, most correlated
with stress indications.

Single-item stress scale [20] To quantify the impact and difference of stress responses among stressors
based on subjective perceptions (RQ1,2).

Experience Sampling To qualitatively assess the stressor’s impact in a condition (RQ1,2). Contents:
Q1:What was the most stressful moment of this puzzle?
Q2: How did you deal with that stress?

Po
st
-S
tu
dy

Player Experience Inventory [1] To quantitatively control whether the potential stress rather stems from the
game experience (mainly assessed by Ease of Control, Challenge, Mastery and
Enjoyment) than our induced stressors (RQ1).

Semi-structured interview To qualitatively differentiate the participant’s perception of the stressors and
their comparability to real-life adversities (RQ1,2). Contents:
Q1: Describe the most stressful part of the game for you.
Q2:What was your response to that stress?
Q3: Have you had similar experiences in the past?
Q4: How did you deal with these previous situations?
Q5:What are the most stressful situations for you (in general)?
Q6: How do you usually deal with them?

4.1 Measurements
There is a great body of work around using different measurements
in order to model stress responses [19, 26, 44, 45]. In this study, we
employed a variety of measurements, summarized in Table 1. These
included a heart rate monitor, capturing facial action units using
video, experience sampling polls after each puzzle, and self-reports
such as the PANAS questionnaire [54], the Revised NEO Person-
ality Inventory [14], and a custom game expertise form to assess
participants’ stress experience in a multi-modal fashion. In order
to observe physiological arousal, each participant was equipped
with a wristband to monitor their heart rate (HR) during the game.
Since players needed to walk around the campus during the unfixed
condition, we utilized Polar Verity Sense as reliable HR sensors.

According to prior work, there is a connection between certain
facial action units and human experiences of stress [25]. Following

this, we utilized the facial behavior analysis toolkit OpenFace [5]
for facial action unit detection [4, 18]. As in the work of Gavrilescu
et al., we focused on the recognition of action units (AU) 1 (In-
ner Brow Raiser), 6 (Cheek Raiser), 12 (Lip Corner Puller) and 15
(Lip Corner Depressor) [25]. Since participants’ reflection on stres-
sors is another important aspect in this study, we utilized different
self-report methods. First, we used experience sampling to get par-
ticipants’ instances of self-reflection of stressors after each puzzle
through integrated Discord polls. Participants rated their stress
valence on a 4-point scale, where 1 represented least valent, and
4 represented most valent stress [20]. Additionally, two open-end
questions qualitatively addressed the most stressful parts of the
puzzle and how the player handled these. Second, we conducted a
semi-structured post game interview to enhance our understanding
of the participant’s experience regarding stressors during the game,
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how they responded to the stress and comparable prior real-life
experiences.

4.2 Procedure
First, participants signed an informed consent form approved by the
UCSC Institutional Review Board (IRB). They were then introduced
to a pre-workshop survey and invited to join the game Discord
server, where we created a specific channel for the participant to
interact and communicate with the experimenter. To maximize the
number of measurement channels (and keep up the close connec-
tion to real-world interaction), we designed the game to require no
input modalities outside of speech and text, as well as no auxiliary
tools. At the beginning of the session, the experimenter established
a Discord video call with each single participant, in order to intro-
duce the game and start audiovisual recording. Players then were
exposed to the different puzzle conditions (following randomized
Latin square ordering to counter-balance order effects). After each
puzzle, they were briefly asked to indicate their perceived stress
level on a single-item poll [20] and two short open-ended questions.
At the end of the experiment, participants were given a post-game
survey and asked to complete a brief semi-structured interview to
reflect on stressful moments that occurred during the game.

Figure 1: Annotation process example showing a single par-
ticipant (censored for anonymity) using the NOVA toolkit
[29]. Researchers worked on the synchronized video, facial
action unit detection probabilities (black), heart rate (red) and
condition time window data (colored). HR effects caused by
walking (grey) were excluded in the analysis. When observ-
ing stress-related events, annotators specified a time window
of appearance and specified a label according to the coding
scheme (e.g. stress caused by being presented an inconvenient
argument in the Encounter Stress condition observable by
the participant scratching the back of their head and a spike
in heart rate).

4.3 Data Processing
To produce interpretations of the aggregated data, three phases of
processing were performed. In the first stage, we reduced the resolu-
tion of all videos (to speed up processing), extracted all facial action
units through OpenFace and synchronized time and sample rate of
video, HR, chat and facial data. In the second stage, we performed

data triangulation across the multi-modal metrics and investigators,
importing all data for an individual participant into a synchronized
annotation tool (in this case ELAN [13] or later NOVA [29] for the
sake of computational performance). Subsequently, two researchers
simultaneously annotated stress events in each of our conditions by
observing the entirety of the synchronized multi-modal data and
labeling their observations of stress time windows (cf. Figure 1).
Each of these labels followed a coding scheme to obtain a common
annotation paradigm between researchers, including a) contextual
factors that caused the stress in this situation, b) how this stress
became apparent and c) if there was a disagreement of the classifi-
cation among both researchers. In the final stage, we determined
the baseline HR of single participants and normalized HR data
across participants using the mean of the baseline HR, excluding
confounded time windows such as walking. To determine whether
any of the conditions had an effect on the HR, facial expressions or
general stress of the participants, we performed one-way ANOVAs
on the normalized HR (or facial action unit detection probability)
across all conditions. For the sake of the RQ3, we also computed
Pearson correlations between the anxiety- and emotional stability-
related aspects of the NEO Inventory, participants’ prior experience
in games (in years) and their current positive and negative affect
(PANAS) as compared to their overall heart rate variability and the
impact of (annotated) stress events on normalized heart rate.

5 RESULTS
In this section, we will discuss the experimental outcomes.

5.1 Quantitative Analysis
For a general assessment of the participants’ game experience and
the comparability between the fixed and unfixed condition, we
issued the 7-point player experience inventory (PXI) [1] that did
not show any significant difference in one of its constructs (𝑝 >

0.05 according to Student’s t-tests). Overall, it resulted in above-
average (as compared to the -3 to +3 scale) outcomes for Meaning
(𝑀 = +0.78, 𝑆𝐷 = 1.25), Curiosity (𝑀 = +1.8, 𝑆𝐷 = 1.23), Mastery
(𝑀 = +0.47, 𝑆𝐷 = 1.53), Autonomy (𝑀 = +1, 𝑆𝐷 = 1.3), Immersion
(𝑀 = +0.78, 𝑆𝐷 = 1.4), Progress Feedback (𝑀 = +1.2, 𝑆𝐷 = 1.22),
Audiovisual Appeal (𝑀 = +0.97, 𝑆𝐷 = 1.89), Ease of Control (𝑀 =

+1.47, 𝑆𝐷 = 1.43) and Clarity of Goals (𝑀 = +1.4, 𝑆𝐷 = 1.43). Most
importantly, the game’s Challenge decently matched the players’
skill level (𝑀 = +1.31, 𝑆𝐷 = 1.12) and led to high Enjoyment (𝑀 =

+1.89, 𝑆𝐷 = 1.2) eventually.
To assess the difference of the stressors regarding the partic-

ipants’ stress level, we compared the heart rate (normalized to-
wards the individual’s resting heart rate) between conditions us-
ing a one-way ANOVA, resulting in a small significant effect
of stressor on heart rate (F(3, 55460) = 220.1, 𝑝 < 0.01, partial
𝜂2 = 0.012). Following post-hoc Welch’s t-tests (two-tailed, as-
suming inequal variances) identified that all stressors significantly
differ (𝑝 < 0.01), with Encounter Stress resulting in the highest
relative heart rate (𝑀 = +1.13, 𝑆𝐷 = 6.74), followed by Situational
Stress (𝑀 = +0.54, 𝑆𝐷 = 6.74), Time Stress (𝑀 = −0.57, 𝑆𝐷 = 7)
and eventually Baseline (𝑀 = −0.88, 𝑆𝐷 = 7.57). To be able to
differentiate continuous stress increases from momentary stress
spikes, we drew on the manually labeled stress annotations and
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Table 2: (*Significant) correlations between selected individual factors (such as from the Revised NEO personality Inventory,
PANAS and years of game experience) and the normalized impact of annotated stress situations onto heart rate, or normalized
HR variance, respectively.

Neuroticism Extroversion Conscientiousness Pos. Affect Neg. Affect Expertise
Stress HR impact 0.16 0.53* 0.32 -0.14 -0.21 -0.88*

Overall HR variance -0.17 0.20 0.26 -0.31 0.11 -0.36

again compared these against the base resting heart rate of a par-
ticipant in a given condition. Among the heart rate of only the
detected stress occurrences, another one-way ANOVA points out a
medium-sized significant effect of stressors on heart rate in labeled
situations (F(3, 3496) = 82.3, 𝑝 < 0.01, partial 𝜂2 = 0.066). Among
these, post-hoc tests do show significant differences (𝑝 > 0.05)
with Time Stress (𝑀 = +8.71, 𝑆𝐷 = 10.1) events being most dis-
tinctive, followed by spikes in the Baseline (𝑀 = +3.89, 𝑆𝐷 = 13.3),
Situational Stress (𝑀 = +2.46, 𝑆𝐷 = 8.04) and Encounter Stress
(𝑀 = +0.11, 𝑆𝐷 = 6.15) conditions. Figure 2 illustrates the distribu-
tion of these heart rate recordings during the different conditions.
In the same fashion as with heart rate measures, we proceeded

Figure 2: Violin boxplots of normalized heart rate distribu-
tions within annotated stress events across Baseline, Time
Stress, Situational Stress and Encounter Stress conditions.

to analyze the activation of different facial action units that have
been correlated with experiencing stress (AU01, AU06, AU12 and
AU15) [25] across the different conditions. However, the recorded
facial footage of the unfixed condition turned out to be unusable
because of low classification rates due to camera movement, ever-
changing angles, occlusion and general image quality. To keep the
evaluation as expressive as possible, we decided to exclude these
noisy samples and only interpret facial recordings from the fixed
condition. When considering the whole range of facial recordings
across conditions, we measure a significant but minuscule effect
(F(3, 1510626) = 600.5, 𝑝 < 0.01, partial 𝜂2 = 0.001) for the activa-
tion of at least one of the formerly stated action units, stemming
from the arguably small differences in detection. When focusing
again on the annotated stress events of the data set, an at least
small, significant effect emerges (F(3, 108194) = 598.2, 𝑝 < 0.01,
partial 𝜂2 = 0.016). The highest probabilities of stress-related fa-
cial action units appearing turned out to be in the Baseline con-
dition (𝑀 = 17.9%, 𝑆𝐷 = 13.3%), followed by Encounter Stress

(𝑀 = 17.2%, 𝑆𝐷 = 14.4%), Situational Stress (𝑀 = 13.8%, 𝑆𝐷 = 14.5%)
and Time Stress (𝑀 = 13.8%, 𝑆𝐷 = 14.6%).

Regarding subjective perceptions of their stress level through-
out a condition however, participants did not report significantly
different impacts (𝐹 (3, 59) = 1.71, 𝑝 > 0.05).

5.1.1 Individual Differences. In order to investigate the influence
of different individual characteristics onto their (physiological) re-
action to stress, we utilized the Revised NEO Personality Inventory
[14], their basical emotional state over the last days through the
Positive and Negative Affect Schedule (PANAS) and approximated
their prior experience in playing games (in years). Table 2 displays
Pearson product-moment correlation coefficients between these
and the normalized difference in heart rate under annotated events
of stress; as well as compared to the overall variance of their heart
rate among all conditions. The only significant outcomes turned
out to be the medium correlation between Extroversion and HR
during stress (𝑟 = 0.61, 𝑝 < 0.05), indicating that more extroverted
participants also showed higher physiological stress signals in these
events, as well as the large negative correlation between Expertise
and HR during stress.

5.2 Qualitative Analysis
In the following, we condensed the outcomes of open-ended ques-
tions and performed structured content analysis after Mayring [42]
to assess the participants’ perception of stress factors and in how
far they relate to real-world encounters.

5.3 Stress Extraction
In total, the annotators documented 296 stressful events among all
participants. Based on the structured coding scheme, we catego-
rized these labels by their context as well as their type of stress
indication. Most stressful situations occurred in contexts of play-
ers facing challenging difficulties, searching for an explanation,
attempting to convince the experimenter, or experiencing confu-
sion and frustration. Most popularly, participants displayed these
by biting their lips or nails, showing frown, eye rolling, lip pursing,
exaggerated exhaling, changes in body posture, playing with their
hair or scratching their head or face.

5.3.1 Post Game Interview. In the semi-structured post-game in-
terview, participants were asked a series of questions about the
most stressful moment(s) of the game and how they handled these.
Moreover, we assessed whether these stressful moments were com-
parable with similar problems they experienced outside of games.
Four participants reported that the Time Stress puzzle was one of
the most stressful situations, e.g. “It usually takes [me] a lot of time
for doing stuff, I feel I think [...] a lot about things. When there is
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time limit I feel I am in rush and what if I make wrong decision” (P7).
Five participants indicated that Situational Stress impacted them
most, e.g. “getting so close but then ending up in a no-solution wall
was stressful and also annoying” (P13), while two players had a
similar experience when they were unable to solve the Baseline
puzzle. Only one participant perceived Encounter Stress as the most
stressful, which “took a lot of thoughts and consideration [to] under-
stand the situation as much as possible, ” (P20). Additional to these,
uncontrolled factors as troubles with unstable internet connection
or critical phone battery reportedly caused collateral stress.

The participants discussed various coping strategies against
stressful events during the game. Two of the players described how
they recline and attempt to organize all information, e.g. “when I
know something is out of my control I try going back to a position
where things get back in my control” (P4). Other strategies included
humor (e.g. “Starting talking to myself and then I kept saying I am
so bad in it. I make fun of myself” (P8)) or relativization (e.g. “My
response was telling myself that there were no stakes involved in the
game” (P6)).

Regarding the comparability, participants reported to have had
experienced similarly stressful situations in their life. One partici-
pant mentioned that Situational stress felt similar to their “Coding
class” when overwhelmed with programming exercises (“code does
not work, and code does not work properly. It is frustrating” (P9)).
They also indicated other academic examples for Time Stress such
as “Academics and deadlines stress me out, as does anything related
to time” (P4). Three participants stated that social interactions such
as “public speaking”, “meeting new people”, and figuring out how to
ask a question are among their most stressful experiences. There
were additional examples related to anticipatory stressors or having
stress over a long period‘ of time, such as health and death-related
anxiety. Participants also described several coping techniques for
their real-life concerns, such as “exercise and eating well”, “separate
emotions and ideas”, and “try other solutions”, while one said that
they cannot identify specific coping strategies and end up stuck
being stressed.

Figure 3: Heart Rate progression of a participant in the fixed
condition, signifying a distinctive spike at the exact point
where they realize that they were overwhelmed by not suc-
ceeding in the (unsolvable) task.

6 DISCUSSION & LIMITATIONS
Judging from distinct spikes in heart rate, steady changes relative
to their resting heart rate, the activation of (combined) facial action
units that are correlated with stress, the manual visual recogni-
tion of common stress responses (such as lip and nail biting or
scratching), as well as qualitative statements on their perceived

stress level throughout the experience, we can follow that the inser-
tion of (gamified) stressors successfully led to stressful experiences
(RQ1). As participants indicated high perceptions of Enjoyment of
the game (through the PXI), these stressful events are unlikely to
stem from bad game experience in general, nor was there a mis-
match in Challenge or Mastery, and high Clarity of Goals and Ease
of Control signify that this also was not caused by frustration of
interacting with the game. Moreover, even though they were situ-
ated in a playful setting without further consequences of failing,
participants reported that time constraints evoked similar experi-
ences than real-life deadlines. This also holds for public speaking
and uncomfortable social encounters, as well as for frustrating and
(seemingly) unanswerable tasks, which underlines the comparabil-
ity to stress in known similar scenarios. As this comparability and
ecological validity of stressful experience is key to investigate the
greater research agenda of resilience and coping mechanisms, this
paves the way for future work on intervention systems that assist
students with dealing with burdensome issues.

Among the introduced conditions, the social Encounter Stress
turned out to evoke the highest continuous stress (as per overall
heart rates), but displayed the lowest change in annotated heart
rate spikes, which indicates that participants were rather constantly
stressed. In contrast, Time Stress and our Baseline produced lower
constant stress compared to the resting heart rate, but the highest
spikes in situations where a) expiring time was specifically an-
nounced in intervals and/or b) they struggled with the difficulty
of finding a solution. This becomes especially eminent within the
Situational Stress condition, where they showed significant heart
rate spikes, especially when encountering the situation where they
have to question their own intelligence as being stuck on an un-
solvable task (cf. Figure 3). As participants did not show significant
differences in the subjective post-puzzle poll, this measure of per-
ceived stress turned out to be rather impractical to incorporate
game experiences of up to 30 minutes per condition, thus we re-
lied on the physiological data of heart rate and facial responses
that provided considerably higher temporal resolution. For RQ2,
we follow that different stressors can affect gameplay in different
ways, and desired stressful experiences can arguably be tailored
by the introduction and/or combination of different conditions and
factors. For future work, we aim to investigate the emerging effects
of being exposed to multiple stressors at once, and will personal-
ize the experience based on prior knowledge about the player’s
real-life struggles in order to increase comparability, and ideally,
transferability of coping strategies.

Regarding the question if personality traits can have an influence
on the participants’ physiological stress responses (RQ3), we only
detected an increased impact of stressful situations on heart rate for
persons with higher Extroversion. While one could argue that more
introverted persons would be more likely to control their stress
level, the opposite can be found in related literature where Ebstrupa
et al. found negative associations between stress and extroversion
[17]. On the other hand, the more experienced participants were in
terms of game playing, the lower did they show heart rate increases
during stress, conforming with the positive influence of perceived
competence on game experience after self-determination theory
[15]. The further limited findings could suggest that personality
is not an important factor on bodily reactions during stress, but
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it is more likely that our restricted sample size did not allow the
reasoning over the full spectrum of different personality domains,
and/or the sampling bias of recruiting mainly university students
with STEM backgrounds might disproportionately display (and
miss out on) certain personalities. The main focus of this study
however lied on the transferability of established stress factors
into game environments, which necessitated the efforts of in-depth
multi-modal analysis of subjective and objective qualitative and
quantitative measures. In follow-up evaluations, we reduce the data
aggregation to the most promising and efficient measures (first of all
heart rate) and expand our scope on considerably larger audiences
for the investigation of transferable coping mechanisms through
games.

7 CONCLUSION
Controlling stress factors in video games is a key component of
building and studying ecologically valid games for resilience. In
this work, we investigated the effects of various types of stressors
on players of an alternate reality game, to understand how they
perceived and responded to stressful events, how comparable to
daily life adversities these can get and if systematic personality
differences emerge. To quantify measurable effects of multiple es-
tablished methodologies, we examined physiological data such as
heart rate and facial action units as well as self-reports, experience
sampling and interviews, inferring how players experience differ-
ent stressors. With respect to participants’ subjective and objective
assessments, we were successful in mimicking real-world stressors
and derived insights about the mechanisms of the different condi-
tions. Adding time pressure to the game resembled participants’
experiences akin to real-world deadlines and revealed distinct heart
rate spikes at moments of announcing (and thus realizing) the
expiring time limit. Socially unpleasant situations such as public
speaking or uncomfortable social interactions were closely simu-
lated in a stubborn fundamental debate puzzle which resulted in
constantly increased stress level across the whole condition. Even-
tually, being exposed to an unknowingly unsolvable task while
being observed and challenged significantly ramped up their stress
level, which they reported to be comparable with mental overload
of university demands. For our analysis of personality, we recognize
that the sample size was too small to yield statistically significant
results when compared to related research focusing on individual
differences. Altogether, inducing stressors into (alternate reality)
gameplay can construct a suitable environment to investigate player
responses, behavior and coping strategies, which could arguably
serve to intervene and transfer skills to foster the development of
individual resilience.
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