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ABSTRACT
In this paper, we study the effect of time pressure on player be-
haviour during a dilemma-based crisis management game. We em-
ploy in-game action tracking, physiological sensor data and self-
reporting in order to create multi-modal predictive models of player
stress responses during a crisis management scenario. We were
able to predict the experimental condition (time pressure vs. no
time pressure) with 84.5% accuracy, using a game-only feature set.
However, lower accuracy was observed when physiological sensor
data was used for the same task. The method presented in this paper
can be employed in crisis management training, aiming at assessing
players’ responses to stressful conditions and manipulating player
stress levels to provide personalised training scenarios.

CCS CONCEPTS
• Human-centered computing → HCI theory, concepts and
models; • Applied computing → Interactive learning envi-
ronments.
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1 INTRODUCTION
Crisis management is a highly stressful task. Professional crisis re-
sponders need to develop a multitude of behavioural competencies
including leadership, teamwork, and stress resilience, in order to
be able to deal with crises efficiently and consistently. To main-
tain a high level of preparedness, crisis responders attend regular
training sessions where artificial crisis scenarios are “solved” in
a cooperative manner. In this paper, we simulate a crisis manage-
ment training session through the use of an applied game called
the Mayor’s game [27]. The Mayor’s game is a text-based decision

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than the
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions from permissions@acm.org.
FDG ’20, September 15–18, 2020, Bugibba, Malta
© 2020 Copyright held by the owner/author(s). Publication rights licensed to ACM.
ACM ISBN 978-1-4503-8807-8/20/09. . . $15.00
https://doi.org/10.1145/3402942.3403006

making game which allows running dilemma-based crisis scenarios
while monitoring player in-game and physiological activity. Our
aim is to model player behaviour under the effect of an artificially
induced stressor.

To recreate a realistic crisis management setting, we need to
be able to increase players’ stress levels during gameplay. There
are many methods in which player stress levels can be manipu-
lated during a game session, such as time pressure, information
complexity, or external distractions. In this study, we selected time
pressure as a means of intensifying the game pace and inducing
additional stress onto players. Time pressure has been employed
as an in-game stress induction mechanism in previous studies re-
volving around decision making during crises and is considered
a condition that is likely to appear in a real-life crisis setting [14].
Therefore, we expect additional time pressure to have a noticeable
effect on player physiology and in-game behaviour during a crisis
management game session. For the context of the present paper, we
refer to the term “stress” as the mental tension players experience
when given the responsibility to take complex, high-stake decisions
in a limited amount of time.

2 RELATEDWORK
Affective computing is defined as computing that relates to, arises
from, or influences emotions [23]. Over the years, numerous inter-
faces to measure, identify and induce human emotions have been
employed in human-computer interaction tasks. In this study, we
leverage physiological wearable sensors; a non-invasive interface
capable of objectively measuring user stress responses.

Physiological sensors have been previously used for user emo-
tion recognition [7, 11], entertainment modeling [16, 30] and stress
detection [8, 21]. Physiological signals such as skin conductance
and heart activity have been employed as objective descriptors of
user player affective state during gaming [16, 28]. More specifically,
several studies have focused on the analysis of user experience
through biofeedback during shooter games [5, 22]. Our aim is to
process and analyse such physiological signals in order to model
player behaviour, expecting that artificially induced stress will have
an impact on players’ physiological measurements.

In this study, we have chosen to employ time pressure as a
method of inducing additional stress onto players, aiming to ob-
serve the effects on players’ physiological responses and in-game
behaviour. The influence of time pressure on judgement and deci-
sion making has been investigated thoroughly in previous studies
focusing both on the cognitive aspects [6, 17, 19], and the practical
effects on specific tasks, such as fire ground command [12, 13].

What is particularly relevant to crisis management training, is
that the addition of a “deadline” in decision making tasks not only
increases humans’ feeling of time pressure, but has broader effects
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