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ABSTRACT
Games are designed to elicit strong emotions during game play,
especially when players are competing against each other. Artificial
Intelligence applied to predict a player’s emotions has mainly been
tested on single-player experiences in low-stakes settings and short-
term interactions. How do players experience and manifest affect in
high-stakes competitions, and which modalities can capture this?
This paper reports a first experiment in this line of research, using a
competition of the video game Hearthstone where both competing
players’ game play and facial expressions were recorded over the
course of the entire match which could span up to 41 minutes. Using
two experts’ annotations of tension using a continuous video affect
annotation tool, we attempt to predict tension from the webcam
footage of the players alone. Treating both the input and the tension
output in a relative fashion, our best models reach 66.3% average
accuracy (up to 79.2% at the best fold) in the challenging leave-
one-participant out cross-validation task. This initial experiment
shows a way forward for affect annotation in games “in the wild”
in high-stakes, real-world competitive settings.
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1 INTRODUCTION
Video games are considered one of the leading interactive enter-
tainment media, because of their capability to elicit emotions from
the participants [21]. Recent studies have employed games in order
to analyze the affective state of players [24] as well as the audience
of online video game streams [29]. Moreover, analyzing player af-
fect can play a major role during the design of games [46]. The
analysis of player affect can enable the implementation of person-
alized video games, which adapt to players’ affective state during
game play [28].

Currently, most studies regarding player affective state analysis
consider small-scale single-player casual (video) games. However,
if performed in a competitive multiplayer environment, the study
of player affect can expand beyond examining players’ affective
responses to game events; it enables the study of facets such as af-
fective player interaction and emotion contagion [7]. Furthermore,
the study of player affect “in the wild” [17], although challeng-
ing, encapsulates the spontaneity of players’ affective responses
and boosts generalizability towards real-life game play sessions.
Accurately modeling a player’s affective state during game play
may facilitate not only computers but also humans to map their
opponent’s affective responses to (hidden) in-game information.

In the present paper, we analyze player affect in the wild during a
multiplayer digital card game competition of Hearthstone (Blizzard,
2014). Our goal is to predict player tension by analyzing both com-
petitors’ facial expressions during game play. We consider player
facial expressions a rich manifestation of underlying affect, capable
of being unobtrusively collected through a computer’s webcam.
Furthermore, we select tension as the target affective state as we
expect the time-pressured, multi-layered decision making aspect
of competitive Hearthstone games to elicit this particular feeling
onto the competitors. Similar studies have previously attempted
to analyze player affect during card games; however, they were
conducted under strictly controlled experimental conditions [44].

This paper presents a dataset consisting of over 26 hours of “in
the wild” game play and player facial camera recordings, collected
during an in-person Hearthstone competition. In total, 17 partic-
ipants played 78 games, which resulted in 156 videos containing
the Hearthstone game board and players’ face cameras. The video
footage was processed by two expert players, who annotated the
tension of each player in a time-continuous and unbounded fashion
for every game played. At the same time, we extracted per-frame
estimations of facial action unit intensity values, as well as eye gaze
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and head pose estimations using a facial expression analysis toolkit.
We treated the extracted dataset in an ordinal, multiplayer fash-
ion and built a machine learning model which predicts temporal
changes in player tension by analyzing temporal changes in both
participating players’ facial expressions. Through this approach,
we aim to investigate whether the shared social context (live inter-
actions in a real-world competition) can serve as a predictor of one
player’s tension, through its influence on both opponents’ facial
expressions.

We consider this work novel in terms of (a) player affect analysis
in a competitive, multiplayer, “in the wild” setting; (b) treatment of
this complex dataset through ordinal affect signal processing and
leave-one-participant-out cross-validation, and (c) integration of
both opponents’ facial expressions as predictors for one player’s
changes in tension. Ultimately, this research may contribute to-
wards the interpretation of players’ affective responses with respect
to hidden in-game information. The proposed method can be em-
ployed for real-time player tension estimation in broadcast e-sports
tournaments, the majority of which contain a frontal player face
camera. Moreover, we make the curated data (Facial Action Units,
tension annotation) available1 for further research in this testbed.

2 RELATEDWORK
Player affect has been recognized as an important factor for the
design of engaging (video) games [13]. Games have been employed
by researchers to not only elicit emotions, but also to evaluate,
express and synthesize them [46]. A central goal of the study of
emotion in games is to connect players’ emotions to their in-game
experiences [46]. The study of human affect through digital means
is dubbed affective computing, i.e. computing that relates to, arises
from, or influences emotions [35].

Facial expressions are one of the most studied modalities in the
domain of affective computing, as the face is regarded as the body’s
most expressive part [33]. The study of the human face does not
only consider facial expressions as manifestations of emotion, but
may also include eye gaze [20] and head pose tracking [28]. Ekman
and Friesen introduced the Facial Action Coding System [9], a sys-
tem that identifies groups of muscles which are activated in order to
form a facial expression. These muscle groups are also referred to as
Action Units (AUs). Numerous studies have been conducted in order
to associate the activation and intensity of specific AU movements
to the underlying human emotions [39]. However, researchers have
argued that facial expressions are not always directly correlated to
genuine emotions [6]. Several studies have been focused on players’
facial expressions during game play [28]. Using multiple modalities
(including player facial expressions), Doyran et al. [7] collected a
rich dataset containing annotations of player affect and interaction
analysis during board game sessions. Similarly to the present study,
Piton et al. [36] used game play sessions of Hearthstone to validate
the peak-end memory effect in the context of a digital card game;
players’ retrospective memory of game play sessions was mainly
represented by the most emotionally arousing moments or the final
moments of the game. Despite the fact that players’ self-reports
validated the peak-end effect, an analysis of their facial expressions
did not yield the same results. In the present study, we will explore

1https://surfdrive.surf.nl/files/index.php/s/3Paqan93nALhJe3

whether Hearthstone players’ facial expressions provide any de-
scriptive information about their feeling of tension. Importantly,
we track tension and facial expressions throughout the session,
and derive models regarding relative escalation or de-escalation of
tension for the same player within the same session.

Assessing the affective state of (video) game players has been
central to several studies, varying from clinical play sessions [8]
to creating a virtual chess opponent that shows emotion [19]. To
human players, emotion recognition can be highly relevant for
game play. For example, poker players base their decisions on the
assessment of opponents’ emotions (manifested mostly through
their facial expressions and motor actions) as much as on their
own strategic knowledge of the game [14]. This can be generalized
over most card games, where players attempt to extract hidden
information from their opponents’ speech, body motion and facial
expression patterns [14]. Specifically, Slepian et al. [42] discovered
a positive correlation between upper limb motion smoothness and a
poker players’ hand quality. In similar fashion, Vinkmeier et al. [44]
were able to predict poker hand folds by analyzing players’ facial
expressions using the AUs. Apart from facial expression analysis,
games have also been used as a medium to recognize, monitor, or
even manipulate player stress levels [12]. In this paper, we analyze
player facial expressions in order to estimate tension—an affective
state that has been related to stress [15].

The link between user affective states and biophysical data under
controlled laboratory settings has been established [40]. Laboratory-
collected corpora such as RECOLA [38] aim to enable the investiga-
tion of human affective interactions in collaborative tasks. Within
the context of games, the Pow-Wow dataset [47] incorporates an-
notations of human communication types during a multiplayer
collaborative game. However, new technologies have been devel-
oped to enable affect measurement in the wild (i.e. non-controlled
experimental conditions) [17]. In this context, extracting a user
affect baseline is a highly challenging task; to that end, researchers
have employed participant self-report [40] and human expert an-
notation [1] mechanisms. Various datasets discussing affect mea-
surement in the wild have been published, such as AffectNet [32],
SFEW [4], AFEW [5] and FG-Emotions [22]. Regarding facial ex-
pression analysis in the wild, the most prominent affect recognition
methods are machine learning [43] and deep learning [22]. In this
paper, we collect player facial expression measurements in the wild
(with respect to changes in illumination, social interactions between
players and face occlusion during recording). We employ machine
learning methods to estimate player tension and use human expert
annotations as ground truth.

3 COMPETITION DATASET AND
ANNOTATION

To capture manifestations of emotion in high-stakes settings, a
Hearthstone competition with commercial rewards was conducted
at Tilburg University onMay 4th, 2019. This section details the game,
participants, protocol, and data collected during the competition,
as well as how tension was annotated after the competition.
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