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ABSTRACT
This paper discusses Lundheim, a video game prototype made in
Unity that incorporates interactive mechanisms based on affective
computing techniques, which are used to control audio-visual as-
pects of the game. The project is based on a fictitious Old Norse
realm named ’Lundheim’, a place where emotions are woven into
the fabric of reality. The game utilises Russell’s circumplex model
of affect, providing four runes which correspond with different sec-
tions of the circumplex model. The player must activate each rune
by entering the corresponding emotion state, which is captured us-
ing a consumer-grade InteraxonMuse electroencephalograph (EEG)
headband. Activating each emotion triggers particle effects and cor-
responding sonic materials including interactive music, which are
implemented with the Wwise video game audio middleware soft-
ware. The project thereby demonstrates a novel implementation
of affective technologies and sound in a video game, contributing
towards discourses in this area of research.

CCS CONCEPTS
• Software and its engineering → Interactive games; • Ap-
plied computing→ Sound and music computing; • Human-
centered computing → Interaction design.
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1 INTRODUCTION
As discussed by Picard [18], affective computing is a field of research
that seeks to devise computer systems that recognize, respond to,
experience, or invoke emotions in relation to users. Picard empha-
sizes the benefits such systems might offer to users, by adapting
functionality in ways that make them more useful and friendly
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for users, who themselves are emotional beings. Drawing upon
research from cognitive psychology, Picard refers to Russell’s [20]
circumplex model of affect, which provides a valence/arousal model,
where the valence (x axis) describes the extent to which emotions
are pleasant/unpleasant, while arousal (y axis) indicates the level
of activation. This dimensional model of emotion has a particular
utility for computer systems, since it can allow emotions to be
conveniently captured or approximated using x/y coordinates in a
finite two-dimensional space. For instance, in a previous project by
Griffiths et al. within our research group [8], the circumplex model
of affect was used to generate music playlists based on emotions.

Affective techniques such as these can also be applied in the field
of video games, sometimes referred to as affective gaming [12, 13].
For instance, work by Garner [6] has explored the use of biofeed-
back technologies, such as consumer-grade electroencephalograph
(EEG) headsets as a means to control aspects of the audio in horror
video games, thereby creating adaptive gameplay experiences that
change in terms of events and sounds relative to the affective state
of the user. Whilst Garner’s work provides important insights into
this area, he also acknowledges that there is a need to explore how
systems of this type can be applied in other video game genres and
contexts [7]. Lundheim responds to this call by providing a proto-
type video game demo, which implements affective mechanisms in
an action-adventure game.

There are many methods that can be used to create input signals
from a user for the purpose of providing a game with affective infor-
mation [12]. The use of brain-computer interfaces and neuroimag-
ing techniques for games is a growing field, with a recent systematic
review of 74 research items identifying that EEG is the most used
technology for this purpose [11]. In terms of other technologies
for identifying affect, another systematic review of 162 research
articles found that heart activity was the most frequently used
physiological input signal, followed by facial expression, breathing
activity, electrodermal activity, and temperature [19]

Other studies in the field have sought to make use of other
biofeedback mechanisms, such as detecting the amount of force
applied to a gamepad as a marker of emotional arousal [21], ma-
nipulating the difficulty of a game in response to players’ facial
expression of emotion [9], or using galvanic skin response to infer
arousal in the comparison of mechanisms by which a game’s char-
acteristics can be adapted [16]. Other work has suggested that both
arousal and valence dimensions of emotion might be successfully
detected via pupillary response using eye-tracking equipment [1].

Lundheimwas created in the Unity game engine. The project uses
various graphics from third-party asset packs, and original sounds.
These sounds were implemented using the game audio middleware
software Wwise, to provide enhanced capabilities for interactive
sound design. The project uses Russell’s [20] circumplex model
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of affect to provide a puzzle game mechanic related to concepts
of emotion, using an Interaxon Muse EEG headband as a control
interface. Whilst an EEG headset is unlikely to provide the same
robust data as might be found in clinical neuroimaging techniques,
they provide a practical mechanism that can be used outside of a
controlled environment [2]. There is evidence to suggest that even
consumer-grade headsets can provide useful information about
physiological states [14].

The project builds on the use of a bespoke piece of software:
Neural Scores [15], which provides a system for interpreting user
emotion, with states being plotted on the circumplex model. Signals
from the EEG device allow the user to interact with, and complete
the puzzles, whilst also generating the corresponding audio-visual
soundscapes. The project thereby exemplifies the possible usage
of affective techniques in relation to sound and gameplay in an
action-adventure game, in the mould of popular titles such as The
Legend of Zelda: Breath of the Wild [17]. In what follows, the design
of Lundheim will be discussed in further detail.

2 GAME CONCEPT AND NARRATIVE
The game is set in a fictitious Old Norse realm named ‘Lundheim’
– a place where emotions are woven into the fabric of reality. As
the player wakes, they see that the path behind them is cut off by a
wall of fog; they cannot return the way they came. To escape this
world and return home, they must complete a series of affective
experience-based challenges further up the path. A graphical user
interface (GUI) element in the bottom left corner displays the real-
time affective input from the player, captured via the EEG headband
(Figure 1) and interpreted by theNeural Scores application discussed
previously [15]. This system runs parallel to the game, and produces
values for emotional valence and arousal, plotted against Russell’s
circumplexmodel [20], which are communicated to the game via the
Open Sound Control (OSC) communication protocol. The system
also generates a hexadecimal colour code for the current emotion
coordinates, which is used to control some emotion driven visual
elements elsewhere in the game.

Figure 1: Lundheimbeginswith a journey along a path, where
fragments of a cryptic map are collected

As the player makes their way along the path, they find frag-
ments of a map, which once complete can be used to decode a set

of stone runes marking each of the challenges. Figure 2 shows the
map received by the player once each of the four fragments have
been collected, which can be viewed using a graphical user inter-
face (GUI). The map indicates four poles, each marked by runes
that correspond with strong/calm and good/bad emotions. These
correlate to the extremities of the valence/arousal axes of Russell’s
circumplex model of affect.

Figure 2: The map once each fragment has been collected,
indicating runes and corresponding emotions

At the end of the path, the player reaches a clearing with a series
of stone tablets marked with the same symbols as those on the map.
The first challenge is unmarked, and the player is instructed to
focus. The player must remain within a threshold of this state for
a cumulative period of 10 seconds to complete the challenge. An
expanding and contracting circle is given as a visual aid to guide
the player to the target emotion state. Upon completion of the
first challenge, the player is rewarded with the flame GUI element
which changes colour to represent their emotion state (Figure 3).
Following this are four challenges that require the player to enter
each pole of the circumplex model.

Upon approaching each challenge, the player must use the emo-
tion map collected previously and the rune found on the tablet to
decode the target affective state. As they enter the target state, the
background music fades out and a drone sound iconic to that state
fades in. The drone continues to grow in loudness as the player
spends more time in the target state, ultimately resulting in a ‘hit’
sound when they complete the challenge and activate the rune.
Each rune tablet also has flame coloured particle effects that cor-
respond with the colours on the GUI circumplex model of affect
(Figure 3).

As each rune is activated, corresponding events are triggered
which have an effect in the game environment. The ‘calm’ rune
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