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Abstract. The indisputable capacity of music to generate emotions has dragged
along a research tradition studying the effects of music as a means of communi-
cation, expression or emotional induction. The observation of the effects caused
by the emotions that music arouses, the type of most recurring emotions and the
reasons why people experience emotions are aspects that have been broken
down, often without reaching definitive conclusions.

The challenge of being able to lay the scientific bases for the correct meas-
urement and study of emotions, approached firstly from Psychology, also im-
plies the correct choice of the measurement methods used, both over the physio-
logical and cognitive human reactions.

By transporting these methodologies to the field of film music, some authors
have demonstrated the specific effects of music on the emotions and perception
of the audiovisual viewer and at the same time the effectiveness of the meas-
urement systems. Recently, the measurement of emotions related to music in
the interactive environment (video games) has been approached in different
works, evidencing the influence of music on the gaming experience and immer-
sion.

This work aims to take advantage of the measurement of the physiological re-
sponse to emotional stimuli (specifically through one of the methods that best
respond in real time to changes in emotion, the Galvanic Skin Response), as a
triggering element of the changes generated in the interactive music selection
system used in video games. This way, the music of the game can change de-
pending on the physiological reactions of the player, instead of responding to
the state of the game or other variables of the action itself, thus generating a
personalized experience for each individual.

So far, this system has proved to be a valid alternative way to generate inter-
active experiences that take in consideration the unconscious individual emo-
tional reactions and add them to the gaming experience equation.
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1 Introduction

This work is part of a doctoral thesis, in which some of its parts are in progress. It
addresses the Measurement of Emotions and how this can be used as a means to gen-
erate an individualized gaming experience in video games.

As stated by Schtachter and Singer [1], emotions consist of a physiological com-
ponent in addition to a cognitive response. These are also key elements in the meas-
urement of musical emotions, as suggested by Juslin [2] or Dainow [3].

The measurement of emotions in music has been used by several authors. Khalfa
[4] observes differences in respiratory rhythm between a "happy" song and a "sad"
song. Dainow [3] documents the effects of music on Galvanic Skin Response (GSR)
measurements and underlines the importance of Dual Analysis. Watanabe et. al [5]
verified the influence that the tempo of the music has on the heart rate (HR). Elrich et
al [6] proposed a looping system in which the brain's physiological response elicited
by music is in turn reused to modify the music.

Taking into account the audiovisual element, Baumgartner et al. [7] verified that
the images accompanied by music evoke cognitive responses of emotion and intense
sensations. Thayer et al. [8], experimented with the visualization of a film with shock-
ing scenes, and were able to measure alterations in the GSR and HR depending on
whether the music accentuated those scenes or tried to minimize them. Koriat et al.
[9] used films with dialogues after doing other previous desensitization processes
(with and without music), using the measurement of cognitive experience. Thayer
[10] observed the increase in stress due to particularly shocking images in a well-
known documentary on occupational safety, depending on whether or not music was
used, through HR and GSR.

Finally, in the most recent field of Videogames there have also been experiences
with measuring emotions. Hébert et al. [11] verified the increase in the level of corti-
sol in the blood according to the use of music in a game. Ravaja et al. [12] used Dual
Analysis with HR and electromyogram (EMG) to conclude that the interaction in the
game with a real human player increases the emotional response. Cassidy & Mac-
Donald [13] observed that the music known to the player creates a greater involve-
ment of the player in the game. Williams [14] measured the effects that the use of
Algorithmic Composition had on the subject in substitution of the original musical
pieces in a video game. More recently, Granato [15] studied the design of a method-
ology for measuring emotions in video games, starting from physiological multi-
analysis and suggesting the use of these systems for innovation in video games.

The present work wants to investigate whether it is possible to improve the indi-
vidual game experience by integrating emotional physiological measurement into the
Interactive Musical System (IMS), thus allowing the player's own emotions to deter-
mine the changes in mood reflected by the music. In this way, a loop is also generated
between the music and the player's mood that can be used to create a more organic
and immersive gaming experience. If compared to a conventional IMS, emotion driv-



en IMS involves the actual player’s psycho-emotional state in the music selection
process, which in turn also affects the player’s emotional state (see Fig. 1).
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Fig. 1. Comparison of a conventional IMS (left) and the proposed emotion driven IMS (right).

2 Content and Methods

2.1 Interactive Music System (IMS) Design

The used IMS is conceived to work with a videogame level. It has an structure of 4
States that increase in intensity and stress level (E1 _Calm, E2 Alert, E3 Danger,
E4 Life Or Death). Four looped musical sequences of the same duration have been
composed following a “compositive map” that allows smooth transitions between the
sequences at any time. The music has been composed using musical characteristics
that progressively generate more sensation of stress, found in scientific literature, such
as the use of musical modes [16], harmonic tensions [16], [17], use of appoggiaturas
and sequences [2] and Rythmic Roughness [16].

The IMS has two modes of use, depending on the trigger for changes in the State:
Control_Mode (musical changes triggered by life level) and GRS Mode (musical
changes triggered by peaks in the GSR measurement).



2.2 GSR Emotion Sensor

Among the possible physiological meditions, GSR is selected due to its fast response
and sensitivity. This brings the possibility of treating the data on real-time. An Ar-
duino Nano is used with a GSR sensor attached to the player. Through UATTL Serial
communication and the “Hairless Midi Serial” MIDI to serial bridge application, the
Arduino sends MIDI messages that are received by the Middleware Wwise applica-
tion, which manages the interactive music selection.

The Arduino code begins with a calibration period in which the player’s average
GSR value is registered. Then it is compared with the captured values in a quiet and
relaxed state and finally with an “aroused” state by listening to several examples of
exciting music from different genres for 2 minutes. The average between the maxi-
mum increase detected in each of the calm and aroused periods is taken as "emo-
tion_jump". During the game, when the increase in the GSR measurement is greater
than this value, Arduino sends a State change message (to the next state when positive
or to the previous state if it is negative) and causes a state change in Wwise, creating a
transition between one sequence and the next.

2.3  Experimentation

An environment of experimentation with a real game (Wolfestein 3D) is proposed,
using the original sound effects of the game, but not the music. Instead, the music
from the Wwise output is added to the sound mix the player hears. Players are asked
to follow the instructions to do the calibration, and then they are asked to play the
game twice. In the first game the GSR Mode is activated (there are only musical
changes if there is an “emotion jump”). In a second game, the Control mode is used
(music changes are made based on the character's level of life).

Before starting the game, the level of experience as a player is asked. The games
are recorded and the ascending and descending jumps of emotion, the duration of the
games and the score obtained in the games are monitored. A mic records the sponta-
neous verbal expressions and also a final interview where the subject is asked about
the emotional experience and the differences he has noticed between the games.

2.4  Population

For this experimentation, partly due to the limitations demanded by the COVID
pandemic situation, 14 random subjects without exclusion criteria were interviewed.
With ages between 10 and 65 years, 40% of them being females and with different
gaming experience (from null to professional).

Although it is suggested to observe the behavior of groups selected with narrower
criteria in future research, working with such a heterogeneous group has facilitated
the observation of certain aspects of the functioning of the system in diverse popula-
tion profiles.



3 Results

During the pilot tests, the calibration and the choice of the game had to be adjusted
until a balance was found between playability, difficulty, and duration of the game.
Once stabilized, the system has worked on all occasions, although the physiological
response of the players has been uneven (as expected).

In general terms, the numeric measurements have increased between the Control
game and the GSR game (number of jumps: 9.68%, duration of games: 2.49%, score:
30.42%). During the first game (Control Mode) 45% of the participants showed little
physiological reactivity (low_response) with 1 or less emotion jumps, while 36%
showed high-reactivity, experiencing between 7 and 19 emotion jumps
(high_response).

During the final interview, some players admitted that they had no emotional reac-
tion to the game for various reasons (no interest in video games, unchallenging game
level, or even a conscious effort to control emotions). Most players recognized the
effect that music causes on the experience of emotions, but were not able to differen-
tiate one game from the other in this sense.

4 Discussion

While the important increment of the players’ game scores in the second game could
be explained by the advancement of the game’s learning curve, emotion jumps and
duration increases needed to be studied with more depth. Analyzing the two profiles
according to the physiological response (low_response and high response), there is a
remarkable relationship between low responsiveness and low interest generated by the
video game in the player.

All the players in the Low-response group who reported not having experience in
video games experienced an increase of more than 80% in the number of GSR jumps
in the second game, and for different reasons they felt more involved in the second
game. In these cases, the control version offered the player more musical variety. This
could suggest that music changes helped the players to get more into the game. The
players in this group who reported having an important gaming experience didn’t
experience significant changes in the number of jumps between one game and the
other. A particular case explained that due to his high level of knowledge of the game,
and despite having a considerable gamer level, he did not experience any emotion
during the game, but he did when he was the first in the Game score list (thus obtain-
ing the only emotion jump of his game).

Highly responsive players had less physiological response in the second game,
suggesting that the music changes generated by the action of the game may have act-
ed as a "warning", preparing the player for a more tense action and attenuating the
emotional reactions triggered by unexpected situations of the game.



5 Conclusions

The system seems to be successful in generating an adapted gaming experience, re-
sponding to the individual emotional characteristics of the player. This could be used
as a way to introduce or reduce difficulty according to the objective and interest of the
game.

To rule out the effect that player fatigue or the learning curve may have on the re-
sults, it is suggested to carry out other experiments by reversing the order of the Game
Modalities and the type of game.

The GSR driven IMS seems to have a different effects depending on the type of
physiological responsiveness of the player. While in players with low response the
system would not help to motivate them, in players with high response it seems to put
them in a situation of more physiological reaction. The system could be understood as
an added feature in advanced stages of a game (where only devoted gamers can ac-
cess) or in conjunction with an action-based IMS.
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