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Music’s effects on gameplay and 
experience

 
 

Abstract 
Music exerts powerful effects on human performance, 
behavior, and experience, yet very little is understood 
about how they are affected by game music. This paper 
describes a works-in-progress study examining the 
effects of music and music tempo on game play 
performance, behavior, and experience in a cognitive 
game. We found that music influenced mouse activity 
not directly related to game play, and increased 
players' feelings of flow. 
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Introduction 
Music production, enjoyment, and consumption are 
hallmarks of human behavior. The field of human-
computer interactions has delved into how music can 
augment the experience of media, like video games. 
Meanwhile, nearly a century’s worth of music 
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psychology research has revealed the various ways 
music listening can impact cognitive and physical 
performance, as well as emotional and behavioral 
states. As game music design becomes progressively 
more popular and complicated, we must better 
understand the effects it has on the player in regards to 
performance, behavior, and experience. Furthering our 
knowledge in this domain could greatly impact the 
design and implementation of therapeutic and serious 
games. Leveraging the effects that music has on 
human performance could be an important component 
in the development of serious games that aim to guide 
the user into specific physical, cognitive, and emotional 
states to achieve the desired outcomes. 

This works-in-progress report describes the initial 
findings of a research study investigating the effects of 
background game music on these variables. 
Additionally, this research investigates the mediating 
effect player individual differences (like personality) has 
on these variables. 

Background 
Listening to music exerts influence over human 
behavior and performance in surprising ways. Both 
diegetic and non-diegetic sounds can increase feelings 
of presence, engagement, and immersion in consuming 
media, like movies and especially video games [4-6]. A 
common convention in game music, borrowed from 
film, is to inject fast-paced and exciting music during 
difficult battles and dramatic moments. This practice 
can potentially help a player according to the arousal-
mood hypothesis or hurt according to the cognitive 
capacity hypothesis. Further, the optimum threshold of 
arousal differs for extraverts and introverts [7]. There 

exists a balance between these two hypotheses that is 
not well understood, particularly in games. 

Researchers have demonstrated that music can have 
significant effects, positive and negative, on physical 
performance [8, 9] and behavior (e.g. drinking [10], 
eating [11], and driving [12]). There are also a variety 
of cognitive effects that are precipitated by different 
variables of music. For example, tempo change can 
lead to greater cognitive performance on some tasks 
(known as the arousal-mood hypothesis [13]). 
Conversely, reduced cognitive performance can be 
attributed to the demands of music processing (known 
as the cognitive capacity hypothesis [14, 15],16]). 

Study Information 
This paper describes the results from an on-going 
works-in-progress game music psychology study 
involving 78 participants (25 female, 53 male) between 
the ages of 18 and 39 from two universities and the 
general population. The initial data presented here 
come from pre-questionnaires, game play behaviors 
and metrics, and game flow experience reports.  

Method 
Materials 
Tempo was chosen as the manipulated music variable 
because it describes a level of information load. Tempo 
is typically measured in beats per minute (BPM) and 
describes the speed at which a musical piece 
progresses [17]. Higher BPM indicate more information 
per unit time presented to the listener. Four music 
conditions were used in this study: silence, low tempo 
(70bpm), medium tempo (90bpm), fast tempo (110 
bpm). Selected music was chosen specifically to satisfy 
a number of requirements. First, music was selected 

Definitions 

Diegetic sound: derived 
from objects in the story - 
voices of characters, sounds 
of footsteps, or the clash of 
swords in a battle. 

Non-diegetic sound:  
originates from outside the 
story space and includes 
musical scores, ambient 
music, and post-production 
abstract sound-effects. 

Presence: feelings of being a 
part of the world one is 
interacting with [1] 

Engagement: a 
psychological state of 
absorption [2] 

Immersion: a sense of being 
completely surrounded by 
another reality [3] 

 



 

from a copyright-free music library and, therefore, 
should have been unfamiliar to participants. 
Additionally, all music was of major key, instrumental, 
of similar genres (classified as “rock” and “electronic 
pop”), contained similar numbers and kinds of 
instruments, and of similar rhythm (no sixteenth notes, 
“four on the floor” beat meaning a strong quarter note 
presence). Original songs were altered for tempo and 
pitch-controlled using Pro Tools 8 software. 

The custom game, Food for Thought (FFT), was used in 
this study. FFT was initially created as a cognitive 
training game for older adults [18] and was designed to 
exercise the executive control cognitive system of the 
brain via multitasking and time management game 
mechanics with a cooking theme (see Figure 1). The 
cognitive nature of FFT makes it particularly 
appropriate for this research because it contains many 
similar types of cognitive tasks that have been 
traditionally studied in the music psychology literature.  

 

Fig 1. Food for Thought game screen 

The design of FFT encourages planning ahead, multi-
tasking, and reviewing score feedback. Additionally, 
mini-games that occur in parallel to the game play add 
extra complexity. FFT is a one-player multitasking 
computer game similar to a real time strategy or time 
management game that challenges players to properly 
complete a meal recipe by sending ingredients through 
different stations (see Figure 1). Players variably 
prioritize mini-games and the kitchen game play by 
swapping between the screens to attend to various 
tasks. FFT captures all player time-stamped input 
actions and makes it possible to analyze durations 
spent in different game stages, mouse activity (e.g., 
movements related and not related to game play), and 
detailed performance scores.  

Procedure 
The study used a repeated measures, counterbalanced 
design with two independent variables of music 
condition (silence, low tempo, medium tempo, high 
tempo) and level of extraversion (either introverted or 
extraverted). Dependent variables included game play 
performance, mouse behavior, and flow scores. The Big 
Five Inventory – 44 Item [19] was used to screen 
participants for eligibility. For qualification into the full 
study, participants needed to score in the top 30% of 
their age range for extraversion or introversion 
(populations scores based on results from [20]). Over 
the course of two sessions on two separate days, 
participants played FFT in each of the four music 
conditions. Each music condition was experienced in a 
30-minute play round. All participants heard the same 
songs in the same order, with only the tempo differing 
between conditions (and including the silent condition). 
At the end of each play round, participants completed 
the flow questionnaire assessing their feelings of 



 

immersion, engagement, and enjoyment [21]. At the 
end of the final condition, participants completed an 
exit questionnaire collecting information on their home 
game play habits, personal music preferences, and 
general usability information on the game. 

Results 
The average extraversion level for the 39 introverts 
was 2.35 (SD = 0.36, max = 2.75, min = 1.38) out five 
points. The average extraversion level for the 39 
extraverts was 4.19 (SD = 0.38, max = 5, min = 
3.75).  

Participants performed competently in FFT and there 
were no statistically significant differences between the 
four experimental conditions (i.e. silence, low, medium, 
and high tempo) or between the silent and music 
conditions. There were also no statistically significant 
performance differences between personality types or 
for durations spent in the three FFT game stages 
between the silent and music conditions. 

 

 df F η 
Mouse behavior  

Total mouse movements* 1 5.70 365.46 
To inactionable items** 1 6.56 73.45 
Transitions* 1 5.94 17.87 

Flow scores  
Overall flow** 1 6.5 0.35 
Concentration** 1 7.14 1.86 
Transformation of time* 1 5.22 1.13 
Autotelic experience* 1 5.25 0.94 

*Significant at p < 0.05 

**Significant at p < 0.01 

Table 1. Statistically significant ANOVA results for 
affected variables between silent and music conditions 

Overall mouse movements were also analyzed and are 
a sum of: 1) mouse movements to actionable items in 
the kitchen (to ingredients on stations), 2) in-
actionable items in the kitchen (stations where there 
are no ingredients), and 3) transitions of moving the 
mouse across the kitchen and countertop boundary. 
Three statistically significant differences were found 
between silent and music conditions for mousing 
behavior (see Table 1). There were more overall 
combined mouse movements, with more mousing in 
conditions with music than in the silent condition, t (77) 
= -2.40, p = 0.02. Of those combined mouse 
movements, those to in-actionable items (t (77) = -
2.58, p = 0.01) and through transitions (t (77) = -
2.45, p = 0.02) were found to be higher in music 
conditions over silence. 

Overall reported flow scores were moderate with an 
average of 3.54 (SD = 0.46) out of 5 for silence, and 
3.63 (SD = 0.38) for conditions with music. Higher 
overall flow scores were reported in conditions with 
music, over those played in silence. Of the nine flow 
subscales, three were found to be statistically 
significant between the music and silent conditions: 
Concentration at Task (t (77) = -2.69, < 0.01), 
Transformation of Time (t (77) = -2.29, < 0.05), and 
Autotelic Experience t (77) = -2.31, < 0.05). 

Discussion 
Though we hypothesized that playing FFT with music 
and with music of different tempos would influence 
performance, our results do not support that prediction. 
One possible explanation for the lack of a performance 
effect is in the non-verbal nature of FFT. Many of the 
cognitive tasks in the music psychology literature that 
are negatively impacted by music, rely on the 
phonological loop of working memory [22, 23]. FFT 
contains very little text and little reading 
comprehension is necessary to play the game. Perhaps 
music tempo would exert performance differences in 



 

FFT if a future iteration should include a visual or 
auditory memory task. 

Interestingly, the number and kind of mouse 
movements were found to be different between the 
silent and music conditions. In particular, it was 
movements that are not directly related to game play 
or performance (to in-actionable items and between the 
counter and kitchen) that were in excess in the music 
conditions (similar to [12]). Many participants (both 
introvert and extraverts) cited that the music beat 
made them want to work faster and time their motions 
with the music. 

Finally, overall flow scores were positively impacted by 
the presence of music and this result falls in line with 
what is already known on how music augments video 
game experience. Many participant qualitative 
statements confirm that playing with music helped 
them concentrate better, made time seem to pass 
faster, and felt like a more rewarding experience. 

Conclusion & Future Work 
Music has the capability to exert a great effect over 
human cognitive, physical, and emotional events. With 
all that is known on how music affects performance, 
behavior, and performance in other fields, it would not 
be surprising to find that music affects similar variables 
within a game.  

These results suggest that further investigation is 
needed into how concurrent motor activity is affected 
by background music in a video game. This could be 
particularly important knowledge applied to physical 
therapy games, where it would be desirable to use 
music variables to motivate increased movement 

distance and/or speed. The next step in this research 
will be to use a physical game to examine the 
magnitude and direction of effect that tempo has on the 
speed and distance of physical motion. 

Therapeutic and serious games stand to benefit from 
greater understanding of how music can be used to 
advance the physical, cognitive, or emotional goals of 
the game. Perhaps altering game music variables could 
be a useful way to increase difficulty and arousal in a 
player. This could result in games, both commercial and 
therapeutic, that are more effective, challenging, and 
motivating in the correct ways. 
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