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Fig. 1. Our tagging platform showing a tag input field on the left and gamification elements complemented
with sound on the right. Depending on the modalities, the speakers are playing sound effects when a user
gains points and badges. Laptop and speaker templates taken from Freepik.com

In gamification users show increased motivation and engagement towards tasks. So far, this effect has mostly
been empirically tested based on the visual depiction of game elements, while research on the use and
addition of auditory aspects is sparse. In this work we investigate the effect of different modalities of game
elements (auditory, visual, audiovisual) on user experience, perception and performance in a gamified image-
tagging task. We approached this via an online validation survey to find suitable sound effects (N=50), a main
quantitative study (N=109) and a qualitative semi-structured interview (N=9). Our results show that while
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visual gamification increases performance, auditory and audiovisual gamification had no effect. However,
they were shown to have an influence on the user’s flow state. Our qualitative follow-up study shed light on
underlying reasons and revealed each modality has its own drawbacks and advantages and that combining
both visual and auditory aspects was preferred by participants.
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1 Introduction

Gamification is defined as “the use of game elements in non-game contexts” [19]. Often these game
elements can be found in the form of e.g. points, badges or leaderboards. It has been used in a
broad range of domains including health, education, commerce or crowdsourcing to improve user
experience and performance [28, 71]. Although past research has shown that a majority of gamified
interventions can be considered as successful [28, 37, 71], Koivisto and Hamari [37] concluded in
their systematic literature review that “while the results in general lean towards positive findings about
the effectiveness of gamification, the amount of mixed results is remarkable”. Thus, understanding
what constitutes an enjoyable, gameful user experience in gamified systems is an ongoing issue in
gamification research [36, 55].

Sound effects (“SFX”) could play a major role in this regard: In games research, audio has been
shown to support flow and immersion as well as to affect a player’s emotional state [56]. This
can in turn be utilized to support the narrative [70, 83] and enhance the perceived realism of
media experiences [42]. Outside of the games and gamification domain, it has been found that
musical sounds can be inherently rewarding [68]. These findings are relevant for gamification,
which aims to reward users and stimulate the aforementioned psychological states of for example
flow, immersion, and emotions in non-game contexts. In gamification, the visual presentation of
game elements, such as points, badges, or levels, are often complemented through SFX (e.g. when
unlocking a badge [79], when gaining or losing points [38, 54, 82], or when congratulating users
upon reaching a certain level or goal [47]). They are thus an integral part of a users’ experience in
gamified systems. The fact that SFX are themselves considered gamification elements [62] further
emphasizes their importance in the domain of gamification.

However, albeit its ubiquity in gamified systems, the literature on actual effects of SFX on user
experience and performance in these systems is sparse. Past research has primarily focused on
the visual modality of gamification, e.g. by investigating the effectiveness of individual game
elements [52, 76], the need for customization [43] and personalization [33, 77], or the role of
choice [44]. Regarding the auditory modality of gamification, past research has for example studied
whether different SFX accompanying the game element points make a difference in performance
and motivation [2] or vocal gamified feedback for everyday household tasks through Amazon’s
Alexa [12]. However, as far as we know, auditory and visual gamification has not yet been investi-
gated through a systematic comparison. Thus, it remains unclear if and how SFX affect the user
experience and motivation, or if audio-only gamification can engage users on its own, which would
make it interesting to consider for contexts where visual game elements are less applicable. In this
work, we take a step back and aim to contribute answers to this open question in the course of a
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Fig. 2. Overview on our three-step procedure and methodology applied to each step of this work.

validation study and two main studies, leveraging both quantitative and qualitative approaches
(see Figure 2).

First, we followed an iterative selection process to identify SFX that suitably represent the
employed game elements (badges and points). We selected these game elements because they are
among the most frequently used ones [28, 36, 71]. In an online validation study (N=50), we were able
to distill the most suitable SFX—one representing badges and one representing points—to provide
appropriate stimuli for the remaining studies of this work. Second, similar to past research [52, 53,
69], we developed an image-tagging platform to compare auditory and visual gamification feedback
to no feedback or their combination regarding task performance and user experience (N=109).
Findings of our online study show that visual gamification significantly increases task performance
in this context, replicating previous research on gamified image tagging [44, 52, 53, 69]. Furthermore,
while we did not find significant differences between visual, auditory, audiovisual and no feedback
regarding intrinsic motivation and affective experience, results revealed significant differences
regarding the prevalence of flow experiences. Based on the effects, it seems that audiovisual
gamification (i.e. accompaniment of visual game elements by SFX) is advantageous regarding flow
when compared to the other modalities. Lastly, to better understand the interplay of visual and
auditory gamification, we conducted a qualitative lab study (N=9) with semi-structured interviews.
We found that while visual gamification alone is perceived well, it may increase distraction from
the task. Moreover, results suggest that SFX alone are also perceived as motivating and could be
particularly suitable to increase attention. However, they come at the cost of increased confusion, due
to users struggling to understand the semantics behind them. With respect to the quantitative results
for audiovisual gamification, these qualitative findings suggest that combining visual gamification
and SFX may cancel out each other’s disadvantages. Based on the combined knowledge of these user
studies, we discuss advantages and drawbacks of using auditory, visual and audiovisual feedback
in gamified systems and beyond.

2 Related Work

This work is placed in the context of gamified systems and investigates fundamental aspects in
terms of auditory depiction and perception of game elements. Hence, in the following, we will first
elaborate on the past and current state of gamification research, and why SFX are a potentially
interesting and important aspect to investigate. For this, we will also take a look at the related
context of gameful systems, where the impact of audio in general has been investigated to a further
extent, and outline sonification literature, which makes use of SFX to represent data.

2.1 Visual Gamification

Gamification research evolved in two waves, as described by Nacke and Deterding [55]. The first
wave tried to uncover whether gamification works, i.e., to understand its general effectiveness and
the effectiveness of individual game elements. A comprehensive literature review revealed that
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gamification in general yields positive effects (Hamari et al. [28]). Mekler et al. [52] for example
investigated the effect of points, levels and leaderboards on intrinsic motivation and found that
they neither improve nor decrease it, but that user performance still was significantly higher with
gamification. They did this by counting tags users created on an image-tagging platform with
or without said game elements. The literature review [28] also revealed that the effectiveness of
gamification depends on user personality, as well as the context in which it is applied. Investigations
in various contexts emerged, such as education [4], or health and well-being [34]. While most
studies report positive results [20], some also investigated the “dark side of gamification” (Toda
et al. [76]), finding that for example leaderboards are linked to lower performance in educational
contexts.

The second, and current wave according to Nacke and Deterding [55] tries to find answers to
“how”, “when” and “how and when not” gamification works. Goal-setting theory [49] for example
has been used to explain how leaderboards work (Landers et al. [40]): Users tend to aim near the
top of the leaderboard, which turned out to be comparable to giving users difficult goals in their
study. Other works conduct more user-centered research. For example, a study investigating how
giving users a choice to enable or disable gamification affects their motivation found out that those
who disliked the game elements and were able to disable them, showed significantly higher task
performance compared to those who disliked them, but had no choice (Lessel et al. [44]). Others
(e.g. Jia et al. [33] or Rogers et al. [65]) looked into tailoring gamification, by finding a connection
between personality traits, or player types, and game elements like points, levels, and leaderboards
among others.

What all of the aforementioned studies or literature reviews have in common is their focus
on the visual aspects of gamification elements, neglecting the potential influence of SFX. In the
aforementioned examples and in similar research, SFX were often not part of the gamification
elements, or investigating the impact of SFX was no substantial part of their research question,
reflecting the prominence of visual gamification.

2.2 Audio in Gamified Systems and Games

In the digital world, sound in general not only enhances user experience in many applicable contexts
like entertainment media, but also helps making applications more accessible (e.g. [16, 22, 30]).
While literature on SFX in gamification is sparse, first approaches in this context exist. Altmeyer et
al. investigated the effect of sound feedback on user performance and user experience in a gamified
image classification task [2]. To this end, they implemented a task where participants would have
to mark specific areas of an image containing specific objects. Points were awarded for each correct
area and subtracted for a false choice. In five conditions, they tested the impact on task performance
of various sounds played when awarding participants with points and compared it to a control
group without sound. Their results indicate no significant difference in terms of user performance,
affect, immersion or enjoyment. Nonetheless, differences were found regarding perceived pressure
and tension, which led to the recommendation to not use low-valence sounds in gamification as
a consequence. While their study did investigate effects based on the presence of certain SFX,
they focused primarily on investigating SFX following the Circumplex Model of Affect [61] on a
scale from low valence to high valence and low arousal to high arousal. A systematic approach
comparing no gamification to visual gamification, sound feedback alone and a combination of both
has yet to be done to draw conclusions on the impact of SFX on user engagement and experience
in gamified systems.

Auditory gamification has also been investigated using virtual assistants like Amazon’s Alexa
to provide vocal gamified feedback for everyday household tasks (Brauer and Mazarakis [12]).
They tested their system against a control group without gamification in a competitive, as well as
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in a cooperative setting. Both gamified conditions showed significantly better task performance
compared to the control group, indicating that auditory feedback alone can already be used to
increase user motivation. Yet they did not compare their results to a visual implementation of their
gamified system, hence, a comparison to established gamification systems is missing. Furthermore,
their work focuses on spoken feedback and does not look at SFX specifically.

Miranda and Palmer [54] investigated whether gamification and SFX can increase intrinsic
motivation. They implemented a system using several gamification elements, such as points, a
highscore and streaks in a visual search task. Besides neutral sound feedback for correct and
incorrect responses, additional sounds for multiplicator rewards were played. Three experiments
were conducted to investigate the impact of the gamification elements and various sound effects.
The results showed that sound effects without gamification led to attentional capture but resulted
in the lowest interest and enjoyment scores, and thus were less motivating. Gamification without
sound increased intrinsic motivation but felt not rewarding enough to capture attention. The
combination of gamification elements and sound was the most effective option for both capturing
attention and increased intrinsic motivation. However, it needs to be considered that different
sounds were played in the sound condition and several gamification elements were used which were
not directly mapped to specific visual counterparts. Both make it hard to compare auditory versus
visual feedback mechanisms. Moreover, the question which underlying reasons were deciding
causes for the effects remains open.

Although the influence of SFX on user perception and engagement can not be fully grasped yet
when looking at the field of gamification, it is worthwhile to look at related contexts like for example
games, where studies on auditory impact have been conducted to a greater extent. Here, sound can
for example be found in the form of background music (BGM) setting the mood for a scene, SFX
giving a player auditory feedback, or voice lines providing dialogue, explanations etc. [6, 48] and has
been shown to impact user performance and experience in the past. In literature there is evidence
that background music can impact the perception of elapsed time (Cassidy and Macdonald [15]).
An effect on perceived flow when playing with or without music has also been found in a study
testing the influence of different levels of beats per minute (BPM) on player performance and game
perception (Levy et al. [45]). While the BPM itself did not yield significant results, the addition
of background music generally significantly improved the players’ flow perception, including
effects on player concentration and the autotelic experience. A study on the effects of background
music on risk-taking behavior, found that in the presence of music, players decrease their will to
take risks, as long as they had no prior knowledge about the game (Rogers et al. [63]). Further
studies found that player performance can be affected through game-unrelated music [74, 85] and
established the connection between background music and engagement and immersion in the
gaming context [24, 56]

In general, related work has shown that the addition of audio alone can already influence players
in various ways. Next to the motivational factors that are prevalent in gamification research,
especially the findings on perceived flow and player performance are interesting here, as a similar
effect could benefit gamification elements often applied to repetitive or even tedious tasks. While
these works underlined the positive effects of music, they did not investigate different audio
features influencing the experience beyond the addition of the music itself. According to Levy et
al’s study [45] the BPM were not decisive for their results, hence, the effect could be caused either
by another facet of music, or the addition of audio in general and might consequently apply to SFX
in gamification elements as well.
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2.3 Sonification

Sonification describes “the use of nonspeech audio to convey information” [39]. It is an established
method which has been applied to and researched in various fields, such as physical activity or phys-
iotherapy to represent movement [57, 80], astronomy for multi-sensory data representations [86], or
bioinformatics to represent e.g. strands of DNA [60]. Plaisier et al. [60] successfully use sonification
not only to represent data, but also to increase public engagement with their work.

In the past, various concepts have emerged in sound design targeting SFX for sonification. One of
the first concepts are so called Auditory Icons introduced and described by Gaver as “caricatures of
naturally-occuring sounds” [26, 27]. Auditory Icons can be used to convey information while using
devices, e.g. when dragging, dropping or selecting objects, or informing users about occurring
events, improving navigation, collaboration, inform about ongoing process, as well as previous and
possible interactions [27].

Blattner et al. later introduced the concept of Earcons [7, 11]. These are rhythmic sequences of
pitches varying in rhythm, intensity, timbre, register and dynamics. Due to their complexity and
structure, they have been successfully used to represent for example hierarchical structures often
found in menu-like interfaces. Earcons can be further divided into one-element Earcons, which
are e.g. single notes, compount Earcons, which are a combination of two or more elements, and
inherited Earcons, which represent a “family”, i.e. Earcons with similar attributes.

Lastly, Walker et al. [81] introduce the concept of Spearcons. Those are spoken phrases, which are
sped up to the point they are not recognized as speech anymore. In a first study, Walker et al. showed
that their Spearcons outperformed Auditory Icons and Earcons in the context of menu navigation.
Participants were generally faster and more accurate. This was verified by in a study comparing
Auditory Icons, Earcons, Spearcons and speech based feedback representing environmental features
(Dingler et al. [21]). Results indicate that Spearcons excel in terms of learnability compared to
Earcons and Auditory Icons. Yet, according to Li et al. [46] they come with certain drawbacks,
such as the need to reproduce them for several languages, the need for a priori knowledge about
potential contents, and lower recognition rate in verbal tasks, making them generally less applicable
in the context of gamification.

Nonetheless, the area of sonification generally shows that SFX can be specifically used to
convey information to users, which reinforces the aim to make use of fitting SFX in the context of
gamification, where conveying information is fundamental. Given tasks such as regular running,
users can not always rely on visual displays to communicate the required information, which is
where SFX could accomodate or function as their own gamification element. Additionally, SFX can
help to capture a user’s attention as indicated in literature (Miranda and Palmer [54]).

3 Sound Selection Process and Evaluation

In this section, we provide details on our SFX selection process. This was done through an initial
screening of 100 SFX, followed by an online study in which participants were asked to rate the
suitability of various SFX to represent the game elements points and badges. We chose these game
elements as they are frequently used in gamification research [28, 36, 71].

3.1 [Initial Screening

In order to investigate a reasonable set of sounds, we started our pre-selection by collecting a set of
100 different samples. With sample diversity in mind, we chose sounds from two different providers,
Pixabay! and Mixkit?. During this process, we took samples from the categories Notification, Win

Thttps://pixabay.com/, last accessed on August 15, 2024
thtps://mixkit.co/, last accessed on August 15, 2024
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and Technology on each site. As we required a set of rather short sound effects that should not
resemble recognizable things to reduce bias, we applied the following criteria to preemptively
exclude unfitting sounds:

e SFX should have a duration shorter than 5 seconds

e SFX should not be technical sounds (e.g. phone ringing or keyboard strokes)
e SFX should not be animal sounds (e.g. roaring or steps)

e SFX should not be human sounds (e.g. voices)

While especially vocal feedback would aid in transferring information via speech, we chose to
not include it in our sample as past research has shown that persuasive messages or persuasive
dialogues can influence motivation and user experience [5, 72]. Consequently, we would not be
able to pinpoint whether potential effects on our dependent variables originate from the SFX or
from the spoken messages. Hence, by excluding vocal feedback, we excluded a confounding factor
and focused on the effects of sound only.

On this first set, the first and second author independently rated each SFX as either suitable
or not suitable for applying the sound to either points or badges. The raters ended up with an
agreement rate of 71%. Sounds that were not deemed suitable by both raters were excluded from
the sample set. In a second round, both raters discussed all sounds with diverging opinions until
they reached an agreement that classified them as either suitable or not suitable. The final SFX set
consisted of 17 sounds, which can be found in the appendix of this work. For detailed information
on creator, source and license see appendix Table 6. Each SFX was furthermore edited to ensure
equal loudness among the whole set.

3.2 Sound Validation Survey

To validate our selection of SFX and to find one representative for each game element from our set,
we conducted a validation survey in the form of an online survey, in which participants could rate
the set of sounds in terms of how fitting they thought each was for either points or badges.

3.2.1 Method & Procedure. During the survey, participants first performed a sound calibration task.
For this, participants were asked to note down six consecutive numbers that were listed by a voice
recording in ascending volume, similar to the process described by Altmeyer et al. [2]. This ensured
that participants’ audio device was turned on and set to a similar volume level across participants.
Afterwards, an introduction to the concepts of “points” and “badges” was made through examples
from Duolingo®, a gamified app for learning languages, and Relevo®, a gamified app for renting
sustainable food containers. After completing this step, participants were asked to rate each of
the 17 sounds on a Likert scale ranging from 1 (Strongly disagree) to 7 (Strongly agree) for the
statements “The sound played matches the element points”, “The sound played matches the element
badges” and “I associate the sound played with a positive event”. Each sound evaluation was followed
by an assignment task; participants were asked to assign the sound to the element points or badges.
If they were unable to assign a specific element, participants could respond with the option “Cannot
tell”. This last question was intended to directly compare sound suitability for points and badges by
asking participants to make a clear choice in either direction, in case the prior items resulted in
the same rating for both. At the end, participants completed a demographic questionnaire asking
for their age, gender and nationality. The study was approved by the Ethical Review Board of the
Faculty of Mathematics and Computer Science at Saarland University (No. 22-03-2).

Shttps://en.duolingo.com/, last accessed on August 15, 2024
4https://relevo.de/, last accessed on August 15, 2024
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"y Points 46 20 38 8 13 42 5 20 29 8§ 20 8 36 11 18 29 34
S Badges 2 25 3 34 24 6 42 8 12 34 23 37 5 29 21 3 9
Q - 2 5 9 8 13 2 3 22 9 8 7 5 9 10 11 18 7
Table 1. Mean, Standard Deviation (SD), 25th (Q1), 50th (Q2) and 75th (Q3) percentile of all 17 sound (A-Q)
ratings on a scale from 1 to 7 regarding their fit to Points and Badges, as well as the opposing choices made

for both elements.

3.2.2 Participants. In total, 50 participants were acquired via Prolific’, each receiving the equivalent
of 1.25f£ for a study lasting approximately 10 minutes. When asked about their gender, 32 participants
self-identified as female, and 18 as male. In terms of age, six were between 18-24, sixteen between
25-31 years old, eight between 32-38, six between 39-45, three between 46-52, five between 53-59
and six were 60 or older. Regarding nationality, the bulk of our participants were British (37), with
other participants being French (2), Turkish (2), American (2), Nigerian (1), Nepalese (1), Malaysian
(1), Irish (1), Italian (1), Polish (1), or Greek (1).

3.2.3 Results. In terms of positivity, the median rating for each sound was 4 out of 7. The median
matching rate for each sound was 4 out of 7 for either points or badges, indicating that none of
the SFX from our set were unsuited to be assigned to one of the two game elements. To select the
most representative sound for each element, we looked at their matching ratings and the element
participants would assign them to. Table 1 shows the descriptives for each sound effect (labeled A
through Q) and each matching rating (points, badges, positivity).

For points, participants assigned the highest average matching rating to sound A: With a mean
agreeableness of 5.94, a total of 22 participants strongly agreed that this sound matched the game
element points, while 14 agreed, 9 slightly agreed, 2 neither agreed nor disagreed and 3 disagreed. For
badges, participants assigned the highest matching rating to sound G. Here, the mean agreeableness
was 5.96 out of 7, and a total of 17 participants strongly agreed that this sound matched, while 23
agreed, 5 slightly agreed, 3 neither agreed nor disagreed and 2 disagreed. Following these results,
we selected sound A for points and sound G for badges and used them subsequently from here on.

4 Quantitative Study

Based on open questions outlined in the summary of related works introduced in Section 2, we
aimed to systematically investigate the influence of SFX on user experience and performance
in gamification. To this end, we used an image-tagging task to compare no gamification, visual
gamification, visual gamification with sound effects (audiovisual) and sound effects only (audio).
We pose the following hypotheses (H):

H1 Participants with visual gamification tag more than participants without any gamification.
H2 The presence of an auditory modality has an influence on the number of tags.

Shttps://www.prolific.co/, last accessed on August 15, 2024
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H3 The gamification modality (audio, visual, audiovisual) influences user experience (SAM, IMJ,
AFSS).

Since we are not aware of past research comparing visual and auditory representations of game
elements in the context of gamification, we could not derive a priori assumptions about the direction
of our expected effects regarding modalities beyond visual. Hence, to operationalize this uncertainty,
H2 and H3 were established as non-directional hypotheses. H1 would be a replication of prior
gamification research, which showed that the presence of visual game elements led to an increase
in motivation. In prior image-tagging studies (e.g. [52] or [69]), this was shown by participants
submitting significantly more tags in the respective gamified conditions compared to the control
groups. With our study, we expect to replicate those results. H2 follows past research, where
audio was shown to influence user performance in gameful contexts [12, 75]. This influence of
audio on performance cannot only be motivated by past empirical findings, but also by existing
theoretical work. For instance, the Arousal-Mood Hypothesis states that audio affects arousal and
mood, which in turn influence performance [32]. Thus, by replacing visual gamification elements
through auditory representations, we expect to find effects on performance. Lastly, H3 is based on
empirical works in the context of gameful systems, wherein audio was shown to influence user
experience and perception in terms of flow and enjoyment [14, 29, 45]. H3 is further supported
through Kahneman’s Capacity Model of Attention [35]. According to this model, attentional
capacity is a limited cognitive resource which is dynamically allocated depending on the task.
Attention and the affective state of arousal are thereby tightly coupled. As we expect the different
combinations of visual and auditory stimuli to affect the attention of participants, we also expect
to find effects on the affective measures of the user experience. To measure potential impacts on
affective experience, we use the Self-Assessment Manikin (SAM) [9]. SAM has an own factor for
valence and arousal, which seem particularly interesting to consider, based on Kahneman’s Capacity
Model of Attention. Furthermore, to measure effects on intrinsic motivation, we use the 22-item
version of the Intrinsic Motivation Inventory (IMI) [51, 66] The IMI was used since past research
has found that gamification affects motivation [53]. This is explainable through Self-Determination
Theory [67]: gamification elements (such as Points or Badges) may act as rewards which in turn
can affect different types of motivation. Since we investigate gamification elements represented
through auditory and visual modalities, we expected to find effects on motivation, according to
past research and Self-Determination Theory. Thus, we consider motivation an important part of
the user experience. Lastly, we use the Activity Flow State Scale (AFSS) [58, 59] to measure the
effects on flow experience induced by different gamification settings. Flow—the experience of being
fully absorbed in a task [17] was chosen as past research has empirically demonstrated that audio
can enhance flow experiences in games [45, 56]. Also, feedback more generally has been described
as a central antecedent of flow [41]. Thus, given that we both have a game-like context and provide
feedback through auditory and visual modalities, flow seems an important aspect to consider when
investigating the user experience. The exact procedure as well as details on the scales and subscales
used are described in the following.

4.1 Apparatus

Similar to prior research (for example, [44], [52] or [69]), we use an image-tagging platform to
measure performance quantitatively through the amount of tags submitted by users. We imple-
mented the platform as a web application in a way that allowed us to define several conditions with
the game elements points and badges, with or without SFX, or no game elements at all. Figure 3
shows a screenshot of the platform displaying an image to the user and Figure 1 shows the tagging
process, with the tag input field on the left, and the game elements points and badges on the right.
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Tagging Platform vi.0.1 Save & Exit | Abort | DataPrivacy | Imprint

Points: 4500

Badges

]
2=

Beginner Advanced

Fig. 3. The tagging platform showing an image on the left, and the gamification elements points and badges
on the right.

Similar to [3] the images presented to the users were taken from the MIRFLICKR-25000 image
collection [31]. While tagging, a badge was unlocked after entering 15, 45, 75 and 105 tags. This
was done in accordance to work by Schubhan et al. [69] in which the game elements aimed to
motivate approximately 100 tags over 15 images. In addition, we integrated a tutorial that explained
the tagging task, as well as the game elements if applicable. Questions could be prompted via the
questionnaire view, such that we were able to define questions at any given point during the study.
Upon entering the platform, a welcome page greeted the user, explaining the study and giving an
overview on data privacy, which had to be accepted before the study would start.

4.2 Method & Procedure

In this study, we designed four between-participants conditions for the image-tagging platform:
One with no gamification at all (Baseline), in which participants would only tag images without
seeing game elements nor hearing sounds; one with visual gamification but no sound (Visual), i.e.
participants would see a visualization of points and badges next to the tagging task; one with sound
only (Audio), wherein participants would hear the sound for points and badges without a visual
representation; and, lastly, one where they would both see and hear the gamification elements
(Audiovisual).

Similar to our sound validation survey and analogous to Altmeyer et al’s [2] study on sounds in
gamification, we opted for an online-study in order to secure a reasonable sample size. After giving
their consent for participation on the landing page, participants in the sound conditions would first
go through a volume calibration process, as explained in Section 3 and then continue with a tutorial.
The Baseline and Visual conditions skipped the volume calibration and started with the tutorial
right away. The tutorial explained the functionality of the platform, how to add and edit tags, and
that they would see each image for five seconds, before it vanishes and the tagging starts, similar
to prior work [52]. For each of the gamified conditions, participants would additionally receive
a tutorial explaining the game elements, or the purpose of the sounds in the auditory condition
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respectively. The tutorial contained three trial images to tag. After that, a notification informed
the participants that the main run was about to start, wherein they would tag another 15 images
in their respective condition. Once they finished the main task, they were asked to answer the
SAM [9] items Valence and Arousal, each on a scale from 1 to 9, the IMI [51, 66] subscale items for
Choice, Competence, Enjoyment and Pressure, rating each item on a seven point Likert-scale ranging
from Not at all true (1) to Very true (7), as well as the AFSS [58, 59], measuring Merging Action and
Awareness, Goal Clarity, Concentration on Task at Hand, Unambiguous Feedback, Challenge-Skill
Balance, Transformation of Time, Sense of Control, Loss of Self-Consciousness and Autotelic Experience.
Here all items had to be rated on a five point Likert-scale ranging from Strongly disagree (1) to
Strongly agree (5). At the end, a short questionnaire on demographics similar to that described in
section 3 including age range, gender and nationality concluded the study. The study was approved
by the Ethical Review Board of the Faculty of Mathematics and Computer Science at Saarland
University (No. 22-06-5).

4.3 Participants

Overall, 120 participants took part in the study, equally distributed among all conditions. As in
Section 3, they were hired via Prolific, receiving 2.25£ for a study duration of approximately 18
minutes. Similar to Schubhan et al. [69], we applied Tukey Fences [78] for outlier detection on the
amount of tags submitted in order to exclude data points with a noticeably higher or lower tag
count per condition. In these cases, the motivation, or lack of motivation respectively, might have
been influenced by factors outside of the scope of the presented task and gamification elements.
This led to three exclusions each in the Baseline, Audio and Audiovisual conditions, as well as two
in the Visual condition, leaving 27 participants in Baseline, Audio and Audiovisual, and 28 in Visual
respectively, thus 109 in total. 60 of them identified as female, 46 as male, 2 as non-binary and 1
preferred to not state their gender. 9 participants were 18-24 years old, 23 were 25-31, 22 were
32-38, 21 were 39-45, 13 were 46-52, 20 were 53-59 and 1 participant was 60 years or older. Most of
the participants were British (92), Scottish (4) or American (3) with the remaining 10 participants
each representing another individual nationality.

4.4 Study Results

During our analysis, we ran ANOVAs on our data to compare all conditions overall, and pairwise
comparisons if significant differences were found. We performed a Kruskal-Wallis ANOVA on the
IMI subscales Choice (y?=0.91, p=0.82), Enjoyment (y?=5.49, p=0.14) and Pressure (y?=2.02, p=0.57),
as the data was not normally distributed. Competence was normally distributed with homogenic
variances, but here Fisher’s ANOVA as well did not yield significant results (F=2.16, p=0.10). Thus,
we were not able to find a significant difference regarding intrinsic motivation across the conditions.
For the SAM subscales, we ran two more non-parametric Kruskal-Wallis ANOVAs. Both Valence
(x2=3.05, p=0.38) and Arousal (y*=1.74, p=0.63) did not pass the significance threshold. In the
following, we outline our results R1 through R7 on tag quantity and flow perception.

4.4.1 Tag Quantity. The average number of tags submitted can be found in Table 2. Participants in
the Visual (V) condition submitted the most tags with an average of 107 tags, followed by Audiovisual
(AV), Audio (A), and, lastly, Baseline (BL). A Shapiro-Wilk test showed that the assumption of
normality was met for tag quantity data (W=0.99, p=0.28), while Levene’s test showed a significant
difference regarding homogeneity of variances (F=5.17, p<0.01). Hence, we ran Welch’s One-Way
ANOVA, which indicated significant differences between the conditions (F=3.3, p=0.03). The results
of the Tukey corrected Games-Howell post-hoc tests are shown in Table 4. This shows a significant
difference between the Baseline and Visual conditions, replicating existing gamification research,
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BL \' A AV
n 27 28 27 27
Number of tags 79.2/24.5 107.0/45.8 80.9/28.7 93.4/33.9
T Choice 5.77/1.11 579/0.93 569/0.95 596/0.80
Competence 4.10/1.59 4.65/1.52 4.07/1.08 4.80/1.00 =
Interest / Enjoyment 4.60/1.59 5.22/1.15 4.49/1.23 5.02/1.65 E
Pressure / Tension 2.41/1.61 234/134 2.62/125 2.41/1.22
" Merging Action and Awareness (MMA) 2.88/0.92 3.25/094 3.05/090 3.36/084
Clear Goals (CG) 3.91/0.75 3.86/0.64 3.64/0.69 4.19/0.68
Concentration on Task at Hand (CO) 4.44/0.55 4.19/0.74 3.97/0.65 4.42/0.54
Unambiguous Feedback (UF) 2.94/1.05 3.63/0.88 3.00/0.83 3.81/0.61 ,
Challenge Skill Balance (CS) 3.40/0.93 3.67/0.83 3.36/0.59 3.78/0.44 £
Transformation of Time (TT) 2.58/1.16 2.88/1.07 2.62/1.05 2.79/1.12 <
Sense of Control (CN) 3.67/0.97 4.04/0.93 354/0.84 4.19/0.68
Loss of Self-Consciousness (SC) 3.22/1.01 3.74/1.13 3.43/0.87 3.85/0.85
Autotelic Experience (AE) 3.33/1.04 3.54/0.81 3.01/0.75 3.53/0.93
77777777777777777 Arousal 4.07/2.18 4.71/2.16 426/210 4.15/1.81 %
Valence 6.67/1.59 7.07/151 652/134 6.89/1.42

Table 2. Means and standard deviations of the amount of tags, the Intrinsic Motivation Inventory (IMI),
Affective Flow State Scale (AFSS) and Self-Assessment Manikin (SAM) over the Baseline (BL), Visual (V),

Audio (A) and Audiovisual (AV) conditions.

IMI AFSS SAM
Choice Competence Interest Pressure MAA CG CO UF cs TIT CN SC AE Arousal Valence
F - 2.16 1.52 - 3.37 - - - - -
)(Z 0.91 5.49 2.02 9.19 10.11 19.13 1.07 1247 7.26 6.97 1.74 3.05
P 0.82 0.10 0.14 0.57 0.21  0.03* 0.02* <0.01* 0.03* 0.78 <0.01° 0.06 0.07 0.63 0.38

Table 3. ANOVA results of the Intrinsic Motivation Inventory (IMI), Affective Flow State Scale (AFSS) and the
Self-Assessment Manikin (SAM) subscales comparing all conditions. P-values < 0.05 are marked with a *.

Tags CG (6[0]
BL V A AV BL V A AV BL V A AV
BL - 0.03* 1.00 0.31 - 078 056 0.56 - 058 0.03* 0.80
\Y - 0.07 0.59 - 0.78 0.18 - 0.45 0.59
A - 0.47 - 0.02* - 0.05%
UF CsS CN
BL V A AV BL V A AV BL V A AV
BL - 0.02* 100 <0.01" - 066 1.00 0.23 - 019 094 0.09
A% - 0.02* 1.00 - 0.39 0.92 - 0.05* 094
A - <0.01* - 0.02* - 0.02*

Table 4. Post-hoc pairwise comparisons of the significant ANOVAs and the respective (adjusted) p-values.

although none of the other pairwise comparisons indicate a significant difference. Thus, we posit
result R1: Participants with visual gamification produced significantly more tags than
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those who tagged without gamification and R2: Participants with SFX did not produce
significantly more tags than those without SFX.

4.4.2  Flow. The descriptive statistics for the AFSS subscales are also shown in Table 2. We ran
ANOVAs on all subscales, using a Fisher’s ANOVA on normal data with equal variances (reported
with an F-statistic), Welch’s ANOVA on normal data with unequal variances (reported with an
F-statistic), and a non-parametric Kruskal-Wallis ANOVA on non-normal data (reported with a
x’-statistic), as shown in Table 3. The ANOVAs on Merging Action and Awareness (MAA), Trans-
formation of Time (TT), Loss of Self-Consciousness (SC) and Autotelic Experience (AE) were not
significant, while those on Clear Goals (CG), Concentration on Task at Hand (CO), Unambigous
Feedback (UF), Challenge Skill Balance (CS) and Sense of Control (CN) all showed significant results
with p < 0.05. The post-hoc pairwise comparisons for Welch’s Anova (CS) were calculated using
the Games-Howell method with Tukey correction and the Dunn method with Bonferroni-Holm
adjustment for Kruskal-Wallis ANOVA (CG, CO, UF and CN). Looking at the pairwise results of CG,
we found a significant difference between Audiovisual and Audio (z=2.93, p=0.02), leading us to
derive R3: Participants who tagged with audiovisual gamification found goals to be clearer
than those who tagged with SFX only. In terms of CO, there is a significant difference between
Baseline and Audio (z=2.86, p=0.03), as well as Audiovisual and Audio (z=2.61, p=0.05), indicating
that R4: Participants who tagged without gamification or with audiovisual gamification
felt more concentrated than those who tagged with SFX only. UF showed significant differ-
ences between Baseline and Visual (z=—2.68, p=0.02), Baseline and Audiovisual (z=—3.32, p<0.01),
Visual and Audio (z=2.80, p=0.02), as well as Audiovisual and Audio (z=3.44, p<0.01). Here, we can
conclude R5: Participants with auditory or no gamification perceived the feedback as less
unambiguous than those with visual and audiovisual gamification. The CS subscale showed
a significant difference between Audio and Audiovisual (t=—2.96, p=0.02), leading to R6: Partici-
pants who tagged with audiovisual gamification found the Challenge-Skill-Balance to be
better than those who tagged with SFX only. Lastly, CN showed significant differences between
Visual and Audio (z=2.58, p=0.05) as well as Audiovisual and Audio (z=3.00, p=0.02), resulting in
R7: Participants who tagged with audiovisual gamification had a greater Sense of Control
compared to those who tagged with SFX only.

5 Qualitative Study

To better understand the underlying reasons for our results in the quantitative study (and the
absence of effects), we complemented our statistical results from Section 4 by conducting one
more study following a qualitative approach. In the following, we will describe the procedure,
methodology, and results.

5.1 Method & Procedure

The conditions remained the same as before, i.e. there was a Baseline, Visual, Audio and Audiovisual
condition. Unlike in the previous study, participants faced all conditions in a within-participants
design, and each condition was followed by a semi-structured interview. This design allowed
us to ask questions not only about each condition individually, but also to gain information on
comparisons between them. A translation of the interview script can be found in Appendix B of
this work. In order to not overwhelm participants with four times the amount of pictures to tag,
we reduced this to three per condition, allowing participants to still tag several pictures and also
to grasp visual and auditory changes. All participants started with the Baseline condition and a
tutorial, followed by the other three conditions in Latin Square randomized order to make sure
that the counter-balancing led to as much diversity in the condition succession as possible. The
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interviews were audio recorded and later transcribed for further analysis. In the end, participants
concluded this study with a questionnaire on demographic data, i.e.: age range, nationality and
gender.

5.2 Participants

The study got approval from the Ethical Review Board of the Faculty of Mathematics and Computer
Science at Saarland University (No. 22-08-1). This time, we recruited a convenience sample from
the social network of the authors. None of the participants took part in any of the earlier studies. A
total of nine participants took part in this study, whereof three identified as female and six as male.
Seven were German, one Belgian and one Pakistani. One was between 18-24 years old, six between
25-31 and two between 32-38. Participants were not compensated for participation and the study
took approximately 45 minutes to complete. Of this, the average interview lasted 28.03 minutes
with a transcription word count of 3273.56. Seven interviews were held in German, two in English
to adhere to the participants’ language preference.

5.3 Coding Process

To prepare the interviews for the analysis, we followed a hybrid thematic analysis approach
using a codebook, combining both inductive and deductive coding [25]. The coding process was
guided by the underlying question why users prefer visual, auditory or audiovisual depictions of
gamification, representing the deductive aspect of the analysis. However, we also allowed new
codes to be created when analyzing transcripts, adding an inductive component to the process. We
proceeded with the following coding procedure: The first and second author both independently
read through the same four interviews first, tried to find reasons for why users preferred a certain
feedback modality and identified any further aspects they deemed relevant to answer the underlying
question mentioned before or noticed to reoccur throughout the transcriptions. Transcripts were
processed in their original language as both coders were fluent in English and German. Afterwards,
both authors compared their codes, discussed differences and transferred them into a codebook,
including explanations when a code was used. From here on, this codebook was used as a foundation
and general guide for the remaining interviews. After all interviews were coded, both authors
ended up with an inter-rater agreement of x = 0.72 (Cohen’s k). Emerging differences were again
discussed, resulting in the final set of codes and code counts. Table 5 shows an overview over our
final codebook. Finally, following Fereday and Muir-Cochrane [25] both authors collaboratively
identified common themes that cluster the codes into coherent groups. To this end, we followed
an iterative approach, where both, the first and second author, repeatedly grouped the codes and
labeled them, until consensus was reached and all codes were assigned a group. With each iteration
we refined the grouping and labels until we could fit all codes into coherent groups and match all
groups with a label, or theme respectively. While some of the themes hold contradictory codes (e.g.
“SFX motivating” vs. “SFX not motivating”), it is important to note that themes in thematic analysis
can hold contradictory codes [10, 13]. The emerged themes will be discussed in the following.

5.4 Interview Results

In the following sections, we focus on specific themes that we shaped in our analysis regarding the
perceptional and motivational aspects of the visual game elements, the auditory game elements, as
well as the combination of both. As the majority of interviews were not held in English, quotes are
translated here for comprehensibility.

5.4.1 Theme 1: Visual gamification alone is perceived well and motivating, but may increase distraction,
lacks meaning and receives low attention. Regarding the visual game elements, i.e. feedback from
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Code Description Count
Aspects of visual gamification perceived well ~ Participant mentions that they liked some aspect the visual gamification 7
Visual gamification motivating Participant mentions that the visual gamification was motivating (e.g. 4

that they added more tags)
Visual gamification important Participant mentions that the visual gamification is important to them, 2
e.g. to get to know their progress or in general
= Visual gamification distracting Participant mentions that the visual feedback distracted them from the 4
E main task
2 Visual gamification low attention Participant mentions that they noticed visual gamification, but either 4
= did not really care or mentioned that they payed more attention when
having SFX
Indifference towards visual gamification Participant mentions that the do not really care about visual gamification 2
Additional visual feedback wanted Participant mentions that visual gamification could be enhanced by 6
adding more /other feedback
Badge motivating Participant mentions that the visual badge was motivating 4
Points not motivating Participant mentions that the points are not motivating/they did not 2
like them/did not matter
" 7 7 Aspects of SFX perceived well ~ ~ ~ =~ Participant mentions that they liked some aspect of SEX, without pro- 6
viding further reasons/details
SFX motivating Participant mentions the the SFX feels rewarding to them 5
SFX not motivating Participant mentions that the SFX had no or little effect on their motiva- 1
tion (e.g. to tag images)
SFX high attention Participant mentions that the SFX captured their attention 6
SFX low attention Participant mentions that they did not pay much attention to the SFX 1
~ SFX irritating Participant mentions that the SFX were irritating/that they did not 6
o understand the semantics for them
E SFX distracting Participant mentions that the SFX distracted them from the main task 2
'ES SFX less distracting Participant mentions that the SFX is less distracting/minimalistic/less 2
overwhelming
Subconscious SFX awareness Participant mentions that the SFX played in their head even after it was 1
gone
Indifference towards SFX Participant mentions that they do not really care about SFX 1
SFX does not convey information Participant mentions that the SFX did not convey information, e.g. on 3
progress
Negative SFX wanted Participant mentions that they would like to have a negative SFX when 2
removing tags
SFX for Badge motivating Participant mentions that the SFX for Badges was motivating, e.g. made 1
them add more tags
SFX increase flow Participant mentions that the SFX increased their flow experience 1
"~ " SFXincreasespressure ~ Participant mentions that SFX increased pressure 1
Context matters for SFX Participant mentions that the context is important to judge suitability 1
Bl of SFX
E SFX for Points unpleasant Participant mentions that the SFX for points was too sharp/high/loud 7
& Dislike repetitive SFX for Points Participants mentions that they do not like that the points SFX is played 4
= so often/think the Points SFX is repetitive
SFX for Points annoying Participant mentions that SFX are annoying 3
SFX for Badge not well received Participant mentions that they did not like the Badge sound 1
SFX for Badge well received Participant appreciates the SFX used for badges 6
" 7 7 Lack of visual gamification =~~~ = ~ ~  Participant mentions that they were missing visual feedback that the” =~ 3 =
- gamification provided
o Lack of SFX Participant mentions they were missing SFX 3
E Visual and SFX complement each other Participant mentions that the SFX supported the visual feedback or vice- 5
—;-‘ versa
SFX+Visual gamification overwhelming Participant mentions that the combination of both is overwhelming 1
Visual dominance Participant mentions that the SFX were less salient and that they payed 1

more attention to the visual gamification

Table 5. Codebook with semantic codes and their counts based on the interviews.

the Visual and Audiovisual conditions, most participants (7) mentioned that they liked aspects of
the visual game elements like their presentation, animations etc. Two found the visual elements to
be important for the tagging task. We can conclude from this that overall they were perceived well
and four participants specifically mentioned that they found the game elements to be motivating
for the task, especially the badges (4), as for example P1 said: “I noticed that I tried to enter a lot to
unlock the badge [...]". In contrast, two participants did not find the points element to be motivating,
as they missed a purpose and found the amount of points rewarded arbitrary. On the downside, four
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participants found the game elements to be visually distracting since they were already performing
a visually demanding task and paying attention to the elements would distract them from it. P3
explains that “all the badges just distract from your task and stuff. The thing is you're visually tagging
something. So I look at the picture, I have to remember what the picture is about and have to come
up with whatever is in this picture, right? If I see a badge up here, I get other visual information and
I'm distracted by this [...]". Hence, visual gamification in combination with a visually demanding
task could lead to unwanted distractions. Another four interviewees highlighted that they did
not pay a lot of attention to the visual elements as they either did not care enough about them
or were already familiar with them from a prior condition. Two participants even felt indifferent
towards the game elements. Lastly, six interviewees expressed wishes to extend the game elements
further. Here, they referred to either adding more celebratory effects, such as confetti or fireworks,
or adding more game elements, such as progress bars.

5.4.2 Theme 2: SFX alone may increase attention and are perceived as motivating, but can cause
confusion. Similar to the visual game elements, six participants mentioned that they liked aspects of
the SFX conditions Audio and Audiovisual with five highlighting that they found the SFX specifically
to be motivating. P9 emphasized the badge sound being motivating and that the SFX for points
“might be a thing with rhythm. I'd argue that you come into a state of flow. You enter something and
immediately receive feedback, enter another thing, receive feedback. The system is like a loop”. We
could conclude from this that the SFX create a sense of flow (which aligns well to the results from
the quantitative study presented before). Only P4 pointed out that SFX were not motivating for
them. Unlike the visual elements, six interviewees reported that the SFX had a high impact on
their attention, while only one mentioned not paying much attention to the SFX, meaning that
sound effects could be specifically used in scenarios, where high attention matters. Compared to
the visual elements, only two pointed out that they felt distracted by the SFX, which is opposed by
two other interviewees mentioning that they felt less distracted from the main task, because of
the SFX. Consequently, there seems to be no clear indication of the SFX’ distractiveness, but in
comparison to visual game elements, distraction seems to be less of a drawback and could even
be reduced for some users. Only P2 felt indifferent towards the SFX, as they found them not to be
relevant.

Another important factor are the semantics of a sound. Six participants were irritated by the
sound, mostly in the Audio condition, without a visual component, as they were not sure what the
sound implied while performing the tagging task. Three furthermore supported this by pointing
out that they were missing information being inherently conveyed by the sounds. P2 for example
mentioned that “there’s no information coming with the sound.”. P8 further confirms this: “I think
probably it was a sound to give the feedback that four tags are optimal for this image, which is nice, but
I don’t know what it was meant to be”. While P8 in this case already expresses uncertainty towards
the meaning of the SFX, their possible explanation is also incorrect. Another point directed towards
the meaning of the SFX, was brought up by two participants missing a specifically negatively
connoted sound when removing a tag. We conclude that it is important to provide semantics with
the sounds themselves. As several participants compared the points SFX to collecting coins in
Super Mario, one could for example similarly increase the pitch of the sound for every tag entered,
indicating an increase in points.

5.4.3 Theme 3: How frequent SFX are played as well as attributes such as loudness and pitch play
a role in how SFX are perceived. Overall, the SFX choice for badges was well received by most
participants (6). In contrast only one participant did not like it. The sound for points on the other
hand received critiques, such as being too sharp or high (7) and being repeated too frequently
during the task (4). Three participants specifically mentioned that they perceived the points sound
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as annoying (e.g. P3: “I noticed a very annoying bling, which was very sharp”). While this contradicts
our findings from the sound validation survey regarding the sound choice, the critique about the
sound repetition could already hint at the reason for this feedback: While the online survey aimed
at finding a generally fitting sound for points, it was ultimately implemented in a more specific way
and context, which could have influenced the fit of the sound for points. This was also highlighted
by one of the participants, who specifically mentioned that the sound was not fitting for the context
it was used in. One participant also felt more pressured due to the SFX, which might be explicable
by the statement of P1, who said: “[...] whenever I was typing, sometimes when I was thinking, I still
had the [points SEX] in my head and payed more attention to it subconsciously than I thought”. This
subconscious awareness might have also been caused by the high frequency with which the SFX
for points were played.

5.4.4 Theme 4: Visual gamification and SFX complement each other and may cancel out each other’s
disadvantages. Regarding the combination of both SFX and visual game elements, five participants
highlighted a synergy between both approaches, i.e. the sound effect supporting the visuals and
vice-versa. P7 for example, highlighted that “whenever I heard the longer, positive sound, the badge
appeared and that... that supported visually what I already perceived auditory. And I liked that”. P8
additionally mentioned that “every tag is accompanied by some sound. It’s always good to have... for
the feedback you don’t have to focus your attention and look right. So, it’s always you would hear it.”.
When taking Theme 1 and Theme 2 into account, the quotes from P7 and P8, alongside the opinion
of the other three interviewees, hint at the benefits of combining visuals and audio. In Theme 1,
we learned that visual game elements can be distracting, while in Theme 2, we learned that SFX
alone can increase attention, but they can also have an unclear meaning and be misinterpreted.
In combination, the visual game elements might implicitly explain the SFX to the user, while the
SFX allow them to focus more on the visual task. Interestingly, although especially the points
sound was criticized by most interviewees, three missed the sound effects when experiencing
the Visual condition after Audio or Audiovisual, and another three mentioned the same about the
visual components when experiencing Audio after Visual or Audiovisual. Only one participant felt
overwhelmed by the combination of both, and one experienced a visual dominance effect, i.e. the
SFX were less noticeable when combined with the visual elements.

5.4.5 General User Preferences. At the end of the interviews, participants were asked about their
most preferred and least preferred condition. They could name multiple if they were not able to
make a singular choice. Seven out of nine participants reported Audiovisual to be their favorite
condition. Two favored Audio and Visual respectively and only one favored Baseline with no
gamification element at all. On the contrary, five participants least preferred Baseline, four Audio,
one Audiovisual and no one answered with Visual. These answers match the themes found above.
The symbiosis hypothesized through Theme 4 might explain why Audiovisual was favored by most
participants, while the lack of any game elements explains why Baseline was least favored. The
disfavor towards Audio can be explained by Theme 3 and the general perception of the SFX for
points.

When asked which condition they payed the most attention to, six named Audiovisual and four
Audio, while Baseline and Visual were not mentioned at all, supporting Theme 2 that the addition
of sounds increases user attention.

Lastly, we asked them which of the two factors, SFX or visuals, they find to be most dispensable
for the task given. Five participants found the visual elements to be dispensable, four the SFX
component. Hence, no clear direction can be given for contexts where only one of either is applicable.
Yet considering Theme 4 and that Audiovisual was favored by most participants, a combination of
both seems desirable, if applicable.
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6 Discussion

In this section, we discuss our insights from three user studies on the impact of auditory and visual
modalities in gamification. The studies include a sound validation survey to identify appropriate SFX
for points and badges, a quantitative study comparing the effects of auditory and visual gamification
on task performance and user experience, and a qualitative study delving deeper into participants’
perceptions of each modality.

6.1 SFX as Gamification Element

After screening potential sound effects to represent points and badges, we found that two SFX were
particularly well-received by participants, one representing points and one representing badges.
This indicates that SFX alone could serve as a rewarding feedback to users, adding further support
to the assumption made by Robinson et al. [62] that SFX themselves can be considered gamification
elements. From a sonification perspective, both SFX could be seen as earcons. The SFX for points
falls into the category of single-pitch earcons, which “can be used to represent simple, basic, or
commonly occurring user-interface entities” [7], and the SFX for badges can be seen as a more
complex compound earcon as two or more audio elements are placed in succession [7], adding
further theoretical ground to their capability to transfer information to users. Outside of games and
gamification, Salimpoor et al. [68] found that auditory pleasure is tied to the release of dopamine,
which in turn means that SFX can become rewarding to users. This further supports the potential
of SFX in representing gamification elements. On a more general level, this aligns well to ongoing
gamification research finding that gamification elements are not necessarily tied to visual stimuli,
but can also be rewarding when mediated through different modalities, such as haptic feedback or
a combination of several modalities targeted by physical representations of game elements [1, 18].

6.2 Visual Gamification Increases Task Performance: Replication of Past Research

But how do auditory representations of game elements compare to the much more frequently used
visual ones? To contribute answers to this question, we performed an online study quantifying
these differences. We found that participants with visual gamification provided significantly more
tags than those without gamification (R1). This finding aligns well to existing gamification research
in the context of image tagging, which has found the same effect of visual gamification on the
number of generated tags [2, 44, 52, 53, 69]. Thus, our study replicates previous research and adds
support to the effectiveness of (visual) gamification in this context, supporting H1: Participants
with visual gamification tag more than participants without any gamification.

6.3 Absence of Effects on Task Performance in Auditory and Audiovisual Gamification

However, for participants in auditory gamification or audiovisual gamification conditions, we could
not find such effects (R2) within our sample. Thus, it seems like sound effects alone do not affect
participants’ tagging performance to a large degree. Surprisingly, we also could not find significant
differences in conditions where participants received both, sound effects and visual stimuli, since
participants in the audiovisual condition also did not provide significantly more tags compared to
no gamification at all. When considering past research, the absence of effects of auditory stimuli in
the context of gamification has been reported by others as well: Both Altmeyer et al. [2] and Hicks
et al. [29] could not identify a correlation between SFX and performance. While Altmeyer et al. [2]
discussed visual dominance [73] as a potential underlying reason, Hicks et al. [29] assumed that the
application context had an effect on participants performing well. Both visual dominance and the
application context could play a role in our study as well. Since the task of image tagging (context)
is inherently a visual one, the principle of visual dominance might have increased the semantic
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relevance of the task. In addition, we found that visual gamification was perceived as motivating
and, in contrast to auditory feedback, did not cause confusion (Theme 1 and Theme 2). Thus,
it seems visual gamification introduced and communicated goals and progress more clearly than
auditory gamification to participants. According to goal-setting theory, establishing clear goals is
directly linked to action and performance [50], potentially explaining why participants provided
more tags in visual gamification, but not in auditory conditions. We also learned that the sound
effects we used were partially perceived as annoying, due to them being played for every single
tag (Theme 3), which might have affected the performance especially of participants receiving
audio-only feedback. This matches similar complaints about repetitiveness of audio reported in
other work [64]. Together with the results from our sound validation survey which selected this
specific SFX for points, these results raise questions about the interplay of context and frequency of
use in a gamified setting, as the results contradict the generalizability of the selected sound effects.
The importance of context has already been highlighted in Hamari et al’s [28] literature review,
albeit for the effectiveness of gamification in general and not specifically for the use of SFX for
this purpose. With our outcome, we can further extend this and recommend considering the use
and context for the choice of SFX as well. For frequent SFX occurrence as in our context of image
tagging for example, a softer and lower pitched sound was recommended for points by some of our
interviewees, which also falls in line with effects found in sonification literature, such as [8], where
high pitched auditory icons (environmental sounds associated to a virtual object) were perceived
as annoying.

That participants in the audiovisual gamification condition, i.e. those receiving visual and
auditory feedback, did also not provide significantly more tags than those without gamification
seems less intuitive and might not be readily explainable by goal-setting theory. In fact, regarding
user experience measures (R3-R7) and feedback from the interviews (General User Preferences),
it seemed as participants liked the combination of both auditory and visual feedback most. Why
this did not affect participants’ tagging performance to a measurable degree in our study remains
unclear. Similar to Altmeyer et al. [2], reasons might be related to the effect size being smaller than
we could detect with our sample size. This might be supported by the fact that the tag count in
the audiovisual condition is descriptively the second-highest among all conditions. Also, Miranda
and Palmer [54] found that increased enjoyment appeared to be independent of overall levels
of performance, in a similar study design. Our results support this, since albeit the positive user
experience and perception in the audiovisual condition, no positive effects on performance were
found. Consequently, we have to conclude that H2: The presence of an auditory modality has
an influence on the number of tags is not supported by our data.

6.4 Effects on User Experience: Audiovisual Gamification Enhances Flow Experiences

Regarding the user experience of participants (H3), we were not able to find effects on intrinsic
motivation nor affect, but on the prevalence of flow experiences. Regarding the former, finding no
effects on intrinsic motivation is in line with previous research in the context of image tagging [53].
Mekler et al. [53] stated that the motivational appeal of many games lies in their ability to provide
players with challenges to master. However, the image annotation task did not offer much of a
challenge since participants were free to create as many tags as they wanted. Considering that
moderate performance targets do not motivate people to put in much effort, Mekler et al. assumed
that gamified feedback does not further encourage participants to achieve more challenging targets
and is less likely to fulfill basic psychological needs. A related factor might be that tag quality did
not count, i.e. participants were not receiving feedback on whether their tags were a good fit, which
might have further reduced their perceived challenge. Potentially, gamified feedback might have a
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stronger effect on affect and intrinsic motivation in a different context, as past research has quite
frequently demonstrated [36, 38, 84].

However, we found that the different gamification modalities affected flow experience (R3 - R7).
First, we found a significant difference between Audiovisual and Audio (R3) regarding the clear
goals factor of AFSS. Goals were perceived as more clearly by participants exposed to audiovisual
gamification than those receiving auditory gamification only. This difference fits the interview
analysis well, which demonstrates some interviewees felt irritated in the Audio condition. They
were not necessarily aware of the SFX’s meaning and its semantics (Theme 2), which may have
worsened goal clarity for them. This falls in line with a study from the sonification and sports
context, where SFX were used to represent basketball player movement, yet, participants in their
user study misinterpreted the SFX despite them being explained earlier [23]. Thus, we can derive
that making sure users understand the semantic meaning of sound effects, especially when using
sound effects without further visual stimuli, is important. One way of achieving this has been
suggested in the interviews, i.e., by increasing the pitch of the sound effect for every tag entered to
indicate an increase in points.

With R4, we found that participants with auditory gamification reported decreased concentration
on the task at hand (according to the respective factor of the AFSS) compared to Baseline and
Audiovisual. This could be due to participants being irritated by the SFX, as they had problems
interpreting their meaning (Theme 2). Thus, it seems the semantic dissonance between a sound
effect and its meaning is responsible for the negative effect on concentration on the task. To explain
why we found no significant effect regarding concentration on task at hand in Visual, we need to
first take a look at why Baseline and Audiovisual performed better than Audio on this measure.
For Baseline, showing no game elements at all might have increased concentration as there was
no potential source of distraction. For Audiovisual, the synergy effect between SFX and visuals
(Theme 4) could be the cause: While some participants felt irritated by auditory gamification
(Theme 2) and distracted by visual gamification (Theme 1), the combination of both may have
been able to compensate each others weaknesses to a certain extent. Visuals might give the sounds
a clear meaning on the one hand (R3), while sounds themselves are perceived as less distracting
from the task on the other hand, due to addressing a different modality than the task (Theme
2). This would be in line with findings from Hicks et al. [29], stating that “elements need to be
chosen in a way that they do not act as a confound. For example, if a task is predominantly visual,
graphical effects can be problematic, and alternatives such as audio feedback need to be considered”.
To conclude, instead of amplifying the negative effects, having both auditory and visual feedback
complement each other’s weaknesses in an already visually demanding task like image tagging,
significantly improving perceived concentration of the users compared to auditory gamification
alone.

Also in the range of flow effects, with R5, we found an increased lack of ambiguity of feedback
for conditions with visual feedback (Visual, Audiovisual) compared to those without it (Baseline,
Audio). For no gamification, this effect can again be explained with the lack of game elements, thus
the lack of specific feedback mechanisms in the first place, while Audio was perceived as irritating,
as the meaning of the chosen SFX was not entirely clear (Theme 2). This once more highlights the
importance of adding feedback in general, but also adding semantics to the sound and ensuring a
high semantic cohesion to enhance their inherent meaning.

Lastly, the effects of R6 and R7 indicate that audiovisual gamification resulted in a better
perception of the challenge-skill balance, as well as a greater sense of control in comparison to
Audio during the tagging task. Both results could again be attributed to the uncertainty that came
with the Audio condition (Theme 2) as mentioned in the interviews. Thus it might be harder for
participants to estimate their own skill, or feel of being in control, if they cannot interpret the
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provided feedback in the form of SFX correctly. Taking R3—-R?7 together and considering the absence
of effects on SAM, IMI and parts of the FSS subscales, we conclude that H3: The gamification
modality (audio, visual, audiovisual) has an influence on the user experience is partially
supported.

6.5 Implications

What we can takeaway from our results is that the usage of SFX in gamification can benefit user
experience. In all of our results on flow, Audiovisual outperformed at least one other condition.
While descriptively Audiovisual generated the second-most number of tags after Visual, this could
not be quantified with a statistical significance towards any of the other conditions. Hence, in
contexts for which performance is the utmost goal, visual gamification alone might be best suited.
In contexts in which user experience plays an important role as well, the addition of SFX can
improve user experience, without sacrificing factors like concentration. Yet these recommendations
are thus far limited to the context of this study.

Audio alone on the other hand could not show benefits with the SFX used in the context of image
tagging. It was on par with the other conditions in terms of task performance. The same applies to
the user experience. Based on the feedback we got in the interviews, auditory-only gamification
might still show more potential in contexts with a task that is less visually demanding, and with a
sound chosen specifically for the respective context and use.

7 Limitations

During the course of our studies we faced some limitations, which we would like to emphasize and
discuss. With the exception of the interviews in the qualitative study, we conducted these studies
(validation survey and quantitative study) online. While this was in line with [2] and allowed us to
recruit a reasonable number of participants, we could not control for differences in loudness or
quality of speakers, and headsets etc. used for media consumption. We did try to counteract this
issue by adding the volume calibration task and a validation item to both online studies, requiring
participants to activate their output devices at a reasonable level. Yet there was no control whether
they changed their settings afterwards.

Furthermore, the context is limited to the image-tagging context, and the sounds are limited
to those that were results of our validation survey. This selection of context and sound effects
inevitably affects the generalizability of our findings. Thus, future work should further investigate
the interplay between audio, visual and audiovisual gamification in different contexts. As became
apparent in the interviews, the sound choice for points was perceived as too sharp or too repetitive
by some participants when presented so many times, despite being favored in the validation
survey. Both, specific sound design and context, could lead to different results if they were chosen
differently.

Lastly, our sample in the qualitative study was predominantly German, or European respectively,
meaning that we cannot account for cultural differences in visual and auditory perception. While
this limits generalizability of the interviews to a certain extend, the themes derived in section 5
fit our quantitative results from section 4 well, where we evaluated a different and more diverse
sample.

8 Conclusion

In this work, we systematically compared visual, auditory and audiovisual gamification regarding
performance, user experience and perception in a gamified image-tagging context. With our
findings we replicate existing gamification research: Visual gamification significantly increased task
performance compared to using no gamification. Yet we could not find effects on user performance
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and user experience related factors such as intrinsic motivation, valence or arousal when taking
auditory elements into account. Perceived flow on the other hand was affected by the study condition,
with the combination of visual and auditory gamification often exceeding others. Audiovisual
gamification was also the most favored one among our participants.

Thus, we recommend the use of audiovisual gamification whenever user experience matters,
especially since it can improve users’ concentration in visually demanding tasks. However, in
contexts where performance is important, one might consider using visual gamification only, as it
showed the highest tag count in our study.

Regarding the use of sound effects in general, it is important to be aware of context and frequency
of use, as repetitiveness, loudness and pitch may become an issue. Hence, the ultimate usage
scenario should be considered and taken into account when choosing SFX. Furthermore, providing
a semantic meaning with each sound, for example a gradually increasing pitch for increasing
points, can decrease confusion about the SFX’ meaning. This specifically applies to scenarios where
gamification is provided solely via auditory channels.

For future work, we are interested in conducting a replication study in which the SFX are chosen
for and validated within the specific task and context that they will be used in. Furthermore, we
see two potentially interesting directions building on this work. First, investigating the role of
context or the underlying task could yield interesting results. Some participants mentioned that
visual gamification distracted them from the already visually demanding task of image tagging,
which is why they preferred an auditory component to it. Hence, using auditory gamification in a
context like sports (e.g. running) could be interesting, where visual game elements may be less
applicable and the dependence on auditory input may be higher. Second, an investigation towards
SFX with an inherent semantic meaning could be interesting to see whether they potentially reduce
the confusion reported in the audio-only condition.
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Comparing Visual and Auditory Game Elements in a Gamified Image-Tagging Task

A Sound Survey

A1

Sound Source, Creator & Licence

Sound Creator Source Licence
A MattLeschuck  pixabay.com Pixabay License
B Wagna pixabay.com Pixabay License
C bradwesson pixabay.com Pixabay License
D plasterbrain pixabay.com Pixabay License
E syseQ pixabay.com Pixabay License
F Mixkit mixKkit.co Mixkit Sound Effects Free License
G Mixkit mixkit.co Mixkit Sound Effects Free License
H Mixkit mixKkit.co Mixkit Sound Effects Free License
I Mixkit mixKkit.co Mixkit Sound Effects Free License
] Mixkit mixKkit.co Mixkit Sound Effects Free License
K Mixkit mixKkit.co Mixkit Sound Effects Free License
L Mixkit mixKkit.co Mixkit Sound Effects Free License
M Mixkit mixkit.co Mixkit Sound Effects Free License
M Mixkit mixKkit.co Mixkit Sound Effects Free License
¢} Mixkit mixKkit.co Mixkit Sound Effects Free License
P BeezleFM pixabay.com Pixabay License
Q FunWithSound pixabay.com Pixabay License

Table 6. Sounds (A-Q), their creator, source and licence.
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B Interview Guide

For improved readability, the following transcript from the semi-structured interview guide has
been translated from German to English for this appendix.

Interview 1 [Baseline]
e Which feedback did you notice when adding a tag?
e How did you like the feedback?
e What did the feedback feel like to you?
e What would you like to change about the feedback that you received when adding a tag?
e How did you like the image tagging? What was good or bad?

Interview 2-4 [Visual | Audio | Audiovisual]
e Which feedback did you notice when adding a tag?
e How did you like the feedback?
e What did the feedback feel like to you?
e What would you like to change about the feedback that you received when adding a tag?
e How did you like the image tagging? What was good or bad?
e As how fitting would you rate the [sounds | visual feedback] for the task?
e How much attention did you pay to the [sounds / visual feedback]?

Interview 5 [General]
e You received variations of feedback. Which one did you like best? Why?
e Which one did you like least? Why?
e To which variation did you pay the most attention? Why?
e How much did you notice the sounds?
e Would you rather go without the sounds or the visual feedback? Why?
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