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ABSTRACT

Intelligent virtual assistants (IVAs) like Amazon Alexa or Google Assistant have become increasingly popular in
recent years, and research into the topic is growing accordingly. A major challenge in designing IVA applications
is making them appealing. Gamification as a concept might help to boost motivation when using IVAs. Visual
representation of progress and feedback is an essential component of gamification. When using IVAs, however,
visual information is generally not available. To this end, this article reports the results of a lab experiment with
81 subjects describing how gamification, utilized entirely by audio, can assist subjects to work faster and improve
motivation. Game design elements such as points and levels are integrated within an Alexa Skill via audio output
to motivate subjects to complete household tasks. The results show a substantial effect on the subjects. Both their
attitude and the processing time of the given tasks were positively influenced by the audio-gamification. The
outcomes indicate that audio-gamification has a huge potential in the field of voice assistants. Differences in
experimental conditions were also considered, but no statistical significance was found between the cooperative
and competitive groups. Finally, we discuss how these insights affect IVA design principles and future research

questions.

1. Introduction

Since the introduction of Siri for the Apple iPhone in 2011 (Guzman,
2019) intelligent virtual assistants (IVA) like Amazon Alexa, Google
Assistant, or Microsoft Cortana have been introduced and are getting
more and more popular (Clark et al., 2019; Dunn, 2016). In the litera-
ture, the term IVA is used interchangeably with terms like Intelligent
Personal Assistant, Conversational Agent, Conversational User Interface,
Virtual Personal Assistant, and Voice-Enabled Assistant, to mention a
few (Cowan et al., 2017). These IVAs are operated primarily via voice
and offer functions such as answering questions, playing music, con-
trolling smart home devices, or creating shopping lists (Hoy, 2018). IVAs
carry out about one billion tasks per month (Dellaert et al., 2020).
Interaction with IVAs takes place via various interfaces, such as speaker
devices, laptops, or smartphones (Guzman, 2019). In addition, wear-
ables such as smartwatches and glasses® include an IVA, which can thus
be used anytime and anywhere. To be able to react to user input, the
speech recognition of the IVA is continuously active and waiting for

specific wake words, e.g., “Ok Google” or “Alexa.” If such a wake word is
recognized, the voice input of the user is recorded and sent to a server for
processing. Subsequently, the result of the request is sent back to the
IVA, which transmits the (hopefully) desired information to the user via
audio output (Hoy, 2018).

Often, speakers used to interact with an IVAs do not have a screen
and can only reproduce information via audio output (Kinsella, 2019).
This attribute has many advantages in everyday situations, such as
driving a car, where the driver’s view should remain focused on the road
(Hofmann, Tobisch, Ehrlich, Berton, & Mahr, 2014), or following a
recipe in the kitchen when handling hot ingredients while cooking
(Vtyurina & Fourney, 2018). IVAs are also increasingly being used to
control augmented and virtual reality applications. For example, Cor-
tana is one of the essential input tools for the augmented reality glasses
HoloLens from Microsoft (Derby, Rickel, Harris, Lovell, & Chaparro,
2020). The IVAs offer a simple way of interacting with a system without
the use of classic input tools such as the keyboard or partially unintuitive
input via gesture control. This improves the immersive experience of
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these applications (Shang & Wu, 2019).

IVAs also offer enormous potential in the healthcare sector. Inter-
acting contactless with a computer can significantly reduce the risk of
transmitting pathogens. For example, in sterile rooms, settings on de-
vices can no longer be made at the touch of a button but simply by voice
input (Mewes, Hensen, Wacker, & Hansen, 2017). It is also assumed that
IVAs have enormous potential for e-marketing. Through Al-supported
communication, for example, personalized consulting and shopping
experiences can be created (Dellaert et al., 2020). However, the imple-
mentation of IVAs has not yet reached the point where users tend to
personify them (Lopatovska & Williams, 2018). A study by Trajkova and
Martin-Hammond (2020) showed that IVAs are currently rather poorly
accepted by older adults for several reasons, including a lack of mean-
ingful use cases or use in shared spaces, like, e.g., via cell phone while
shopping.

Despite the increasing prevalence of IVAs and continued optimistic
forecasts for the market (Shepherd & Liu, 2019), IVAs are often used by
consumers only for a very limited set of tasks. Most of the time, [VAs are
only used to play music or to ask about the weather (Lopatovska et al.,
2019; Newman, 2018). In order to inspire users to use [IVAs more widely,
concepts are needed on how to make their use more interesting and
motivating (Ji et al., 2017). As visual interaction via a screen is often
missing, it is rather challenging to design motivational aids for IVAs
because one can only rely on sound. In addition, a study by Montalvo
et al. (2021) shows that interaction with an IVA is not considered easier
when it has a screen, and usability is not improved compared to a device
without a screen. Also, the effectiveness of performing tasks on IVAs
with and without a screen does not seem to differ, so Montalvo et al.
assume that an IVA without a screen is sufficient to meet the needs of
most users. To motivate users to use an IVA and to make the applications
more interesting, new approaches must be sought (Brandtzaeg &
Folstad, 2018).

A common concept to engage and motivate users is gamification
(Warmelink, Koivisto, Mayer, Vesa, & Hamari, 2018). Deterding, Dixon,
Khaled, and Nacke (2011) define gamification as “the use of game
design elements in non-game contexts.” To investigate the effect of game
design elements on motivation and performance, among other aspects,
studies have been conducted in various non-game contexts, such as work
(Sailer, Hense, Mandl, & Klevers, 2017, pp. 795-818; Stanculescu,
Bozzon, Sips, & Houben, 2016), health (Allam, Kostova, Nakamoto, &
Schulz, 2015; Cechetti et al., 2019) and education (Dindar, Ren, &
Jarvenoja, 2021; Geelan et al., 2015). Most gamification studies also
show a positive effect in many different contexts (Johnson et al., 2016;
Majuri, Koivisto, & Hamari, 2018; Warmelink et al., 2018).

In Human-Computer Interaction (HCI), information has long been
conveyed visually via graphical user interfaces. Acoustic output was
only used to convey simple information such as alerts or in the area of
multimedia applications (Sciarretta & Alimenti, 2021). Gamified ap-
plications also tend to present elements of game design visually. For
example, the progress in a level is often displayed in the form of a
progress bar (Zichermann & Cunningham, 2011), badges are explicitly
distinguished by a visual representation (Antin & Churchill, 2011), and
even just feedback (e.g., if an answer is right or wrong) is usually
conveyed via visual elements such as checkmarks and crosses or colors,
often using the colors red and green (Baneres, Rodriguez, & Serra, 2019;
Czeszumski, Ehinger, Wahn, & Konig, 2019; Mazarakis & Brauer, 2018,
2020, 2022). Implementing gamification for an IVA without visual
support presents a vital challenge to overcome.

Not long ago, video games provided excitement and overcame the
limitations of the graphics processing units, and visual representations
using elaborated sound effects. Sound is used to highlight and support
progress, feedback, and other game design elements (Collins, 2008). One
prominent example is the game “Super Mario.” Each time the player
collects a coin, i.e., scores a point, a characteristic sound is heard.

There are also plenty of purely audio-based computer games. These
games offer, in particular for visually impaired people, the chance to
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play video games, which is difficult to impossible with classic video
games, as they put a strong focus on visual elements (Garcia & de
Almeida Neris, 2013). However, since both the control (such as fast
addressing correct items in a menu) and overview elements (e.g., a
mini-map or the level display), as well as the actual activity and story,
must be represented by sound, finding a suitable relationship between
functionality and aesthetics poses a fundamental challenge in the
development of audio games (Friberg & Gardenfors, 2004). Similar
challenges can also be found in the design of applications for IVAs,
where it is currently often assumed that those aesthetics play a minor
role in design (Harris, 2004).

However, this is a major challenge. So far, there is no scientific
research on whether and how purely acoustically implemented game
design elements can influence motivation to use IVAs. This article ad-
dresses this fundamental research gap and presents the results of an
experiment on the use of game design elements presented only via audio
output, which we define as audio-gamification (Mazarakis, 2021). Our
pioneering study aims to provide insight into how to design and
implement gamification, which relies only on audio feedback and
without any visual representations.

The following section summarizes related work of virtual assistants
and gamification as well as aspects regarding motivation, performance,
cooperation, and competition. It is followed by the methods section,
which presents our experiment. Chapter four shows the results as
descriptive and inferential statistics. After discussing and interpreting
our results, we conclude and present outlines for future work in the final
chapter.

2. Theoretical background

Some of the basic principles on which this article is based include
research on audio feedback, gamification, and IVAs. In the following,
these areas are examined in more detail, particularly gamification and
IVAs concerning the motivational context, performance aspects, and
state of the art according to cooperation and competition. Finally, the
hypotheses are derived based on this theoretical background.

2.1. Gamification and intelligent virtual assistants

Games for IVAs are a research area that has been almost ignored so
far and where there is a need for further research (de Barcelos Silva
et al., 2020). Though gamification is closer to game design than games
(Landers, Auer, Collmus, & Armstrong, 2018; Mazarakis, 2021), there
are many similarities, and contextual research is being performed on this
paring (Leaning, 2015). By conducting research on gamification for
IVAs, we can also contribute to addressing this research gap. Recently,
the effect of game design elements in combination with an IVA got some
attention, e.g., when learning English as a foreign language, which was
investigated in an experiment by Tejedor-Garcia, Escudero-Mancebo,
Cardenoso-Payo, and Gonzalez-Ferreras (2020). The authors describe
the design and testing of a gamified application that can be used to
practice the pronunciation of English vocabulary. The application was
developed for smartphones and works with Google Assistant for voice
recognition. To promote motivation, challenges were created in which
users could compete. To investigate the effect of the game design ele-
ments on motivation and performance in pronunciation practice, a
comparison was made with results from an earlier study (Teje-
dor-Garcia, Escudero-Mancebo, Gonzalez-Ferreras, Camara-Arenas, &
Cardenoso-Payo, 2016). The comparison showed positive trends in both
learning success and motivation. For the implementation of the game
design elements (challenge, leaderboard, points, avatar, and badges),
visual representation was used. The results suggest that gamification is
helpful in this context, but the question remains open whether gamifi-
cation in combination with IVAs also works without visual components.

A very simple and, at the same time, very important element of
gamification is feedback (McGonigal, 2011; Zichermann &
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Cunningham, 2011). Feedback informs the user about their performance
or the status of their actions, enabling behavior change (Kapp, 2012;
Ramaprasad, 1983). Feedback can provide many functions like infor-
mation, timing, error analyses, or in general for motivation (Mory,
2004). For example, participation can be increased by adding simple
right/wrong feedback to a specific task (Mazarakis, 2015). So feedback
can have different definitions and it is an overly complex concept
(Ramaprasad, 1983). Therefore, to investigate the effect of gamification
in the context of IVAs, audio feedback can be considered particularly
important.

Thiebes, Lins, and Basten (2014) identified a comprehensive
collection of 31 different game design elements through a systematic
review of the game design elements proposed in the gamification liter-
ature. In their article, the authors list “audible feedback” as one of the
game design elements they identified, which they separate from classic
feedback. Audio feedback offers the possibility to create emotions and
transmit information. This can be done via sound effects, other accom-
panying non-verbal effects, or music. Then again, it is also possible to
use oral sound (or the spoken word), where information is given
meaning through emphasis or rate of speech (Clark, 2003).

Speech is often used in audio games to illustrate and help in complex
situations that are easier to explain verbally (Rober & Masuch, 2005).
For example, in story-based adventure games, a narrator can develop the
story and summarize scenes or events at certain points during the game.
In audio games, speech is better suited for transmitting large amounts of
information, whereas beacons and auditory textures perform better for
simple and short messages (Rober & Masuch, 2005). In order for the user
to know what the result of the input command is or whether the input
was accepted, immediate feedback is required in purely acoustic appli-
cations (Garcia & de Almeida Neris, 2013). For example, sound effects,
such as footsteps while walking, show the player that a motion input was
successful.

Research by Schmidmaier, Hufmann, and Runge (2020) deals with
the effects of audio feedback on the formation of trust. The authors were
able to experimentally demonstrate a significant effect of melody and
mode on the formation of trust. This example shows how even simple
adjustments can influence the effect of audio applications, such as skills
for speech assistants.

Nykanen, Lopez, and Toulson (2016) investigated the effect of audio
feedback on driving behavior. By using different forms of audio feed-
back, drivers should be motivated to drive as environmentally friendly
as possible. Furthermore, the use of audio feedback should avoid the
distraction of drivers that can occur when using a screen, for example. In
a lab experiment, the authors were able to determine that signal tones
and beep noises were received very differently while music or speech
output was much better accepted. The results show that audio feedback
is perceived very differently. It is already obvious that successful
gamification with different audio game design elements is, therefore, a
real challenge but at the same time also essential.

Silva-Coira, Cortinas, and Pedreira (2016) establish a concept of how
IVAs can be used in gamified environments. In the scenario presented,
the IVA serves to help the user in their tasks by explaining the task or
describing the use of tools. The goal of using IVAs in gamified envi-
ronments is to detect the user’s mood using sentiment analysis and thus
provide them with adapted answers. This should improve the experience
of the application. Unfortunately, the authors describe the concept very
superficial, and an evaluation of the concept is missing.

Jietal. (2017) conducted a study with more than 20.000 users of an
Alexa skill to identify ways to maintain the user’s motivation to use the
IVA. To test the effect of different design variants, the IVA was extended
with different modules during the test period. Subsequently, the trend of
the rating of the skill on the Amazon platform was set in relation to the
adjustments made. The authors found that, in general, a variety of
conversational activities is desirable, and users tend to prefer natural
conversations over menu-based conversations. It was also shown that
the length of interactions with the conversation-based modules
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corresponded positively with user ratings. The user evaluation was also
positively influenced by the inclusion of narratives.

Stories or narratives are used in many games, and gamification
research has already considered this element (Grobelny, Smierzchalska,
& Czapkowski, 2018; Mazarakis & Brauer, 2018, 2022; Sailer, Hense,
Mayr, & Mandl, 2017, pp. 795-818). This game design element is
particularly suitable for gamifying applications for IVAs, as it can be
implemented well without a visual component. Narratives are often
used in audio games for the same reason (Rober & Masuch, 2005). Based
on a detailed literature review, Keusch and Zhang (2017) point out that
it is important for the impact of a narrative integrated into an applica-
tion to be adapted to the context. Therefore, despite the promising po-
tential of narratives in the context of IVAs, attention should be paid to
the design of the story for the respective application.

Landesberger, Ehrlich, and Minker (2020) also recognized the po-
tential of IVAs in cars. They conducted a gamified study to investigate
how subjects react to urgent acoustic messages during an activity, such
as driving. Unfortunately, the study did not use a purely acoustic
application for this purpose but developed a kind of visual game that
was interrupted by acoustic subtasks. Information on progress and
feedback on the completed tasks was reflected in the study by visual
elements. Also, Fadhil and Villafiorita (2017) use a visual representation
of game design elements in their study, in which they investigate the
effect of gamification on learning with the help of conversational user
interfaces. Since the chatbot in their study is a text-based language as-
sistant, a visual representation is appropriate, but this does not apply to
purely language-based agents. However, to obtain clear insights into the
effect of audio-gamification in situations where no screen is available
and therefore is not influenced by visual elements, it is necessary to
conduct pioneering research.

2.1.1. Motivation aspects

The relevance of user motivation in human-artificial intelligence
interactions is becoming increasingly apparent as the usefulness of to-
day’s IVAs grows (Li & Yanagisawa, 2021). An initial work addresses
what positive and negative experiences can be identified when using
IVAs and how they affect the motivation to use them (Weber & Ludwig,
2020). The goal of gamification is usually to increase the motivation of
the users for a given task or activity (Warmelink, Koivisto, Mayer, Vesa,
& Hamari, 2020). Motivation in this context is leaned on Deci and
Ryan’s self-determination theory (SDT) (Ryan & Deci, 2000). This
motivational theory is the most popular in gamification research (Sea-
born & Fels, 2015).

According to SDT, motivation can range between extrinsic and
intrinsic motivation. Intrinsic motivation is defined as doing something
because it is inherently interesting or fun. On the other hand, extrinsic
motivation refers to doing something because it leads to a definable
result (Ryan & Deci, 2000, 2017). A derived theory of SDT is the theory
of basic psychological needs (Deci & Ryan, 2000). This theory argues
that there are three basic psychological needs: experience of compe-
tence, sense of autonomy, and social relatedness. Experience of
competence relates to a need for challenge and feelings of effectance
(Deci & Ryan, 2000). Autonomy describes a sense of volition or will-
ingness when doing a task (Deci & Ryan, 2000), and social relatedness is
said to occur when a person feels connected to others (Guardia, J. G.,
Ryan, Couchman, & Deci, 2000). Fulfilling these three needs can give
rise to intrinsic motivation. The theory assumes that the three basic
psychological needs are influenced by an individual’s environment. This
influence can be both positive and negative and can contribute to
satisfying the needs or inhibiting their fulfillment (Vansteenkiste &
Ryan, 2013).

Computer game enjoyment has also been positively related to ful-
filling those needs (Pe-Than, Goh, & Lee, 2014; Przybylski, Rigby, &
Ryan, 2010). With multiple experiments, Ryan, Rigby, and Przybylski
(2006) demonstrated that when playing alone, a relationship between
autonomy and competence satisfaction could be demonstrated, as well
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as a relationship between all three needs in multiplayer contexts.

Many studies have shown that gamification influences motivation
(Hamari, Koivisto, & Sarsa, 2014; Seaborn & Fels, 2015). Sailer, Hense,
Mayr, and Mandl (2017), for example, looked at the effect of different
game design elements on the three basic needs. The results of their study
show that perceptions of competence can be positively influenced by
badges, leaderboards, and performance graphs. Furthermore, avatars
and narratives have shown a positive effect on the perception of social
inclusion. Although most studies investigating the impact of gamifica-
tion on motivation have yielded positive results, the context in which the
game design elements are used has been shown to influence the effect
(Hamari et al., 2014).

Research on IVAs has also recognized SDT as a relevant research
concept. For example, Li and Yanagisawa (2021) showed that reducing
uncertainty can lead to more interactions with an IVA, thus shifting the
motivation for the interactions from non-intrinsic to intrinsic. Here, the
authors assume that intrinsic motivation is present in the context of IVAs
when activities are performed to pass the time and for play activities.
Extrinsically motivated interactions, on the other hand, are pragmati-
cally motivated to obtain information or to have certain tasks done by
the assistants to save time.

Another important theory in terms of motivation and gamification is
the flow theory. Flow theory should be considered in the context of
intrinsic motivation, as the theory consists of aspects like immediate
feedback and pursuing an activity for its own sake (Csikszentmihalyi,
2009). Feedback is crucial because an individual can get the necessary
information on whether the activity in question is performed as inten-
ded. Furthermore, immediate and constant feedback helps to maintain
the flow experience (Kapp, 2012). Based on the current state of research
on the motivational effects of gamification and the lack of studies
examining this very effect through audio-gamification, the following
general research question is posed as a basis for upcoming hypotheses:

RQ1. How does audio-gamification affect motivation?

2.1.2. Performance aspects

In addition to the effect of gamification on motivation, studies also
examine how gamification affects performance (Groening & Binnewies,
2019; Landers, Bauer, & Callan, 2015; Mekler, Bruehlmann, Tuch, &
Opwis, 2017). Depending on the setting, a change in performance can
address various metrics, such as quality, quantity, speed, or accuracy.
For example, this can be beneficial in the work environment (Warmelink
et al., 2018, 2020) when workers perform gamified tasks faster or more
accurately or in learning (Bai, Hew, & Huang, 2020; Sailer & Homner,
2020), when students spend more time on a task and better results are
achieved.

Groening and Binnewies (2019) show that individual game design
elements can influence performance using the example of achievements.
In a study with a within-subjects design, in which images were anno-
tated, it could be shown that performance could be increased by adding
achievements. Likewise, Mekler et al. (2017) demonstrated positive
results by adding points, levels, and leaderboards in a similar setting. In
a field experiment, Grobelny et al. (2018) demonstrated a positive effect
on sales performance with the help of a narrative-based gamification
approach. For this purpose, the sales performance of two franchisees was
recorded and compared over two months. Moreover, in logistics, Sailer,
Hense, Mandl, and Klevers (2017) were also able to show in an experi-
mental study that performance in order picking can be increased
through gamification. Brauer and Mazarakis (2019) could support these
findings in a different logistics study and show that some game design
elements might be unsuitable in a specific context to enhance
performance.

Based on this body of research, we assume that performance can also
be influenced by purely audio-based game design elements, and the
following research question was posed:

RQ2. How does audio-gamification affect performance?
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2.1.3. Aspects on cooperation and competition

Since numerous studies have already proven the effect of gamifica-
tion (Hamari et al., 2014; Mekler et al., 2017; Sailer, Hense, Mayr, &
Mandl, 2017, pp. 795-818), current research is also concerned with
investigating which different design approaches are particularly effec-
tive in the implementation of gamification (Rapp, Hopfgartner, Hamari,
Linehan, & Cena, 2019). An important difference when implementing a
game design element is whether the element is designed cooperatively
or competitively. In competitive games, such as car racing, the objective
is to compete with one or more opponents and win against them. It is
about being faster, smarter, or simply more skilled than the opponents
(Kapp, 2012). Cooperative design is about working together to achieve a
common goal or result. This concept is often found in app games for
smart devices, such as Candy Crush or FarmVille. By cooperating with
friends and exchanging or giving virtual goods, the progress of the in-
dividual players can be accelerated significantly. They are encouraged
not to work alone towards a specific goal but to team up with other
players (Kapp, 2012).

How competition affects performance in a gamified setting was, e.g.,
experimentally investigated by Landers, Collmus, and Williams (2019)
in the context of brainstorming. In comparison to a control group, it was
shown that both creativity and the quality of the brainstorming contri-
butions could be improved by competition. The authors assume that the
motivational effect of the competition must have come about either
through unconscious influence or through the implicit creation of
extrinsic rewards for increased effort (Landers et al., 2019).

Morschheuser, Hamari, and Maedche (2019) conducted a study to
discover the differences between cooperative, competitive, and
inter-team competitive gamification. In a field experiment in a crowd-
sourcing context, the authors demonstrated that inter-team competition
had the most significant positive effect on the participation and enjoy-
ment of participants. However, a different study that examined the effect
of cooperative and competitive gamification on the flow perception of
students did not find differences between the different design ap-
proaches (Marinho et al., 2019). Nevertheless, the study results are
limited due to the data of only 18 individuals.

Dindar et al. (2021) investigated the effects of cooperative and
competitive gamification with the help of a gamified app for learning
vocabulary. The comparison between two groups, one cooperative and
one competitive, did not reveal any differences in the subjects’ learning
success, performance, or motivation. Unfortunately, no control group
without gamification was used in their study. Thus, it cannot be ruled
out that the overall gamification design may have achieved the desired
effect. The authors claim that “The current findings emphasize that the
positive influence of gamified cooperation on creating meaningful
connections amongst learners should not be ignored, even though it
facilitates similar learning and motivational outcomes as gamified
competition.” (Dindar et al., 2021, p. 142). This is contrary to the claims
of, e.g., Morschheuser et al. (2019) and Landers et al. (2019).

Although the research gap of cooperative and competitive gamifi-
cation has been identified and initial studies on this topic exist, the re-
sults are not always conclusive, and their interpretation is not always
clear. Furthermore, there is a lack of studies that compare the effect of
cooperative and competitive gamification in a controlled setting.
Therefore, to close this research gap and test whether the advantages of
cooperative team competition can be transferred to the context of audio-
gamification, RQ3 and RQ4 were formed.

RQ3. How do cooperation and competition influence motivation when
using audio-gamification?

RQ4. How do cooperation and competition influence performance
when using audio-gamification?

2.2. Hypotheses

So far, no studies have explicitly addressed audio-gamification and
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its effects on motivation and task performance. The research goal of this
pioneering study is to investigate how audio-only implemented game
design elements can be deployed successfully and how they can enhance
motivation and performance. Six hypotheses were established to sys-
tematically investigate this research gap and to answer all four research
questions presented in this chapter.

Hypotheses Hla and H1b address RQ2, the relationship between
audio-gamification and performance. We argue that, based on the re-
sults of Montalvo et al. (2021), task performance when using an IVA is
not negatively affected by the absence of a screen. At the same time, we
assume that the positive effect on performance induced by primarily
exclusively visual gamification can also be achieved by
audio-gamification, similar to audio games.

Hla. Subjects in the experimental condition with competitive audio-
gamification perform tasks significantly faster than the control group.

H1b. Subjects in the experimental condition with cooperative audio-
gamification perform tasks significantly faster than the control group.

Hypotheses H2a and H2b address RQ1, namely the relationship be-
tween audio-gamification and motivation. According to our assumptions
when developing the hypotheses about performance, we believe that the
numerous beneficial results obtained via gamification on motivation can
also be obtained through audio-gamification.

H2a. Subjects in the experimental condition with competitive audio-
gamification feel significantly more motivated than the control group.

H2b. Subjects in the experimental condition with cooperative audio-
gamification feel significantly more motivated than the control group.

The last two hypotheses address the difference between coopera-
tively and competitively implemented audio-gamification. Hypothesis
H3 addresses RQ3, and RQ4 is handled by hypothesis H4.

H3. Subjects in the experimental condition with cooperative audio-
gamification perform tasks significantly faster than the subjects in the
experimental condition with competitive audio-gamification.

H4. Subjects in the experimental condition with cooperative audio-
gamification feel more motivated than the subjects in the experi-
mental condition with competitive audio-gamification.

3. Method and data

To investigate the effects that audio-gamification can have on
motivation and performance, a lab experiment was conducted. The
following section describes the experimental design, the operationali-
zation of the dependent and independent variables, and descriptive data
about the subjects of the study in detail.

3.1. Experimental design

We created for our experiment a skill for the IVA Amazon Alexa to
test in a lab experiment. A skill is similar to an app for a smartphone
(Zhang et al., 2019). The skill extends the range of actions that can be
performed by the IVA, using voice control provided by Amazon via a
corresponding device, e.g., Amazon Echo.

The study uses a 3 x 2 between-subject design. The subjects are
randomly assigned to one of three groups. One group serves as a control
group without any game design elements. In contrast, the other two
experimental groups (competition group and cooperation group) use
audio-implemented game design elements, both with five different game
design elements: points, time pressure, level, narrative, and ranking. The
groups are compared after the experiment to identify possible differ-
ences in the performance and motivation of the subjects to find support
for our hypotheses, including data from a subsequent questionnaire
administered immediately after the lab experiment.

Similar to the study by Silva-Coira et al. (2016), the IVA supports the
user in performing tasks. The tasks and the general course of the
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experiment do not differ between the groups. Only the subjects in the
experimental groups are given additional audio game design elements
built into the skill. In the following, we will first describe the general
design of the experiment as it was implemented for the control group.
Then we will describe the different game design elements and how they
were implemented in the two experimental conditions.

3.1.1. Control group

Each subject was greeted and briefed that the purpose of the exper-
iment was to evaluate a new skill. The subjects are not aware that there
is more than one test condition. First, a tutorial familiarized the subjects
with the use of Alexa and the skill. They learned which commands they
had to use, for example, to start new tasks or how to get information
about the current task. Each subject was then taken to a separate room
where there was an Alexa Echo Dot speaker, and the subjects did start
with the experiment. During the whole experiment, a supervisor was
present in the same room. The supervisor was available to help in the
unlikely event that a subject has problems interacting with the IVA or to
help them with any technical or other issues.

The IVA explains six different tasks to the subjects during the
experiment, one by one. The tasks should be reminiscent of daily
household chores, which are usually done rather reluctantly. The tasks
include activities such as cleaning the room or sorting books into a shelf.
To receive new tasks or to confirm when a task has been completed, the
subject interacts with the Alexa Skill. By saying, “I'm done!” the subject
confirms that he or she has successfully completed the last task. Fig. 1
shows an example dialogue of a subject in the control group.

Because in a real-world setting usually, it is not possible to check
whether the tasks have actually been finished completely and correctly,
the supervisor also did not intervene in our laboratory setting. We ex-
pected that the mere presence of a supervisor will not lead to cheating. If
a subject deviates from the task, the supervisor of the experiment will
note this silently to ensure a high internal validity of the experiment.

After the completion of all tasks, a questionnaire had to be filled out
to obtain information about the motivation during the activity as well as
feedback on the audio implementation. The subjects in the experimental
groups are also asked whether and how they perceived the individual
game design elements. Since other studies have already found differ-
ences in the effect of gamification on gender (Codish & Ravid, 2017;
Koivisto & Hamari, 2014) and age (Jent & Janneck, 2018), this infor-
mation is also collected. We provide additional information in section
3.2 about the questionnaire.

Next, we provide a short overview of the different game design el-
ements and their implementation in the experiment. The basic structure
of both experimental groups corresponds to the structure of the control
group and differs only in these game design elements.

3.1.2. Points

Points are the basis of most gamified applications (Zichermann &
Cunningham, 2011) and offer a possibility to show the progress of the
users in numerical form (Seaborn & Fels, 2015). Subjects in the gamified
experimental groups get for each successfully accomplished task 50
points. In addition, extra points can be earned depending on the speed
performance. A maximum of 25 bonus points is awarded if the subject
completes a task within the minimum duration, which was previously
determined based on a pre-test. Therefore, a maximum of 75 points per
task can be obtained, which makes a maximum of 450 points for the
complete experiment (six tasks).

The subject will be informed about how to earn points and bonus
points when the skill is started. This description and the number of
points achieved are always communicated to the subject exclusively by
audio through the Alexa Speaker. An example of a dialogue with a
gamified version of the skill is given in Fig. 2.

3.1.3. Time pressure
By awarding the extra points and announcing them at the end of a
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Please sort
the books
into the
shelf!

What'’s the
next task?

I’'m done!

Thank you, now let's move on!
Vacuuming is the next item on your list.
You must hoover up the colorful confetti
that has strewn about the room. You may
begin right now!

Fig. 1. Example of a dialogue of a subject in the control group.

What's the next Please sort the books

into the shelf!

task?

Fig. 2. Example of a dialogue between a subject and a gamified version of the Alexa skills.

task, time pressure is created in this study. In many games, this game
design element is used, often in a visual form, e.g., by a clearing hour-
glass or displaying a countdown. By communicating time pressure, the
stress level of the players is increased, and the motivation to act is
stimulated (Kapp, 2012).

Time pressure can be used to create a form of challenge. However, it
is not always helpful, especially when tasks need to be completed pre-
cisely (Thiebes et al., 2014). For this reason, time is only measured here
for the awarding of extra points.

3.1.4. Level

Levels can have a similar effect as given goals and motivate a subject
to achieve them (Koivisto & Hamari, 2019). In games, they can display
ranks that the player can reach or refer to stages or areas in a game world
(Seaborn & Fels, 2015). Often, progress bars are used to show how far a
player has progressed (Zichermann & Cunningham, 2011).

If a certain number of tasks are completed in our studies, the subject
is informed via sound output that a new level has been reached. The IVA
says: “Yippee, you've reached level two!“. A total of three levels were
provided. The levels are firmly linked to the completion of the tasks. The
subject moves up a level for the first time by completing the first three
tasks. The second level is completed as soon as the fifth task is
completed. The third and last level ends with the last task. As a result, we
used levels to inform the subjects about their progress.

3.1.5. Narrative

In addition to points, time pressure, and levels, the game design
element narrative is integrated into the skill. If a user earns points, the
story unfolds gradually. This form of gamification is reminiscent of one
of the first forms of computer games, so-called text-adventures (Atkin-
son, Baier, Copplestone, Devlin, & Swan, 2019). In this type of game, the
player goes through a story that is told exclusively through text output.
Also, any interaction of the player takes place via text input. A similar
principle was applied in this study to design the narrative element. By
interacting with the IVA via speech, the subject progresses through the
story. Since Ji et al. (2017) showed that users prefer natural conversa-
tions to menu-based navigation, it was expected that the integration of
the narrative would have a positive impact on the perception of the skill.

To create the most immersive experience possible with the IVA, an
attempt was made to choose the narrative to match the context as much
as possible (Keusch & Zhang, 2017). The narrative that was developed
for this skill is loosely based on the video game “Portal” (“Portal,” 2019).
The subjects interact with an artificial intelligence called “TILA.” TILA is
rather grumpy in the beginning but will become nicer the more tasks are

Great, you get 50 points
and another 25 bonus
points for being so fast!

I'm done!

fulfilled. While the user is working on the tasks, TILA tells anecdotes and
facts that are vaguely related to the content of the current task. When
cleaning up, for example, she curses about the pollution of the envi-
ronment by humans.

Throughout the story, the subject notices that TILA gives the subject
tasks to help her get a password to escape from the speaker. The inter-
mediate dialogs not only help develop the narrative but also assist from a
technical perspective. The Alexa Skills Kit limits the maximum break
time a skill remains active when there is no user input to 10 s (Speech
Synthesis Markup Language (SSML) Reference | Alexa Skills Kit, n.d.).
After this period, the speaker shuts down and must be restarted by the
wake word. The intermediate dialogs thus help to extend the time limit
of 10s.

3.1.6. Ranking

A social component can be created by comparing the results with
others using rankings or leaderboards (Kapp, 2012). Rankings are
therefore also a popular element in gamification research for generating
cooperation or competition (Sailer, Hense, Mayr, & Mandl, 2017, pp.
795-818). In this study, the game design element ranking was imple-
mented in two different conditions, cooperative and competitive. An
overview of how the ranking was implemented in both gamified
experimental conditions is shown in Fig. 3.

In the cooperative group, the subjects are told at the beginning of the
story that they are part of Team Bravo and that this team competes
against the fictitious Team Alpha. When the intermediate ranking is
announced, subjects in the cooperative group receive information on
how their Team Bravo compares with the fictitious Team Alpha. The
information on how their team compares with the Alpha Team is given
four times: after completing the second, third, fifth, and sixth task. It was
decided not to do this after each task since it would be too monotonous
in combination with the regular announcement of the points, and TILA
would have talked too much, maybe leading to distraction.

Subjects in the competitive group do not receive any information at
the beginning that a comparison with other people is taking place. Just
after the second task has been completed, the subjects are informed
whether they performed better, equally well, or worse than the previous
subjects. It was decided that the design of the ranking should be based on
a general statement (see Fig. 3) and not on a list of best scores with exact
rankings. The reason for this decision was that it is much easier to un-
derstand instead of a leaderboard where several users and scores have to
be listed. The competitive ranking is announced at the same four stages
as in the cooperative group.

Whether a subject performs well, moderately, or poorly in the
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Competitive
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You belong to the bottom
third. You can do better!

Cooperative

You belong to the
average. Not bad!

You belong to the top
third. Keep it up!

Team Alpha is ahead of
your team Bravo.

Come on, step on it!

Your team Bravo is equal
to team Alpha.

It's going to be close!

Your team Bravo is ahead.
| hope for your sake that
it stays that way!

Fig. 3. Description of the cooperative and competitive ranking in the three gradations negative, neutral, and positive.

ranking is determined for each task based on the time it takes to com-
plete the task. Therefore, the data for assessment on which the ranking is
based is the same for all subjects and, like the points, is based on
empirical data that has been collected by testing the tasks several times
in a pre-test.

3.1.7. Audio feedback

In addition to the five game design elements mentioned, audio
feedback is used to make the application more appealing. According to
Thiebes et al. (2014), audio feedback includes both sound effects and
music. We used short positive and negative mood audio files to provide
positive or negative feedback to subjects. Furthermore, we used sound
effects like a drum roll to create excitement. A combination of sound
effects and music can also be found in audiobooks, for example, where
they are used to create mood and atmosphere (Steinhaeusser, Schaper, &
Lugrin, 2021). The audio files of the study supported the narrative and
helped to give feedback in a simpler and more concise way than it would
have been possible through detailed verbal responses (Rober & Masuch,
2005).

3.2. Measurements

In the study, the subjects’ task completion time and motivation were
analyzed. To evaluate the task completion time, the time required by the
subjects to perform the individual tasks was measured. To be able to
compare the times of the different test conditions, the exact completion
time was collected. For the analysis, this completion time was adjusted
by the time TILA was talking. For the final analysis, the total adjusted
time on task for each individual was used.

An additional survey was immediately conducted after the labora-
tory experiment. The subjects had to answer a short questionnaire via a
Google Forms sheet. In addition to demographic data (age and sex), the
subjects were also asked about their previous usage behavior and
experience with IVAs. The subjects could choose between six possible
options (“never,” “occasionally,” “several times a month,” “several times
a week,” “daily,” and “several times a day”). Additionally, the subjects

<

were asked to indicate how motivated they were during the experiment.
For this purpose, the following three questions were asked, which were
evaluated based on a 5-point Likert scale (1 = not at all; 5 = very much):

e Q1 - Were you motivated by the virtual assistant (TILA) to solve the
tasks?

e Q2 - Were you motivated by the virtual assistant (TILA) to solve the
individual tasks faster?

e Q3 - Did you have fun with the virtual assistant (TILA)?

To perform a manipulation check, we asked the subjects in the
questionnaire whether and if so which game design elements they
perceived during the study. The subjects could first choose whether they
thought they had perceived game design elements and then tick which of
the five game design elements (points, time pressure, level, narrative,
and ranking) they had perceived.

3.3. Participants

Data were collected from 91 participants at a German university. Of
these, ten had to be excluded from evaluation because of incomplete
data or technical or other issues. For example, contradictory results were
obtained due to Internet failures or because subjects skipped entire
tasks. Of these ten excluded subjects, four were in the control group,
three in the group with cooperative gamification, and three in the group
with competitive gamification. In total, a final sample size of N = 81 is
obtained for further analysis.

The average age of the sample was 23.56 years (SD 4.42), with the
youngest subject 17 years old and the oldest 41 years. 53 subjects were
male and 28 female. The high proportion of students (85%) is given that
the acquisition of the subjects was carried out at the university. The
other subjects were employees.

Concerning the adoption and frequency of use of IVAs, 57 of the
subjects (70.4%) stated that they had never used IVAs. Compared to the
average use of IVAs, 26.2% in the U.S. and 25.8% in Germany (Kinsella,
2021), the proportion of people who at least occasionally use an IVA is
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29.6% in our sample, which is comparable. An overview of the exact
distribution in our study is given in Table 1. In addition, comparing the
usage with a pre-COVID-19 survey with more than 1660 adults in the U.
S.A., similarities can be found for weekly and monthly usage behavior
(NPR and Edison Research, 2020).

4. Results

In this section, descriptive statistics are first briefly presented. Sub-
sequently, the hypotheses are evaluated in three stages: first, the effect
of audio-gamification on performance is examined, followed by the ef-
fect on motivation and the comparison between cooperative and
competitive implementation. Finally, we consider whether there is an
influence of variables such as age, gender, or previous experience with
IVAs on the variables investigated.

Table 2 gives an overview of the number of subjects in the three test
conditions, as well as the mean and median value and standard devia-
tion of the time in seconds required by the subjects to complete all tasks.
The unequal number of subjects per test condition is due to the random
distribution of the subjects. Overall, the mean value for the adjusted
required time is 544.78 s with a standard deviation of 115.77 s, and the
median is 547.34 s. The fastest subject is from the cooperative condition
with 331.58 s, and the slowest is also a subject from the same group with
838.32s.

4.1. Effect on performance

To evaluate the hypotheses, it is first checked whether the collected
data are normally distributed. For the hypotheses, Hla and H1b (sub-
jects in experimental conditions are faster than the control group) as
well as H3 (the cooperative group is faster than the competitive group),
the normal distribution of the adjusted required time is tested first.
According to the Shapiro-Wilk test (Field, 2017), no statistically signif-
icant result is provided, W(81) = 0.98, p = .308, and therefore a normal
distribution of the data can be assumed.

Then the variance homogeneity of the sample is checked. The Levene
test (Field, 2017) does not provide a statistically significant result,
F(2, 78) = 0.07, p = .936. Thus, it can be assumed that the variance of
the mean values for all three groups is not different, and a t-test can be
performed to evaluate the hypotheses H1a, H1b, and H3.

Already from the descriptive results in Table 2, it can be seen that the
subjects from the competitive group completed the tasks faster than
those in the control group. Furthermore, the statistical comparison of
the mean values between the competitive group (M = 490.37,
SD = 99.31) and the control group (M = 635.57, SD = 94.00) also
provides a statistically significant result with a large effect, t(46) = 5.17,
p =.000, d = 1.50. Thus, Hla can be supported, and it is assumed that
integrating audio-gamification with competitive design can positively
influence performance.

The cooperative group’s descriptive results from Table 2 also show
that the tasks were completed faster than in the control group.
Furthermore, the mean value comparison between the cooperative
group (M = 527.11, SD = 107.73) and the control group (M = 635.57,
SD = 94.00) is also statistically significant with a large effect,
t(53) = 3.84,p =.000, d = 1.07. Thus, H1b can also be supported, and it

Table 1
Overview of the degree of previous experience with IVAs of the subjects.

Frequency of use N Percentage of active users
Never 57 -

Occasionally 14 58.33%

Several times a month 4 16.67%

Several times a week 2 8.33%

Daily 4 16.67%

Serval times a day 0 0%
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Table 2
Number of subjects, as well as the mean, median, and standard deviation of the
adjusted required time per experimental group.

Condition N M Mdn SD
Control 22 635.57 607.79 94.00
Competitive 26 490.37 504.80 99.31
Cooperative 33 527.11 526.48 107.73

can be assumed that the inclusion of both competitive and cooperative
audio-gamification will positively impact performance.

4.2. Effect on motivation

The normal distribution of the questionnaire items Q1, Q2, and Q3 is
checked first to evaluate the hypotheses H2a and H2b (subjects in the
experimental conditions are more motivated than the control group) and
H4 (the cooperative group is more motivated than the competitive
group). The Shapiro-Wilk test provides a significant result for all three
items: Q1 - General Motivation W(81) = 0.89, p = .000; Q2 - Motivation to
work fast W(81) = 0.90, p = .000; Q3 - Feeling of fun W(81) = 0.87,p =
.000. The data of all three items are therefore not normally distributed,
and a non-parametric method (Mann-Whitney-U-Test) is used for further
evaluation.

The results of the mean value comparisons for the evaluation of H2a
are summarized in Table 4, the corresponding median values can be
found in Table 3. For all three items, the Mann-Whitney U Test provides
a statistically significant result. Furthermore, a medium effect was
determined for the items Q1 - General Motivation (r = 0.33) and Q2 -
Motivation to work fast (r = 0.44), the item Q3 - Feeling of fun achieves
only a weak effect (r = 0.24). Thus, hypothesis H2a can be supported,
and it is assumed that the perceived motivation of the subjects can be
increased by competitive audio-gamification..

Table 5 presents the results of the mean value comparisons for the
evaluation of H2b. The Mann-Whitney-U-Test provides statistically
significant results for comparing the cooperative group and control
group for all three items. In addition, the effect size for the two items Q1
— General Motivation (r = 0.35) and Q3 - Feeling of fun (r = 0.35) reach a
medium value, and for Q2 — Motivation to work fast, a high effect size
value (r = 0.51). Thus, H2b is also supported, and it can be assumed that
cooperative gamification has a positive effect on the perceived
motivation.

4.3. Comparison of cooperative vs. competitive

In the descriptive results in Table 2, the competitive group completed
the tasks on average faster than the cooperative experimental group.
Thus, our hypothesis H3 (subjects in the cooperative group are faster
than in the competitive group) cannot be supported as it was set up
initially with an opposite expected result. Therefore, we accept the null
hypothesis.

Finally, we check our hypothesis H4 (subjects in the cooperative
group are more motivated than in the competitive group). The
descriptive data for the three items in Table 3 show that the cooperative
group achieves a higher mean value for all questionnaire items than the
competitive group. The results of the statistical analysis are summarized
in Table 6.

Comparing the mean values leads to no statistically significant re-
sults for all three items. Thus, H4 cannot be supported, and it must be
assumed that it has no statistically significant influence on the motiva-
tion whether a cooperative or competitive design is applied.

4.4. Additional statistical analyses

In addition to the hypotheses, it was also examined whether an in-
fluence of the factors age, gender, or previous knowledge in dealing with
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Table 3
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Mean and standard deviation for all three motivational items (General motivation/Motivation to work faster/Feeling of fun) per experimental group.

Condition General Motivation Motivation to work faster Feeling of fun
M Mdn SD M Mdn SD M Mdn SD
Control 2.64 3.00 1.22 2.23 2.00 1.02 3.00 3.00 1.20
Competitive 3.38 4.00 0.98 3.38 4.00 1.30 3.58 4.00 0.95
Cooperative 3.52 4.00 1.06 3.58 4.00 1.23 3.76 4.00 1.20
ble 4 subjects, and positive correlation values are in favor of females.
Table

Results of the Mann-Whitney-U-Test and effect size for the comparison between
the control group and the competitive group regarding the three items for
measuring motivation.

Item U b4 p (one-tailed) r

Q1 General Motivation 180.50 —-2.29 .011 .33
Q2 Motivation to work fast 142.00 -3.06 .001 .44
Q3 Feeling of fun 210.50 —1.66 .049 .24

Table 5

Results of the Mann-Whitney-U-Test and effect size for the comparison between
the control group and the cooperative group concerning the three items for
measuring motivation.

Item U b4 p (one-tailed) r

Q1 General Motivation 217.50 —-2.59 .005 .35

Q2 Motivation to work fast 149.50 -3.76 .000 .51

Q3 Feeling of fun 231.50 —2.36 .010 .35
Table 6

Results of the Mann-Whitney-U-Test for the comparison between the coopera-
tive and the competitive group regarding the three items for measuring
motivation.

Item U Z p (one-tailed)
Q1 General Motivation 409.0 —0.32 373
Q2 Motivation to work fast 395.5 —0.53 .298
Q3 Feeling of fun 363.5 -1.06 .146

IVAs on the three motivation items and the time required could be
determined. The reason is to control for possible influences of extra-
neous variables. The correlations were calculated for the entire data set.
Since the three items used to measure motivation are not normally
distributed, as shown in section 4.2., a Spearman correlation is calcu-
lated. The analysis shows no significant correlations between age,
gender, or the experience with IVAs and one of the other variables.
Interestingly, the three questions concerning motivation correlate,
suggesting good construct validity. The results are summarized in
Table 7. Negative correlation values for gender are in favor of male

Table 7
Correlation matrix of the additional statistical analyses. P-values are two-tailed.

The variables age and gender appear interesting in the context of the
study. Reminder, 53 subjects are male, and 28 are female. When con-
ducting the study, males were on average 24.19 years old (SD = 4.57)
and females 22.36 years old (SD = 3.91). The age distribution between
the genders within the three experimental conditions is unremarkable. If
we take the results of Table 2 and further analyze the results according
to gender, we get the following results, as displayed in Table 8.

Although the results do not become statistically significant with the ¢-
test, strong trends are apparent. In the control and the cooperative
conditions, the male subjects took more time to accomplish the tasks
than the female subjects. In contrast, female subjects were slower in the
competitive condition. A more balanced gender distribution per condi-
tion might have led to more conclusive results in this case. Still, this is an
exciting result, which shows that gender effects can play an essential
role in performance, which also happened to be the case on other oc-
casions (Brauer & Mazarakis, 2019). Age- and gender-related differences
in the use of voice-activated artificially intelligent (voice-Al) devices
have not gone unnoticed and are already being addressed in studies
(Zellou, Cohn, & Ferenc Segedin, 2021). The need for future research in
this area should already be noted at this point.

For the motivational aspects (general motivation and motivation to
work fast), it is already evident from the correlation table that the female
subjects were more motivated than the males. The questionnaire items
for general motivation were tended to be rated lower by males (M =
3.08, SD = 1.14, Mdn = 3.00) than for females (M = 3.54, SD = 1.08,
Mdn = 4.00), U = 564.50, z =—1.84, p = .065. In addition, the ques-
tionnaire items for the motivation to work fast were also tended to be

Table 8
Number of subjects, as well as the mean, median, and standard deviation of the
adjusted required time per experimental group and gender.

Condition N M Mdn SD p (two-tailed)
Control Male 16 654.65 646.27 100.40 122

Control Female 6 584.70 587.53 51.03

Competitive Male 16 473.04 466.49 104.10 .269
Competitive Female 10 518.10 514.82 89.12

Cooperative Male 21 552.77 549.62 113.86 .069
Cooperative Female 12 482.20 472.42 82.08

Age Gender Experience with IVAs

General Motivation

Motivation to work fast Feeling of fun Adjusted required time

Age 1.00 —.196 .034 —.130
.079 .761 .248
Gender 1.00 —.190 .206
.089 .065

Experience with IVAs 1.00 —-.109
.331
General Motivation 1.00

Motivation to work fast
Feeling of fun

Adjusted required time

ST T~ T S - T~ T T~ e T~ B |

—-.017 —.010 -.211
.882 927 .059
211 —.022 —.163
.059 .844 .145
—-.011 129 —.027
.923 .253 .810
.387** .527%* —.100
.000 .000 .373
1.00 .405** —.198
.000 .077
1.00 —.108
.337
1.00
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rated lower by males (M = 2.94, SD = 1.34, Mdn = 3.00) than for fe-
males (M = 3.54, SD = 1.20, Mdn = 4.00), U = 557.00, 2 =—1.89, p =
.060. Again, a more balanced gender distribution may have resulted in
more definitive answers in this context. However, between the three
experimental conditions, the results are unexceptional.

5. Discussion

This pioneering study was designed to investigate a new innovative
field of application of gamification and IVAs for human behavior, which
we call audio-gamification. The goal was to systematically determine
whether game design elements also have a motivating and performance-
enhancing effect in purely audio-based applications for IVAs. Following
our expectations, a statistically significant effect on the motivation of
the subjects as well as on the speed at which they complete given tasks
could be determined. Thus the results are in accordance with previous
gamification research in other fields (Johnson et al., 2016; Majuri et al.,
2018; Seaborn & Fels, 2015; Warmelink et al., 2018).

As Murad, Munteanu, Clark, and Cowan (2018) point out, feedback
is of central importance in the design of IVAs. Audio-gamification can
help to provide the user with the necessary feedback in a familiar way.
At the same time, care must be taken not to overwhelm the user with
additional elements which could distract or bore them. Our study is
compliant with design recommendations for non-complex interaction
models (Murad et al., 2018), and our results show that
audio-gamification can improve the experience with IVAs. Our results
provide implications for improving user motivation of IVAs, which
might be helpful in many application domains. Possible areas of appli-
cation could be, for example, language learning, which is currently a
popular field of research on the use of IVAs (Dizon, 2021). Since it is
known that gamification can improve both motivation for learning and
learning success (Bai et al., 2020; Majuri et al., 2018; Sailer & Homner,
2020), audio-gamification could possibly also produce such an effect in
learning with IVAs. Various applications for audio-gamification are also
possible in the realm of sustainability research. Drivers could be
incentivized to adopt ecologically friendly driving behavior, for
example, by incorporating game design features in cars, similar to the
Landesberger et al. (2020)study. Alternatively, in the application in the
smart home, users could be motivated to use the devices in the house-
hold in a more energy-efficient way (Mendez et al., 2020).

Research into the effects of audio-gamification opens new possibil-
ities for the further development of IVAs. Another field of application in
which gamification can be implemented without visual support is ap-
plications for visually impaired individuals (Mazarakis, 2021; Sciarretta
& Alimenti, 2021). Through an audio-only implementation, obstacles
such as the use of color to convey instruction, to indicate an action, or to
prompt a response, which often occur during the implementation of
gamification, can be bypassed (Smith & Abrams, 2019). In this respect,
our results help to go beyond the work of Tejedor-Garcia et al. (2020) to
show that for the implementation of gamification in the context of IVAs,
a smartphone or other device with a display is not necessarily required.
To enable the most inclusive design of IVAs, we create new possibilities
to make applications more appealing to people with limited vision by
using only sound and speech to represent the game design elements. Our
study provides valuable insight that offers a new perspective on the
potential of gamification in a wide range of applications.

The positive results of our study can also be attributed to the suc-
cessful embedding of the tasks in the narrative around the AI TILA. With
the help of the narrative, the user was guided through the menu of the
application. As a result, receiving and confirming the tasks was more like
a conversation with TILA. This also is in line with the results of Ji et al.
(2017), according to which users prefer natural conversations over
menu-based navigation. This leads to the assumption that by including a
narrative element, an enormous potential can be unlocked regarding the
improvement of the acceptance of IVAs.
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5.1. Limitations

In addition to the effect of audio-gamification on motivation and
performance, this study examined whether differences between coop-
erative and competitive game design elements could be demonstrated.
Contrary to the results of, e.g., Morschheuser et al. (2019) and our ex-
pectations, no difference in motivation or performance could be detec-
ted between the groups. Other studies also struggled with the differences
between cooperative and competitive game design elements, e.g., they
were not always clear either (Dindar et al., 2021; Marinho et al., 2019).
In the case of our study, there may be too marginal differences in the
design of the two groups. The same five game design elements (points,
time pressure, level, ranking, and narrative) were used in both groups.
The only difference in terms of game design elements and besides the
different amount of information provided between the cooperative and
the competitive group was the implementation of the ranking. To ach-
ieve a clear impact, the differences between cooperative and competi-
tive gamification should be highlighted more clearly. For example, the
narrative could be adapted more or challenges designed cooperatively
or competitively could be used.

A possible general limitation should not remain unmentioned: a
cooperative setting may not always be beneficial. Despite the efforts of,
e.g., Morschheuser (2019), others provide different findings. A highly
competitive game design element like a leaderboard or ranking can have
a massive impact on performance (Brauer & Mazarakis, 2019). In
addition, Dindar et al. (2021) show that subjects in their study
completed the tasks in the competitive condition statistically significant
faster than in the cooperative condition. Therefore, the context in which
gamification is to be used must always be considered (Brauer &
Mazarakis, 2019; Finckenhagen, 2017; Koivisto & Hamari, 2014;
Mazarakis, 2021; Richards, Thompson, & Graham, 2014).

In our study, the motivation of the subjects was determined based on
a questionnaire with three self-developed questions. The procedure for
measuring motivation could have been based on established question-
naire tools, such as the Intrinsic Motivation Inventory (Intrinsic Moti-
vation Inventory (IMI) - Selfdeterminationtheory.Org, n.d.). The
advantage of using such a tool would be, besides the proven validity of
the questionnaire, the possibility to collect information about the
satisfaction of different basic needs (autonomy, relatedness, and
competence). This would allow more precise conclusions to be drawn
about the effect of audio-gamification on motivation.

Also, the effect that the individual game design elements might have
on each other was not considered in the study. As Mekler et al. (2017),
and Mazarakis and Brauer (2018, 2022) were able to show, different
game design elements have quite different effects when applied indi-
vidually. Since the focus of our study was to test whether an effect can be
achieved at all, several game design elements were used in combination
so that no conclusions could be drawn about the mode of action of the
individual game design elements. Especially about the audio feedback,
information on the individual effects could be extremely helpful for the
design of skills. In addition, it may be necessary to take individual needs
into account when designing audio game design elements and to offer
the user the possibility to adjust or switch off the elements.

As with most studies in the field of gamification, there is a lack of
evaluation of the long-term impact of gamification (Mazarakis, 2021;
Rapp et al., 2019; Seaborn & Fels, 2015). The effect investigated was
demonstrated in a laboratory setting in which the subjects interacted
with the system once and for no longer than half an hour. Therefore, it
remains questionable how audio-gamification would affect motivation if
a user used a similar incentive system several times over a longer period
of time. To answer this question, a follow-up study should be conducted.
In such a study, however, the setting would have to be adapted since the
skill developed for the laboratory experiment with the predefined tasks
would not be reusable in a long-term field study. Alternatively, the
audio-gamification concept might be transferred to a foreign language
learning application, for example. Another imaginable scenario to
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implement the research design in a less restrictive laboratory setting
would be to emphasize health exercises, specifically relaxation exer-
cises, emphasizing breathing exercises.

A final limiting aspect in conducting the study is the relatively low
proportion of daily users of IVAs (16.67%) in the sample. Although the
ratio of subjects without experience with IVAs compared to subjects
with experience in our study corresponds to the prevalence of experi-
ence with IVAs in Germany (Kinsella, 2021), it is still possible that the
usage behavior could be influenced by this aspect. In addition, while no
major differences in interaction with the skill between experienced and
inexperienced users were found (see Table 7), future studies should
include a larger group of users with more prior experience, e.g., daily
use. This could lead to group-specific insight, e.g., different results for
power users.

5.2. Future research

Our study provides first results in the field of audio-gamification and
shows the potential of integrating game design elements without the use
of a screen. At the same time, this study raises several further questions
that should be addressed by future research to provide a valid basis for
the design of IVAs based on our results. A first starting point is provided
by the additionally considered differences between the genders. In both
fields of gamification and research on IVAs, initial studies address the
effects of age and gender (Codish & Ravid, 2017; Jent & Janneck, 2018;
Zellou et al., 2021). Our data also suggest that there might be differences
in the motivational effect of audio-gamification due to these influencing
factors. Similarly, users’ prior experience with IVAs could also be an
essential factor influencing the impact of audio gamification. Future
research could address this potentially limiting factor.

Many users of Amazon Alexa are annoyed after some time because
the IVA always gives them the same long answers. Amazon has therefore
now built in the option to receive only short answers such as “yes” or a
tone instead of a spoken answer (Alexa Brief Mode Explained, 2019).
Since the addition of game design elements automatically extends the
responses of the IVA, it is possible that a similar fatigue effect can result.
By conducting an online study over a longer period of time, conclusions
can be drawn as to whether this effect also occurs with audio game
design elements and, if so, what design options there are to counteract
this phenomenon.

An important point in designing applications for IVAs is to make the
menu navigation as efficient and straightforward as possible (Murad
et al., 2018). Unfortunately, the integration of game design elements
counteracts this principle and could therefore harm usability. However,
since the results on motivation and performance improvement of our
study were positive, it should be determined whether the integration of
game design elements really has a negative impact on usability. To find
out whether such an effect can be verified, this should be investigated
using suitable evaluation procedures, such as appropriate question-
naires like the system usability scale (Ghosh, Foong, Zhang, & Zhao,
2018).

A third important point that should be considered for future research
is the direct comparison between visual and audio implementation of
game design elements. To be able to conclude how important a visual
component is in the implementation of game design elements, more
studies with different devices and settings are needed. For example,
some speakers with IVAs like the Alexa Echo Show or the Google Nest
Hub already have integrated a screen. A comparison of the usage
behavior between two skills that differ only in the presentation of the
game design elements (visual vs. audio) could provide insights into how
much users are influenced by a visual component (Montalvo et al.,
2021).

One factor that could decisively influence the effect of audio-
gamification is the presence of other people in the room. In contrast to
working on screens, where users usually use one device alone, several
users can simultaneously interact with an IVA (Trajkova &
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Martin-Hammond, 2020). The assistants can be trained on different
voices and thus identify various users (Amazon.Com Help: About Alexa
Voice Profiles, 2020). It has already been shown that working together
in a group with IVAs has a positive impact on cooperation within the
group and improves the output of group work (Winkler, Sollner, Neu-
weiler, Conti Rossini, & Leimeister, 2019). On the other hand, the
presence of other people can also act as a deterrent and discourage the
use of the IVA (Trajkova & Martin-Hammond, 2020). Depending on the
implementation of gamification and the personality traits of the user, the
presence of other people could lead to amplification or attenuation of
the motivating effect.

6. Conclusion

Our pioneering study with 81 subjects empirically investigated the
effect of audio-only game design elements on motivation and perfor-
mance when using an IVA. We answered our research questions
regarding how audio-gamification affects motivation and performance.
The positive results are consistent with previous studies on the general
effect of gamification (Johnson et al., 2016; Majuri et al., 2018; Seaborn
& Fels, 2015; Warmelink et al., 2018) and show that a visual component
is not necessarily required for the successful implementation of game
design elements. We also considered differences in the design of the
audio game design elements. However, the comparison between a
cooperative and a competitive group did not show any statistically sig-
nificant difference for our corresponding research questions about
motivation and performance. The results thus contradict previous work
(Morschheuser et al., 2019) and offer a variety of possibilities to
research the contradictions. We believe that our work will contribute to
a fundamental paradigm shift for IVAs in developing human-centered
skills and creating new, more appealing motivational design ap-
proaches, thus possibly promoting the acceptance of IVAs in the long
term, especially with gamification.
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