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Gamification is finding growing application in the field of physical activity, promising engaging and motivating
experiences that foster behavioural change. Yet, rigorous empirical work substantiating favourable claims is
limited. Our study sought to find evidence for the effects resulting from gamification of physical activity on the
users’ motivation, perceived usefulness, and the behavioural change in terms of step counts. We employed a four-
week randomised controlled field experiment to investigate how the choice of different gamification designs
affects outcomes. Participants were provided with a wearable physical activity tracker and randomly assigned to
either a: 1) competitive gamified group; 2) cooperative gamified group; 3) hybrid gamified group; or 4) control
group. Data gathered includes a panel dataset of step counts and self-reported data on the users’ intrinsic
motivation and perceived usefulness. We found that at the end of the intervention, gamification made no dif-
ference to self-assessed intrinsic motivation or perceived usefulness compared to a non-gamified self-tracking
experience. Yet, despite the lack of psychological effects, the use of gamification did result in stronger behav-
ioural outcomes relative to the control group - in the form of increased step counts. Indeed, all groups treated
with gamification recorded an increase in step counts during the intervention period. Furthermore, amongst the
gamified treatments, it was the hybrid design that generated the largest difference in step counts (relative to the
control group). The finding that gamification can stimulate a stronger behavioural outcome, but does not evoke a
stronger psychological outcome at the end of the intervention merits further investigation as to the mechanisms
at play.

1. Introduction

In the domain of physical activity and exercise, there is widespread
use of gamification in conjunction with wearables and fitness mobile
applications to encourage users to be more physically active and achieve
self-improvement goals (Hamari et al., 2018; Neupane et al., 2020;
Oinas-Kukkonen, 2013). Gamification attempts to ‘translate the engaging
aspects of games into other domains of life to create positive experiences and
drive desired behaviours’ (Deterding, 2019, p. 1). Existing empirical evi-
dence suggests that the effect of gamification on physical activity is
predominantly positive (Johnson et al., 2016; Koivisto and Hamari,
2019a; Mazéas et al., 2022). However, literature has insufficiently
scrutinised whether the reported positive outcomes are being realised
due to gamification and what type of gamification design is optimal to
facilitate the desired behavioural change (Mazéas et al., 2022). Extant
empirical evidence is limited, and there is significant heterogeneity
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between existing studies in terms of the studies’ quality and study de-
signs (Mazéas et al., 2022).

With the pursuit of health and well-being outcomes in mind,
empirical evidence that confirms the promising outcomes on users’
motivation and actual behaviour change through gamification remains
crucial (Koivisto and Hamari, 2019a). To extend our understanding of
this phenomenon, empirical studies involving randomised, controlled
conditions that shed light on both psychological and behavioural out-
comes of gamification are encouraged (Koivisto and Hamari, 2019a;
Mazéas et al., 2022). Understanding which gamification design or in-
dividual game element produces positive effects, and under which cir-
cumstances or contexts are these favourable effects realised is thus
important. Equally the grasp of how, and to what extent, is gamification
able to generate positive psychological and behavioural outcomes that
support the users’ overall value creation is a valid quest for academics
and practitioners alike (Hamari et al., 2014; Koivisto and Hamari,
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2019b; Liu et al., 2017; Nacke and Deterding, 2017; Rapp et al., 2019;
Schmidt-Kraepelin et al., 2020).

To address these limitations in existing literature, our study
investigates:

i) whether the use of gamification stimulates the desired behav-
ioural change, in terms of an increase in step counts;
ii) how the choice of gamification design affects the behavioural
change in physical activity; and
iii) how the use of gamification in the context of physical activity
influences the wusers’ intrinsic motivation and perceived
usefulness.

A randomised controlled field experiment was purposely designed to
investigate the effect of gamification of physical activity. Consistent
with established classification frameworks on gamification design (Liu
et al., 2013; Morschheuser et al., 2017), our study examines three
different designs of gamification commonly used in fitness applications,
namely: 1) competitive; 2) cooperative; and 3) hybrid (com-
petitive-cooperative) designs. The change in physical activity behaviour
is tracked and measured objectively using physical activity trackers. The
data gathered includes a panel dataset of step counts to investigate the
causal effect of gamification on step counts, as well as self-reported data
to examine the effect of gamification on the users’ intrinsic motivation
and perceived usefulness.

An overview of the theoretical foundations and related work is pre-
sented in Section 2. The details pertaining to the research method
including the study design and timeline, participants and setting, the
study procedure and interventions, data collection and data analysis
procedures are presented in Section 3. The results and findings are
presented in Section 4. Finally, this paper concludes with a discussion on
the findings in relation to existing literature, and potential avenues for
future research.

2. Theoretical foundations and related works
2.1. The premise of gamification

Harnessing on the motivational and engaging power of game design
characteristics, gamification has the potential to promote motivation
towards various utilitarian goals and behaviours (Hamari and Koivisto,
2015a; Seaborn and Fels, 2015; Walz and Deterding, 2015). Gamifica-
tion features implemented into a system or a service act as stimuli
(motivational affordances) designed to provide a gameful experience,
that stimulates the users’ motivation and psychological states, which
ultimately invokes the intended behavioural outcome (Hamari et al.,
2014; Huotari and Hamari, 2017). Consistent with this conceptualisa-
tion, Liu et al. (2017) emphasise that gamified systems should be
designed to address two central goals, namely the experiential (psy-
chological) and instrumental (behavioural) outcomes. The instrumental
outcome refers to the intended behavioural response for which gamifi-
cation is intentionally designed, in this case an increase in step counts.
Experiential outcomes refer to various emotional and cognitive re-
sponses, such as enjoyment, motivation, usefulness, meaningfulness,
and satisfaction (Liu et al., 2017).

Research into the design and effectiveness of gamification is
commonly guided by theoretical frameworks related to motivation and
behaviour change since gamification is intended to affect the users’ self-
motivation towards the desired activity (Seaborn and Fels, 2015). A
widely researched theoretical framework on human motivation is the
self-determination theory (Deci and Ryan, 1985; Ryan and Deci, 2000b).
The motivation to engage in an activity or a task can be categorised into
intrinsic or extrinsic motivation (Ryan and Deci, 2000a). People are
intrinsically motivated when they do an activity for its inherent satis-
faction, interest, and enjoyment. By contrast, extrinsic motivation re-
lates to behaviour that is driven by external outcomes, rewards,
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pressures, or fears (Deci and Ryan, 1985; Ryan and Deci, 2000b, 2000a).
The self-determination theory suggests that self-determined behaviour is
associated not only with intrinsic sources of motivation, but also with
autonomous types of extrinsic motivation where the behaviour is
endorsed due to the perceived value or usefulness of the activity and
congruence with the individual’s personal values and needs (Deci and
Ryan, 2008; Ryan and Deci, 2000b). Studies examining whether an ac-
tivity is intrinsically motivating commonly assess the individuals’ sub-
jective experience in terms of enjoyment and interest (Ryan, 1982; Wu
and Lu, 2013). Perceived enjoyment and interest reflect the individual’s
emotional psychological response to the intervention and are considered
to be self-report measures of the individuals’ intrinsic motivation (Ryan,
1982). By contrast, perceived usefulness is a widely used measure in
studies examining internalisation of extrinsically motivated behaviours
(Wu and Lu, 2013). Perceived usefulness facilitates internalisation and
integration of extrinsically motivated behaviours (Deci et al., 1994;
Ryan and Deci, 2000b).

Self-determination theory (Ryan and Deci, 2000b) identifies three
innate psychological needs that support self-motivation, namely the
need for competence, autonomy, and relatedness. First, competence
refers to the need for challenge, feelings of ability, mastery, and
achievement of the task at hand (Rigby, 2014; Ryan and Deci, 2000b).
Providing optimal challenges and positive feedback enhances perceived
competence (Ryan et al., 2006; Ryan and Deci, 2000b). Second, auton-
omy refers to the users’ freedom of choice in deciding which actions to
undertake (Ryan and Deci, 2000b; Vansteenkiste et al., 2010). Providing
opportunities for choice and informational feedback enhances auton-
omy. Conversely, environments that diminish the sense of control on
one’s actions undermines autonomy and intrinsic motivation (Ryan
et al., 2006). Lastly, relatedness refers to the sense of belonging and
feelings of connectedness with others, which is promoted through en-
vironments characterised by a sense of mutual respect, support, and
security (Rigby, 2014; Ryan and Deci, 2000b; Vansteenkiste et al.,
2004).

2.2. Gamification design

The rich variety of game elements and mechanics that could be
implemented in gamified systems offer endless possibilities for gamifi-
cation design (Morschheuser et al., 2017). Drawing on the social inter-
dependence theory (Johnson, 2003; Johnson and Johnson, 2005),
research frameworks have been established to distinguish between
different types of gamification designs (Liu et al., 2013; Morschheuser
et al., 2017). Gamification can be classified as i) individualistic, ii)
cooperative, iii) competitive, or iv) cooperative-competitive, also
referred to as hybrid, inter-team competition, or coopetition (Liu et al.,
2013; Morschheuser et al., 2017). The choice of game elements and
features utilised determines the type of gamification design of the sys-
tem (Morschheuser et al., 2017).

An individualistic gamification design includes game elements such as
private badges or levels to motivate users to achieve personal goals,
without causing interdependence amongst individuals (Morschheuser
et al.,, 2017). The other three types of gamification designs include a
social-oriented goal setting. A cooperative gamification design is based on
a positive goal interdependence where users collaborate to achieve a
shared goal through cooperative game elements, such as shared puzzles
or team challenges (Morschheuser et al., 2017). By contrast, a competi-
tive gamification design invokes a negative goal interdependence where
users compete against others to achieve a goal through gamification
elements, such as competitions, leaderboard, and public rankings
(Morschheuser et al., 2017). The combination of competition and
cooperation gamification features results in a cooperative-competitive
gamification design, such as the case of an inter-team competition, where
individuals cooperate with their team players to achieve a shared goal,
whilst also competing with other teams (Liu et al., 2013; Morschheuser
et al., 2017; Tauer and Harackiewicz, 2004).
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Gamified fitness applications, such as Nike+ Run Club, MapMyRun,
Fitbit, Strava and Pacer, ‘connect’ individuals to a community of users
who are also performing similar activities. It is common for the design of
gamified applications to include a social setting and a strong presence of
social features (Hamari and Koivisto, 2013; Koivisto and Hamari, 2019b;
Neupane et al., 2020). Earlier studies suggest that social factors are
determinants of the attitude and use of gamified fitness applications
(Hamari and Koivisto, 2013, 2015b). The use of gamification and being
part of a group or team (a social setting) are determining factors that
positively influence the users’ adherence to physical activity applica-
tions (Yang et al., 2020). Prior research has identified that the most
common game elements used in health and fitness applications include
social influences, challenges, goals, collaboration, and competition
(Cotton and Patel, 2019). Similarly, a systematic review conducted by
Neupane et al. (2021) identified that many gamified fitness tracker ap-
plications use a combination of game elements that include social in-
fluence, competition, and challenges.

Research shows that interpersonal social contexts lead to higher
levels of performance compared to individualistic contexts (Johnson and
Johnson, 1989; Stanne et al., 1999). An interpersonal social setting
presents different gamification design opportunities where several
behavioural processes come into play. In a social setting, users are
exposed to various forms of social influences, social comparison, and
social support opportunities. Social influence refers to the process where
individuals’ attitudes, beliefs and behaviours are altered due to the
presence or actions of other people in their social environment (Kelman,
1958). The behaviour of an individual could be influenced and guided
by the norms of the reference group, including both descriptive and
injunctive subjective norms (Ajzen, 1991; Cialdini and Trost, 1998).
Social comparison refers to the process by which people compare their
performance with others (Buunk and Gibbons, 2007). Through upwards
and downward social comparison, individuals self-evaluate their
standing relative to others in the group with the intention to improve
themselves and / or to enhance their self-esteem (Festinger, 1954). So-
cial comparison is commonly implemented in gamified applications
through leaderboard rankings which display the users’ performance
relative to other users of the gamified application stimulating competi-
tion amongst the users (Schmidt-Kraepelin et al., 2018; Wu et al., 2015).

Different designs can influence individuals’ motivation and behav-
iour in several ways (Johnson and Johnson, 1989; Tauer and Harack-
iewicz, 2004). Competitive environments can increase the individuals’
desire to do well and provide a sense of challenge and excitement
(Epstein and Harackiewicz, 1992; Tauer and Harackiewicz, 2004). As a
result, individuals become more engaged and involved in the task,
thereby fostering intrinsic motivation (Tauer and Harackiewicz, 2004).
Competitions have the potential to satisfy the innate psychological need
for competence providing a sense of achievement and satisfaction
(Tauer and Harackiewicz, 2004). These effects are consistent with the
self-determination constructs that promote motivation (Deci et al.,
1999). Studies show that positive feedback during the competition en-
hances intrinsic motivation (Reeve and Deci, 1996; Tauer and Harack-
iewicz, 2004). Empirical evidence also shows that adding a competition
element increases task performance, even when intrinsic motivation is
not found to be a mediating factor (Landers et al., 2019). However, as
argued by Santhanam et al. (2016) not all competitions are equally
motivating. Competitive environments could also be demotivating for
low achievers or when the individuals’ level of skill is unbalanced
(Epstein and Harackiewicz, 1992; Liu et al., 2013; Santhanam et al.,
2016). Focusing on winning rather than the task itself undermines
intrinsic motivation (Deci et al., 1981).

Cooperative designs also provide opportunities that enhance moti-
vation and task performance (Tauer and Harackiewicz, 2004). The
concept of a group provides a nurturing environment for social support
and relatedness through which other needs can be better met (Martin
and Dowson, 2009). Being part of a group working towards a shared
goal begets a sense of social relatedness, which has been identified as
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one of the constructs fostering intrinsic motivation (Ryan and Deci,
2000b; Tauer and Harackiewicz, 2004). Cooperative environments
could provide opportunities for social support that enhance motivation
and promote the desired behaviour (Ryan and Deci, 2000b). Positive
feedback on achieving the shared goal evokes feelings of competence
and mastery, and in turn, intrinsic motivation (Ryan et al., 2006; Tauer
and Harackiewicz, 2004). However, cooperation could also undermine
motivation when individuals feel loss of autonomy, if joint commitment
from the group members is lacking, if the group members fail to achieve
the shared goal or if individuals perceive the shared goal as externally
controlling (Johnson and Johnson, 1989; Tauer and Harackiewicz,
2004).

The cooperative-competitive design (hybrid) provides opportunities
that enable individuals to foster positive relations and support amongst
their team members, while getting involved into the competitive spirit
to perform better than other teams (Liu et al., 2013; Tauer and Har-
ackiewicz, 2004). Taken together, the feelings of relatedness, social
support, as well as competence give rise to motivation (Ryan and Deci,
2000b). The hybrid design of cooperation-competition creates an envi-
ronment which supports the individualism promoted through competi-
tion, as well as the collectivism and interdependence that exists in
cooperative designs. Studies show that the simultaneous occurrence of
competition and collaboration resulting in an inter-team competition led
to even greater benefits than pure competition or pure collaboration in
sports (Tauer and Harackiewicz, 2004), and in other gamification do-
mains, such as crowdsourcing (Morschheuser et al., 2019). Thus, we
hypothesise (see Section 2.5) that the use of a hybrid gamified design
will generate the strongest positive effect on behaviour change.

2.3. Empirical evidence on the effect of gamification on physical activity

Despite the ever-growing body of literature on gamification, empir-
ical evidence on the effect of gamification of physical activity remains
limited (Koivisto and Hamari, 2019a; Mazéas et al., 2022). Existing
literature primarily focused on whether gamified interventions of
physical activity result in positive outcomes (Koivisto and Hamari,
2019a). While the success of gamification differs, the majority of
empirical studies in this domain report positive results (Johnson et al.,
2016; Koivisto and Hamari, 2019a; Mazéas et al., 2022). Overall, the
effect of gamification on physical activity behaviour is described as
ranging from a small to a medium positive effect in the short term
(Mazéas et al., 2022). The long-term effect is even more volatile with
very small to small effects being reported in literature (Mazéas et al.,
2022). Some studies suggest that the positive effect on physical activity
declines over time during the intervention (Gremaud et al., 2018; Patel
et al., 2019; Thorsteinsen et al., 2014) or is not maintained in the
long-term when the gamification stimulus is removed (Maher et al.,
2015). The positive effects reported for gamified interventions are
considerably higher when the gamified intervention is compared to
inactive control groups (for instance individuals on waiting lists), rather
than active control groups, such as individuals using a non-gamified
version of the application (Mazéas et al., 2022)." Nonetheless, there is
also evidence through randomised controlled studies reporting null ef-
fects for gamified interventions of physical activity (Direito et al., 2015;
Edney et al., 2020; Kurtzman et al., 2018; Zuckerman and Gal-Oz,
2014).

The lack of randomised controlled studies isolating the effect of
specific game elements or gamification designs limits our understanding
on which gamification design is optimal (Koivisto and Hamari, 2019a;
Mazeéas et al., 2022). The type of gamified interventions investigated in
previous studies varies greatly and interventions are hardly comparable
across the different studies (Koivisto and Hamari, 2019a; Mazéas et al.,

1 Effect size of 0.58 in the case of gamification versus inactive control group;
and an effect size of 0.23 in the case of gamification versus active control group.
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2022). Nevertheless, the literature provides some indications in this
regard. Gamified interventions incorporating competitive game design
elements were reported to have a significant positive effect on physical
activity behaviour in several studies (Gremaud et al., 2018; Patel et al.,
2019; Thorsteinsen et al., 2014; Tu et al., 2019). A competitive gamified
intervention amongst overweight and obese adults facilitated the high-
est physical activity levels, when compared to an individualistic gami-
fied design that included social support and a collaborative gamified
design (Patel et al., 2019). Tu et al. (2019) reported that making the
fitness application more social by incorporating a competitive design
including a leaderboard ranking, adding friends amongst the team
members, and providing opportunities for social support is more effec-
tive than an individualistic design that includes badges, points,
achievements, level of progression and virtual goods. Gremaud et al.
(2018) reported that a gamified intervention incorporating competitive
game elements significantly increased physical activity behaviour
amongst sedentary office workers, compared to a non-gamified self--
tracking experience. Self-reported measures of physical activity indicate
that other gamified interventions involving competitive game elements
also resulted in positive effects on physical activity (Thorsteinsen et al.,
2014).

While a competitive gamified design seems to be the most common
gamified design investigated in gamification literature, empirical evi-
dence also indicates that there is potential to increase physical activity
through cooperative (Chen and Pu, 2014; Patel et al., 2017) and hybrid
gamified designs (Chen and Pu, 2014; Lin et al., 2006; Mo et al., 2019). A
cooperative gamified intervention led to a significant increase in phys-
ical activity amongst family members when compared to a control group
(Patel et al., 2017). A gamified intervention involving teams and social
support improved self-reported physical activity measures, as well as
related cognitive constructs compared to the control group (Mo et al.,
2019). Another study conducted by Lin et al. (2006) shows that both an
inter-team competition (hybrid design) and an individualistic gamified
design were effective at increasing physical activity. To our knowledge,
the study by Chen and Pu (2014) was the only study investigating
competitive, cooperative, and hybrid designs of gamification on phys-
ical activity. The authors developed HealthyTogether, a gamified mobile
application encouraging dyads of friends to engage in physical activity
together. In the absence of a control group, the authors compared
physical activity during a one-week intervention period with a one-week
baseline period. The cooperative gamified design facilitated the highest
increase in physical activity, followed by the hybrid gamified design.
Albeit positive, the effect of the competitive gamified design was not
significant (Chen and Pu, 2014).

So far, only few studies examined psychological outcomes resulting
from gamified interventions of physical activity in conjunction to
behavioural outcomes as the following observations suggest (Mazéas
et al., 2022). Following a gamification intervention, positive psycho-
logical outcomes in terms of self-efficacy, physical activity intention,
and knowledge were reported together with positive behavioural out-
comes in terms of walking behaviour (Dadaczynski et al., 2017).
Conversely, in response to a gamification intervention Direito et al.
(2015) reported no net effects on perceived enjoyment, psychological
need satisfaction and self-efficacy, as well as no effect on physical ac-
tivity behavioural outcomes. Gamification literature posits that psy-
chological outcomes resulting from gamification affordances mediates
behavioural outcomes (Huotari and Hamari, 2017). The findings from
Dadaczynski et al. (2017) and Direito et al. (2015) support this con-
ceptualisation, however further research that empirically investigates
the psychological and behavioural outcomes of gamification in the
context of physical activity is necessary (Mazéas et al., 2022).

2.4. Shortcomings

There are mainly five limitations and methodological shortcomings
in existing empirical evidence on the effect of gamification of physical
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activity (Johnson et al., 2016; Koivisto and Hamari, 2019a; Mazéas
et al., 2022).

First, extant literature is unable to conclude that the reported posi-
tive effect on physical activity emerges from the implementation of
gamification itself (Mazéas et al., 2022). Positive effects attributed to
gamification in existing literature (Koivisto and Hamari, 2019a; Mazéas
et al., 2022) involve location-based games (Broom and Flint, 2018;
Kaczmarek et al., 2017), and exergames (Farrow et al., 2019; Garde
et al., 2016; Geelan et al., 2016; Hochsmann et al., 2019), some of which
also involve augmented and mixed realities. Although these in-
terventions include game elements, these developments are conceptu-
ally different from gamification (Deterding et al., 2011; Fogg, 2002;
Huotari and Hamari, 2012; Koivisto and Hamari, 2019b).

Second, several studies (Dadaczynski et al., 2017; Harris, 2018;
Maher et al., 2015; Thorsteinsen et al., 2014) investigating the effect of
gamification on physical activity rely on self-reported data using diaries
or questionnaires, rather than objective data gathered through pedom-
eters, accelerometers, or other sensor-based technologies. Subjective
self-reported measures are based on the individuals’ recollection of
events which may not be as precise as those recorded through objective
measures (Fiedler et al., 2021; Prince et al., 2008). For instance, Edney
et al. (2020) report that while self-reported measures of physical activity
indicated a significant positive effect, objective data gathered for the
same study confirm that the intervention did not actually change
physical activity levels.

Third, apart from the fact that the number of rigorous empirical
studies investigating gamification of physical activity are rather limited,
existing studies vary greatly in terms of the motivational affordances
included, the type of gamification design, as well as the outcome mea-
sures being investigated (Koivisto and Hamari, 2019a; Mazéas et al.,
2022). The effect of gamification on physical activity tends to be difficult
to compare as it is measured on diverse outcomes. Whilst the most
common objective behavioural outcome measure is the daily step count,
other measures wused in literature include minutes of
moderate-to-vigorous physical activity, active minutes, and walking
time (Mazéas et al., 2022). Harmonising and standardising the gamified
interventions, and the outcome measures on which the effect of gami-
fication is investigated would be beneficial to compare like with like
(Nacke and Deterding, 2017).

Fourth, literature indicates that the empirical studies that did not
include a control group report greater positive outcomes than studies
that adopted a randomised controlled design (Koivisto and Hamari,
2019a). In the absence of a control group, studies rely on comparing
levels of physical activity measured during the intervention period with
baseline levels of physical activity taken prior to the intervention.
Furthermore, even though some studies (Dadaczynski et al., 2017;
Maher et al., 2015) included a control group, one cannot ascertain
whether the gamified intervention or the physical activity tracker
accounted for the behavioural change since the control group did not
have access to a pedometer. Notwithstanding the operational issues, it is
recommended that future studies employ full randomisation and control
conditions (Koivisto and Hamari, 2019a) with multiple groups to isolate
the effect of gamification elements (Mazéas et al., 2022).

Fifth, there is scarce evidence on how gamified behavioural in-
terventions of physical activity affect psychological outcomes together
with behaviour change outcomes (Mazéas et al., 2022). Apart from the
outcome measures investigating the behavioural change of physical
activity, it would be beneficial to also investigate the psychological
outcomes to better understand the mechanisms related to behaviour
change (Mazéas et al., 2022).

In summary, there is wide variation in the study design and quality of
existing empirical studies, lack of controlled designs, diversity in the
study populations, varied targeted outcome measures, considerable
statistical heterogeneity, and a high risk of bias in some of the reviewed
studies which limits the conclusions that can be made (Johnson et al.,
2016; Koivisto and Hamari, 2019a; Mazéas et al., 2022).



E.M. Grech et al.
2.5. Hypotheses

Through this randomised controlled field experiment, we investigate
the effect of gamification of physical activity. Reminiscent to the
popularity of social elements used in mobile fitness applications and
consistent with established classification frameworks on gamification
design (Liu et al., 2013; Morschheuser et al., 2017), this study in-
vestigates three types of socially oriented gamification designs, namely
competitive, cooperative, and hybrid designs. Based on the theoretical
foundations and literature discussed in this section, we set out to test the
following hypotheses:

Hypothesis 1. Gamification improves physical activity - Gamified
groups will report higher step counts than the control group during the
intervention period.

Hypothesis 2. Hybrid design will facilitate the strongest effect on step
counts.

Hypothesis 3a. Gamified groups will report higher intrinsic motiva-
tion than the control group.

Hypothesis 3b. Gamified groups will report higher perceived useful-
ness than the control group.

3. Method
3.1. Study design

Our study involved a four-arm randomised controlled field experi-
ment, examining the effect of three gamified interventions versus a
control group. The treatment groups included three different gamifica-
tion designs: 1) competition; 2) cooperation; and 3) a hybrid design
involving competitive and cooperative elements. This study involved a
parallel group design, where each participant was randomised to one
group throughout the experimental period. The four-week experimental
period consisted of one-week baseline period, followed by a three-week
intervention period. The randomised controlled experiment was con-
ducted between January and March 2020 following the timeline” set out
in Fig. 1.

3.2. Participants and setting

The study population included academic researchers and post-
graduate research students. Previous research suggests that people
involved in academia typically lead a sedentary lifestyle that does not
meet the recommended levels of physical activity, leading to higher risks
of non-communicable diseases related to lack of physical activity
(Cooper and Barton, 2016). The study was conducted in Malta, a country
with a prevailing rate of insufficient physical activity and high incidence
of overweight and obese people (WHO, 2022).

Participants were recruited between December 2019 and January
2020 using a non-probabilistic convenience sampling method.
Following an email invitation and a post on social media, interested
participants were informed about the study (including its objectives,
duration, and requirements) and submitted informed consent through
an online form.

Eligible participants:

e had over 18 years of age,

2 The experiment was completed prior to COVID-19 outbreak in Malta.
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e did not use a smartwatch or a wearable to monitor their physical
activity during the previous 12-month period,” and

e had no health issues (such as heart condition, chest pain, bone or
joint pain, or dizziness) that they are aware of, which could prevent
them from engaging in physical activity.

Conditions like pregnancy and doctors’ advice to not engage in
physical exercise precluded individuals’ participation.

3.3. Sample size

Sample size was calculated a priori following the recommended
guidelines on sample size estimation for randomised controlled trials
suggested by Chow et al. (2017). On the basis of previous studies
(Gremaud et al., 2018), the expected difference in daily steps between
the gamified intervention groups and those in an active control group
using a wearable device was around 2000 steps per day. The standard
deviation was assumed to be about 2500 steps per day. The sample size
required to establish superiority of the gamified interventions compared
to the control group was based on a targeted power of 80 % (1 - # = 0.8)
at 5 % significance level (a« = 0.05) with equal allocation between the
groups (k = 1). These considerations led to a sample size calculation of
20 participants for each treatment group and control group respectively.
Thus, for a four-arm randomised controlled experiment a total sample
size of 80 participants was required to detect between-group differences
on the daily step count.

3.4. Randomisation

Following the eligibility screening criteria, a Unique Reference
Number (URN) was assigned to all participants to ensure anonymity
throughout the study. Using an online random sequence generator
(random.org), eligible participants (n = 80) who provided informed
consent were randomly allocated to the control or one of the treatment
groups using a 1:1:1:1 ratio. Participants were blinded to group alloca-
tion and groups were colour-coded to hide the identity of each group
from participants.

3.5. Procedure and interventions

All participants attended a group information meeting (see Fig. 1).
Separate information meetings were held for each group of participants
to avoid cross-contamination between groups. During the information
meeting, all participants were given a smartwatch (Xiaomi Mi Band) to
monitor their step counts. Earlier studies (Tam and Cheung, 2019; Xie
et al., 2018) show that these wearable devices are adequately reliable in
measuring step counts, and hence these were preferred against other
brands of pedometers due to their cost and battery lifespan.” The use of
wearable devices permits the collection of objective step count data that
is more reliable than physical activity reported through self-reporting
approaches (Fiedler et al., 2021).

All participants were instructed on how to pair and sync the smart-
watch with the corresponding mobile application, and to wear the de-
vice at all times. During the set-up of the wearables and the
corresponding application installed on their smartphones, all partici-
pants were allowed to choose a personalised daily step target. Goal
setting is a commonly used feature in self-tracking motivational tech-
nologies (Aldenaini et al., 2020a, Aldenaini et al., 2020b) that supports

3 Even though eligibility criteria excluded participants who used a smart-
watch during the previous 12-month period, 22.5% of participants claimed that
they had prior usage of wearables at some point before the study.

4 The battery lasts approximately two weeks. Participants had to charge their
wearable device only once during the experiment and were advised to do so
during the night.
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[ All participants recorded daily step count measure ]

Information

Debriefing
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Gamified experience for intervention groups
(weekly competitions / challenge)

Fig. 1. Study timeline.

users’ intrinsic motivation and self-regulation (Latham and Locke,
1991).

3.5.1. Control group

Participants in the control group were equipped with a physical ac-
tivity tracker that enabled them to monitor their daily step count. An
active control group ensured that the observed effect on physical activity
was not the result of having a wearable device to monitor physical
activity.

3.5.2. Interventions

A gamified platform (pointagram.com) was used to design a separate
gamified experience for each treatment group.” All participants could
access the gamified platform through an application that was installed
on their smartphone or through a web browser.

The design of the gamified interventions was guided by the taxon-
omy of gamification concepts utilised in health applications
(Schmidt-Kraepelin et al., 2018) and gamification design frameworks
(Buckley et al., 2018; Liu et al.,, 2013; Morschheuser et al., 2017)
identified in literature. The game elements and principles implemented
in the interventions, and the desirable outcomes are detailed in Table 1.

A set of commonly occurring game elements associated with the
constructs of the self-determination theory identified in literature
(Buckley et al., 2018) were incorporated in all the gamified in-
terventions to afford an appealing and motivating experience that sup-
ports the users’ intrinsic motivation. These included points, badges,
progress feedback and opportunities for social support, comparison, and
interaction on the newsfeed section of the gamified application. Par-
ticipants were asked to enter their daily step count to achieve points
(one point for each step count recorded). Based on their daily step count,
individual badges were awarded at increments of 2 K step counts,
starting from a 2 K badge going up to a 20 K badge. Participants could
see others’ performance (social comparison) and interact with other
participants in their respective group through posts, comments, and
likes (social interaction and support). Screenshots of the gamified
application are presented in Figs. 2-4.

Furthermore, based on the classification of gamification features
proposed by Morschheuser et al. (2017) that is grounded on the social
interdependence theory (Johnson, 2003), each gamified intervention
incorporated specific game elements to create 1) a competitive gamified
design; 2) a cooperative gamified design; and 3) a hybrid (com-
petitive-cooperative) gamified design. Participants in the competitive
treatment group had a weekly individual competition, where the
accumulated points were visible on a leaderboard (Fig. 4) and the top
three players were awarded a virtual trophy. By contrast, participants in
the hybrid treatment group had a weekly team competition (partici-
pants were randomly assigned in teams of four participants each) where
the accumulated points of each team were visible on a leaderboard
(Fig. 4) and the top three teams were also awarded virtual trophies.

Finally, the cooperation treatment group had a weekly group

5 Each treatment group had a separate gamified interface on the platform, so
the participants in the gamified groups would not become aware of the other
groups.

Table 1

Gamification design of the interventions.

Gamification design

Gamification design principles,

elements and mechanics

Desirable outcomes

Applicable to ALL gamified interventions:

Points: users earn individual points for step
count recorded (one step = one point)
Badges: users earn individual badges for
achieving higher daily step counts

Progression status: progression bar indicating
the progress and remaining effort required to
achieve the next badge.

Opportunities for social interaction and support:
users can post comments, send likes to each
other comments and notifications on the
newsfeed section of the gamified application
Opportunities for social comparison: users can
see others’ performance, progress and
achievements

User identity: users are anonymised and
represented by a URN code

Feedback: users are notified when they earn
points and badges through a notification on
the gamified application

Episodical: competitions and challenges/quests
run from Monday to Sunday, users’ progress in
the competition / challenge resets every week
Applicable to the Competitive Gamified Design
(Player vs. Player competition):

o Leaderboard: showing the ranking of all the
players

o Virtual trophies: awarded to the top three
players with the highest step counts

Applicable to the Hybrid Gamified Design (Team vs.

Team competition):

Teams: players were randomised to teams of 4
players each

Leaderboard: showing the ranking of all the
players

Virtual trophies: awarded to the top three teams
with the highest step counts

Applicable to the Cooperative Gamified Design
(Shared group challenge/quest):

Visualisation /Plot: a map showing a pirate

making his way to reach the treasure chest

with a countdown timer indicating the time

left for the participants to complete the

challenge. Users’ step counts are reflected in

the progress that the pirate made towards the

treasure chest.

Quest/Challenge: Quest to reach a target step

count (shared goal) which automatically opens

the pirate treasure chest before the end of the

week.

A positive behavioural change in physical

activity, in terms of an increase in step counts

A positive outcome on the users’:

e Intrinsic motivation, in terms of interest and
enjoyment

e Perceived usefulness of the experience
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Points and badges visible on News Feed
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Social interaction

Walked in Daily Steps, 23,000 steps awarded.

1(5 LIKE

i 1

R0O17

wow how do you manage to get in
so many steps in a day? I'm trying to
increase mine for health reasons so
I'm curious :)

15 LIKE

R003

| dont only walk as a 'recreational
activity', | walk to commute as much
as possible. If | have to run errands,
meet people or visit places within 1-
3 km | walk whenever possible. If it
is too far, | combine public transport
with walking. Every step counts ;)

il LIKE LA

Fig. 2. Screenshots of the gamified application.

Cooperative

group challenge

Fig. 3. Screenshot of the cooperative group challenge.

challenge (quest) to reach a target step count (shared goal) by the end of
the week. Their steps were accumulated and depicted on a visualisation
of a pirate making his way to reach the treasure chest on an island, with
a countdown timer indicating the time left for the participants to com-
plete the challenge (Fig. 3). The group target step count was 700 K steps
for the first week (based on approximately 5 K daily step count per
participant) and then increased every week based on the equivalent of
7.5 Kand 10 K daily step counts per participant as a group target. All the
challenges and competitions were scheduled to run on a weekly basis
from Monday to Sunday.

Recent literature (Neupane et al., 2020) published on the taxonomy
of game elements utilised in gamified fitness applications verifies that
the game elements and design principles implemented for this study are
amongst the most commonly adopted gamification design strategies in
industry practice.

At the end of the study, all the participants were asked to return their

wearable devices. At this stage, the step count data recorded through the
participants’ smartwatches was collected through the corresponding
application of the Xiaomi Mi Bands (called MiFit app®) that was installed
on the participants’ smartphones. Two researchers retrieved the step
count data from the MiFit app installed on each smartphone and inde-
pendently validated the step counts of each participant. This process was
done to confirm the panel dataset of step counts that was analysed for
this study, ensure that no data was lost and minimise human error.
During the debriefing meeting, all participants were also asked to
complete a pen-and-paper questionnaire to measure the participants’
interest and enjoyment during this experience as a measure of the users’
intrinsic motivation, the perceived usefulness of the experience, as well

6 After the experiment period, Xiaomi’s MiFit app has been renamed to Zepp
life app.
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= Competition

Points

144K

114K

99,504 3

88,739
81,826
56,675
56,097
54,282
53,181
46,193
43,065

38,029

International Journal of Human - Computer Studies 184 (2024) 103205

Teams leaderboard: Team vs. Team
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Fig. 4. Screenshots showing the leaderboards used in the competition and hybrid gamified groups.

as demographic information.

3.6. Outcome measures

The behavioural outcome was measured in terms of the change in
step counts from baseline through the intervention period. This study
relies solely on the step count data gathered from the wearable physical
activity trackers. Step counts were recorded daily as a continuous var-
iable. The panel dataset considered for this study included four weeks of
step count data, each week starting on Monday. Earlier studies suggested
that the most reliable measures are achieved when monitoring of step
count data starts on Monday (Sigmundova et al., 2013). The first week of
step count data was considered as the baseline measure, during which no
treatment was administered, whilst the following three weeks of step
count data were during the intervention period.

Psychological outcomes were measured in terms of the participants’
intrinsic motivation (based on the users’ interest and enjoyment) and
the users’ perceived usefulness of the experience. Self-reported data on
these measures was gathered at the end of the intervention period using

Table 2
Measure, items and scale.

adaptations of the intrinsic motivation inventory (IMI), a validated in-
strument based on the self-determination theory (McAuley et al., 1989;
Ryan, 1982). The Interest / Enjoyment sub-scale is considered as a
validated self-reported measure of intrinsic motivation (McAuley et al.,
1989; Ryan, 1982). The Perceived Usefulness subscale of the IMI refers
to the perceived value of an activity which facilitates internalisation and
self-regulation of activities that are found to be useful (Deci et al., 1994;
McAuley et al., 1989; Ryan, 1982). Table 2 sets out the details on the
scale items for each construct.

3.7. Statistical analysis

3.7.1. Data cleaning and handling of missing data

The dataset of step counts analysed for this study was retrieved from
the wearable physical activity trackers (objective measure) to avoid any
data loss and ensure accuracy. Nonetheless, the authors looked at
whether the participants interacted with the gamified application on a
daily basis to submit their step counts. All participants from the three
different gamification groups interacted and utilised the gamified

Measure Source Item wording Notes

Intrinsic Adapted from the Interest / Enjoyment sub- I enjoyed doing this experience very much 7-point Likert scale anchored ‘Not at all true’
Motivation scale of the IMI This experience was fun to do to Very true’
(Emotional 1 thought this was a boring experience (R)
response)

Perceived Adapted from the Value / Usefulness sub-scale I believe this experience was of some value to me 7-point Likert scale anchored ‘Not at all true’
Usefulness of the IMI I think that doing this experience was useful to increasemy  to Very true’
(Cognitive physical activity
response) I think doing this experience helped me to increase my

physical activity
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application during the three-week intervention period. Participants’
adherence to submit their daily step count on the gamified application
was high, ranging from 92 % in the first week, 89 % during the second
week, and 85% during the third week. The adherence rates split by
group are presented in the Supplementary Material. There were no
significant differences between the different gamification groups in
terms of adherence to submit their daily step counts.

The authors also examined the data for any mismatch between the
step counts entered on the gamified application by participants versus
the step counts measured through wearable device. The mismatch be-
tween the data entered by participants and that recorded by the wear-
able devices was minimal. In total, only 3.4 % (43 out of 1260
observations) were mismatched. Mismatched observations account for
1.0 % in the hybrid group, 4.5 % in the cooperation group, and 4.8 % in
the competition group. To avoid any reliance on human error and ensure
accuracy, the data analysis considered the data gathered from the
wearable devices.

In line with the intention-to-treat principle, all randomised partici-
pants were included in the analysis. Step count data on the days when
smartwatches were given to participants during the initial information
meetings was discarded since this did not capture full-day data of the
physical activity of participants. The following two days of initial
wearable use (which were on weekend days) were also excluded from
the baseline estimate due to potential higher activity during initial
wearable use. This approach is similar to that adopted in previous
studies (Patel et al., 2017, 2019).

Missing step count data throughout the experiment period accounted
for only 1.6 % of the total observations (35 out of 2240 participant-
days). This proportion is much lower than reported in other studies
(Chokshi et al., 2018; Patel et al., 2017, 2019) where missing step data
ranged from 19 % to 29 % in physical activity interventions with longer
timeframes. Days with unrecorded steps could result if a participant did
not wear the wearable device, or the device did not synchronise with the
smartphone application. Research on pedometer monitoring indicates
that three days of step count data within a week can provide a sufficient
reliable estimate of physical activity (Tudor-Locke et al., 2005). Missing
step counts were imputed with the weekly mean step count. The mean
daily step count for each week was derived by summing up the daily step
count for each respondent and dividing it by the number of days on
which step counts were recorded.

Previous literature suggests that daily step count values that are less
than 1000 steps do not reflect full day data activity and should thus be
excluded and imputed (Kurtzman et al., 2018; Patel et al., 2017, 2019).
In this study, step counts values less than 1000 accounted for only 1 % of
the total observations, and these were imputed at the weekly mean step
count.”

3.7.2. Data analysis of behavioural outcome

Data was restructured into the long data format and analysed using
Generalized Linear Mixed-Effect Models (GLMM) in STATA™ (version
16.1, StataCorp). To test the first hypothesis (HI - Gamified groups will
report higher step counts than the control group during the intervention
period) the effect of gamification (Treatment) was estimated using the
longitudinal analysis of covariance method (Twisk et al., 2018). The
analysis included an adjustment for the baseline values of the outcome
variable as recommended in literature (Twisk et al., 2018), even though
the differences at baseline are attributed to chance and random fluctu-
ations. The effect of gamification at different timepoints during the
intervention period was examined by extending the longitudinal anal-
ysis of covariance model to include Time as a main effect (fixed variable)
and the interaction between Time and Treatment. The generalized

7 Details about the missing step data for each group and the number of
participant-days with step count data less than 1K step count per day are pre-
sented in the Supplementary Material.
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mixed-effects model analysis also included a random intercept to adjust
for the repeated observations over time at individual level and was
estimated using a robust estimator of variance. For the second hypoth-
esis (H2: Hybrid design expected to facilitate the strongest effect on step
counts), the effect of each respective treatment group (competition,
cooperation, and hybrid) during the intervention was estimated by
including Group as the treatment variable. Differences were considered
statistically significant at a level of 10 %. Effect sizes were computed
using Hedge’s g (also known as the corrected effect size) since this is
preferable to Cohen’s d in the case of small sample sizes (Hedges and
Olkin, 1985). To test the robustness of our findings, the analysis was
repeated including gender as a covariate in the model.

3.7.3. Data analysis of experiential outcomes

The constructs’ reliability for Intrinsic Motivation and Perceived Use-
fulness were measured using Cronbach’s alpha (), composite reliability
(CR), and average variance extracted (AVE). All the convergent validity
metrics obtained were checked against the thresholds (Cronbach’s a >
0.7, CR > 0.7, and AVE > 0.5) as suggested in literature (Hair et al.,
2010). High construct reliability indicated that internal consistency
exists amongst the scale items used to measure a specific construct (Hair
et al., 2010).

Descriptive statistics including means and standard deviation were
computed for each experiential outcome for the control and gamified
groups. Following that, a Shapiro-Wilk test was conducted to determine
whether the score distribution of each construct follows a normal dis-
tribution. To test the third hypothesis set out for this study (H3: Gamified
groups expected to report higher intrinsic motivation and higher perceived
usefulness than the control group), an analysis of the differences in the
means between the groups was carried out for each construct. A Mann-
Whitney test was carried out for each construct to test whether there
were significant differences in the means reported between the control
and the gamified groups. Furthermore, a Kruskal-Wallis test was con-
ducted for each construct to check for any significant differences be-
tween the means of each treatment group.

4. Data and results
4.1. Sample characteristics

Eighty participants completed the pre-screening and provided
voluntary informed consent for participation. All randomised partici-
pants completed the study till the end without any dropouts during the
study duration. We analysed the data of all the participants according to
the intention-to-treat principle. The baseline participants’ demographic
characteristics are presented in Table 3. These descriptive results sum-
marise the frequencies and respective percentages for categorical vari-
ables, and the means and standard deviation for continuous variables for
each respective group. The p-values presented are the results of the Chi-
Square tests for categorical variables and independent t-tests for
continuous variables carried out to check for significant differences
between the sub-groups.

Out of 80 participants, 56 % (n = 45) were female, 52 % (n = 42)
were young adults (20 - 34 years), while 45 % (n = 36) were middle-
aged (35 - 54 years), and 65 % (n = 52) were in full-time employ-
ment. The participants’ average BMI was 25.3. The distribution between
the control and the gamified groups was relatively well-balanced in
terms of all the demographic variables, with the exception of having less
participants in the control group who had children under the age of
sixteen, even though randomisation was employed. The distribution of
participants between the groups was relatively well-balanced in terms of
their level of physical activity at baseline, suggesting a balanced mix of
participants ranging from a sedentary or low activity lifestyle to a highly
active lifestyle. The classification of the baseline step counts into phys-
ical activity levels ranging from a sedentary lifestyle to a highly active
lifestyle is based on established pedometer-determined physical activity
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Table 3
Sample characteristics for control versus gamification group.
Sample characteristics Control group Gamification group p value
Gender, n (%)
Male 11 (55.0 %) 24 (40.0 %) 0.24
Female 9 (45.0 %) 36 (60.0 %)
Age Groups, n (%)
Young adulthood (20 - 34 years) 13 (65.0 %) 29 (48.3 %) 0.36
Middle aged (35 - 54 years) 7 (35.0 %) 29 (48.3 %)
Older adulthood (55+ years) 0 (0 %) 2(3.3%)
Employment Status, n (%)
Full-time employed 14 (70.0 %) 38 (63.3 %) 0.59
Part-time employed 4 (20.0 %) 13 (21.7 %) 0.88
Full-time student 7 (35.0 %) 20 (33.3 %) 0.89
Part-time student 8 (40.0 %) 18 (30.0 %) 0.41
Have children under 16 years, n (%) 1 (5.0 %) 17 (28.3 %) 0.03
Have a steady relationship, n (%) 13 (65.0 %) 45 (75.0 %) 0.39
Have sufficient income, n (%) (see note) 18 (90.0 %) 52 (88.1 %) 0.82
BMI Pre Intervention, mean (SD) 26.59 (4.23) 24.80 (4.69) 0.13
Familiarity with technology, mean (SD) 5.30 (1.92) 5.65 (1.40) 0.46
Baseline level of physical activity, n (%)
Sedentary lifestyle (<5000 steps/day) 2 (10.0 %) 11 (18.3 %) 0.48
Low active (=> 5000 and <7500 steps/day) 7 (35.0 %) 17 (28.3 %)
Somewhat active (=>7500 and <10,000 steps/day) 7 (35.0 %) 15 (25.0 %)
Active lifestyle (=>10,000 and <12,500 steps/day) 1 (5.0 %) 11 (18.3 %)
Highly active lifestyle (=>12,500 steps/day) 3 (15.0 %) 6 (10.0 %)

Note: N = 80; 1 respondent provided no data to the question related to income.

Mean Daily Steps
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Fig. 5. Mean daily step count at baseline versus intervention period.

levels identified in literature (Tudor-Locke and Bassett, 2004).

4.1.1. Behavioural outcome

The mean (SD) baseline daily step count for the control group was
8557 (SD = 2916), and 8243 (SD = 3837) for the gamified groups.
Differences in baseline levels between the groups following random-
isation are due to chance (Roberts and Torgerson, 1999). Nonetheless,
an independent t-test on these baseline levels confirms that there were
no statistical differences in the mean daily step counts of the control and
the gamified groups (t(78) = 0.334; p = 0.739).

During the intervention period, the mean daily step count of the

Table 4
Gamification effect on mean daily step count.
Timepoint Control Gamified Overall treatment p- Hedge’s
mean mean effect: adjusted value g
(SD) (SD) between-groups
difference (95 %
(@)]
Baseline 8557 8243 811 (57 to 1565) 0.035 0.25
(2916) (3837)
Intervention 7990 8553
(2146) (3690)

10

gamified groups increased, whilst that of the control group declined
(Fig. 5). The result from the longitudinal data analysis of covariance (see
Table 4) shows that gamification resulted in a positive effect on the daily
step count (adjusted difference from control = 811; 95 % CI = 57 to
1565; p = 0.035) supporting Hypothesis 1: Gamified groups will report
higher step counts than the control group during the intervention period
(see Table 4). The effect size of 0.25 is interpreted as a small effect (Ellis,
2010; Hedges and Olkin, 1985; Lenhard and Lenhard, 2016). To increase
the robustness of our findings, the analysis was repeated including
gender as a covariate in the model. The results remain unchanged;
gamification increased the mean daily step count (adjusted difference
from control = 772 steps; 95 % CI= 17 to 1528; p = 0.045) and gender
was not a significant covariate (p = 0.482).

The analysis of step counts at different timepoints during the inter-
vention period indicated that both the control and the gamified groups
exhibit a similar progressive decay in the mean daily steps during the
intervention period (see Fig. 6). In the absence of gamification, there is a
statistically significant decline of 1055 steps in the control group by the
end of the intervention (t(19) = —2.674, p = 0.015, Hedge’s g = 0.37).
The mean daily step count of the control group decreased week after
week ending at 87.7 % of their baseline level by the end of the study.

Mean Daily Steps
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Fig. 6. Mean daily steps at different timepoints.
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Table 5
Sample characteristics — Demographics characteristics for each treatment group.
Demographic characteristics Control group Competition group Cooperation group Hybrid group p value
(n=20) (n=20) (n=20) (n=20)
Gender, n (%)
Male 11 (55.0 %) 5 (25.0 %) 13 (65.0 %) 6 (30.0 %) 0.03
Female 9 (45.0 %) 15 (75.0 %) 7 (35.0 %) 14 (70.0 %)
Age Groups, n (%)
Young adulthood (20 - 34 years) 13 (65.0 %) 6 (30.0 %) 11 (55.0 %) 12 (60.0 %) 0.30
Middle aged (35 - 54 years) 7 (35.0 %) 13 (65.0 %) 8 (40.0 %) 8 (40.0 %)
Older adulthood (55+ years) 0 (0 %) 1 (5.0 %) 1 (5.0 %) 0 (0 %)
Employment Status, n (%)
Full-time employed 14 (70.0 %) 10 (50.0 %) 12 (60.0 %) 16 (80.0 %) 0.22
Part-time employed 4 (20.0 %) 4 (20.0 %) 5 (25.0 %) 4 (20.0 %) 0.97
Full-time student 7 (35.0 %) 6 (30.0 %) 8 (40.0 %) 6 (30.0 %) 0.89
Part-time student 8 (40.0 %) 4 (20.0 %) 7 (35.0 %) 7 (35.0 %) 0.56
Have children under 16 years, n (%) 1 (5.0 %) 6 (30 %) 7 (35.0 %) 4 (20 %) 0.11
Have a steady relationship, n (%) 13 (65.0 %) 15 (75.0 %) 15 (75.0 %) 15 (75.0 %) 0.86
Have sufficient income, n (%) 18 (90.0 %) 17 (89.5 %) 17 (89.5 %) 18 (90.0 %) 0.95
BMI Pre Study, mean (SD) 26.59 (4.23) 24.44 (5.42) 25.20 (3.48) 24.76 (5.15) 0.48
Familiarity with technology, mean (SD) 5.30 (1.92) 5.35 (1.66) 5.85 (1.46) 5.75 (1.02) 0.59
Baseline level of physical activity, n (%)
Sedentary lifestyle (<5000 steps/day) 2 (10.0 %) 3 (15.0 %) 4 (20.0 %) 4 (20.0 %) 0.83
Low active (=> 5000 and <7500 steps/day) 7 (35.0 %) 6 (30.0 %) 5 (25.0 %) 6 (30.0 %)
Somewhat active (=>7500 and <10,000 steps/day) 7 (35.0 %) 4 (20.0 %) 4 (20.0 %) 7 (35.0 %)
Active lifestyle (=>10,000 and <12,500 steps/day) 1 (5.0 %) 4 (20.0 %) 5 (25.0 %) 2(10.0 %)
Highly active lifestyle (=>12,500 steps/day) 3 (15.0 %) 3 (15.0 %) 2 (10.0 %) 1 (5.0 %)

Note: N = 80; 1 respondent provided no data to the question related to income.

Over the course of the intervention, both groups experienced a
decline in the physical activity recorded (decline in step count over time
= 408 steps; 95 % CI= —756 to —60; p = 0.022). However, notwith-
standing the progressive decay in the physical activity levels during the
intervention period, the relative advantage of the gamified groups in
comparison to the control group is sustained throughout the interven-
tion period (Fig. 6). Participants in the gamified group did 839 more
steps per day compared to those in the control group by the end of the
intervention (adjusted difference from control = 839, 95 % CI = 4 to
1673, p = 0.049, Hedge’s g = 0.28). This provides further evidence that
there is potential to leverage gamification to increase physical activity
and that the relative advantage is sustained in the short-term.

In order to estimate which gamification design was the most effective
at increasing physical activity, the effect of each gamified design
(competitive, cooperative and hybrid designs) was analysed. Baseline
participants’ characteristics in terms of the demographic characteristics
and pre-intervention physical activity levels for each treatment group
versus the control group are set out in Table 5. The p-values presented
are the results of the Chi-Square tests for categorical variables and one-
way ANOVA tests for continuous variables carried out to check for

significant differences between the sub-groups. When comparing the
distribution of participants across all sub-groups, there was a relative
gender imbalance (more females in the competition and hybrid groups).
Nonetheless, gender did not prove to be significantly different when
comparing the control versus the gamified groups (see Table 3).

At baseline all groups had a mean daily step count in the range of
7600 to 8950 daily steps. The mean baseline daily steps (SD) were 8557
(SD = 2916) for the control group, 8202 (SD = 3512) for the cooperation
group, 7608 (SD = 3123) for the hybrid group and 8920 (SD = 4766) for
the competition group. To assess for significant differences between the
groups in the baseline step counts, a one-way ANOVA test was carried
out. The result shows that there were no statistically significant differ-
ences in the baseline step counts (F(3,76) = 0.469, p = 0.705).

As set out in Fig. 7, we observe that during the intervention period,
the mean daily step count of all the gamified groups increased, whilst
that of the control group declined. The results from the longitudinal
analysis of covariance shows that the hybrid gamified group was the
most effective at increasing step counts (adjusted difference from con-
trol = 981 steps; 95 % CI= —45 to 2008; p = 0.061), supporting Hy-
pothesis 2: Hybrid design will facilitate the strongest effect on step

Mean Daily Steps
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Fig. 7. Mean daily step count for each treatment group.
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Table 6
Effect of different gamified interventions on the mean daily step count.
Timepoint Control Competition Cooperation Hybrid
mean mean (SD) mean (SD) mean
(SD) (SD)
Baseline 8557 8920 (4766) 8202 (3512) 7608
(2916) (3123)
Intervention 7990 9115 (4449) 8340 (3391) 8203
(2146) (3238)
Adjusted difference 817 637 981
from control
95 % CI —138 to —328 to —45 to
1772 1602 2008
p value 0.094 0.196 0.061
Hedge's g 0.23 0.23 0.39

counts (see Table 6). The increase in step counts is significant for the
hybrid and competitive gamified groups at 0.1 level of significance. The
hybrid gamified design, in which participants were involved in an inter-
team competition had the strongest effect (Hedge’s g = 0.39). Smaller
effects were reported for the pure competitive (Hedge’s g = 0.23) and
pure cooperative (Hedge’s g = 0.23) gamified designs.

To increase the robustness of our findings, the analysis was repeated
including gender as a covariate in the model. The hybrid design was still
the most effective gamification design (adjusted difference from control
= 928 steps; 95 % CI= —86 to 1943; p = 0.073), and gender was not a
significant covariate (p = 0.540).

4.1.2. Intrinsic motivation and perceived usefulness

This study measured the participants’ intrinsic motivation and
perceived usefulness of the experience at the end of the intervention
period. Each construct subscale was found to be reliable, indicating in-
ternal consistency amongst the scale items used to measure each specific
construct. Intrinsic Motivation sub-scale (o = 0.735; CR = 0.859; AVE =
0.677) resulted in a scale with M = 6.22 and SD = 0.867, and the
Perceived Usefulness sub-scale (o« = 0.808; CR = 0.891; AVE = 0.734)
resulted in a scale with M = 5.46 and SD = 1.288. The descriptive sta-
tistics including the means and the standard deviation for both

Table 7
Means and standard deviation for users’ intrinsic motivation and perceived
usefulness.

Intrinsic Motivation Perceived Usefulness

Group mean SD mean SD
Gamified 6.16 0.901 5.52 1.324
Control 6.40 0.746 5.28 1.186
Intrinsic Motivation
7.00
c ST
= 6.50 S
>
BO
S a
© %3 5.00 —— _
[}
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- 550
§
=
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Control group Gamified group
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Fig. 8. Error bar chart - Intrinsic motivation (control vs. gamified group).
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Fig. 9. Error bar chart - Perceived usefulness (control vs. gamified group).

constructs are presented in Table 7. As observed in the results below (see
Fig. 8 and Fig. 9), both the control group and the gamified group re-
ported similar positive experiential outcomes.

A Shapiro-Wilk test was conducted to determine whether the score
distribution of each construct follows a normal distribution. As pre-
sented in Table 8, the score distributions do not follow the normal dis-
tribution, thus non-parametric inferential statistical tests were
appropriate.

Mann-Whitney test results revealed no statistically significant dif-
ferences between the control group and the gamified group in intrinsic
motivation scores (U = 513.50, z = —0.988, p = 0.323) and perceived
usefulness scores (U = 509.00, z = —1.017, p = 0.309). Therefore, both
Hypothesis 3a and Hypothesis 3b listed below are rejected.

H3a. Gamified groups will report higher intrinsic motivation than the
control group

H3b. Gamified groups will report higher perceived usefulness than the
control group

Furthermore, descriptive statistics for both experiential outcome
constructs for each treatment group were computed (see Table 9,
Figs. 10 and 11). A Kruskal-Wallis H test results revealed no statistically
significant differences between the groups for both Intrinsic Motivation
(XZ(B) =1.160, p = 0.657), and Perceived Usefulness (x2(3) =1.969,p=
0.579).

Table 8
Shapiro-Wilk test result for intrinsic motivation and perceived usefulness
constructs.

Shapiro-Wilk

Variable Statistic Df Sig.
Intrinsic Motivation 0.838 80 <0.001
Perceived Usefulness 0.920 80 <0.001

Table 9
Means and standard deviation for users’ intrinsic motivation and perceived
usefulness.

Intrinsic Motivation Perceived Usefulness

Group Mean SD Mean SD

Control 6.40 0.746 5.28 1.186
Cooperation 6.08 0.910 5.47 1.126
Hybrid 6.25 0.830 5.68 1.348
Competition 6.15 0.994 5.40 1.520
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5. Discussion and conclusion

In view of the need for rigorous experimental studies to isolate and
estimate the effects of gamification (Johnson et al., 2016; Koivisto and
Hamari, 2019a), this study involved a randomised controlled field
experiment to investigate the effect resulting from gamification of
physical activity on the users’ motivation, perceived usefulness, and the
behavioural change in step counts. The hypotheses, outcomes and con-
clusions of this study are summarised in Table 10.

Our results show that gamification improves physical activity
behavioural outcomes. Relative to a non-gamified self-tracking experi-
ence of physical activity, a gamified experience resulted in significant
increase in step counts (Hedge’s g = 0.25). The positive effect is
considered to be a small effect (Ellis, 2010; Hedges and Olkin, 1985;

Table 10
Summary of hypotheses, outcomes, and conclusions.

Lenhard and Lenhard, 2016) supporting the findings of a recent
meta-analysis synthesising existing empirical evidence in this domain
(Mazéas et al., 2022). While a progressive decay trend in the mean daily
step count is evident in both the gamified groups and the control group,
the relative advantage of the gamified group in comparison to the
control group is sustained throughout the intervention period. This
finding provides further evidence that there is potential to leverage
gamification to increase physical activity.

While literature has mainly focused on whether gamification works
(Nacke and Deterding, 2017), this study extends the contribution to
literature by providing insight into which gamification design facilitated
the strongest behavioural change. The results revealed that a hybrid
gamification design using an inter-team competition facilitated the
highest increase in step counts (Hedge’s g = 0.39). The pure competitive

Hypothesis prediction Statistical outcome

Conclusions

H1: Gamified groups will report higher
step counts than the control group
during the intervention period

H2: Hybrid design will facilitate the
strongest effect on step counts

H3: Gamified group will report higher
intrinsic motivation and perceived
usefulness than the control group

Gamification resulted in an increase in the daily step count
(adjusted difference from control = 811; 95 % CI = 57 to 1565; p
=0.035).

Hybrid group was the most effective at increasing step counts
(adjusted difference from control = 981 steps; 95 % CI= —45 to
2008; p = 0.061).

No statistically significant differences between the control group
and the gamified group in terms of intrinsic motivation (U =
513.50, z = —0.988, p = 0.323) and perceived usefulness (U =
509.00, z = —1.017, p = 0.309).

H1 supported.

Gamification led to a behavioural change in physical activity,
namely an increase in step counts.

H2 supported.

A combination of competitive and collaborative features is more
effective than including only cooperative or competitive
gamification features.

H3 rejected.

At the end of the intervention, gamification did not evoke a
stronger response in terms of intrinsic motivation and perceived
usefulness relative to a non-gamified self-tracking experience.
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and cooperative gamification designs resulted in smaller positive effects
(Hedge’s g = 0.23). Supporting cooperation along competition as sug-
gested in previous literature (Rapp, 2015) promises better outcomes.
This result is consistent with earlier studies like Tauer and Harackiewicz
(2004) where the combination of cooperation and competition in sports
led to greater benefits, and Morschheuser et al. (2019) who looked at the
effects of gamification in the crowdsourcing domain. However, the
result of this study contrasts with previous empirical evidence investi-
gating gamification of physical activity (Chen and Pu, 2014), which
found that a cooperative design facilitated higher physical activity than
a hybrid design.

Comparing the study design, procedures and setting with previous
studies may shed light on the differences in the findings, as well as
provide valuable insights for future intervention studies. This study was
conducted amongst people with no pre-existing social connections.
Moreover, participants were assigned a unique code to ensure ano-
nymity. A previous randomised controlled trial (Patel et al., 2019 )
involving participants who had no pre-existing social connections found
that competition was the most effective strategy compared to social
support and cooperation (the hybrid design was not included in this
trial). On the other hand, the study conducted by Chen and Pu (2014)
reporting that a cooperative design was more effective than a hybrid
design was implemented amongst dyads of close friends. This observa-
tion suggests that cooperative designs may be more effective when in-
dividuals have close social connections, while competitive designs seem
to be more effective when participants do not have pre-existing social
connections or in anonymised settings.

Considering the level of physical activity of participants in this study,
all the groups in this study had a baseline step count in the range of 7600
to 9000 steps per day which is classified as a ‘somewhat active lifestyle’
(Tudor-Locke and Bassett, 2004). In a previous study conducted by Patel
et al. (2019), the greatest increase in step counts was recorded amongst
participants with low baseline step counts that had less than 7500 steps
per day. Similarly, positive effects of gamification reported by Gremaud
et al. (2018) involved sedentary office workers. This suggests that the
effect on physical activity could be higher amongst participants who
have a predominantly sedentary lifestyle.

In addition to the behavioural outcome of gamification, this study
examined psychological outcomes in terms of the users’ intrinsic moti-
vation and perceived usefulness. The findings from this study reveal that
while the use of gamification stimulated the desired behavioural change
in step counts, it did not evoke stronger psychological responses relative
to a non-gamified self-tracking experience at the end of the intervention.
Literature suggests that enjoyment and perceived usefulness of gamifi-
cation declines with use (Koivisto and Hamari, 2014). Thus, future work
should consider more frequent measurements of these outcomes during
the intervention period, rather than at the end of the intervention. More
granular data would enable researchers to identify any potential varia-
tions, trends or patterns over time related to the users’ psychological
responses. The results suggest that gamification can act as a stimulus or a
nudge that begets desired behavioural outcomes (in this case an increase
in step counts), without stimulating different psychological responses
(relative to non-gamified self-tracking interventions). This contribution
is theoretically interesting and merits further research into the mecha-
nisms at play.

Our study extends existing literature on the effect of gamification in
the domain of physical activity - an area of research where rigorous
empirical evidence is limited (Koivisto and Hamari, 2019a; Mazéas
et al., 2022). To our knowledge this is the first randomised controlled
field experiment investigating gamification of physical activity with
competitive, cooperative, and hybrid gamified designs. The behavioural
effect of gamification was examined on step count data gathered
through physical activity trackers, rather than relying on self-reported
measures. Our study also involved an active control group using a
non-gamified self-monitoring experience to isolate the behavioural ef-
fect of gamification. We also took into consideration that physical
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activity is more accurately measured having a physical activity tracker
as a wearable device, rather than relying on the sensor-based technol-
ogies of smartphones. In view of the lack of knowledge on which
gamification elements or designs produce positive effects (Koivisto and
Hamari, 2019a; Mazéas et al., 2022), we opted for a four-arm rando-
mised controlled experiment to test the effect of different designs of
gamification. Furthermore, while previous experimental research
examining the effect of gamification on physical activity behaviour have
largely neglected the users’ psychological responses to gamified in-
terventions (Mazéas et al., 2022), our study investigated both psycho-
logical and behavioural outcome measures resulting from gamification
of physical activity.

Three key limitations to this study could be addressed in future
studies. First, the small sample size limited the potential of further sub-
groups to test specific game elements and further mechanisms. Also,
having a larger dataset would support more covariates in the analysis.
Finding significant effects despite the sample size strengthens the evi-
dence that gamification could motivate behaviour change in physical
activity. Some ideas that could be tested in future studies include the
possibility of introducing new game elements during the intervention,
offering tangible rewards rather than virtual rewards when targets are
achieved, having participants’ identities disclosed (provided that ethical
issues are complied with) and giving more opportunities for social
interaction amongst participants.

Second, although this study includes a randomised controlled field
experiment over a period of four weeks, it is still considered as a rela-
tively short timeframe and longer interventions are encouraged in future
studies. Understandably, there are challenges to conduct randomised
controlled trials using wearable devices (to achieve objective data) with
large sample sizes and longer timeframes. However, the accumulation of
knowledge from rigorous empirical studies on the effect of gamified
interventions on health-related behaviours would have practical rele-
vance. To achieve a comprehensive evaluation, it would be beneficial to
employ rigorous studies that consider a combination of outcomes
resulting from gamification (Nacke and Deterding, 2017; Rapp et al.,
2019).

Third, at the time of planning this study, an off-the-shelf fitness
application that catered for the scope of the study with three distinct
gamified experiences (competition, cooperation, hybrid) could not be
identified. Therefore, gamified interventions were purposely designed
using a gamification platform (Pointagram). However, an automatic
integration of the step counts gathered through the wearable devices to
the gamified application was not possible, and thus participants were
asked to submit their daily step counts on the gamified application.
Participants’ adherence to submitting their daily step counts was high.
Also, the mismatch between the data inputted on the gamified appli-
cation and the data generated from the wearable devices was minimal.
To avoid any reliance on human error and ensure accuracy, the data
analysed for this study was gathered from the wearable devices. None-
theless, advances in technological developments including data inte-
gration and data analytics could facilitate the design of gamified systems
and the data insights that could be generated.

To conclude, results from this randomised controlled field experi-
ment show that gamification induced a positive behavioural change in
terms of step counts, especially with the implementation of a hybrid
(competitive-cooperative) gamified design. While the use of gamifica-
tion stimulated the desired behavioural change, the psychological re-
sponses to gamification (albeit positive) were not stronger when
compared to a non-gamified self-tracking experience at the end of the
intervention period. The finding that gamification can stimulate a
stronger behavioural outcome, but does not evoke a stronger psycho-
logical outcome at the end of the intervention merits further investiga-
tion. Future work could investigate further the link between
psychological outcomes and behavioural outcomes and explore how
gamification mechanisms work.
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