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ABSTRACT

The location-based game (LBG) Pokémon GO remains one of the most successful and widely
studied video games of recent years. Designed for outdoor play, LBGs have been associated
with increased physical activity and environmental awareness beyond the game context. This
study examines how specific game design features in Pokémon GO are associated with players’
self-reported sustainable behaviours. Drawing on a motivational framework that categorises
design features into the dimensions of achievement, immersion, and social engagement, we
analysed online survey data from 303 players. Results showed that (a) only immersion-related
features were positively associated with self-reported positive sustainable behaviours, and (b)
no significant relationships were found between the motivational dimensions and negative
sustainable behaviours. Further analysis indicated that participants’ country of residence was a
significant factor and that the design feature reminders, cues, and notifications accounted for the
positive association within the immersion category. Our findings highlight how immersive,
human-centred design features may align with sustainability-oriented dispositions, offering new
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insights into the interplay between game experiences and sustainability values.

1. Introduction

When David Ulmer hid the first geocache - a water-
proof container with a logbook and small exchange
items - and published its GPS coordinates online, he
unknowingly laid the foundation for location-based
games (LBGs) (Ihamdki 2015). Unlike traditional
video games, LBGs require players to move through
the real world to progress, integrating digital experi-
ences with physical spaces to encourage exploration
and interaction (Baranowski and Lyons 2020; Nigg,
Mateo, and An 2017). The rise of LBGs was driven by
two key technological advances: widespread mobile
internet access (Buchanan et al. 2001; Chae and Kim
2003) and smartphones like Apple’s iPhone (2007)
(Goggin 2009). These enabled satellite navigation,
real-world maps, and geolocated points of interest for
interactive gameplay (Colley et al. 2017; Laato, Kor-
dyaka, and Hamari 2024b; Paavilainen et al. 2017). A
defining moment came with Pokémon GO (2016),
which introduced LBGs to a mainstream audience,
achieving massive commercial success and global recog-
nition. The game uses GPS, smartphone cameras, and
motion sensors to place virtual objects, characters, and

events in real-world locations, engaging players via an
interactive map or augmented reality (AR) (Laato et
al. 2024). Previous research suggests that since LBGs
blend gameplay with real-world exploration, they
encourage outdoor activity and can foster a growing
connection to nature (Kordyaka et al. 2024). Such
findings highlight the potential of LBGs not only as
entertainment but also as tools for ecological and sus-
tainable engagement (Callahan et al. 2019; Mercier,
Ertz, and Bocher 2025). These characteristics make
LBGs, and Pokémon GO in particular, an ideal context
for examining how specific game design features and
their underlying motivational categories may relate to
players’ sustainability-related behaviours.

One of the biggest challenges in today’s urbanised
societies is to manage natural resources sustainably to
maintain the ecological balance i.e. a stable state in an
ecosystem where living organisms, physical resources,
and environmental processes interact harmoniously,
allowing all components to sustain and regulate each
other over time), secure the livelihoods of future gener-
ations, and minimise the negative consequences of
environmental degradation (Dunlap et al. 2000; Warner
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et al. 2010). Global problems such as climate change,
loss of biodiversity, environmental pollution, and scar-
city of resources have prompted researchers in the
field of sustainable human-computer interaction
(HCI) to investigate how digital solutions can motivate
people to take more responsibility for their environment
(Khamzina et al. 2020; Spors et al. 2023). The explora-
tions included fostering a sense of responsibility for
one’s behaviour (awareness) and opportunities to sup-
port processes (Kordyaka et al. 2024). Since LBGs are
played in real-world environments, they offer the poten-
tial to actively engage players with natural spaces and
support their interaction with the environment. Never-
theless, the relationship between LBGs and authentic
nature experiences remains complex, as the structural
and game-related mechanisms of the LBG medium
always mediate these experiences. However, the extent
to which LBGs resonate with sustainability-oriented
behaviours (i.e. concrete, observable actions that con-
tribute to ecological sustainability such as reducing
waste, using public transportation, conserving energy,
or participating in conservation activities Neher 2018)
remains underexplored. Addressing this gap is particu-
larly valuable, as it can clarify whether LBG use is associ-

ated with environmental behaviour beyond its
relationship with sustainable awareness (Kordyaka et
al. 2024).

To understand the interaction between LBGs and
sustainable behaviours, we draw on the concept of
gamification, which emerged in HCI research just over
a decade ago and has steadily gained importance
(Deterding, Dixon, et al. 2011; Deterding, Sicart, et al.
2011). Gamification is typically defined as the use of
game design features in non-game contexts to improve
user experience and engagement. In this study, we
therefore use gamification research as a conceptual
lens to analyze the motivational affordances of Pokémon
GO as a fully fledged game, rather than claiming that it
is itself a ‘gamified’ system. Prior work has applied
gamification concepts to LBGs as platforms for move-
ment and social interaction (Albertarelli et al. 2018;
Orji, Nacke, and Marco 2017), highlighting how con-
crete game design features can scaffold desired beha-
viours (Kordyaka et al. 2024). An established
framework for organising such features is the ‘Motiv-
ations to Play’ model, which distinguishes achievement,
immersion, and social dimensions of player motivation
(Kordyaka et al. 2019; Yee 2006). Specific design fea-
tures and their perceived relevance, such as rewards,
points, levels, and progress systems, can thus be
grouped into these three dimensions to capture players’
motivation to play (Koivisto and Hamari 2019; Xi and
Hamari 2019) and linked empirically to self-reported

positive and negative sustainable behaviours in everyday
life.

With the present study, we aim to provide an empiri-
cal answer to at least two existing research gaps. First, it
is currently unclear whether LBG design resonates with
sustainable behaviours of players. In contrast to pre-
vious studies that focus on players’ perceptions of
environmental awareness, our study investigates their
self-reported frequencies of sustainable behaviours in
everyday life (Kordyaka et al. 2024). Second, we address
the potential impact of deceptive design in gamification
and analyze the extent to which motivational dimen-
sions of gamified design features are associated with
positive and negative sustainable behaviour in different
ways. In doing so, we examine the extent to which
specific game mechanics and design features are associ-
ated with environmentally friendly or socially respon-
sible behaviours, or may coincide with unintended
effects linked to undesirable behaviours. In this context,
we use the terms game mechanics and design features to
refer to concrete features of gameplay (e.g. virtual
objects, virtual currency) that structure player in-game
behaviour and may resonate with real-world sustainable
behaviours as well. To address these two research gaps,
we conducted a cross-sectional study with players of
Pokémon GO. We focus on Pokémon GO as the most
widely adopted and long-standing location-based
game, offering a strong case for studying how LBG
design may resonate with sustainability-oriented beha-
viours. We use the gamification concept and game
motivation as a theoretical framework, which allows
us to divide specific design features into three categories:
achievement, immersion, and social interaction. Based
on earlier work, we first formulate deductive hypotheses
regarding potential relationships between game mech-
anisms and design features and sustainable behaviours
of players, which we then test using survey data and
methods of covariance-based statistics. We use the
term predict in line with the statistical structure of
regression models, without implying causal inference
due to the cross-sectional nature of our data. In sum-
mary, our study answers the following research
question:

* Research Question: How are motivational design fea-
tures (achievement, immersion, social) associated with
players’ self-reported positive and negative sustainable
behaviours?

Our results indicate that (a) only immersion-related
features were associated with positive sustainable behav-
iour, and (b) none of the feature categories showed sig-
nificant associations with negative sustainable



behaviour. Additional analyses indicated that only the
design feature reminders, cues, notifications was respon-
sible for the positive relationship between the immer-
sion category and positive sustainable behaviour.
These findings contribute to ongoing HCI discussions
on gamification, sustainability, and digital engagement,
and highlight the potential relevance of immersion-
related design features for supporting ecological engage-
ment beyond the game context. Accordingly, with our
findings, we provide a first step toward understanding
how playful technologies might align with sustainability
values, while investigating causal effects between design
features and sustainability-related behaviours remain as
a future direction.

2, Background

To better understand the background of our study, we
will illustrate the context of our study Location-Based
games in Section 2.1, the framing approach Sustainable
HCI in Section 2.2, and the relevant approach with
regard to motivational game design Gamification in
Section 2.3. Following Deterding, Dixon, et al. (2011)
and Deterding, Sicart, et al. (2011), we distinguish
between game (system) and play (activity). For us, Poké-
mon GO is a game; points, levels, AR mechanics, and
social functions are game design features (and, where
relevant, motivating affordances). We use ‘gamification’
only to refer to the related research field.

2.1. Location-based games

Location-based games (LBGs) such as Pokémon GO
combine digital gaming with real-world movement by
integrating geolocation, augmented reality, and pro-
gression systems into everyday environments. Since its
global release in 2016, Pokémon GO has brought the
LBG genre into the mainstream and inspired new
research in HCI, health, and education on location-
based interaction and mobile play (Baranowski and
Lyons 2020; Laato, Kordyaka, and Hamari 2024a; Paavi-
lainen et al. 2017). Because LBGs embed play in physical
places through sustained spatial interaction, ongoing
progression, and rule-based mechanisms, they provide
a particularly suitable context for studying long-term
engagement and environmentally relevant behaviour.
Previous research has examined multiple aspects of
location-based AR games, with Pokémon GO often ser-
ving as the central example. In terms of health and
mobility, studies have found that playing Pokémon GO
can increase walking and physical activity, change
everyday movement patterns, and support more active
lifestyles (Laato, Kordyaka, et al. 2022; Laato et al.
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2024; Rasche, Schlomann, and Mertens 2017). Other
work has emphasised social and community dimen-
sions, reporting how the game facilitates prosocial
behaviour, local encounters, and community events
that can strengthen social ties (Evans et al. 2021; Law-
ler-Sagarin, Sagarin, and Pederson 2025; Livingston
2022; Pourmand et al. 2017; Riar et al. 2020). A smaller
but growing body of research links Pokémon GO to
environmental or sustainability-related outcomes,
suggesting that play can be associated with greater
environmental awareness and participation in nature-
related activities (Kordyaka et al. 2024); for instance,
community day events have been associated with
waste collection and tree-planting initiatives that foster
environmental engagement (Fernandez et al. 2020), and
game-related tasks have been proposed as tools for
environmental education among young people (Kogan
et al. 2017). However, these studies typically treat the
game largely as a black box and focus on awareness,
physical activity, or participation in specific events
rather than systematically relating concrete game design
features to patterns of everyday sustainable behaviour,
including potentially negative behaviours. Our study
builds on this literature by decomposing Pokémon
GO’s motivational design into achievement, immersion,
and social categories and examining how these cat-
egories are associated with players’ self-reported posi-
tive and negative sustainable behaviours across
different country contexts.

2.2. Sustainable HCI

Sustainable HCI examines how digital technologies can
foster awareness, reflection, and collective engagement
around environmental sustainability (Bremer et al
2023; DiSalvo, Sengers, and Brynjarsdéttir 2010;
Knowles et al. 2014). Within this field, research has
explored how technological design can support sustain-
able practices through feedback, persuasion, and partici-
pation rather than purely technical optimisation. A
central strand of this work is eco-feedback systems,
which provide users with real-time information about
their environmental impact to encourage more con-
scious decision-making (Jensen et al. 2021). Closely
related are gamified and gameful systems that employ
points, challenges, and social comparison to engage
users in sustainability-oriented actions, such as conser-
ving energy or reducing waste (Boncu, Candel, and
Popa 2022; Janakiraman, Watson, and Watson 2018;
Ro et al. 2017). These studies highlight how playful
interaction and motivational design can enhance
users’ environmental awareness and stimulate reflective
engagement with sustainability values.
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While most sustainability-oriented games are likely
to be custom-designed interventions or serious games
with explicit ecological goals, the present study shifts
attention to a commercial mainstream game — Pokémon
GO. By analyzing how its design features — organised
into the motivational dimensions of achievement,
immersion, and social engagement relate to players’
self-reported sustainable behaviours, we extend Sustain-
able HCI discussions to entertainment contexts. Under-
standing how everyday digital play aligns with
sustainability values requires bridging Sustainable HCI
and player motivation frameworks, thereby linking
game design research with broader efforts to promote
environmentally responsible mindsets.

2.3. Motivational design features in games

Research on gamification has provided valuable insights
into how motivational design features can engage users
and relate to attitudinal and behavioural outcomes. In
line with Deterding, Dixon, et al. (2011) and Deterding,
Sicart, et al. (2011), we understand gamification as the
use of game design features in non-game contexts. In
this study, we build on this conceptual foundation
while recognising that Pokémon GO is not a gamified
application but a fully developed game that incorporates
diverse motivational design features. Accordingly, we
use concepts from gamification research as an analytical
lens to examine in-game design features that afford
motivation, rather than as indicators of gamification
itself. We refer to these in-game features as game design
features or motivational affordances of Pokémon GO,
and we understand these affordances as part of a
broader motivational design process that supports play-
ful, meaningful experiences (Hamari, Koivisto, and
Sarsa 2014). Previous work has demonstrated the poten-
tial of motivational design to enhance user engagement
and environmental awareness (Anggarendra and Brere-
ton 2016; Boncu, Candel, and Popa 2022; Kordyaka
et al. 2024; Ro et al. 2017), while also cautioning that
persuasive or motivational design can entail unintended
consequences, such as deceptive or exploitative features
that steer users toward undesired behaviours (Bogost
2015; Hadan et al. 2024). For example, loot boxes in
video games have been discussed as design features
that combine progress rewards with variable reinforce-
ment schedules to encourage repeat purchases (Macey
and Hamari 2019; Wardle and Zendle 2021).

The present study focuses on three motivational
dimensions that have been widely recognised as funda-
mental drivers of player motivation in digital games:
achievement, immersion, and social engagement (Ryan,
Rigby, and Przybylski 2006; Yee 2006). Achievement

captures players’ desire for mastery and progress,
immersion reflects attentional and emotional engage-
ment with the game world, and social engagement refers
to interaction and cooperation with others. In the con-
text of Pokémon GO, these dimensions provide a concise
framework for analyzing how motivational design fea-
tures are associated with self-reported sustainability-
related behaviours.

Motivational design features — often discussed in
gamification research - can thus be categorised into
three dimensions: (a) an achievement-related category,
(b) an immersion-related category, and (c) a socially-
related category (Xi and Hamari 2019). Several alterna-
tive frameworks for conceptualising game-related
motivation exist, such as Self-Determination Theory
with its focus on autonomy, competence, and related-
ness (Ryan, Rigby, and Przybylski 2006), or broader
taxonomies of game features and gamification mech-
anics (Koivisto and Hamari 2019). However, our study
focuses on players’ perceived importance of concrete
design features in a specific game (e.g. points, levels, vir-
tual objects, social networking tools), rather than on
their underlying psychological needs. The achieve-
ment-immersion-social framework proposed by Yee
(2006) and adapted to game design feature categories
in later work (Koivisto and Hamari 2019; Xi and
Hamari 2019) is particularly suitable for this purpose
because it (a) groups heterogeneous features into a
small number of interpretable dimensions that map
directly onto our questionnaire items, (b) has been
applied successfully in prior gamification research,
including in the context of Pokémon GO and sustain-
ability (Kordyaka et al. 2024), and (c) allows us to for-
mulate dimension-specific hypotheses that correspond
directly to our research question about how different
motivational facets relate to positive versus negative sus-
tainable behaviours. Table 1 defines these dimensions
and highlights exemplary motivational features for
each based on prior research (Koivisto and Hamari
2019; Kordyaka et al. 2024). On this basis, we propose
several hypotheses to examine how achievement,
immersion, and social motivation in LBGs are associ-
ated with players’ self-reported positive and negative

Table 1. Motivations to play.
Motivation

Definition Exemplary features

Achievement  Desire to progress, master Points, badges,

challenges, and gain rewards levels

Immersion Desire for deep engagement through  Avatars, reminders,
narratives, exploration, or role- exploration
playing

Social Desire to interact, compete, or Multiplayer, social

collaborate with others networking

lllustrates the three different motivations to play.



sustainable behaviours in everyday life. We therefore
adopt the achievement-immersion-social taxonomy as
our primary analytical lens and do not, for instance,
organise our measures along Self-Determination Theo-
ry’s autonomy-competence-relatedness dimensions,
because our items target perceived importance of con-
crete game features rather than basic psychological
need satisfaction.

Throughout this paper, we use the term gamification
in the established sense of applying game design features
in non-game contexts to enhance motivation and
engagement (Deterding, Dixon, et al. 2011). By contrast,
when discussing Pokémon GO we refer to its game
design features, game mechanics, or motivational affor-
dances, meaning concrete in-game features such as
points, levels, reminders, or social networking tools.
We use play to denote players’ situated engagement
with the game in everyday life. Finally, we use the
term sustainable behaviour as shorthand for our two
outcome constructs, self-reported positive and self-
reported negative sustainable behaviour, which capture
retrospective frequencies of specific environmentally
relevant actions based on Dunlap et al. (2000).

In general, we may assume that all three categories of
motivational design features (immersion, achievement,
social) relate to a more sustainability-oriented playstyle.
As a fundamental component of play, Pokémon GO
encourages outdoor movement and social interaction.
Players are exposed to their physical surroundings,
and a core tenet of the Pokémon narrative, caring for
one’s digital creatures, echoes sustainability-related
values. Yet a more detailed analysis of how engagement
with specific design features corresponds to self-
reported sustainable behaviours is warranted.

For the category of motivation achievement, we
assume that the corresponding motivational design fea-
tures, such as progress tracking, badges, or rewards,
may be associated with players taking on environmen-
tally friendly challenges in the game, which in turn
could relate to sustainable orientations outside the
LBG (Koivisto and Hamari 2019). Previous work on
gamified systems and exergames has shown that
achievement-oriented mechanics can support goal-
striving and persistence in health and sustainability-
related behaviours, for example by encouraging
increased physical activity or repeated engagement
with eco-tasks (Boncu, Candel, and Popa 2022; Hamari,
Koivisto, and Sarsa 2014; Ro et al. 2017). Such mech-
anics can scaffold or reinforce existing pro-environ-
mental dispositions rather than undermining them.
For example, players may walk longer distances to
earn rewards, potentially increasing their awareness of
local environmental projects or parks. At the same
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time, individuals already engaged in sustainable actions
may be more attracted to such features because they
resonate with their existing dispositions. In line with
this literature, we expect that a stronger importance
placed on achievement-related features will be posi-
tively associated with self-reported positive sustainable
behaviour, but will not systematically relate to negative
sustainable behaviour. Accordingly, we pose the follow-
ing hypotheses:

* Hypothesis 1a: Engagement with motivational design
features in the achievement category is positively
associated with self-reported positive sustainable
behaviour beyond the game context.

* Hypothesis 1b: Engagement with achievement-related
motivational design features is not associated with
negative sustainable behaviour beyond the game
context.

We further posit that motivational design features cor-
responding to the immersion category, such as storytell-
ing, exploration, and reminder functions, may foster a
stronger sense of presence and flow in the game world.
Immersion in digital games is commonly understood as
attentional and emotional absorption in a mediated
environment and has been linked to heightened focus
on in-game cues, identification with in-game goals or
avatars, and positive affect during play. Prior research
on exergames suggests that studies on sustained adher-
ence and understanding of long duration play effects
remain limited (Karaosmanoglu et al. 2024, 2025). In a
location-based game such as Pokémon GO, where core
activities involve walking, visiting parks, and exploring
local landmarks, experiencing these activities as immer-
sive may make them more salient, enjoyable, and mean-
ingful, which can plausibly correspond to more positive
evaluations of sustainability-aligned behaviours (Xi and
Hamari 2019). For instance, in-game memory functions
may prompt reflection when players visit real-world
locations like nature reserves, while caring for virtual
creatures can reflect or reinforce biophilic tendencies
(Balmford et al. 2002). Individuals predisposed toward
environmental concern may be particularly drawn to
such immersive features. Based on this reasoning, we
expect that higher importance placed on immersion-
related features will be positively associated with self-
reported positive sustainable behaviour, and will not be
systematically associated with negative sustainable behav-
iour. Accordingly, we propose:

* Hypothesis 2a: Engagement with motivational design
features in the immersion category is positively
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associated with self-reported positive sustainable
behaviour beyond the game context.

e Hypothesis 2b: Engagement with immersion-related
motivational design features is not associated with
negative sustainable behaviour beyond the game
context.

Within the social motivation category, relevant moti-
vational design features, such as multiplayer or social net-
working features, may correspond to greater interaction
among players, both online and offline, fostering local
encounters and information exchange about sustainabil-
ity topics (Hamari, Koivisto, and Sarsa 2014). Prior work
on social features in games and gamified systems suggests
that social support, cooperation, and social comparison
can reinforce engagement with health- and sustainabil-
ity-oriented activities (Hamari, Koivisto, and Sarsa
2014; Janakiraman, Watson, and Watson 2018; Riar et
al. 2020). In the context of Pokémon GO, collaborative
raids, local player communities, and shared events can
create opportunities for discussing environmental issues
or participating in sustainability-related initiatives out-
side the game. At the same time, there is little theoretical
reason to expect that valuing these social features would
directly promote environmentally harmful behaviours.
We therefore expect that stronger importance placed
on social design features will be positively associated
with self-reported positive sustainable behaviour, but
will not be systematically associated with negative sus-
tainable behaviour beyond the game context. Accord-
ingly, we state the following hypotheses:

e Hypothesis 3a: Engagement with motivational design
features in the social category is positively associated
with self-reported positive sustainable behaviour
beyond the game context.

e Hypothesis 3b: Engagement with social-related moti-
vational design features is not associated with negative
sustainable behaviour beyond the game context.

3. Methodology

To understand the methodology, we present the
Research Design in Section 3.1, Data Collection and
Participants in Section 3.2, Data Analysis and Procedure
in Section 3.3, and Measurement Instruments in Section
3.4 in the following.

3.1. Research design

To test the hypotheses of our study, we used a quantitat-
ive cross-sectional survey design to comprehend the

relationships between game design and sustainable
behaviours of Pokémon GO players. Figure 1 Research
Model with Hypotheses illustrates the postulated
hypotheses.

3.2. Data collection and participants

We surveyed Pokémon GO players using an online ques-
tionnaire (in English) administered through Prolific
(https://www.prolific.com/), an online research plat-
form that connects researchers with a large pool of
pre-screened participants. Using Prolific’s prescreening
filters, we restricted eligibility to adults (18 years or
older) who reported currently playing Pokémon GO.
Based on these selection, the Prolific platform manages
participant invitations, informed consents, and com-
pensation via its interface. Participation was voluntary
and each participant received USD 1.60 for completing
the survey. No personally identifiable or sensitive infor-
mation was collected, and all responses were stored in
anonymised form, in line with institutional and national
ethical guidelines and the authors” university data pro-
tection policies.

An a priori power consideration for multiple
regression with three focal predictors and covariates
(assuming a medium effect size, & = .05, and power =
.80) suggested a minimum target sample size of 250-
300 participants (Caine 2016; Chow et al. 2017; Zhou,
Lu, and Shallah 2023). We therefore aimed for approxi-
mately N & 300 responses. In total, 336 responses were
recorded. To ensure high-quality data, we applied a pre-
defined set of response-validity criteria. First, we
removed 16 cases with missing values. Second, we
embedded instructed-response attention checks (e.g.
an item such as ‘please add two and three and mark
the corresponding answer’) and excluded 17 respon-
dents who failed at least one of these items. Third, we
inspected the distribution of completion times to flag
extremely short durations indicative of speeding. How-
ever, no additional cases fell below this threshold after
the attention-check exclusions. Finally, we examined
response patterns on reverse-coded items for systematic
inconsistencies, but this screening did not lead to
further removals as well. After applying these criteria,
the final analytic sample consisted of 303 participants.

Table 2 summarises the sample characteristics. Par-
ticipants were predominantly male (57.4%) and between
23 and 35 years old; most held at least a bachelor’s
degree. The largest country groups were the United
States (42.6%), South Africa (19.5%), Portugal (6.3%),
and Italy (4.3%). On average, participants reported hav-
ing started playing Pokémon GO almost five years ago in
2019 (M =4.83, SD=2.25) and playing the game
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between two and three times per week (M =3.04, SD =
1.02).

3.3. Data analysis and procedure

To test our hypotheses, we conducted a cross-sectional
survey to empirically test the relationships between
the motivational game design feature categories
achievement, immersion, and social, concerning sus-
tainable behaviours. For this, we collected self-
reported data from Pokémon GO players using an
online questionnaire. We then analysed the
data using covariance-based statistics (i.e. regression
analysis) and a widely used software application (i.e.
SPSS 29).

Table 2. Participant demographics.

Variable Characteristic Number  Percentage
Gender
Male 174 (57.4%)
Female 127 (41.9%)
Other 2 (.7%)
Age
Between 18 and 22 33 (10.9%)
Between 23 and 28 130 (42.9%)
Between 29 and 35 93 (30.7%)
Between 36 and 50 35 (11.6%)
> 50 12 (4.0%)
Education
No completed school education 1 (.3%)
Secondary school 26 (8.6%)
2-3 years post-secondary education 37 (12.2%)
Bachelors 164 (54.1%)
Masters 68 (22.4%)
Further university education 7 (2.3%)
Country
USA 129 (42.6%)
South Africa 59 (19.5%)
Portugal 19 (6.3%)
Italy 13 (4.3%)
Other 83 (27.4%)

3.4. Measurement model

Drawing on established practices from psychometric
research, we used empirically validated scales and
items from previous research, adapting them wherever
needed to the context of our study. Participants were
asked to report their perceptions and behaviours related
to their Pokémon GO gameplay. When choosing appro-
priate measurements, we considered three key criteria:
(1) Validity indicators: prioritising measures with estab-
lished validity and reliability; (2) Contextual relevance:
Ensuring that instruments minimise inaccuracies and
maximise connectivity to the research context; (3) Feasi-
bility: Factors such as resource constraints, participant
burden, and ethical considerations.

To validate the measurement instrument, we exam-
ined several validity indicators. First, we evaluated the
face validity of our items (Nevo 1985) by testing the
instrument with a focus group of three long-time Poké-
mon GO players before our data collection to identify
potential ambiguities in the comprehensibility of the
wording and format. All focus group participants indi-
cated that the wording and the format were understand-
able and clear. Next, we tested for systematic errors using
Harman’s single-factor test (Aguirre-Urreta and Hu
2019; Fuller et al. 2016). To do this, we entered all
items of our five constructs into a factor analysis. Results
indicated no single factor dominated the total variance,
with the highest eigenvalue explaining only 27%. This
suggests that methodological bias is unlikely in this
study. In addition, we evaluated the validity of our
measurement instrument consisting of motivational
game design feature categories, and sustainable beha-
viours (Diamantopoulos 2008; Diamantopoulos and
Winklhofer 2001).
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To measure the formative constructs — game design
features and sustainable behaviour - of our study, we
used, on the one hand, a list of 15 characteristics of rel-
evant game design features in the context of Pokémon
GO (Koivisto and Hamari 2019; Kordyaka et al. 2024).
In the questionnaire, these 15 game design features were
introduced with the stem: ‘Please indicate how important
each of the following game design features is to you when
you typically play Pokémon GO (1 = “not important at
all”, 7 = “very important”)’. This stem referred to players’
general, typical play and did not mention specific in-game
events or sustainability-related situations; the five items
that later formed the Immersion category are a subset of
these 15 features and were presented with the same
stem and response format. On the other hand, we used
a validated measurement for positive and negative sus-
tainable behaviour, each consisting of five items (Dunlap
et al. 2000). These items were introduced with the stem:
‘Please indicate how often each of the following state-
ments has applied to you since you started playing Poké-
mon GO (1 = “never”, 7 = “very frequently”)’. Since (a) the
game design features in their entirety define the techno-
logical system (in the context of our study, the game Poké-
mon GO) and each feature plays a unique and non-
redundant role, and (b) the sustainable behaviours each
contribute to a broader concept, we understand both as
formative constructs (Diamantopoulos 2008; Diamanto-
poulos and Winklhofer 2001). To validate these, we fol-
lowed existing work and conventions (Cenfetelli and
Bassellier 2009; Xi and Hamari 2019) for formative
measurements and proceeded in two consecutive steps.
The full questionnaire, including all item wordings,
stems, response scales, and construct assignments, is pro-
vided in Appendix, Table Al.

First, we were interested in the underlying dimen-
sional structure and conducted a factor analysis. Based
on recommendations from previous work, we decided
to extract five factors (e.g. the three motivational game
design feature categories achievement, immersion, and
social and two factors for positive and negative sustain-
able behaviour) (Dunlap et al. 2000; Koivisto and Hamari
2019; Yee 2006). On this basis, we conducted a maximum
likelihood factor analysis (ML) with varimax rotation.

In the first iteration, the gamification feature compe-
tition (v_GF.5), showed substantial cross-loading and
the feature avatar (v_.GF_7) a low factor loading of
A = .40. Both items were excluded from further analysis.
In the second iteration of the factor analysis, the gamifica-
tion feature role-play (v_GF_9) exhibited substantial cross-
loading and was excluded. After a repeated application of
the factor analysis, all items showed acceptable loadings
(A > .57) on one of the five specified factors without
any substantial cross-loadings. Standardised composite

scores were computed for each factor. Table 3 summarises
the results of all formative measures. Specifically, the
assignment of items to factors was as follows:

e The first factor captured all five items measuring
negative sustainable behaviour (v_Beh_1, v_Beh_2,
v_Beh_6, v_Beh_7, v_Beh_9).

e The second factor captured all five items measuring
positive sustainable behaviour (v_Beh_3, v_Beh_4,
v_Beh_5, v_Beh_8, v_Beh_10).

¢ The third factor loaded on the five motivational game
design features narrative (v_GF_8), motion tracking
(v_GF_11), virtual currency (v_GF_12), reminders
(v_GF_13), and virtual objects (v_GF_15)). We
label this factor Immersion Category.

e The fourth factor loaded on the four motivational
game design features points (v_GF_1), badges
(v_GF_2), levels (v_GF_3), and virtual pets
(v_GF_14). We label this factor Achievement Category.

o The fifth factor loaded on the three motivational
game design features social networking (v_GF_4),
multiplayer (v_GF_6), and check-ins (v_GF_10).
We label this factor Social Category.

Second, we conducted five multiple regression ana-
lyses using the formative indicators of the respective fac-
tor as independent variables to explain their standardised
composite score as a dependent variable. Based on rec-
ommendations from previous work (Xi and Hamari
2019), we specified the following two validity criteria:
(a) the variance inflation factors (VIF) of all formative
indicators must be below 3.3 to rule out multicollinearity
as a reference for the convergent validity of the measure-
ment, and (b) as an indicator of convergent validity, the
regression weights must be significant.

(1) Negative Sustainable Behaviour: The regression
analysis of the five negative sustainable behaviour
items and the corresponding composite score showed
acceptable VIFs (< 2.44), and all regression weights
were significant (p<.001), confirming the validity of
the measurement. Following this, we calculated the
mean value of the five items (M = 4.11, SD = 1.60).

(2) Positive Sustainable Behaviour: The initial
regression analysis of the five sustainable behaviour
items explaining the corresponding composite score
identified one item (v_Beh_4) with a VIF of 3.47,
exceeding the recommended threshold of 3.3, and
was excluded from further analysis. After re-running
the regression, all remaining indicators had accepta-
ble VIFs (< 3.00), and all four regression weights
were highly significant (p < .001), confirming



Table 3. Loadings, weights, and VIFs of formative measures.
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Factor [tem Load. Sig. VIF
(1) Negative Sustainable Behaviour

| have never attended a meeting related to ecology v_Beh_1 .82 p < .001 244
| have never joined a clean-up drive v_Beh_2 79 p < .001 2.04
| have never actually bought a product because it had a lower polluting effect v_Beh_6 .67 p < .001 1.58
I do not make a special effort to buy products in recyclable containers v_Beh_7 .66 p < .001 1.58
| have never written a politician concerning pollution problems v_Beh_9 .79 p < .001 2.34
(2) Positive Sustainable Behaviour

| have attended a meeting of an organisation specifically concerned with bettering the environment v_Beh_3 .85 2.49
| have contacted a community agency to find out what | can do about pollution v_Beh_4 .88 removed

| have switched products for ecological reasons v_Beh_5 .68 p < .001 1.55
| keep track of my politicians’ voting records on environmental issues v_Beh_8 .83 p < .001 1.26
| subscribe to ecological publications v_Beh_10 .89 p < .001 2.58
(3) Immersion Category

Narrative, storytelling (e.g. the Pokémon world and related stories) v_GF_8 .63 p < .001 147
Motion tracking (e.g. completing routes and placing lure modules) v_GF_1 .60 p < .001 1.46
Virtual currency (e.g. having PokéCoins) v_GF_12 .69 p < .001 1.26
Reminders, cues, notifications (e.g. inventory management) v_GF_13 .65 p < .001 1.26
Virtual objects as augmented reality (e.g. using AR features) v_GF_15 .57 p < .001 1.26
(4) Achievement Category

Points, score, XP (e.g. number of Pokémon caught) v_GF_1 .68 p < .001 1.32
Badges, achievements, medals, trophies (e.g. medals, collector’s badge) v_GF_2 .73 p < .001 137
Levels (e.g. your trainer level and the level of your Pokémon) v_GF_3 73 p < .001 1.31
Virtual pets (e.g. having cute and strong Pokémons) v_GF_14 .62 p < .001 1.07
(5) Social Category

Social networking features (e.g. legendary raids in a team) v_GF_4 .75 p < .001 1.35
Multiplayer (e.g. trading with friends) v_GF_6 72 p < .001 1.27
Check-ins, location data (e.g. leaving Pokémon at gyms) v_GF_10 .60 p < .001 1.16

validity. Following this, we calculated the mean value
of the four items (M = 4.12, SD = 1.59).

(3) Immersion Category: All five formative indicators
had VIFs < 1.47, with highly significant regression
weights (p<.001). We calculated the mean value of
the five items of the Immersion Category (M=
3.57, SD =.76).

(4) Achievement Category: All four formative indi-
cators had VIFs < 1.37 and all regression weights
were highly significant (p<.001) showing sufficient
values. We calculated the mean value of the four
items of the  Achievement Category
(M = 4.01, SD = .65).

(5) Social Category: All three formative indicators had
VIFs < 1.35, and all regression weights were highly
significant (p<.001) showing sufficient values. We
calculated the mean value of the three items of
the Social Category (M =3.76, SD =.76).

4, Results

Below, we illustrate the results of our study, comprising
the two Sections Hypothesis Testing in Section 4.1 and
Additional analysis in Section 4.2.

4.1. Hypothesis testing

To test the hypotheses of our study, we conducted two
multiple linear regression analyses. For this, we

specified the three motivational categories achieve-
ment, immersion, social as independent variables to
examine their association with the dependent variable
positive sustainable behaviour. To control for potential
confounds, we added the demographic (age, gender,
education, country) and control variables (started to
play, frequency of play) as additional independent vari-
ables. Checking linearity, residual independence, and
multicollinearity, we found no indications of relevant
violations in visual diagnostics; the Durbin-Watson
statistic suggested no substantial autocorrelation
(DW =1.88) and VIFs indicated low multicollinearity
(VIFs < 1.93) (Savin and White 1977). We, therefore,
considered the data suitable for OLS multiple
regression. The regression equation showed a signifi-
cant  result  (F(9;293) =24.77; p < .001)  that
explained 42% of the variance of the dependent vari-
able positive sustainable behaviour. After using the
Bonferroni correction to control for multiple compari-
sons (Bender and Lange 2001), the predictor weights
of the immersion category (B = .24, p < .001), and
the demographics education (8= .14, p = .03), and
country (B = —.41, p <.001) significantly predicted
positive sustainable behaviour (all others p > .40).
Accordingly, these results support H2a but not Hla
or H3a, indicating that the immersion category is the
only motivational design dimension that shows a sig-
nificant positive association with positive sustainable
behaviour over and above education and country
(Table 4).
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Table 4. Regression explaining positive sustainable behaviour.

Table 5. Regression explaining negative sustainable behaviour.

p p (Bonferroni-

p p (Bonferroni-

Independent variables B t (uncorrected)  corrected) VIF Independent variables Bt (uncorrected)  corrected) VIF
Achievement Category —.06 —1.08 p=.29 p>.99 1.45 Achievement Category .06 .96 p=.64 p>.99 1.45
Immersion Category 24 397 p<.001 p<.001 1.93 Immersion Category —-12 -1.64 p=41 p>.99 1.93
Social Category 11 2.06 p=.04 p=.32 1.48 Social Category -06 -.92 p=.58 p>.99 1.48
Age 04 85 p=40 p>.99 1.11 Age —03 —47 p=.56 p>.99 1.11
Gender .04 .90 p=.37 p>.99 1.1 Gender -.14 -2.62 p=.08 p=.09 1.1
Education 14 3.03 p=.003 p=.03 1.09 Education —-.06 -1.05 p=.56 p>.99 1.09
Country —41 -8.48 p<.001 p<.001 1.20 Country 32 5.70 p<.001 p<.001 1.20
Started to play -11 =216 p=.03 p=.36 1.27 Started to play 11 1.88 p=.20 p=.61 1.27
Frequency of play .09 1.87 p=.06 p=.09 1.07 Frequency of play -.03 -55 p=.61 p=.58 1.08

Second, following the procedure used previously, we
specified the variables of the motivational categories
achievement, immersion, social as independent variables
to examine their association with the dependent variable
negative sustainable behaviour. To control for potential
confounds, we added the demographic (age, gender,
education, country) and control variables (Started to
Play, Frequency of Play) as additional independent vari-
ables. We inspected residual diagnostics to assess linear-
ity and distributional assumptions. We found no
indications of problematic multicollinearity (VIFs
< 1.93) and no evidence of substantial autocorrelation
of residuals (Durbin—-Watson = 1.81). Based on these
diagnostics, we considered the data suitable for multiple
regression (Savin and White 1977).

Based on those indicators, we assumed that our data
appeared suitable for covariance-based regression
analysis. The regression equation showed a significant
result (F(9; 293) = 9.45; p < .001) that explained 20%
of the variance of the dependent variable negative sus-
tainable behaviour. After using the Bonferroni correc-
tion to control for multiple comparisons (Bender and
Lange 2001), only the demographic variable country
(B = .32, p < .001) significantly predicted negative sus-
tainable behaviour (all others p > .09). Accordingly, we
did not find significant relationships between any of the
motivational feature categories and negative sustainable
behaviour, providing no evidence to reject the null
hypotheses for H1b, H2b, and H3b (Table 5).

4.2. Additional analysis

To gain further empirical insights based on the results of
our hypothesis testing, we will now consider the two
aspects of (i) Influence of Country in Section 4.2.1
and (ii) the Influence of Immersive Design Features in
Section 4.2.2 below.

4.2.1. Influence of country

To further examine the significant association of the
demographic variable country, we compared levels of
positive sustainable behaviour and negative sustainable

behaviour among the four most frequently represented
countries in our sample: the United States of America
(n=129), South Africa (n=59), Portugal (n=19), and
Italy (n=13) (see Table 2). For this analysis, we treated
country as a nominal variable in SPSS. The results of
these comparisons are presented in the paragraphs below.

In the case of positive sustainable behaviour, we used
country as an independent variable in an ANOVA to
test group differences regarding the dependent variable
positive sustainable behaviour. Since the Levene test of
the homogeneity of variances showed a significant result,
we decided to use the non-parametric Kruskal-Wallis test.
The test indicated a significant difference in positive
sustainable behaviour between the four countries
H(3) = 63.55, p < .001. Post-hoc pairwise comparisons
using the Bonferroni correction revealed that participants
from the United States of America reported significantly
higher values (Mdn = 5.16, SD = 1.09) compared to
South Africa (Mdn=3.33, SD=1.37), Portugal
(Mdn = 2.72, SD = 1.55), and Italy (Mdn=3.38, SD
=.96). Furthermore, no significant differences were
found between South Africa, Portugal, and Italy (all of
them p>.05 ). Results are shown in Figure 2 indicating
that players from the United States of America reported
higher levels of positive sustainable behaviour than those
from South Africa, Portugal, and Italy, and that there
were no significant differences between the remaining
three of them.

For the analysis of negative sustainable behaviour, we
followed the procedure outlined before. We treated
country as an independent variable and conducted an
ANOVA to assess potential group differences. Levene’s
test for homogeneity of variances was non-significant,
F(3,216) = .51, p = .68, indicating no violation of the
homogeneity assumption. Accordingly, a parametric
one-way ANOVA was conducted to examine whether
negative sustainable behaviour varied by country. The
analysis revealed significant differences in negative sus-
tainable  behaviour  between  the  countries,
F(3, 219) = 52.04, p < .001, the mean values are illus-
trated in Figure 3. Using post-hoc tests with Bonferroni
correction indicated that participants from the United
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Figure 2. Kruskal-Wallis -- countries and positive sustainable behaviour.
A plot showing Kruskal-Wallis test results for countries and positive sustainable behaviour.

States of America (M = 3.05, SD = 1.22) reported signifi-
cantly lower scores than those from South Africa (M=
5.13, SD =1.05, p<.001), Portugal (M =5.31, SD =141,
p<.001), and Italy (M =4.57, SD =1.57, p<.001). No sig-
nificant differences were found among South Africa, Por-
tugal, and Italy (all p>.05). These findings suggest that
scores of negative sustainable behaviour were significantly
lower in the United States of America compared to the

Negative Sustainable Behavior
- N w H w (o)}

o

South-Africa

other three countries, suggesting potential cross-cultural
variation.

4.2.2. Influence of immersive design features

To examine the relationships between the five game
design features — narrative and storytelling (vgFs),
motion tracking (vgF;1), virtual currency (vgF;2),
reminders, cues, and notifications (vgF;3), and virtual

Portugal ltaly

Countries

Figure 3. Mean values -- countries and negative sustainable behaviour.
ANOVA Test results for countries and negative sustainable behaviour, as shown in the figure.
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objects as augmented reality (vgF;5) — and players’ posi-
tive sustainable behaviour, we included these variables
as independent predictors in a multiple regression
analysis. When testing the assumptions of linearity,
autocorrelation, and multicollinearity, the scatter
plots, the Durbin-Watson statistic (DW =2.03), and
the variance inflation factors (VIFs < 1.39) did not
indicate any violations (Savin and White 1977). Based
on these indicators, we assumed that our data were suit-
able for a covariance-based regression analysis. The
regression equation yielded a significant result
(F(5,297) = 11.89; p < .001), which explained 17% of
the variance of the dependent variable positive sustain-
able behaviour. After applying the Bonferroni correction
to control for multiple comparisons (Benjamini and
Hochberg 1995), only the variable reminders, cues,
notifications (8 = .23, p = .005) showed a significant
association with positive sustainability behaviour (all
others p > .15). Accordingly, the design feature remin-
ders, cues, notifications appears to be responsible for
the positive correlation between the immersion dimen-
sion and positive sustainable behaviour.

5. Discussion

The following sections outline the discussion phase,
covering key findings in Section 5.1, implications for
practice in Section 5.2, implications for theory in Sec-
tion 5.3, and limitations and outlook in Section 5.4.

5.1. Key findings

Based on our study’s results, we can now provide
empirically-grounded answers to our (Research Ques-
tion: How are motivational design features (achievement,
immersion, social) associated with players’ self-reported
positive and negative sustainable behaviours?). In the fol-
lowing, we summarise and discuss key findings with the
following four points:

o First, for positive sustainable behaviour, only the
immersion category significantly predicted higher
levels of positive sustainable behaviour, while
achievement and social categories did not. This pat-
tern supports H2a, does not support Hla and H3a,
and answers the ‘positive’ part of our research ques-
tion by highlighting immersion as the only motiva-
tional design dimension associated with self-
reported positive sustainable behaviours.

e Second, for negative sustainable behaviour, none of
the three motivational categories showed a statisti-
cally significant relationship. This is consistent with
retaining the null hypotheses H1b, H2b, and H3b

and indicates that, within our model, motivational
design features are not systematically associated
with more frequent negative sustainable behaviours.

¢ Third, additional analyses showed that players from
the United States of America reported significantly
higher levels of positive and lower levels of negative
sustainable behaviours than players from South
Africa, Portugal, and Italy. This extends the main
answer to our research question by suggesting that
country-level context moderates overall sustainability
profiles, above and beyond in-game motivational
dimensions.

¢ Fourth, additional analyses indicated that the specific
design feature reminders, cues, notifications was the
only significant independent predictor within the
immersion category for positive sustainable behaviour.
This refines our interpretation of H2a by showing that
the observed association between immersion and posi-
tive sustainable behaviour is primarily is likely associ-
ated with interaction-based game features rather than
all immersion-related features equally.

Our findings both converge with and diverge from
prior work on Pokémon GO. In line with studies showing
that Pokémon GO can foster physical activity, outdoor
mobility, and nature-related engagement (Kordyaka et
al. 2024; Laato, Kordyaka, et al. 2022; Laato et al. 2024;
Rasche, Schlomann, and Mertens 2017), we also observe
positive associations between aspects of play and sustain-
ability-related outcomes. However, rather than treating
the game as a black box, our analysis decomposes its moti-
vational design and suggests that immersion-related fea-
tures,especially reminders, cues, and notifications, are
most closely associated with self-reported positive sustain-
able behaviour. This partly contrasts with work emphasis-
ing social and community effects of Pokémon GO (Lawler-
Sagarin, Sagarin, and Pederson 2025; Livingston 2022;
Pourmand et al. 2017; Riar et al. 2020), as our social motiv-
ation category did not show direct associations with sus-
tainability behaviours. A plausible interpretation is that
social affordances primarily support community building
and coordination, whereas concrete ecological actions
may be more tightly cued by immersive, context-sensitive
interaction mechanisms (e.g. reminders or eco-themed
events) and by players’ broader sustainability orientations.

5.2. Implications for practice

The results of this study provide several actionable
insights for practitioners, particularly regarding the
role of immersive game features in LBGs such as Poké-
mon GO in relation to sustainable behaviours. Four of
these insights are discussed below.



First, our results showed that only the immersion cat-
egory significantly predicted participants’ positive sus-
tainable behaviour. This finding suggests that
immersive game features (e.g. narrative experiences)
may be particularly relevant when designing LBGs
aimed at supporting sustainable behaviour (Laato,
Galeote, et al. 2022). In our data, this immersion cat-
egory is primarily carried by reminders, cues, and notifi-
cations, which suggests that relatively small, context-
sensitive prompts may be especially important leverage
points for supporting sustainable behaviours. Develo-
pers can use these features to create engaging environ-
mental experiences that may support players in
connecting with nature and adopting more sustainable
habits. Furthermore, the insignificant relationships of
the other two motivational categories (e.g. achievement,
social) suggest that (a) extrinsic incentives in the
achievement category may not strongly predict real-
world environmental action, and (b) merely fostering
social connections in games might not be enough to
support real environmental behaviour.

Second, our empirical insight that none of the three
motivational categories significantly predicted negative
sustainable behaviour indicates that concerns about
misleading uses of motivational game design in this
context (deceptive design) seem rather unfounded.
Opposed to this, we argue that if gamification were
manipulative in a way that would be associated with
unsustainable (negative) behaviour, we might have
expected a significant prediction for at least one of the
three categories. However, the absence of a significant
relationship indicates that the mechanics of gamifica-
tion alone are not statistically associated with negative
sustainable behaviour. This result challenges the notion
that players in gamified systems are oftentimes nudged
to act against their interests or those of society, as
suggested in research on the deceptive design of gamifi-
cation (Bogost 2015; Goethe 2020; Rakovic and Inal
2023). Rather, our results suggest that factors unrelated
to motivation are more decisive for the development of
negative sustainable behaviours outside the game. While
ethical concerns about misleading gamification prac-
tices in other contexts remain relevant, our study pro-
vides no significant empirical indicator that the
motivational design features of Pokémon GO predict
unsustainable action in the real world.

Furthermore, significant differences across countries
in positive and negative sustainable behaviour indicate
that regional cultural factors may be associated with
how players engage with sustainability in Pokémon
GO. Specifically, results showed that players from the
United States of America displayed more positive and
less negative sustainable behaviour than players from
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Europe (Portugal, Italy) and South Africa. We see this
as an indication that contextual factors may play an
important role in shaping sustainability-related beha-
viours in the real world. This underscores the need for
region-specific adaptations of playful interventions
and underlines the added value of cross-cultural per-
spectives (Krishna, Sahay, and Walsham 2004; Trac-
tinsky 1997).

Finally, our further analysis showed that the design
feature reminders, cues, notifications was significantly
responsible for the positive prediction of the immersion
category on positive sustainable behaviour. This leads to
the recommendation that designers of LBGs, who want
to support sustainable behaviour, should not rely exclu-
sively on immersive storytelling, but should rather inte-
grate reminders, cues, and notifications. This suggests
that micro-interventions, such as context-sensitive
reminders, are potentially more effective in influencing
behaviour in the context of sustainability goals than
comprehensive, narrative design features.

5.3. Implications for theory

Based on the results of our study, several important
implications can also be drawn at the theoretical level
to refine existing HCI models for gamification and sus-
tainable player behaviour, as well as to improve frame-
work conditions. In the following, we discuss four of
them that seem particularly relevant.

First, we understand the finding that only the immer-
sion category significantly predicted positive sustainable
behaviour in a way that emotional and cognitive
engagement with the game world is a crucial factor for
sustainability in the real world. This supports theories
that emphasise the role of experiential and affective
engagement in shaping behaviour, such as environ-
mental psychology, which suggests that stronger con-
nections to a virtual or augmented environment may
predict greater awareness, appreciation, and sustainabil-
ity-related engagement in the real world. It also refines
existing gamification and motivation theories by indi-
cating that immersive experiences — rather than extrin-
sic rewards (achievements) or social factors — may be
more closely associated with environmentally friendly
behaviour. This suggests that gamification research
should move beyond traditional incentive-based models
and focus more on narratives and reminders as mechan-
isms for behaviour change (Xi and Hamari 2019; Yee
2006).

Second, our finding that none of the motivation cat-
egories significantly predicted negative sustainable
behaviour indicates that gamification mechanisms
alone do not necessarily encourage unsustainable
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actions. This challenge concerns the misleading design
in gamification, as it suggests that the categories of
achievement, immersion, and social motivation are
not systematically associated with harmful environ-
mental behaviour. Instead, it suggests that external fac-
tors, such as cultural norms, infrastructure, or personal
habits, may be more significant in shaping adverse out-
comes. This insight refines gamification and behav-
ioural science theories by highlighting that
motivational dimensions of gamified design features
alone cannot explain negative real-world behaviours,
suggesting the need for broader ecological models that
consider contextual influences on sustainability-related
actions.

Third, the significant associations between partici-
pants’ country and both positive and negative sustain-
able behaviour suggests that responses to gamification
may vary depending on cultural and structural factors
rather than being universally applicable. This calls into
question individual-centred gamification theories and
underscores the need for context-based models that
integrate macro-level influences on player demo-
graphics. Previous research already applied Hofstede’s
cultural dimensions that indicate some added value in
the context of our study as well (Kordyaka et al. 2023;
Simon 2001). Future research should incorporate
cross-cultural perspectives to understand how gamifica-
tion may be related with regional sustainability norms
and behaviours.

Lastly, the identification of the design feature remin-
ders, cues, notifications within the broader immersion
category accounts for the positive association with posi-
tive sustainable behaviour. This challenges the assump-
tion that all immersion-related features contribute
equally and enables a more differentiated understanding
of the construct. It suggests that immersion is not a
single, uniform driver of behaviour but a composite of
distinct mechanisms that may exert varying influences.
The result aligns more closely with theories of behav-
ioural nudging and environmental cues than with con-
cepts of deep psychological immersion, such as
narrative transport or flow (Acquisti et al. 2017; Peifer
et al. 2021). In this light, the explanatory power lies in
the interaction-level mechanisms. Accordingly, our
findings indicate that behaviour-based outcomes (i.e.
sustainable behaviour) are most likely driven by inter-
action-based game features within the immersion cat-
egory. While these features typically require active
engagement with a system (e.g. by confirming a notifica-
tion), other features of the immersion category (e.g. nar-
rative, storytelling) might not necessarily need an active
involvement but can be experienced through passive
participation (e.g. listening).

5.4. Limitations and outlook

As with any empirical research, the present work has
some limitations, which must be considered when clas-
sifying the empirical knowledge derived. In the follow-
ing, some of these limitations are discussed, and we
show how they can be used in future research to ensure
the validity of this study’s results. First, data were col-
lected with the support of Prolific (an online research
platform), which is a diverse, cost-effective, and scalable
source of participants. To ensure the quality of our data,
we implemented various so-called response validity
indicators, such as insufficient response time, compar-
ing backward-coded items, and using several attention
tests to ensure the quality of our data. Second, we
focussed exclusively on Pokémon GO as a context.
This was intentional, as the game can be seen as the
spearhead of LBGs, and to avoid introducing unnecess-
ary distortions from different games into our research
design. Nevertheless, we recommend prospective
research to apply our results to other LBGs, such as
Ingress or Zombies, Run to examine the extent to
which there are similarities and differences at a more
detailed level than the empirical results of the present
study. Third, we collected self-reported survey data
from Pokémon GO players, which is an aspect that
should be taken into account when interpreting the
results of our study. This was intentional since we
were interested in better understanding how specific
design features are perceived by players, and self-
reported surveys can be a valuable tool to capture the
corresponding subjective experiences and frequencies
of sustainable behaviours. Nevertheless, these measures
remain retrospective self-reports and are subject to
recall and social desirability biases; they should there-
fore be interpreted as perceived behavioural tendencies
rather than verified behavioural records. Future studies
should aim to triangulate our insights with behavioural
data, such as location tracking or ecological behaviour
logs. Fourth, while our regression analyses model direc-
tional associations from game design features to sustain-
able behaviours, we emphasise that the cross-sectional
nature of our study precludes causal inference. The
reported associations should be understood as theory-
informed correlations rather than evidence of causality.
We use the term ’predict’ in line with the statistical
structure of regression models, while acknowledging
that our cross-sectional design does not allow for causal
inference. However, we strongly encourage future
research to employ (quasi-)experimental designs to
examine alternative directionalities — such as treating
sustainable behaviour as either an independent or a
dependent variable. Fifth, our sample included



participants from multiple countries that emerged orga-
nically through Prolific recruitment. While this pro-
vided geographic diversity, the imbalance in sample
sizes, particularly the dominance of U.S. participants,
limits the generalizability of our results. We see this
unexpected pattern as a prompt for more cross-cultural
research in HCI (Kordyaka et al. 2023). Sixth, the con-
struct validity of our key indices warrants caution.
The three motivational feature dimensions and the posi-
tive/negative sustainable behaviour indices are based on
adapted item lists rather than instruments that were
purpose-built and validated for the specific combination
of LBG play and sustainability. Our factor-analytic
results show that the empirically derived immersion
dimension includes items (e.g. virtual currency, remin-
ders) that the original taxonomy classified as miscella-
neous (Koivisto and Hamari 2019), suggesting some
conceptual overlap in how players perceive different
game features. Likewise, the sustainable behaviour
items emphasise a relatively narrow set of ecological
actions (e.g. attending meetings, contacting politicians,
subscribing to publications) and may not fully capture
more mundane, everyday sustainability practices (e.g.
transportation choices, household energy use). Future
work should develop and validate richer, context-
specific measures that combine broader item pools,
confirmatory factor analyses across independent
samples, and, where feasible, behavioural or log data
to triangulate self-reports. Seventh, although our overall
sample size (N=303) is adequate for the specified
regression models according to our a priori power
analysis, it is still modest for detecting small effects
and for subgroup comparisons (e.g. between countries).
As such, the generalizability of our findings, particularly
regarding cross-cultural differences, should be inter-
preted with caution, and future work would benefit
from larger and more balanced samples.

6. Conclusion

Our results highlight the relevance of the immersion
category of game design in its association with positive
sustainable behaviour outside of the game by playing
Pokémon GO. Opposed to this, the two categories,
achievement and social, did not significantly predict
positive sustainable behaviour. Furthermore, as we
hypothesised, none of the motivational categories sig-
nificantly predicted negative sustainable behaviour
beyond what could be expected by chance. This suggests
that other factors may play a more important role in
shaping these adverse outcomes. Taken together, the
results offer a nuanced understanding of how motiva-
tional design in LBGs are associated with real-world
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action. By demonstrating the unique role of immer-
sion-based mechanisms, our study advances research
in sustainable and green HCI and human-centred
gamification. Our findings offer actionable guidance
for designing location-based applications that support
pro-environmental behaviour through user-centred
design of technology.
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Appendix

1145/3583780.3614779.

Table A1. Questionnaire of the study.

Construct ID

Wording

Ref.

Dependent variables

Please indicate how often each of the following statements has applied to you since you
started playing Pokémon GO (1 = ‘never’, 7 = ‘very frequently’).

Negative sustainable behaviour

v_Beh_1
v_Beh_2
v_Beh_6
v_Beh_7
v_Beh_9

| have never attended a meeting related to ecology.

| have never joined a clean-up drive.

| have never actually bought a product because it had a lower polluting effect.
| do not make a special effort to buy products in recyclable containers.

| have never written a politician concerning pollution problems.

Positive sustainable behaviour

v_Beh_3

v_Beh_4
v_Beh_5
v_Beh_8
v_Beh_10
Independent variables

v_GF_8
v_GF_11
v_GF_12
v_GF_13
v_GF_15
Achievement category
v_GF_1
v_GF_2
v_GF_3
v_GF_14
Social category
v_GF_4
v_GF_6
v_GF_10
Demographic variables
v_DV_1
v_DV_2
v_DV_3
v_DV_4
Control variables
v_CV_1
v_CV_2

| have attended a meeting of an organisation specifically concerned with bettering the
environment.

I have contacted a community agency to find out what | can do about pollution.

| have switched products for ecological reasons.

| keep track of my politicians’ voting records on environmental issues.

| subscribe to ecological publications.

Please indicate how important each of the following game design features is to you when you
typically play Pokémon GO (1 = ‘not important at all’, 7 = ‘very important’).

Narrative, storytelling (e.g. the Pokémon world and related stories)
Motion tracking (e.g. completing routes and placing lure modules).
Virtual currency (e.g. having PokéCoins).

Reminders, cues, notifications (e.g. inventory management).
Virtual objects as augmented reality (e.g. using AR features).

Points, score, XP (e.g. number of Pokémon caught).

Badges, achievements, medals, trophies (e.g. medals, collector’s badge).
Levels (e.g. your trainer level and the level of your Pokémon).

Virtual pets (e.g. having cute and strong Pokémons).

Social networking features (e.g. legendary raids in a team).
Multiplayer (e.g. trading with friends).
Check-ins, location data (e.g. leaving Pokémon at gyms).

Age.
Gender.
Education.
Country.

Started to play.
Frequency of play.

Dunlap et al. (2000)

Koivisto and Hamari (2019) and
Kordyaka et al. (2024)
Immersion category

Survey items and constructs of the whole study with references.
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