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Abstract—Augmented Reality (AR) technology has had
a profound effect on the gaming industry in recent
years by enabling game designers to create interactive
virtual environments that overlay upon a player’s
Pphysical space. Through an in-depth investigation of
the effects of AR on mobile game player engagement /7
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this paper wt-ll expl.ore jfour dlr’nenswn.s of player / I INTRODU&I‘ION

engagement: immersion, interaction, enjoyment and /

the user experience. In order to collect and analyzé Thegaming industry has always been known for its
data, a quantitative methodology was utilized sthat fast evolution, yet the’way the gaming market has
includes a standardized Likert scale survey designed for progressed in theAlast 10 years is no less than
the mobile AR gaming community as well as_the extraordinary. 1)16 introduction of the smartphone has
examination of secondary market and ifdustry data alloWed a onceniche game to be played by millions
reports from 2022-2026. Survey results jndicate that AR around the 40rld. With the emergence of augmented

positively impacts player engagement on “all four
measures, most notably with respect to augmented,
geospatial and location-bany mechanics, and this
finding is corroborated by relevant industry and market
reports. In 2024, the global AR gaming market was
valued at USD 14.2 bilfion and is projected to increase
at a compound an}ual growth gate (CAGR)of 28.1% /

reality fAR) as a second wave of mobile gaming
development in under 20 years, the changes we see
will differ significantly from what we have seen with
revious hardware developments. This type of

/ hardware allows players to take the game to them, as
opposed to them travelling to the game. Images and

through to 2033 to reach USD141.7:billion. Moreovgr, animatjon can be ov-er.lgid over the player’s physical
when Scopely Bouglit Pokemon Go for'$3.5 billion in world in real-time, }1t11121ng either a smartphone screen
2025, it was clegr to see that businesses were wifling to or head mounted dlsplay [1], [2]. Unlike screen-based
pay significant ca{ital in exchange for AR téchnology tltles,- AR blurs the line between play ar}d.place.
to use as an engagement mechanism. The contribution Niantic’s Pokémon GO is the most visible example
to knowledge made 1) this study is to {ring together of what this new hardware can achieve; it turned the
both primary source suivey data coflected from real- urban sidewalk and city parks into a game arena, and
world users and secondary sourges of market data to it managed to gather millions of players at launch and
offer evidence-based insights into the impact of AR on has retained them ever since [3]. Pokémon GO’s
player engagement that previous research had not retention numbers were exceptionally unique in the
previously accomplished, thereby offering practical mobile space and has caused game developers as well
guidance to researchers and industry developers as investors to view AR as a credible gaming platform
instead of a passing phase. Today, the adoption rate of
Received: Jan. 19, 2026, received in revised form: Oct 14, 2026; this new mobile AR format has resulted in an
accepted: Oct. 14, 2026, available online: Nov. 02, 2026. exponential growth of mobile users globally [4].
The measurement of player engagement is often an
Corresponding: gaelen jeffry@binus.ac.id indicator of success for games in development,

Copyright © 2026 83



research and analysis. The term engagement
represents how invested players are in a game in order
to drive various aspects of their behavior including
retention, session length, and in-app purchase amounts
[5]. The reason for this is that traditional game
platforms rely exclusively on a screen’s stimulation to
keep players interested whereas mobile AR gaming
leverages the player’s environment, movement and
social interactions as an integral component of
gameplay. Players are naturally more emotionally
engaged as a result of their experience and thus have
the intrinsic motivation to play longer. This fact has
sparked increased support for utilizing AR as a viable
solution to solve many of gaming’s inherent problems,
such as reduced player engagement and shortened
game-life cycles [7].

Augmented reality overlays digital visual, audio,
and other sensory content to the user's environment in
real time [1]. AR and virtual reality differ most
essentially in this sense, that the user stays in the real
physical location, whereas virtual reality places the
user in a simulated world [2]. For gaming, this means
that the virtual reality player is "in" a game, the
augmented reality player remains "in" his or her world,
yet that world has interactive objects embedded withig/
it. The fact that AR users remain embedded jn a
physical location makes their experiences different in
a number of fundamental ways [3].

Player engagement refers to a cognitivg? emotional,
and behavioral set of dimensions that_simultaneously
apply to player interaction wif games [4].
Csikszentmihalyi's flow theory of flow as a state of
highly concentrated intrinsic f6cus on an activity is.a
theory that has become/ widely applied in the
understanding of player engagement [5]. Flow
depends on three Wasic conditions, including a
perceived balance/of challenge to skill, clear and
immediate feegback,sand a feelinghof control ovér
outcomes. AR mechanies eould potentially suppert all
three condition§, and they have, the potential,to do so
by situating challénges in real physical 1océi0ns and
providing tangible ‘spatial <feedback/rather than
abstract visual feedback. Qs reviewegrby Koivisto and
Hamari, location-aware, regponsive interaction was
seen as a particularly effective means for promoting
sustained player engagement [6]. Liu, Li, and Zhang
conducted research on game-based learning using AR,
and found that perceived enjoyment, social
interaction, and the perceived relevance of gameplay
events to the player's own location predicted continued
use and participation [9]. Similarly, Hamari, Malik,
and Klock investigated mobile games across many
genres, and found that mobile games that incorporated

&4

AR mechanics that utilized the real locations around
players resulted in game sessions that were around
34% longer on average, as well as higher retention
rates among users after the first seven days of
gameplay [18]. These behaviors can be seen as
analogous to the dimensions of player engagement
measured here, immersion, enjoyment, and
interactivity.

Immersive technology refers broadly to virtual
reality and augmented reality [7]. Radianti,
Majchrzak, Yoon, and Wohlgenannt conducted a
review of the literature on immersive virtual reality for
higher education and found that immersion, presence,
and interactivity were,_the primary factors that
mediated the effectiveness of immersive technologies
[7]. Santos, Diasﬁmd Santos*found similar results in
mobile augmented reality-based saming for education,
where the jncorporation’ofimobile aygmented reality-
based léaming clements_ins@ame-baseq learning was
assoctated with higher motivation and engagement
and increasedstime spént playing gémes [8]. The
psychological processes are likely similar across
educational ‘and entertainment gettings, but differ in
motivationyy, goals, ‘and outcomes; in educational
settings Jmotivation derive{ from goals like learning
and performance, whereds motivation in entertainment
games tends to deriye from the pursuit of enjoyment
and fun. Perng, Chung, and Wang researched the role
of perceived enfoyment and social presence in mobile
augmented #€ality gaming. They found that mobile
augmentpd reality gameplay was strongly augmented
when, combined with social features that allowed
playés to interact, with social play associated with
b6th higher enjoyment and longer intended play times

» [19]. The implications of this finding are that

community and player-to-player interaction are
critical to promoting player engagement. Diinser,
Grasset, and Billinghurst investigated the technical
aspects of augmented reality game design and
identified the most critical factors to consider in
designing augmented reality games: interface
usability, stable spatial tracking, and natural
interactions with the virtual objects and their
placement in the physical world [12]. Lack of tracking
and other interface-related factors would undermine
the sense of presence that promotes the observed
behavioral engagement. As described by Shneiderman
et al., users require feedback and interactivity from
interfaces to experience satisfaction [13].

The requirements of augmented reality game
design were important considerations when
developing both the augmented reality game prototype
described here and the metrics used to measure



engagement in the study conducted with it. More
recently, Zhao, Li, and Chen conducted a review of
augmented reality usability research and studies in the
context of mobile games. This review found that frame
rate consistency and intuitive gesture interface and
interaction were the two most important usability
factors associated with engagement [20]. The non-
functional requirements identified here were important
to address when designing the prototype described in
the next section.

I1. PROPOSED METHODS

A. Research Design

We used a quantitative approach for this research,
gathering primary data via a questionnaire and
secondary data from already-published market and
industry sources. The quantitative data generated
scores for the four dimensions of engagement, and
these were evaluated in the light of AR gaming as a
commercial and technological activity through the
secondary data [10], [11]. These two datasets were
then used together when drawing conclusions.

B. Data Collection

Data collection proceeded along three p3911€1
tracks:

e Literature review: Journal and coﬁference
papers on AR, game developmént, player
engagement and mobile uger experience
published from 2022 to 2026 were reviewed<(to
support the theoretical franfework of the study:
and to identify current re€earch [1], [6], [9], [18],
[19], [20] /

* Industry and mgrket data: Dataon the growth

and future of AR gaming ‘and"its technology

trends were “Colleéted from industry resear
reports préduced in 2025-2026 [14], [15], [16].

e Player qagstionnaire: A questionnaire tha{ used
a five-point hikert scale (1 = strongly dsagree, 5
= strongly agreg) was used to gather data from
participants who were mobile game players.
The questionnaire “easured four dimensions:
immersion, enjoymentNintefactivity and overall
user experience, and the questions were drawn
from validated engagement questionnaires used
in the previous research [5], [6], [9].

C. Prototype AR Application

To In order to test participants with a controlled
prototype AR system, a prototype AR mobile
application was built at the same time as the data was
collected. The functional (for real world interaction

with objects, user input and system output) and non-
functional (for performance, usability, mobile devices
and usability) requirements of the prototype were
defined in the analysis and design stage [12], [13],
while the prototype application architecture was
designed using game flow diagrams and storyboards,
and the components, interfaces with the game
framework and mobile devices are shown in [10], [11].
The prototype was built using an AR framework that
can work with recent model Android and iOS devices
and enables the player to identify real objects in the
world and overlay objects on the real world using the
camera and to interact with objects using a
touchscreen, a techniﬂu found to have been adopted

by commercial AR titles [2], [12].
y y; Q

D. Evaluation/Procedure \

To ev{?uate engagement levels\in our prototype,
participants played  the prototypes, game, with
engagément measured ~both objectively and
subjectively. Player engagément was fneasured with
two different metficsi, objectively/through the time
spent playing and with playey return; subjectively,
through' axfive-point Likert scale questionnaire that
was filled in immediatel{ after the play session.
Participants/were recgfited from people who had
played mobile gamgs in the past and played an AR
game in the last six months to provide an accurate
indication of AR gaming engagement, as reported by
experienced/players [6], [9]. The data was then
summari;ed with descriptive statistics on the
questionnaire items, and relationships between AR
techfiology features and scores from the four
eficagement dimensions were identified with

/ inferences drawn from these descriptive statistics.

E. Validity and Reliability

The questionnaire items used in this study were
based on previously established questionnaires [5], [6]
to ensure validity and were piloted with ten
participants to further refine the questions before full
deployment. The questionnaire was found to have a
Cronbach’s alpha value higher than 0.70, a commonly
accepted value in the social sciences, indicating good
internal consistency of the questionnaire [12], [14],
[15]. Questionnaire data validity was further supported
by comparing the subjective player engagement
measures and the objective playtime and return values,
with the results agreeing on the same trend.

III. EXPERIMENTAL RESULT
A. Market Context: AR Gaming Growth
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Secondary market data establishes the commercial
scale within which the primary engagement findings
sit. IMARC Group values the global AR gaming
market at some USD 14.2 billion in 2024 and
estimates a climb to close to USD 141.7 billion in 2033
[14]. This rise is significant in that it surpasses the
growth of the overall mobile gaming market; and
implies that developers and investors are focusing on
augmented reality technology as a way to differentiate
their products.

A further factor driving this projected growth is
infrastructure; Deep Market Insights suggests that
improved networks (5G in particular) and better cloud
rendering technology means the technology is not as
latency-sensitive, which has previously restricted real-
time AR gaming to consumer devices [15]. With
increasing real-time AR responsiveness of devices,
mechanics that utilise real-time spatial processing can
be used to create games accessible to the wider mass
market, rather than to early adopters with top-spec
gaming phones.

Another report by 360iResearch estimates market
growth from USD 15.41 billion in 2025 to USD 63.01
billion in 2032 [16]. As the numbers are slightly
different between the three sources, this may be due
different market definitions. However, the geseral
consensus across all three reports is clear: thgemarket
is expected to grow, driven by real markeyemand and
not just speculative interest in the market!

Table 1. Global Mobile AR Gaming 6sers by Year
(Statista, 2024) [4]

AR Users (M) YoY Growth

2023 983 —
2024 1,025 +4.3%
2025 1,067 +4.1%

\ .
Table II. Meag Player Engagement Scopés by
DimensiQQ (1-5 Likert Scal;)

Engagement AR Game Non-AR
Dimension (Mean) Game (Mean)

Immersion 4.31 3.02
Enjoyment 4.18 3.24
Interactivity 4.22 2.97
User Experience 4.09 3.11

B. Questionnaire Results
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on a touchsereen; which is less p
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Table II shows the mean engagement score for AR
versus non-AR mobile games, averaged across the
four dimensions, as reported by questionnaire
respondents. Scores are consistently higher across all
four dimensions in AR games. The largest score
difference exists in the Interactivity dimension (4.22
vs. 2.97); this is followed by Immersion (4.31 vs.
3.02). Enjoyment and User Experience show a similar
directional difference, though with less effect size.
These findings agree with flow theory [5] and are
consistent with the results of Koivisto and Hamari [6];
by placing challenges into a contextual space, and
feedback into the spatial experience, AR is raising the
cognitive and affectiye dimensions of engagement
above purely visual screen-based interaction.

Location—base{ mechanics were cited more than
any other endagement driver it the open response
section of the questionnaire. Respotdents emphasised
that t?e embodied [ expefience of niQving (to the
locatibn, in the right'direction towards,a location, or
int6 a location) ' was rewarding; this differs to tapping
sically engaging.
This supports'Perng et al.'s argythent that engagement
arises' from embodied AR i}-teraction, rather than the
visual noveltyof AR pe‘z} se [19].

C. Case Evidence: ?kémon GO

The performapuce of the 2016 title Pokémon GO is
perhaps the most compelling real-world example as it
has the largeﬁ amount of real-world performance data
to drawon. If the engagement mechanics of the
prot(}‘pype application were truly successful in
promoting player retention, then we would expect that

be reflected in the market success of Pokémon GO.
The game uses the GPS, AR camera, and other
community mechanics as a way of gamifying and
socialising a location-based game experience; the
game has maintained player activity levels for several
years, with retention levels significantly higher than
other mobile games [3]. In early 2025 the game
franchise was bought by Scopely for USD 3.5 billion
[17], indicating that, not just on the basis of present
revenue, the high engagement of community AR
gaming is supported by the valuation. This provides
external commercial validation of the engagement
scores reported on the questionnaire in Table II; this
player experience is economically valuable when
experienced at scale.

D. Data Validity Check

The behaviour measures collected via the
application prototype are in line with the self-report
questionnaire findings. Location-based AR mechanics



in the prototype resulted in sessions 28% longer than
overlay-only AR, and participants who reported an
immersive score of above 4.0 had a seven-day return
rate 19 percentage points higher than non-immersed
participants. These behavioural indicators support the
validity of the questionnaire findings.

E. Discussion

The story told by the market data, questionnaire
data, and behavioral data, combined with the case
study of Pokémon GO, is consistent and supportive. In
AR, the real world is brought into the game, and this
creates increased player engagement. The players
move to real places, they use physical orientation for
gameplay, and they interact with virtual objects in a
place and time-sensitive context. This type of
engagement involves cognitive, bodily, and social
abilities that screen-based games are not designed to
exploit, resulting in higher levels of every type of
engagement shown in Table II.

As shown in Table I, AR games in the market show
steady growth in the number of users, which may
indicate that this type of engagement is spreading
beyond early adopters of the technology to the large{
mass of mobile gamers. We expect AR gafnes
available on mass market devices will be gicher in
engagement mechanics as the technical limitations'of
hardware are overcome [15] and netwofk laténcy is
reduced (e.g., 5G). High end engagemeént features, like
persistent and shared AR scenes, gime-critical‘multi-
player spatial interaction, and content adaptation via
Al are not yet available on conélmer hardware but will
be in the forecast period. /

It is clear from thefesults in this study that higher

AR engagement Y is not simply “achiéved by /

superimposing game assets on avideo scene. The
games with th€ highest engagement mechanics, and
with the highe$t market valuey are the ones where the
AR layer is wpeaningful both spatidlly and
contextually, and where players use the peal world for
gameplay rather than just the appgarance of it. If
developers do not treat the real worlgzs important for
game mechanics, only as an'tmage, it is unlikely their
games will achieve the same effect on engagement.

Some caveats should be mentioned. The
engagement questions were based on self-report and
thus may have been subject to recall bias and social
desirability effects. Our focus on the mobile platform
may have excluded the engagement benefits of AR on
the headsets, since the experience there may have been
more immersive because of the different form factor.

/

The relatively brief observation window of the study
limits the applicability of the results to longer time
horizons; it will be of interest to determine if there is
an engagement effect of AR once novelty effects are
worn off. Finally, while the prototype game is a good
vehicle for understanding mobile AR game design, it
is not necessarily identical in quality, play experience,
or social network to the commercially deployed
product Pokémon GO.

These issues are addressed in the suggested next
steps in the conclusion below and suggest future
research that will help to more fully characterize the
AR engagement effects across platforms and
timescales and for differegt populations of users.

. CONCL\IS\ION

The study/results show, that AR enhances player
engagemeﬁt in mobile games,by increasing levels of
playerZengagement | actoss all measurtd categories.
Player  engagément, . specifically/ immersion,
interactivityy enjoyment, ‘and usgr experience, is
increased inl/AR games relative tg screen-based games,
with astrenger effect on interzivity and immersion.
Thig result 1s_ supported byhe player survey, market
intelligence, and Pokémen GO data.

In the market ar}glysis, it is clear that the value of
the AR gaming market is expected to continue to grow
significantly ovér the forecast period, from USD 14.2
billion in 2Q24 to 141.7 billion in 2033. Furthermore,
the acqu',sition of a mobile AR game (Pokémon GO)
at the price of 3.5 billion USD confirms that there is
comfercial motivation to understand and take
advantage of effective engagement. Thus, AR
engagement is a valuable area for further research, as
evidenced by the results in this study, and is worth
pursuing given the current and projected state of the
AR game market.

The original research question for this paper was:
“How does use of AR technology in mobile games
impact player engagement?” Based on the results of
the survey, market analysis, and case study analysis
presented in this paper, we can now conclude that the
use of AR in games increases levels of player
engagement. The AR layer adds value to games
beyond simply making them look more interesting but
rather makes them more immersive and interactive and
thus leads to better player experiences overall, with the
strongest impact on immersion and interactivity.

Based on the limitations of the present study and
the results, three directions are suggested for further
research into the impact of AR on player engagement.
First, future work could include longitudinal analysis
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to see if the engagement impact of AR persists over
time (over 6 month or a year). This would give a sense
of whether the AR engagement is still present once
novelty effects are diminished. Further work could
include analysis of which engagement mechanics in
AR have a longer-lasting impact. Second, future work
could focus on engagement with AR games on AR
headsets, to assess if the engagement effect is a result
of the specific design of the game or if it is also an
effect of the form factor. Third, the study results can
serve as a base for further research into how generative
Al can be used in AR games to create new content in
real-time (for example, creating dynamic NPCs).
Research into the question of whether these generative
Al-based AR content will have different types of
engagement (in different dimensions and over
different lengths of time) than static Al-generated AR
content would provide insight into Al-driven
engagement in AR.
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