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Figure 1: The game design and modes of resource sharing between spaces (a) Using LiDAR for scanning surroundings. (b)
Representing scanned space in window mode. (c) Representing scanned space in tabletop mode. (d) Representing scanned space
in overlay mode. (e) Sharing virtual objects from the local space to the remote space via window mode. (f) Sharing virtual
objects from the local space to the remote space in overlay mode. (g) Sharing virtual objects from the local space to the remote
space in tabletop mode.

ABSTRACT
Location-based augmented reality games (LBARGs) allow for inter-
action with the physical environment of a player. Studies show that
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a significant portion of LBARGs fail to fully utilize the potential
of the physical environment but instead treat augmented reality
(AR) as a mere gimmick. Therefore, we investigated AR game me-
chanics that incorporate the player’s location. We identified three
modes, i.e., tabletop, overlay, and window, to represent a player’s
location and, based on these, designed a LBARG including novel
game mechanics to foster spatial presence and immersion. We re-
cruited 32 participants (n=32) and evaluated their experience with
the different modes. The results suggest that the chosen game mode
significantly impacts the players’ spatial presence and highlights
game mechanics that utilize the physical environment, and help
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to connect remote spaces and people. Our �ndings can guide fu-
ture game designers on how to design for spatial presence and
immersion within LBARGs.
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1 INTRODUCTION
Location-based games (LBGs) provide game experiences that lever-
age the player's indoor or outdoor environment through networked
interfaces, o�ering ways to interact with the physical world dur-
ing play [25]. LBGs can use Augmented Reality (AR) [29] to turn
real-world locations into playgrounds, providing players with mean-
ingful experiences [23]. For example, LBARGs such as Pokémon
GO [33] and Harry Potter: Wizards Unite [36] use AR to add virtual
content on top of the real world and also build a �ctional narrative
around the virtual content.

Lately, AR, in conjunction with game mechanics that allow to
travel through portals to virtual locations in Harry Potter: Wizards
Unite game [36] or interact with virtual game creatures through
AR views in games like Pokémon GO [33] and Jurassic World Alive
[28] have been used to create location-based gameplay experiences.
However, most existing LBARGs use AR more as a novel feature
than as a functional game element [2]. According to Laato et al.
[23], the meaningfulness of playing LBARGs is in�uenced by both
in-game factors as well as real-world factors including the gameplay
location. In relation to this, current LBARGs miss the opportunity
to meaningfully incorporate the gameplay location into the game
[9, 23].

While current LBARGs utilize the environment to initiate, main-
tain, and support the game, they do not make use of the location's
unique characteristics within the game. Consider a LBARG which
takes place at an outdoor park that requires water from a nearby
pond that can be used as a game artifact to extinguish a virtual �re
within the game. Such LBARG could involve participants physically
exploring the surroundings to gather virtual resources, such as wa-
ter, and collaboratively using AR to pass these resources between
players. We envision to expand the boundaries of current location-
based play by allowing multiple players to share their gameplay
locations with each other. We assume such game elements could
enhance the meaningful use of the players' location.

The study by Morschheuser et al. [30] investigated how collabo-
rative game features a�ect di�erent forms of group dynamics. Their
results show that collaborative game features induce collective com-
mitment of a group of individuals to participate in a collaborative
action. Being able to translate features of gameplay locations and

share it with other players could thus enhance the meaningfulness
of location-based augmented reality multiplayer games (LBARMGs).
However, it is unclear how to create play that makes meaningful
use of multiple locations in a multiplayer game.

We identify spatial presence [55], and immersion [10] as two
important constructs in this study. Schubert [46] explains spatial
presence as the result of unconscious spatial perception processes
that aim to determine the location of a person in relation to their
surroundings and the potential interactions with it. Immersion has
been identi�ed as a critical factor in understanding the continua-
tion of playing LBARGs like Pokémon GO [27]. Moreover, when
players feel a strong sense of spatial presence and immersion, their
interactions with other players and the game environment may
become more genuine and enjoyable, enhancing the overall mean-
ingfulness of the collaborative play [11, 54]. Therefore, we focus on
creating more meaningful and collaborative LBARGs by exploring
these factors and using a location's unique characteristic to create
play. Hence, within this paper, we focus on the following research
question (RQ):

� RQ: How can a LBARG be designed to represent the location
of one player to another remote player within the game
while fostering spatial presence and immersion of remote
players?

To answer our RQ, we created a LBARG, which requires remote
players to �nd resources at their locations and to help other re-
motely connected players. Using our game design, we compared
three ways of connecting remote locations using di�erent AR de-
signs. In a within-subjects user study with 32 participants, we
evaluated the game design using qualitative and quantitative mea-
sures. Each participant evaluated our proposed game mechanics
with regard to spatial presence, augmented reality immersion, and
user experience and shared further gameplay experience in a semi-
structured interview. Based on this, the major contributions of this
paper are:

(1) Novel game mechanics to make use of a player's location
(2) Di�erent designs for representing a remote location in a

LBARG
(3) Recommendations on how to foster spatial presence and

immersion of remote players

In the following, the paper reviews related work on the current
state of the LBGs and identi�es limitations in existing LBARGs.
Then, it presents the methodology of our study including the game
design followed by an in-depth analysis of the qualitative and quan-
titative results. In the end, we present our �ndings and discuss their
implications for the design of future LBARGs.

2 RELATED WORK
2.1 Current State of Location-Based Games
Previous research [19, 41, 48] has explored popular LBGs, and
studies [18, 22] have categorized them. This section provides an
overview of these di�erent types of LBGs and outlines their design
implications.

Several researchers have identi�ed LBGs as a type of game that
provides a distinct gaming experience compared to other games
by combining the real-world environment of the players with a

https://doi.org/XXXXXXX.XXXXXXX


Connecting Spaces and People with Location-Based Augmented Reality Game Design , ,

virtual one [38, 48]. These games are designed to use the players'
physical environment, either indoor or outdoor location, in the
game through networked interfaces [25]. Other studies have shown
that LBGs can promote social interactions, learning, and game
engagement [20, 25].

LBGs, like Pokémon GO [33], make players interact with the
real world around them. At the outset of Pokémon GO's popularity,
Koskinen et al. [19] have studied the self-reported measures of play-
ers and discovered that they often recalled encounters ("memorable
moments") with other game players and the particular locations they
visited while exploring the environment. Recognizing the degree
of interaction with the environment, Kiefer et al. [18] categorized
LBGs into three main types - spatially discrete, spatially continu-
ous, and mixed-form. This classi�cation helps to understand how
players engage with their environment in di�erent ways within
LBGs.

According to the classi�cation by Kiefer et al. [18], the spatially
discrete LBGs refer to a gaming experience where gameplay is
tightly coupled to a speci�c, physically de�ned location. Players are
required to be at a speci�c place to play this type of game. These
games may employ GPS, mapping software, or AR features to create
game experiences for players. Geocaching [12] is an example of this
category because players need to visit speci�c physical locations
to �nd geocaches and sign the logbook. Spatially discrete LBGs
are popular due to their ability to consume virtual and real-world
elements, creating a unique and engaging form of entertainment
[18].

Following the same classi�cation by Kiefer et al. [18], unlike the
spatially discrete, the spatially continuous LBGs allow players to
navigate the real world while engaging with the game. These games
are not tightly coupled to a speci�c geo-location. However, due to
the nature of this type of game, players may require some assistance
to navigate through mini-maps or visual cues. Additionally, the
game may change game dynamics according to the present place of
the player using GPS or AR features [18]. "Can You See Me Now"
[3] is an example of this category.

Some LBGs combine features from both types, which can be
identi�ed as a mixed form as identi�ed by the same classi�cation
by Kiefer et al. [18]. The "Zombies, Run!" game [1] is an example of
this type because the game integrates elements of both spatially dis-
crete and spatially continuous gameplay. Players start the game at a
speci�c physical location, which serves as a"home base". During the
run, players receive audio cues about zombies chasing them, moti-
vating them to increase their pace. Virtual items can be collected
during the run, and the player's progress is tracked using GPS.
While the starting point is spatially discrete, the ongoing gameplay
is spatially continuous, combining both types of experiences.

While existing LBGs excel in using the players' physical location
to foster social interactions and engagement, they do not allow
players from remote locations to join and collaborate in the local
location-based game world. The above classi�cation proposed by
Kiefer et al. [18] illustrates the diversity of LBG experiences, yet
it also underscores an opportunity for the development of mul-
tiplayer LBGs that go beyond the co-located LBGs. By allowing
players to engage in gameplay without being bound by geographi-
cal proximity, a new genre of LBGs opens up, o�ering innovative
ways for connecting with each other and their locations. This idea

is also supported by the �nding from Papangelis et al. [39] study,
which acknowledges the perception of a location in a game and
human territoriality have the potential to signi�cantly in�uence
engagement and motivation to play LBGs using mobile phones.

2.2 Challenges in Remote LBARG play
Games such as Pokémon GO [33], Ingress [32], and even board
games such as Catan in AR [52] are LBARGs that allow multiplayer
gameplay. While Ingress and Catan in AR require all players to be
physically present at the same place to play, some e�orts have been
made to play LBARGs remotely, such as the Remote Raid feature in
Pokémon GO [4]. This section brie�y describes such e�orts, how
players perceived those features, and the challenges of designing
remote LBARGs.

2.2.1 Location-Based Play During the Pandemic.Due to the global
social distancing measures prompted by COVID-19 in 2020 and
physical location-based play being challenged, AR game developers
had to make several changes to ensure that players continue to
engage with their LBARGs [4]. Examples of these changes include
the "Remote Raid Battles" [31] feature in Pokémon GO and the
"Knight Bus" [5] update to the Harry Potter Wizard Unite (HPWU)
Game.

In Pokémon GO, Raid Battles happen at special locations called
Gyms where strong Pokémon, known as Raid Bosses, appear with
a timer. Players team up with other physically nearby players to
defeat the Raid Boss together, and if successful, they have a chance
to catch it and get rewards. After introducing remote raid passes
[31], players could purchase raid passes. These features were de-
signed to alleviate the restrictions imposed by social distancing and
lockdowns, allowing players to continue playing the game from
home [4].

Similarly, the ability to remotely �ght with others in fortresses is
called the Knight Bus in HPWU. When players tapped the "Knight
Bus" button on the map, they were virtually transported to a Fortress
located at Hogwarts Castle. This was a di�erent game mechanic
from the usual gameplay, where Fortresses were tied to real-world
locations previously.

In a co-design session conducted by Bhattacharya et al. [4], re-
searchers observed that players were interested in incorporating
at-home play activities in addition to physical displacement. The
participants appreciated a virtual "home portal" that would enable
resource acquisition without interfering with the game's strategic
dynamics. This was similar to the Knight Bus in HPWU, which
could be accessed from anywhere in the game world.

However, on the other hand, changes made to LBARGs during
the pandemic led to some problems. One of them was falsifying GPS
location, also known as "Spoo�ng" [21]. Pokémon GO is designed
to allow players to join raid battles happening at nearby locations
without physically being at the exact location. However, some
players found a way to fake their mobile phone's GPS location
and tricked the game, and joined remote raids happening almost
anywhere in the world. According to Laato et al. [21], there was
also a subreddit ("/r/pokemongospoo�ng") posting about cheating in
Pokémon GO by spoo�ng location.

Another challenge observed due to the remote raids in the game
relates to players' safety. Even though the remote raid feature was
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introduced by the Pokémon GO developers during the pandemic,
the game still encouraged going out to a remote location to a cer-
tain degree. The player community has raised concerns about this
considering the ethical considerations regarding player safety, es-
pecially during a pandemic period like COVID-19 [21].

Prior to the pandemic, one of the appealing features of LBARGs
was its connection to historical landmarks and other fascinating
locations that players would visit [21]. During the pandemic, many
players wanted to play the game in these locations, even by connect-
ing to them remotely [21]. However, current LBARGs do not allow
players to see and connect with remote locations in AR without
physically being there. Bhattacharya et al.[4] suggest that, in a post-
pandemic world, novel design ideas may emerge that move LBGs in
new directions. They highlight the need to explore the applicability
of remote gameplay elements to a broader player base and consider
how to holistically leverage interactions between real-world places
and people supporting meaningful LBG experiences.

The above discussion shows that there is a desire to experience
LBARGs being remotely connected. Furthermore, in line with the
insights provided by Bhattacharya et al. [4], we are of the opinion
that the integration of remote locations and players in the real-
world may foster unique and meaningful gaming experiences.

2.2.2 Representing Remote Locations in AR.Partala et al. [40] ex-
plored the use of AR in tourism using a tablet-based AR experi-
ment with participants. They used a realistically sized 3D model
of a tourist attraction, Mannerheim's Saloon Car, near the actual
landmark in Finland. Although a tablet device was used for the
experiment, the authors acknowledge that the participants rated
relatively high scores for spatial presence. According to the authors,
their results suggest that a good spatial presence and user experi-
ence can be delivered in similar AR experiences where users can
walk inside a 3D model using a tablet device.

As discussed in the previous section, the evolution of LBARG
play, game design adaptations during the COVID-19 pandemic,
underscores the importance of spatial presence in connecting re-
mote locations and players. The desire for virtual travel, cultural
exploration, and enhanced social connections within games like
Pokémon GO highlights the potential for AR to bridge physical dis-
tances and create shared virtual spaces [4]. Partala et al. [40] found
that measuring the spatial presence of remotely connected places
using AR becomes a critical aspect of this exploration, o�ering a
way to quantify and understand the remote gameplay. Their �nding
can also guide the design of future LBARGs, ensuring that they not
only facilitate remote play but also enrich the gaming experience
by connection across remote locations.

2.3 Place Attachment in Location-Based Games
Place attachment acts as an emotional link individuals establish
with a particular place [7, 14, 26]. Oleksy et al.[37] con�rmed that
LBGs can increase place attachment. Their study suggests that the
more engaged the players are with the game and the more they
interact with others, the stronger their emotional connection to
the game environment becomes. Their research has focused on
Pokémon GO and has investigated how various aspects of playing
LBARGs can a�ect place attachment to the gameplay environment.

The same study also found that satisfaction with playing and social
interactions made during play positively predict place attachment.

Wang and Hsieh (2020) [53] studied Pokémon GO gameplay ex-
perience from multiple perspectives. They have uncovered the a�ec-
tion that players build toward a certain place due to the game. They
further explored the relationship between human interaction via
media entertainment and a�ectional connections to physical places.
Their �ndings highlight the complexity of human-environment
relationships in LBARGs and emphasize the need for further explo-
ration of place attachment, spatial presence, and the integration of
physical and virtual locations in LBGARGs.

Previous studies[7, 14, 26, 37, 53] on place attachment provide a
strong foundation for understanding the emotional bonds players
form with physical places through gameplay and o�er valuable
insights for designing and implementing remote LBARG play that
fosters unique and meaningful gaming experiences.

2.4 Summary
Exploring remote LBARG play has revealed opportunities and
limitations, particularly in fostering spatial presence and immer-
sion through AR. Building upon these insights, the following sec-
tion presents our approach to designing and implementing remote
LBARG play enabling players to engage meaningfully with remote
locations and remotely connected players.

3 GAME DESIGN
3.1 Representing a Remote Location in a

LBARG
Sta�ord et al. [49] found that the AR tabletop perspective, which
presents virtual objects on a real-world surface, supports collabo-
rations between multiple users indoors and outdoors. According
to the same study, presenting a bird's-eye view-like perspective in
LBGs can facilitate the spatial understanding of crowd movements,
and Sta�ord et al. [49] also argue that the perspective allows for a
comprehensive and intuitive representation of the environment and
enables users to e�ectively assist individuals on the ground level in
navigating and comprehending their surroundings. Therefore, we
chose an AR tabletop view as our �rst game mode.

Similarly, another study[51] found that AR overlay views, which
present virtual objects of the same size as the real environment, can
enhance players' feeling of experiencing a more natural environ-
ment in AR. Other studies [15, 42] denote that the ability to move
through virtual environments and overall spatial awareness can be
improved by incorporating virtual environments on a room-scale
or real-world-a-like scale. Ruddle et al. [42] looked into the e�ec-
tiveness of using either table-scale or room-scale AR applications
for learning. They anticipated that if individuals can roam freely
within a large-scale AR environment, the spatial understanding of
their experience would be enhanced. Though their results were
not signi�cant, they showed that the size of the AR content and
environment can alter the degree of spatial presence. Therefore, we
identi�ed an AR overlay mode as the second game mode to study.

Portals are a relatively new, e�ective element to make transi-
tions between virtual environments seamless, and they have helped
achieve a higher presence within virtual reality transitions between
multiple environments [16]. Furthermore, Husung et al. [16] have
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