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Distributed augmented reality games (DAR games) connect players in different physical locations, but they often lack spatial congruency,
the illusion of a shared space across distance. Current AR games integrate characteristics of each player’s environment, resulting in
fragmented play experiences. We explore design strategies to bridge heterogeneous environments and create a spatially congruent
game world for remote players. Findings from two user studies that investigated AR visualization techniques for remote spaces and
player behavior in a distributed hide-and-seek AR game show that congruent representations of remote spaces can alter spatial
decision-making and foster engagement of physically separated players. Following this, we discuss a future AR game in which players

mutually share their spaces and how this may impact presence gameplay.
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1 Introduction

Location-based games (LBGs) provide game experiences that make use of the player’s indoor or outdoor locations
through networked interfaces, offering ways to interact with the physical world during play [3]. LBGs can use Augmented
Reality (AR) [5] to turn real-world locations into playgrounds [1]. Location-based AR games (LBARGs) such as Pokémon
GO [6] demonstrate the appeal of blending a physical location with gameplay. Most existing LBARGs, though use AR
as a visual novelty only and not to bridge players’ distinct environments [1]. When players are in different places, the
game world often remains fragmented, i.e. each player is “playing in a different place” with its own context.

Kiefer et al. note that “playing in two different places implies playing in heterogeneous worlds,” underscoring the
challenge of uniting disparate physical spaces into one experience [2]. Current Distributed AR (DAR) games lack
spatial congruency between different locations. The unique features of a location (layout, objects, ambience) are seldom
incorporated into gameplay, and AR game mechanics do not ensure that actions in one location correspond meaningfully
in the other [12]. In our opinion, this makes it difficult for distributed players to feel co-located in a shared game world,
and as a result, players may experience an imbalance in gameplay and immersion.

We designed a DAR game [12] showcasing one-way AR location sharing, i.e. where only one location is shared.
This game showed improved engagement for the remote player but leaves the local player without a window into
their partner’s world. Both players were interacting with the same augmented scene, just viewed from two different
real-world perspectives. Our observations indicated that such an approach makes the remote world feel tangible and
accessible. Although this approach was a step toward spatial congruence compared to having no shared representation,

it highlighted the need for bidirectional sharing to create a fully unified game space for both players.
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2 Wickramasinghe and Lukosch

As a next step, we aim to explore distributed AR games in which multiple players can scan and exchange their
physical spaces, allowing each to see the other’s environment within their own view. We hypothesize that such AR
games foster a stronger engagement, as players could directly contribute to and react to events in each other’s space. At
the same time, we assume that it is important to consider potential challenges because fully merging two environments
may result in a higher cognitive load and players might struggle to attend to their surroundings and an incoming remote
view simultaneously. In future work, we plan to examine whether mutual spatial sharing truly amplifies presence and
social bonding or if it overwhelms the players. By investigating these questions, we aim to advance spatially congruent

game design that enables distributed players to feel physically together in play.

2 Background

Kiefer et al. demonstrated that players in entirely different places can still share a location-based game by establishing
a logical mapping between their environments [2]. They note that “playing in two different places implies playing
in heterogeneous worlds,” and to address this, they proposed a similarity metric to align the static structure of two
real-world spaces [2]. In their case study “CityPoker," two teams played in cities 500 km apart with matched game
layouts, successfully showing the feasibility of distributed location-based gaming without giving an unfair advantage to
either side. This emphasizes the importance of spatial congruence, as aligning environmental features ensures that
players in separate locations experience similar game opportunities, interactions, and challenges.

Spatial presence is a key design lens to explore such distributed games that connect remote locations [14]. Schubert
[10] 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 them. Prior work [13] suggests that the
consistency of spatial cues and interactions strengthens this illusion of one shared space. In the context of AR games,
this means virtual game elements must be anchored and behave realistically relative to each player’s environment so

that all players perceive those elements as if they are co-present.

Fig. 1. Screenshots of the game design. From left to right: window mode, overlay mode, tabletop mode

We examined how different representation modes of a location influence spatial presence and immersion in LBARGs
through a user study with 30 participants [12]. In the game, a remote player had to collect local real-world resources,
e.g. wood or grass. We designed three different representations of local player’s location in AR, i.e. window mode,
overlay mode, tabletop mode, for sharing locations in real-time (see Figure 1). The remote player had to transfer the
collected resources to the local player via these AR representations to advance gameplay. Our findings indicate that
the overlay mode provides the highest levels of spatial presence and immersion among the three AR designs explored.
Participants reported a stronger sense of being in the remote location when played in the overlay mode. Additionally,
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