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My Heart Will Go On: Implicitly Increasing Social
Connectedness By Visualizing Asynchronous Players’
Heartbeats in VR Games
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Fig. 1. A user sees an asynchronous player’s single heartbeat visualization as pulsating heart icons. The
visualization is temporally and spatially embedded according to the player’s movement through virtual reality
(VR). We added a person’s outline to communicate the relations. The accumulating heart icons indicate that
the player spent longer at that spot.

Social games benefit from social connectedness between players because it improves the gaming experience
and increases enjoyment. In virtual reality (VR), various approaches, such as avatars, are developed for multi-
player games to increase social connectedness. However, these approaches are lacking in single-player games.
To increase social connectedness in such games, our work explores the visualization of physiological data from
asynchronous players, i.e., electrocardiogram (ECG). We identified two visualization dimensions, the number
of players, and the visualization style, after a design workshop with experts (N=4) and explored them in a
single-user virtual escape room game. We spatially and temporally integrated the visualizations and compared
two times two visualizations against a baseline condition without visualization in a within-subject lab study
(N=34). All but one visualization significantly increased participants’ feelings of social connectedness. Heart
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icons triggered the strongest feeling of connectedness, understanding, and perceived support in playing the
game.

CCS Concepts: • Human-centered computing ! Empirical studies in HCI; Virtual reality.
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1 INTRODUCTION
Social virtual reality (VR) games, such as OrbusVR1, VRchat2 or Rec Room3, have become increas-
ingly popular in recent years. One of the driving success factors in social games [5, 87] is the feeling
of social connectedness; the indicator of how users experience social relationships and dynamics
within a shared environment [48, 51]. Enabling users to feel socially connected increases their
level of immersion [18], enjoyment [67], and improves the gaming experience [59, 66]. To support
social connectedness, multi-user VRs often use features that highlight the presence of others, such
as avatars4 with facial expressions or body postures [42, 94, 98, 101]. However, single-player VR
games often lack the presence of others and the advantages it provides.

A possible way to provide social experiences in single-player scenarios is to incorporate implicit
social cues and traces about others’ previous activities into the user’s activities [23, 34, 54, 63]. By
this, single-player scenarios could indicate what other single-players have done without altering the
game character in addition to high scores or other outside-the-game scenario features. Alternatively,
single-players could also share the same space and turn single-player games into asynchronous
game environments in which players are present at different times [84]. In both ways, this approach
fosters social connectedness asynchronously and creates “shared awareness” spaces [23, 35]. As
concrete examples for this, game designers have integrated navigation, movement, or activity traces
such as other users’ footsteps or desire paths in single and multi-player games567. However, such
traces typically represent strictly performance-oriented information such as actions and scores
of other players. As such, these traces lack information about how other players felt during their
activity, which is fundamental information to build social connections [32, 74]. A promising research
trend in this context is including physiological data as socio-emotional cues [63, 84]. Physiological
data, such as heart rate, breathing rate, or skin conductance, reflect our affective states [22, 100, 104]
and, when shared with others, can similarly evoke emotions in others [32, 39]. Yet, physiological
data as social cues has only been researched as additional information to a user’s avatar [74, 104]
or as part of a gaming menu in synchronous social situations [31]. Providing physiological data
without the other user being present challenges how it should be integrated to be understandable
and meaningful [28, 41, 103].
Our work adds to the increasing research on social VRs by exploring asynchronously shared

and in the VR embedded physiological data to increase social connectedness. To this end, we
1https://orbusvr.com/, last accessed Feb. 6th 2023
2https://hello.vrchat.com/, last accessed Feb. 6th, 2023
3https://recroom.com/, last accessed Feb. 6th, 2023
4Avatars are virtual user representations.
5https://horizon.fandom.com/wiki/Horizon_Zero_Dawn, last accessed Feb. 13th, 2023
6https://www.nomanssky.com/beyond-update/?cli_action=1635529112.09, last accessed Feb. 13th, 2023
7https://www.epicgames.com/store/p/death-stranding, last accessed Feb. 13th, 2023
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conducted an iterative design and study approach, including a design workshop with four experts
to discuss different types of physiological data in the first step. The workshop results suggested
exploring heartbeat data further. Furthermore, it resulted in the recommendation to compare the
effect of single- versus multi-heartbeat visualizations (number of players) in combination with
heartbeat values displayed through scientific electrocardiograms (ECG) versus symbolic heartbeat
visualizations in the form of heart icons (visualization style). For this comparison, we created
an escape room game (see Figure 1), including five different stories and five test conditions: four
different visualizations, two different numbers of players, two different visualization styles, and one
baseline condition without visualization. We chose this type of game because it is a collaborative
game [90, 106] that is still often played as a single-player game when played in VR or online. We
gathered real-player ECG data in a pre-study (N=4) to create the visualizations in this game. Finally,
we conducted a within-subject study (N=34) testing the visualizations’ effect.

Contribution. Our results show that asynchronously sharing others’ heartbeats and embedding
them in the game significantly increases social connectedness. Additionally, embedding the data by
contextualizing it temporally and spatially provides navigation guidance and implicitly fosters an
understanding of asynchronous players’ activities. Thus, such data visualizations support players in
making meaningful social connections without needing direct or verbal communication. However,
displaying multiple players’ physiological data also distracts users from primary tasks such as
escaping the room. The symbolic data visualizations (heart icons) triggered a greater feeling of
social and emotional connectedness and understanding for others’ activities and provided greater
support in the gameplay than the ECG visualizations. This work contributes to implicitly fostering
the social connection between asynchronous players with spatially and temporally embedded
physiological player data visualizations, including three design recommendations for visualizing
and sharing heartbeats to foster social connectedness asynchronously. We emphasize research
opportunities for future work on single and multi-user VR and other reality contexts. Our findings
are relevant for designers and researchers who aim to enrich single-user VR experiences with
embedded social cues.

2 RELATEDWORK
Below, we give an overview of 1) current VR research on social connectedness followed by 2) an
introduction to physiological data in games. Further, we 3) introduce heartbeat visualizations in
VR design as our design workshop identified this physiological data as the most promising. We
conclude with a 4) summary of the current research gap that we approached in our work.

2.1 Designing for Social Connectedness in VR Contexts
Designing for social connectedness can enrich the gaming experience [59, 66] and contribute to
users’ well-being [79]. At the same time, social connectedness can also cause negative experiences
through the toxic or harmful behavior of others [9, 11, 63] or by users feeling more lonely through
having developed the wrong type of social connectedness [64]. Previous work has increased social
connectedness through, for example, avatars as virtual user representations, including non-verbal
communication cues [93], body language [95], shared bio data [61, 74] and facial expressions [101]).
Similarly, VR game research explored co-located and asymmetric gaming scenarios [3, 52, 111]
or collaborative virtual games [32]. [32], for example, fostered social connectedness among two
players by sharing their heart rates with each other. In asynchronous VR contexts, prior work
observed increased understanding of others’ activities and social connectedness due to changes
made in the environment through user manipulation [23, 55, 65] or explored asynchronously
shared messages [11]. Asynchronous usage of social VRs is increasingly enabled for, for example,

Proc. ACM Hum.-Comput. Interact., Vol. 7, No. CHI PLAY, Article 411. Publication date: November 2023.



411:4 Hirsch et al.

long-term VRs, such as shared learning [27, 85], work [23, 47], or health education [108, 109]
contexts. Yet, identifying approaches to fostering social connectedness in asynchronous VRs is an
ongoing research challenge [55].

2.2 Physiological Data as Meaningful Game Feature

Sharing physiological data between users strengthens social connectedness [100, 104] and under-
standing about one's own [30, 63] and others' emotions [36, 74, 76]. Consequently, prior work has
researched physiological data to alter and intensify gaming experiences [36]. D'Souza et al. [36]
presents a hat displaying heart rate, skin conductance, and skin temperature measurements to
co-players, which participants used to make assumptions about the player's playing strategy or
a�ective state. However, one of the big challenges in sharing meaningful physiological data is that
they require additional information to mitigate their ambiguity [28, 81]. Multi-player VR and video
games are the most common application contexts for shared physiological data because it connects
co-players by informing them about each others' state [84]. Consequently, such data can intensify
the gaming experience by making it more meaningful and supporting players to collaborate or
compete [19, 30, 32, 88]. A recent literature survey by Moge et al. [84] (2020-2021) on shared
physiological data applications revealed that the topic has not yet been explored in asynchronous
VR contexts. The lack of the other user's synchronous presence makes integrating physiological
data more complex [28] and requires researching alternative approaches to embed it into VR. The
knowledge gap also makes it unclear what impact the integration of such asynchronously shared
data has on the gaming experience when embedded into the game environment.

Considering the knowledge gap and the lack of approaches for fostering social connected-
ness asynchronously with physiological data in single-player games, this work is guided bytwo
questions: i) How can we design in-game embedded physiological data cues to increase social
connectedness asynchronously? ii) How do such data and visualizations in�uence the gaming
experience?

2.3 Heartbeat Visualizations in VR

Among the di�erent types of physiological data, electrocardiogram (ECG) is one of the most re-
searched and accurate markers for the inter-dependency of arousal and physical activation [17, 92].
Nonetheless, the data needs to be meaningfully, clearly visualized, and presented to be understand-
able and to trigger the e�ect designers intend. George and Hassib[43], for example, suggests a
color-coded glow coming from the avatar body or an arrow above the avatar's head to trigger
the feeling of connectedness among users. Lee et al. [74] present four visualizations to enrich the
avatar with depictions of the user's arousal. Their results identify skeuomorphic (a graphical repre-
sentation of familiar real-world concepts [40]) visualizations and particles as the least disrupting
and show that these are also well-suited to indicate arousal. Other research has explored heartbeat
visualizations by, for example, altering the pulsation speed [31] and a variety of shapes, such as
shape-shifting fur [10], bar charts [46], pulsing overlays and cube grids [44]. Similarly, Javaid and
Khan[62] researched the form of a pulsating, biological heart. Except for Grioui and Blascheck[46],
each of these projects presents heartbeat data as a dynamic, changing visualization, sometimes
close to the natural heart's appearance [62] and sometimes in very abstracted shapes [10, 44]. Most
of the presented work provides heartbeat visualization as an augmentation or extension of a virtual
avatar and explores them in shared, synchronous situations.

2.4 Summary

Physiological data, particularly heartbeat, is an established means to increase users' social connect-
edness and awareness. VR games are one of the main application areas for social and physiological
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data, but prior work highlighted a knowledge gap in asynchronous social VR scenarios. We explore
the e�ect of asynchronous players' physiological data on social connectedness, understanding
of others' activities, and gaming experience in a self-developed virtual escape room game. We
hypothesize:

H1 Displaying real asynchronous players' ECG data that is temporally and spatially integrated
into the VR game scene improves players' (H1a) social connectedness, (H1b) gaming ex-
perience, and (H1c) understanding of other players' activities compared to having no data
visualization.

To this end, we leverage �ndings from prior work and an expert design workshop to create heartbeat
visualizations.

3 GAME CHOICE AND DEVELOPMENT

We developed a single-player escape room game, in which the asynchronously shared data could
strengthen the collaborative or competitive game character.

3.1 Motivation to Select a Virtual Escape Room Game

Escape rooms are collaborative, serious games that can be played in physical and virtual reality [37,
70, 90, 106]. Players are introduced to a story evolving around the gaming scenario, which generally
ends with the players' mission to exit the room8. To achieve this, they need to �nd and solve a
sequence of riddles. If players get stuck, either the game moderator provides hints verbally or they
receive hint cards. In contrast, online or virtual escape rooms are often played in single-player mode
(for example, Viking Escape9 or Escape Academy10), lacking the social gaming experience and the
serious game character regarding learning [80] to communicate, divide task or coordinate [106].
This gap between virtual and physical escape room games motivated us to develop an escape room
game for the context of our study as a representative single-user VR game. We imagine our �ndings
could inform game designers about alternative game mechanics to keep the social experience even
during single-player modes.

3.2 Game Environment and Mechanics

The escape room developed for this study represented an abandoned space station, which we
implemented in Unity version 2021.3.4f1. The escape room comprises various screens, a chair, a
computer, a fridge, and a safe (see Figure 2). We also included objects attached to the walls, food
leftovers, and a chess game. The room is kept open to one side to show the outside and to emphasize
the feeling of being in space. Compared to other escape room games, we limited our game to one
room only to reduce the playing time.

As game mechanics, we developed riddles informed by common riddle types according to online
blogs11. These include, for example, matching pictures with objects in the environment, moving
or counting objects of a type, etc. In our scenario, we applied the riddle types by, for example,
matching the color sequence displayed on the poster with the color of the screens or counting the
number of pineapples distributed in the room to get to the next clue hidden in the safe. Please refer
to our supplementary video for visual examples and the supplementary material for more details
about the riddles, hints, and stories.

8https://theescapegame.com/blog/what-is-an-escape-room/, last accessed Feb. 13th, 2023
9https://store.steampowered.com/app/554700/Viking_Escape/, last accessed Feb. 13th, 2023
10https://store.steampowered.com/app/1812090/Escape_Academy/, last accessed Feb. 13th, 2023
11https://escaperoomtips.com/design/escape-room-puzzle-ideas, https://elevenpuzzles.com/blog/popular-puzzle-types/, last
accessed Feb. 13th, 2023
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(a) (b)

Fig. 2. Our VR Escape Room: a) from a bird's eye view outside the room and b) from a player's perspective
inside the room.

4 DESIGN WORKSHOP: IDENTIFYING HEARTBEAT AS PHYSIOLOGICAL DATA
VISUALIZATIONS

We conducted a design workshop with four experts to identify i) the information relevant to
provide to players, ii) the physiological data to be measured, and iii) potential visualization designs.
Such a design workshop supports generating diverse ideas for the design and embedding of the
visualization while discussing the potential and limitations of the suggestions between the experts.
We did not conduct the workshop with actual players, because, at this point, we needed insights
into the semantic meaning of physiological data, its application potential within HCI, and reliable
data recording possibilities.

4.1 Participants

We invited one data visualization expert with three years of experience, one VR designer (four
years), and two experts researching physiological data for interaction design (over six and four
years, respectively). One of the latter experts focused on their application in VR and the other across
application contexts. Two of the experts self-identi�ed as female, and two as male. We recruited
them via the research institution's network. All gave informed consent.

4.2 Approach and Setup

Similarly to Lee et al. [74], we pre-selected skin conductance, breathing rate, and heartbeat, which
belong to the most commonly researched data in this context. The experts �rst brainstormed about
the physiological data to be applied using Post-its and pen and paper. They considered current
technical possibilities to measure the data and their e�ects on the user experience regarding helping
players to feel socially connected to others and to solve the riddles faster. Afterward, we asked the
experts to sketch information visualizations with provided pens, blank paper, and printed images
from the VR scene. They could also explore and adapt their ideas in the VR scene (see Figure 3).
The latter enabled situated sketching, which supports visualizing information in 3D contexts by
considering its positioning, size, and e�ect in dependence on the surroundings [14]. The workshop
took about two hours and was audio recorded. We evaluated the workshop data by analyzing the
sketches and Post-its in combination with the audio recordings. For this, we reviewed visualization
and biodata suggestions and mapped verbal argumentations for and against each based on the
transcribed statements.
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