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ABSTRACT 
Interacting with strangers can be benefcial but also challenging. 
Fortunately, these challenges can lead to design opportunities. In 
this paper, we present the design and evaluation of a socio-spatial 
interface, SocialStools, that leverages the human propensity for 
embodied interaction to foster togetherness between strangers. 
SocialStools is an installation of three responsive stools on caster 
wheels that generate sound and imagery in the near environment 
as three strangers sit on them, move them, and rotate them relative 
to each other. In our study with 12 groups of three strangers, we 
found a sense of togetherness emerged through interaction, evi-
denced by diferent patterns of socio-spatial movements, verbal 
communication, non-verbal behavior, and interview responses. We 
present our fndings, articulate reasons for the cultivation of to-
getherness, consider the unique social afordances of our spatial 
interface in shifting attention during interpersonal communication, 
and provide design implications. This research contributes insights 
toward designing cyber-physical interfaces that foster interaction 
and togetherness among strangers at a time when cultivating to-
getherness is especially critical. 
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1 INTRODUCTION 
Being surrounded by familiar strangers - people we recognize in 
public spaces but who remain apart from us [43] - cultivates a 
sense of familiarity and belonging in physical places [8, 50]. The 
COVID-19 pandemic has, however, disrupted this sense of famil-
iarity [61], especially when people abide by social distancing and 
mask-wearing mandates. 

Studies in HCI have investigated diferent methods on how in-
teractive technologies could mediate social interactions between 
strangers, such as facilitating gaming experiences, promoting con-
versational topics, and displaying shared photos [20, 25, 35, 41, 51, 
69]. Towards advancing this previous work, we argue that peo-
ple’s proxemic behavior - the negotiating of personal space during 
face-to-face interactions - should be especially considered when 
designing for interaction between strangers, particularly in a pan-
demic when people may be "social distancing" [61]. Following this 
argument, we introduce a socio-spatial interface called SocialStools 
(Figure 1) that leverages the human propensity for embodied social 
interaction in our everyday surroundings [13]. A socio-spatial in-
terface is an interface that integrates people’s social behaviors with 
digital feedback in a physical environment. The goal of this research 
is to explore how this interface-modality fosters experiences that 
cultivate a sense of “togetherness” among strangers. 

As defned by Bauman [5, 28], "togetherness" is a state of “being 
together” in three diferent modes: “being aside,” in which strangers 
keep others at a distance; “being with,” in which people have the 
potential for communication with some expectations of understand-
ing and trust; and “being for,” in which people are willing to have a 
relationship that nurtures the unique needs of one another [5, 28]. 
Our research focuses on the second mode, “being with,” to explore 
how to promote various kinds of “being with” in people we don’t 
know. Our research question is: In which ways can a socio-spatial 
interface foster togetherness among strangers? 

In response to this question, we developed SocialStools, an inte-
grated, physical-digital experience of “social afordances” defned 
as “the relationship between the properties of an object and the social 
characteristics of a group that enables particular kinds of interaction 
among members of that group” [9]. In practical terms, SocialStools 
is three stools on caster wheels that generate sound and digital 
imagery around them in response to three people sitting on them, 
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Figure 1: People sitting and chatting on SocialStools. 

moving them, and rotating them relative to each other (Figure 
1). To examine how SocialStools helps cultivate togetherness, we 
conducted a study with 36 participants in 12 groups. We observed 
patterns of socio-spatial movements and verbal and non-verbal com-
munication patterns that suggest the emergence of togetherness 
within a small group of strangers. We also provided our understand-
ing of what factors infuence the experience of togetherness. 

In addition to reporting these fndings, we contribute to design 
research an exemplar of a novel, socio-spatial interface that pro-
vides a collaborative, playful, and immersive experience cultivating 
connections between strangers. Additionally, we contribute insights 
about which social behaviors indicate togetherness, how strangers 
could experience togetherness, and on designing for the shifting 
focus of attention considering diferent group dynamics. Finally, 
we ofer design implications for other design researchers who may 
be designing for interpersonal communication between strangers. 

2 RELATED WORK 

2.1 Interaction Between Strangers 
It is well-known in psychological science that the quality of close 
relationships serves people’s well-being [27]. However, scientists 
advancing the importance of weak ties have shown that even subtle 
interactions with strangers yield short-term happiness: a greeting, 
a smile, or a brief exchange boosts people’s happiness for both 
those who initiate them and those who receive them [14, 21, 63]. 
The beneft of interacting with strangers may include obtaining 
good advice and useful information, but more importantly, fulflling 
people’s need of afliation, desire to belong, and relatedness, which 
all lead to people’s long-term well-being [6, 57, 64]. The result is a 
sense of belonging in a community, where people are surrounded 
by familiar strangers [44, 50]. 

If connecting with strangers has so many benefts, why do most 
people still avoid connecting [58]? According to recent research, 
the challenge of interacting with strangers is what social psychol-
ogists call a form of “pluralistic ignorance”: people fear that they 
themselves are not good conversationalists and that others are not 
interested in talking with them [14, 52, 65]. The true barrier of 
interacting with strangers is therefore a person’s overblown fear of 
exchanging with others when in fact, conversations always tend to 
go better than people expected [56, 58]. 

One way to help individuals overcome the fear of interacting 
with strangers is through interactive installations using diferent 
modalities, with the most common interface being the public display. 
VideoMob is an art installation that displays portraits of people who 
have visited the same art exhibit to promote connection among 
strangers across diferent locations [20]. Similarly, Demo Hour is an 
installation that displays shared topics among people on a public 
screen to promote communication between strangers [7]. Another 
kind of interface commonly studied in interactive installations is the 
media façade at the urban scale [15]. For example, CityWall is a large 
public multi-touch display installed on a street façade with a gesture-
based feature that allows people passing by to rearrange images 
of the city on the screen [51]. Similarly, Solstice LAMP augments 
a building façade with interactive light projections and music to 
promote shared encounters [25]. Common to these prior eforts is 
an interface of primarily large screens or projections intended to 
promote encounters among large numbers of strangers. 

Research that supports interactions between relatively fewer 
strangers typically features smaller scale interfaces. Such an inter-
face is exemplifed by TouchBranch, a set of interactive branches that 
light up when individuals touch each other using diferent body 
regions, encouraging people, including strangers, to experience 
interpersonal touch [35]. 
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Our research explores a diferent installation modality: a socio-
spatial interface supporting interaction between strangers, integrat-
ing audio-visual feedback in an augmented, spatial experience. 

2.2 Socio-Spatial Interfaces 
Building on Krogh et al., we defne a socio-spatial interface as one 
that considers the dynamically changing relations between groups 
of people, technology, and physical spatial elements [37]. In the 
following, we consider prior work on the concept of socio-spatial 
interfaces. 

2.2.1 Embodied interaction. 
People’s bodies play an essential role in experiencing rich inter-

actions in the physical world. Embodied interaction emphasizes the 
importance of considering the dynamic relationship between our 
body and the digital system, leveraging the human body’s complex 
and rich experience in the real world [13]. This extends to collective 
experiences between bodies [42, 45]. in e-Topia, William Mitchell 
urges researchers of interactive systems to account for people’s 
inherently social nature and to move beyond a “one human, one 
computer” interaction paradigm. Mitchell envisions “smart space” 
as a socio-spatial extension that engages our bodies; its physical 
manifestation is what Mitchell calls a “robot for living in” [45]. Build-
ing on Mitchell, Fogtmann et al. has coined the notion of “spatial 
sharing,” moving from designing GUIs or TUIs to designing spaces 
for contextual, multi-person, bodily sharing - not only involving 
certain body parts but the whole body’s movements among multi-
ple people [16]. For example, iFloor is an interactive foor surface 
that afords multi-users to use their body positions to change the 
graphics on the foor, facilitating communication and collaboration 
among participants [16]. 

Promoting embodied interaction between strangers is especially 
important during a time when people are encouraged to “socially" 
and "physically" distance. 

2.2.2 Proxemics. 
When interacting with other people, proxemics – a "human’s 

use of space within the context of culture" is the foundation for 
us to understand the socio-spatial aspect of computing [23]. In 
The Hidden Dimension, Edward T. Hall defnes diferent ranges of 
interpersonal distances, from small to large: intimate that allows 
touch and embrace, personal that accesses the odor of another, 
social that allows longer-distance gazes, to public which often hap-
pens in public speaking settings [23, 37]. He also emphasizes the 
impact of proxemics on interpersonal communication, especially 
nonverbal communication [23]. Previous studies have explored 
how interactive technologies apply proxemics to mediate interper-
sonal interactions. Some studies explore tangible applications as 
a bodily extension, a prosthetic, as does an interactive hairstyle 
[39] or changing clothes patterns [33]; others utilize digital meth-
ods such as public displays or personal projections [7, 41, 47, 66]. 
Krogh et al. further made the distinction between “proxemic inter-
actions” and “interaction proxemics” [37]. He argues that “proxemic 
interaction” takes proxemics as an input of an interactive system. 
Designers, however, might consider a mindset of “interaction prox-
emics”: behavior of proxemics as an output when people respond to 
an interactive system [37]. In our work, we explored the possibility 

of integrating “proxemic interaction” with “interaction proxemics,” 
in which human behavior triggers environmental cues while being 
altered by environmental cues. 

By thinking about proxemics and design in this way, we aim for 
tangible, embodied interaction with environmental, digital feedback 
as a holistic experience facilitating novel and natural interpersonal 
communication between strangers. 

2.2.3 Visual metaphor. 
To enable an intuitive interaction between people, technology, 

and the physical environment aforded by the socio-spatial interface, 
we borrow insights from research on visual metaphor. In Metaphors 
We Live By, Lakof and Johnson defne metaphor as “understanding 
and experiencing one kind of thing in terms of another” [38]. They 
claim that metaphor does not only exist in language, but also in 
people’s thinking and experiences, and it could be represented 
visually, haptically, kinesthetically, and acoustically [19, 38]. In HCI, 
metaphor plays an important role in designing interfaces, such as 
the desktop metaphor in GUIs, or the metaphor of shape and texture 
in TUIs [30]. Visual metaphors are often used as a method to create 
intuitive interactions as they refect primitives of thoughts [19]. 

Visual metaphors have also been applied in disciplines outside 
of HCI. One example related to togetherness is the work of psy-
chologist Arthur Aron and colleagues who have developed a vi-
sual/pictorial measure to replace the traditional text-based way 
for investigating people’s emotional closeness - the inclusion of 
an “Other in the Self (IOS)” scale [2]. The scale uses circles with 
diferent overlapping areas to describe interpersonal relationships 
by tapping directly into people’s senses of interconnectedness. As 
people have vast experience interacting in space, we believe the 
potential of applying visual metaphors to space has not been fully 
exploited yet. 

Our work attempts to apply this method to a three-dimensional 
environment that strives, through moving images, to tap into peo-
ple’s immediate senses to cultivate a feeling of togetherness among 
strangers. 

3 SOCIALSTOOLS 
Research has shown that a sense of "playfulness" could make social 
interactions casual and rewarding [35, 49]. Inspired by the research 
that a sense of serendipitous discoveries enabled by the playful ele-
ments in design might positively infuence user’s social proactivity 
[48], we focused our ludic design eforts [18] on playful, embodied 
interactions between strangers aforded by a system of interactive 
furniture. 

To understand how a socio-spatial interface foster togetherness, 
we followed the Research through Design approach [70]. In the 
following, we describe the design concept of SocialStools and its 
technical realization. 

3.1 Design Concept and Interactions 
SocialStools [22] are three identical units of interactive furniture 
– three stools set on caster wheels. The input of our socio-spatial 
interface is the physical movement and rotation of each of three in-
dividuals seated on the stools, detected by a camera above. Mapped 
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a . Ripples b . Sound c . Bubbles 

Figure 2: Three interaction setups of SocialStools: (a) Ripples: a visualization of personal space; (b) Sound: changing volume, 
pitch, and timbre of music output by distance between the stools; (c) Bubbles: changing of shapes and colors of bubbles on the 
foor by angular orientation of the stools. 

to the inputs are visual and audio efects that create an immer-
sive experience that has the potential to facilitate togetherness of 
strangers in the physical space. 

We designed three diferent interaction states for SocialStools: 
the sitting state, the state of changing the distance between stools, 
and the state of rotating the angular orientation of the stools. Three 
interactive states of the cyber-physical SocialStools map to digital 
outputs, changing the atmosphere of the shared space through 
dynamic, user-controlled sounds and projected, moving images 
(Figure 2). We leveraged these afordances (Figure 3) and designed 
various kinds of visual and audio efects to encourage interper-
sonal communication. The interaction design for SocialStools was 
previously presented as a CHI Interactivity demo [22]. 

3.1.1 Interaction A: Visualization of Personal Space: Ripples. 
According to the theory of proxemics, human beings are sur-

rounded by a set of invisible zones of interpersonal distance, from 
smaller to larger: Intimate, Personal, Social, and Public [23]. Studies 
of proxemics show that proximity has psychological and neuro-
logical efects on social behaviors [23]. SocialStools interactively 
visualizes and embodies these interpersonal zones, ofering social 
cues that encourage interactions between strangers. 

As a metaphor for the interpersonal zones, we designed a pro-
jected ripple that follows the sequence of rings, like a doppler efect, 
caused by, for instance, a droplet’s impact on the surface of still wa-
ter. This ripple envelopes people to symbolize the proxemics during 
stranger’s interaction (Figure 4a and Figure 4d ). When a person 
enters a room and sits on a stool, a ripple starts to spread out from 
the position of the occupied stool and slowly begins to embrace a 
second stool as a social cue for welcoming the next arrival. When 
another person sits on a stool, the ripples emanating from that stool 
add to the other ripples, providing a psychological cue for merging 
the boundaries of interpersonal spaces and a social cue to start an 
exchange (verbal or non-verbal) with the other seated strangers. A 
dynamic between strangers unfolds, each time unfolding diferently 
depending on the personalities and how they respond to the visual 
cues ofered by SocialStools. 

3.1.2 Interaction B: The distance between people: Sound. 
The physical distance between people suggests psychological 

distance. People naturally form diferent spatial patterns in physical 

space, and the dynamics of these spatial arrangements encourage 
or discourage certain types of interpersonal communication [40]. 
Music ofers people a wide range of emotional expressions and 
social signifcance, creating rich associations with the atmosphere 
of a space [12]. Therefore, in the second interaction, we explore 
the possibility of combining human senses of kinesthesia with the 
auditory sense in interpersonal interaction. SocialStools provides 
diferent electronic musical outputs based on the diferent measures 
of distances between people to cultivate communication. 

Inspired by the Kaossilator [34], a touchpad musical synthesizer, 
we transform the foor underneath SocialStools into a large “touch-
pad,” leveraging the movement of the three stools to change difer-
ent parameters of music (Figure 4b and Figure 4e). We translate the 
distances of three pairs of stools respectively into volume, pitch, 
and timbre of the generated electronic musical output. The closer 
or farther pairs of stools are from one other, the higher or lower 
the volume, the pitch, or the timbre of the background music. The 
manipulation of the adjacency not only allows people to make mu-
sic together but also permits individuals to have equal power as a 
member of the trio to control the audio efect of the environment. 

3.1.3 Interaction C: The orientation of people: Bubbles. 
Eye contact and body orientation are hidden components of 

interpersonal communication. People’s body orientation suggests 
attention, and eye contact may suggest a gestural greeting or a start 
of a conversation. These nuanced social behaviors are part of our 
everyday lives, but physical spaces are typically unresponsive to 
them. SocialStools registers these instances by projecting interactive 
imagery on the foor when users rotate themselves to orient towards 
each other. As fower petals growing and their colorfulness often 
symbolize vitality, for SocialStools, we ofer imagery of petal-like 
“bubbles” as a metaphor for growing togetherness. We hope to 
create emotional bonding between people by providing positive 
visual feedback to encourage people to orient more often towards 
one another. 

In the third interaction, we calculate the orientation of the stools 
so that when the two individuals begin rotating to face each other, 
projected bubbles slowly “grow” on the foor (Figure 4c). When 
they rotate away from each other, the bubbles slowly shrink and 
fade (Figure 4f). When a third individual rotates towards the frst 
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a . Sitting b . Distance c . Orientation 

Figure 3: The three socio-physical afordances of SocialStools: (a) Sitting on the stools; (b) Distance between stools; (c) Angular 
orientation between stools. 

two, the bubbles change from white to colorful, and when rotating 
away, the bubbles change back to mono-color. Like in the previous 
scenarios, each individual has equal power to control the efects. To 
smoothen the visual transformations, we set up a certain threshold 
of the angle diferences of the stools so that the bubble would 
gradually grow up and slowly fade away following the individuals’ 
body movements. 

3.2 Technical Design 
Our system is comprised of three stools, a 4k webcam hung above 
the stools to locate the stools, and a projector (1080p, 3000 Lumens) 
to project images on the foor (Figure 5). The stools were fabricated 
of laser-cut MDF. Each of the stools has four casters screwed to the 
underside of it, permitting mobility by the person seated, much as 
someone moves an ofce chair. 

We used projection mapping to project imagery on the foor 
around the stools so that the visuals themselves could change the 
atmosphere of the shared, local environment. We calibrated three 
diferent coordinates (the coordinates of the camera, the projector, 
and the physical world) using the homography mapping method 
[11]. The positions of the stools in the physical world are trans-
formed and mapped onto the PC screen, and the chosen visuals 
are precisely projected back to the corresponding location in the 
physical world. 

To get the location and the orientation of the stools, we put 
fducial markers on the stools and utilized reacTIVision, an open-
source computer vision framework to track the markers [54]. To 
detect if people are seated on the stools, we put a light sensor below 
the top surface of the stool. The visual and audio efects were coded 
using Processing. To sync the real-time data between diferent 
platforms, we used the TUIO protocol to link the input (sitting, 
position, and orientation of the stools) and the output (visuals and 
audio) [32]. 

4 METHOD 
The purpose of developing SocialStools was to investigate how an 
interactive spatial interface with visual and audio feedback can be 
designed to facilitate interpersonal communication and cultivate 
togetherness between strangers. In order to assess how SocialStools 

supports togetherness between strangers, we conducted a qualita-
tive and exploratory lab study in which strangers were invited to 
try out our installation. Unlike testing our installation in the feld, 
in the lab we could better control the setting – lighting, background 
noise, room layout, environment, etc. 

As mentioned before, we followed a Research through Design ap-
proach [70] given that we were especially interested in the nuanced 
ways in which togetherness emerged, socially and contextually, 
as participants’ behaviors unfolds during the interaction. We also 
hoped to understand participants’ personal experiences through in-
terviews with open-ended questions. (In the future, we are planning 
to conduct a controlled experiment to learn whether SocialStools 
afects the emergence of togetherness compared to no intervention.) 

4.1 Participants 
We recruited 36 (21 females, 15 males, age M=20.9) undergraduate 
and graduate students for 12 study sessions, each with 3 participants. 
The 3 participants in each session did not know each other before 
the study. Participants were compensated with $10 Amazon gift 
card for a 45-minute study. 

4.2 Setup 
The room included sensing and projection devices hanging at the 
ceiling height, three stools on the foor, and a table with a PC and a 
speaker (Figure 6a). The light in the room was dimmed for a better 
efect of the projected imagery. The area boundary was marked with 
orange tape on the foor. In the initial state, all three stools were 
placed side-by-side, facing the same direction. Two video cameras 
were placed to record the interaction: one from the top of the study 
area and one from the side of the study area (Figure 6b). The study 
was carried out by one facilitator and two research assistants who 
helped operate the equipment, observed, and took notes. 

4.3 Procedure 
Upon a participant’s arrival, a member of the research team in-
troduced the study and obtained informed consent. To minimize 
fully disclosing the purpose of the study, the informed consent 
form ofered that the study’s purpose was to evaluate the design 
of the installation. No pre-questionnaire was collected. During the 
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Figure 4: The three core interactions of SocialStools: (a, d) The expanding of ripples; (b, e) Distance between stools controlling 
volume, pitch, and timbre music; (c, f) Angular orientation between stools controlling bubble efect. 

a . The Phyiscal setting b . Indivisual stools c . Imagery on the stools 

Figure 5: Physical setting of SocialStools: (a) The overall physical settings including a projector, webcam, PC, and the stools; (b) 
Details of individual stools including markers and light sensor; (c) Imagery projected on the foor and on the stools. 

introduction to the study, participants were asked to imagine them-
selves in a transitional space like an airport terminal1, and they 
were ofered time to freely explore the stools and talk with each 
other, just like what they normally would do in an airport terminal. 
To encourage natural behavior as much as possible, we told par-
ticipants that there were no right and wrong ways of interacting 

1During our pilot studies, we tested various prompts, asking participants to imagine 
themselves in a library public lobby, a museum, or an airport terminal. We found that 
participants had diferent expectations of the social interaction in diferent imagined 
contexts, so we settled on the context of an airport terminal to minimize confusion. 

with the installation; they were allowed to move around, use their 
phones, and even get up and leave. 

Participants were then invited to sit on the stools. Next, we 
started the system, with each of the three interaction setups as 
a separate, 6-minute session, one after the other: Ripples, Sound, 
and Bubbles. We randomized the order of the three setups across 
the groups. We did not give participants further instructions, apart 
from informing them of the start and end of each session. At the 
beginning of each session, some visual hints were projected on the 
ground: an expanding ripple (Figure 7a); three lines connecting the 
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a . Device setting b . Camera setting 

Figure 6: Overhead view of the study setting: (a) Device setting; (b) Camera setting. 

three stools (Figure 7b); or an arrow in front of each stool (Figure 
7c). 

After the three sessions ended, the facilitator carried out a short 
group interview, asking the group of three participants how they 
felt about the experience and what they thought the design inten-
tion was for each session. We hoped that, following the shared 
experience amongst the participants, the group discussion would 
trigger a multiplicity of views and shared emotional responses. Ad-
ditionally, we were hoping to learn if participants had fgured out, 
as a group, how their movements mapped to the audio and visual 
projections. After the group interview, the facilitator debriefed the 
group, explaining the design rules for the mapping. 

Following the group interview, we conducted three separate 
semi-structured interviews with individual participants, each par-
ticipant interviewed by one member of our research team. Unlike 
the group interview where participants might feel pressure from the 
presence of other participants of their group, in the individual in-
terviews, we asked questions to individual participants about their 
personal feelings and behaviors. For example, we asked participants 
about certain behaviors that we observed during the experiment 
(e.g., "I noticed that you. . . , could you tell me what you were think-
ing at that moment?") and memorable experiences during the study 
(e.g., "What moments do you remember from the last 20 minutes?"). 
We also asked what they each learned about the other participants 
in their group, their frst and last impressions of these other partic-
ipants, and if there were certain topics they would like to continue 
talking about with these other participants after the study. We also 
asked about their social behaviors in daily life (e.g., "Do you nor-
mally initiate conversation in a group?"). We also invited each of 
them to ofer comments about the spatial interface, and let them 
compare it to a situation when they met strangers without our 
design. Finally, we asked each of them for their feedback about the 
installation design and their overall feelings about the experience. 

After the interviews ended, we closed the session by sharing 
with participants the purpose of the study: to learn how strangers 
interact in the context of the design. The purpose of debriefng 

participants only at the end of the study was to avoid their bias 
during the study sessions and during the interview. 

4.4 Data Analysis 
Our data consisted of video recordings of the study sessions, audio 
recordings from the group interview, audio recordings from the 
individual interview, and observation notes. 

Previous studies have examined people’s sense of social presence 
through language, paralanguage, and non-verbal behavior in small 
social group settings [4]. In light of this, we decided to examine 
togetherness by looking at three diferent kinds of behaviors in the 
video recordings: verbal, non-verbal, and movements. We used a 
video annotation tool to mark each individual or group behavior. 
We then visualized these behaviors on a timeline for each group, as 
explained below. 

Verbal behavior, i.e., what participants were saying, was grouped 
into three categories: talking directly about the design (e.g., fguring 
out the “rules”, talking about the background music), talking indi-
rectly about the design (e.g., talking about “swimming” in response 
to seeing the light ripples on the foor, etc.), and casual talk unre-
lated to the design (e.g., people’s favorite restaurant, study major, 
etc.). We were interested in analyzing participants’ conversational 
focus because research has shown that the balance between paying 
attention to the task versus to each other is a factor in the social 
dynamic of groups [3]. We recognized that in conversation, peo-
ple don’t follow the same linear structure as in writing, and they 
jump around and between topics across sentences even within the 
sentences. We identifed those moments of topic changes, visualiz-
ing blocks of times when participants were talking about a certain 
topic with diferent colors. When there was silence for more than 3 
seconds, we marked the conversation as an end. Figure 8 shows an 
example of a group’s verbal behavior timeline. 

To analyze non-verbal behavior, we marked on the timeline events 
of eye contact between participants, laughter, touch, and when in-
dividuals looked down and looked up. We coded these non-verbal 
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a . Visual hint: expanding ripples b . Visual hint: three lines c . Visual hint: arrows 

Figure 7: Visual hints projected on the foor at the beginning of each session: (a) An expanding ripple around each stool; (b) 
Three lines connecting the three stools; (c) An arrow in front of each stool. 

Figure 8: Verbal analysis of Group 12. 

behaviors following the literature that has shown that these behav-
iors were signals of attuning, liking, and connection in social inter-
actions, thus they may signal togetherness. According to Kleinke, 
one of the functions of eye contact is to express intimacy [36]. The 
eye contact in the study was defned as situations in which one 
individual gazes at the other in the general face area and vice versa, 
simultaneously [31]. Laughter, according to Chadwick, indicates 
empathic harmony and pro-attuning, suggesting close psychologi-
cal connection [10]. Finally, touch, according to Hertenstein, plays 
in emotional communication, attachment, bonding, compliance, 
intimacy, and liking [24]. We added looking down and looking 
up, based on our observations that individuals might apply these 
behaviors when exploring the design, trying to understand how 
the system works, or to “get away” from the group conversation 
(i.e., reducing the level of intimacy [1]). Figure 9 is an example of a 
group’s non-verbal behavior timeline. 

To analyze movement, we marked time blocks of interpersonal 
synchronized movements among two or three participants. We 
identifed interpersonal synchronized movement when participants 
were moving together at the same time, with a temporal alignment 
at the bodily scale, e.g. rotating in the same direction, moving back 
and forth at the same speed, circling together, etc. [59]. Research has 
shown that rapport and pro-social attitude can lead to interpersonal 
motor synchrony between strangers [53, 55], thus indicating a sense 
of togetherness. Figure 10 shows an example of the interpersonal 
synchronized movement timeline of a group. 

Finally, we overlaid the three timelines of verbal, non-verbal, and 
movement for each group to examine cumulative behavior patterns. 
Figure 11 shows the overlay of one group’s video analysis timeline. 

The video analysis was carried out by two research assistants. 
Initially, they watched the same video and independently anno-
tated the behaviors using the same coding protocol. An inter-rater 
agreement was established by examining whether both researchers 
assigned the same codes at 30-second intervals. Agreement levels 
were 0.875% for verbal behavior, 0.95% and higher for the various 
non-verbal behaviors, and 0.92% for movements. Given the high 
agreement levels, we split the data between the two research assis-
tants who coded the remainder of the videos. 

To understand how diferent interactions (Ripples, Sound, and 
Bubbles) afected group behaviors, we calculated for each interac-
tion session the time duration of verbal behaviors and movements, 
and the total counts of non-verbal behaviors, averaged by the group. 
Table 1 shows the means and standard deviations of verbal behav-
iors, non-verbal behaviors, and movements per group for each 
interaction type. 

To analyze participants’ interview responses, we transcribed 
the audio recordings of the interviews using otter.ai, then manu-
ally cleaned and corrected the transcripts. We used inductive and 
thematic-free coding method by grouping the interview responses 
by questions, reading all of them, and highlighting important sen-
tences. We then iterated the grouping as our insights emerged dur-
ing the analysis. Our data analysis of the interview complements 

https://otter.ai
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Figure 9: Non-verbal analysis of Group 12. 

Figure 10: Movement analysis of Group 12. 

Figure 11: Overall video analysis of Group 12. 

our behavioral data analysis towards understanding participants’ 
experiences and providing their perspectives. 

5 FINDINGS 
Although participants were not informed of the purpose of the 
SocialStools, most participants perceived the project in ways that 
aligned with our design intention. When asked How you would 
describe the project to others?, some responses included: “get people 
to engage,” “work together,” “interact with each other,” “responsive 
environment,” “augmented social experience,” etc. A few mentioned 
the project’s mechanics, with responses like “tracking individual 

movements.” Participants also engaged and recognized the play-
fulness of the project. More than two-thirds of the participants 
commented at the end of the interview with “very fun” “interest-
ing”, “really cool,” etc. One participant noted “Thank you for the 
opportunity, I forgot everything in my life and had a lot of fun. It 
made my day.” (P9) 

In the following, we present our results in two parts. We frst 
report on verbal and non-verbal communication and movements, 
to explore which patterns of social behaviors emerged that may 
signal togetherness. We then report, from the point of view of the 
participants, on their perceptions and experiences of togetherness 
during the study. 
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Table 1: Verbal behavior, non-verbal behavior, and movements per group by interaction. 

Ripples Sound Bubbles 

M (SD) M (SD) M (SD) 
Total Session Time 6.23 (0.46) 6.12 (1.09) 6.95 (1.94) 

(min per group) 

a. Verbal Behavior (min per group) 
Direct 0.94 (0.97) 1.95 (1.45) 2.11 (1.95) 

Direct/Total time 15.05% 31.93% 30.38% 
Indirect 0.48 (0.52) 0.02 (0.06) 0.45 (0.71) 

Indirect/Total time 7.75% 0.37% 6.44% 
Unrelated 0.90 (1.63) 1.27 (2.32) 1.16 (1.76) 

Unrelated/Total time 14.41% 20.75% 16.76% 
Total Talk Time 2.32 (1.89) 3.25 (2.26) 3.72 (2.98) 

Talk Time/Total Time 37.21% 53.05% 53.60% 

b. Non-verbal Behavior (count per group) 
Eye contact 7.55 (7.90) 8.5 (10.75) 6.33 (7.62) 

Touch 0.09 (0.29) 0.42 (0.79) 1.08 (2.75) 
Look down 15.09 (8.74) 16.08 (9.40) 15.00 (6.40) 

Look up 4.00 (3.34) 1.92 (1.62) 1.67 (1.15) 
Laugh 7.45 (7.03) 7.17 (6.60) 9.33 (7.50) 

c. Movements (min per group) 
Sync Movement 1.24 (1.13) 1.82 (1.48) 1.25 (1.46) 

Sync Movement/Total time 19.85% 29.70% 18.03% 

*The order of interactions Ripples, Sound, and Bubbles was randomized across the groups. 

5.1 Behaviors that emerged with SocialStools 
5.1.1 Verbal communication. 

To understand participant’s verbal communication in using the 
SocialStools, we categorized groups based on the verbal analysis 
into four categories, illustrated in Figure 12. In order to understand 
the reason for the diferent verbal behavioral patterns, during the 
post-experiment interview, we asked participants why they decided 
to talk about certain topics or to keep silent. While personality plays 
an important role in how individuals behave in this kind of social 
settings, some answers pointed to the role that the system played 
in these interactions. 

a. Four of the 12 groups talked more or less equally “directly 
about the design” and “unrelated to the design,” with the talk “indi-
rectly about the design” as a transition between the frst two types 
of talk. See an example of one group’s verbal analysis in Figure 12a. 
Participants in these groups mentioned they felt having a natural 
fow of conversation throughout the experiment. One of the reasons 
was because the visual and audio feedback gave them some cues 
to start topics and expand on them. One participant noted: “I think 
because of the signs on the foor, we have a lot of topics to expand, 
such as we talk about water, we talked about swimming classes. And 
when we see the bubbles, we talk about orchestra[s], we talk about 
music. It has a lot of great start[ing] points for conversation” (p34). 
Participants also commented that the stools helped them to move 
away from approaching others with routine topics: “Without this 
[SocialStools], you don’t have a topic to talk about. You just approach 
others [in a] very routine [way], maybe [about] lives or [academic] 
majors.” In groups of this type, SocialStools promoted various kinds 
of topics by providing cues in the environment, and moreover, those 
cues served as departure points for other topics. 

b. One group talked about topics “unrelated to the design” for 
most of the experiment’s duration (Figure 12b). The interview of 
participants in this group suggested that participants mainly talked 

about topics unrelated to the design because they did not pay at-
tention to the environment and were curious to know more about 
each other. One participant noted: “They [the other participants] are 
basically my attention. People just got my attention more [...] So I 
prefer not to focus on the environment” (P32). Another participant 
in the same group mentioned: “One of the reasons was to fll the 
silence, because it will be a little awkward. But another reason was I 
was genuinely curious about them” (P31). In this group, it seems that 
participants already had the motivation to talk among themselves 
even without a design intervention. 

c. Four groups talked “directly about the design” for most of the 
experiment’s duration (example of one group in Figure 12c). Partic-
ipants in these groups found the visual change and audio change 
in the environment a natural attraction so it became the focus of 
their conversation. One participant said: “At frst, we [were] just 
chill and kept talking. Then we see the changes of the patterns [on the 
foor]. And then probably we just intuitively wonder why there were 
changes and how it got changed” (P22). In these groups, SocialStools 
was the main source of conversation, being a new experience for 
participants. Interestingly, a few participants mentioned that if they 
had more time, they would be curious to know more about the 
other participants. 

d. Three groups talked little or not at all for most of the experi-
ment (example in Figure 12d). A few explanations contribute to the 
observed silence in these groups. First, some thought that talking 
was not allowed during the experiment. One participant said: “I 
was afraid to ruin the experiment. If I can start the experiment again, 
I would probably talk to them more and get to know them. I feel like if 
people knew that they could talk freely, I feel like [the design] would 
be a good conversation starter and it’d be fun” (P12). Second, partici-
pants had diferent perceptions about the study setting which led 
them to believe they should not talk. One mentioned that he felt the 
installation was in a visual art museum, and the atmosphere should 
be serious so that he should not talk. Another participant said she 
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a . Group 12 

b . Group 11 

c . Group 6 

d . Group 4 

Figure 12: Verbal analysis of four typical groups: (a) Group 12, mixing all three kinds of talk; (b) Group 11, mostly talking about 
topics unrelated to the design; (c) Group 6, mostly talking directly about the design; (d) Group 4, staying silent throughout the 
experiment. 

intentionally did not talk much because she normally would not a professor, as we are not at the same age” (P33). In groups of this 
talk with strangers in an airport waiting room. Finally, given the type, it seems that SocialStools did not help "break the ice" of ver-
experiment was conducted at the university, an invisible "power bal communication as we intended; and, as we discuss later, other 
dynamic" might have contributed to the silence, as one participant forms of social behaviors emerged. 
said: “It seems difcult to talk with her because I think she might be 



CHI ’23, April 23–28, 2023, Hamburg, Germany Guo, et al. 

Table 1a shows the distribution of groups’ verbal behaviors 
across the three interactions. Groups on average talked directly 
about the design about 1 minute longer in the Sound session (31.9% 
of the time) and in the Bubbles session (30.4%), compared with the 
Ripples session (14.6%) session. We think this resulted from the more 
complex mapping of movement to the system’s responses in the 
Sound and Bubbles interactions compared to the Ripples interaction, 
instigating participants to be more engaged in the interface itself 
and trying to solve its rules. The Ripples expanded regardless of 
participants’ movements, whereas the Sound responded to distances 
between participants and the Bubbles changed their colors, sizes, 
and amount in response to participants’ orientation relative to one 
another. Figure 13 is one group’s verbal behaviors visualization that 
shows the group’s diferent amounts of talk in three interactions. 

5.1.2 Non-verbal behavior. 
To understand groups’ non-verbal behaviors in using the Social-

Stools, we frst looked at the non-verbal analysis for each group, 
and then compared it with the group’s verbal analysis. Examples 
of three groups’ non-verbal behaviors are presented in Figure 14. 

Laughter occurred in most groups, ranging between 59 times 
in group 12 (Figure 14a) to 0 times in group 4 (Figure 14c). Eye 
contact also occurred in most groups, ranging between 81 times in 
group 11 (Figure 14b) to 2 times in group 4 (Figure 14c). Touch was 
least observed, only occurring in three groups, with one case of 
one participant touching another participant’s arm, and two cases 
of three participants’ using their legs to touch each other. 

Overlaying the non-verbal analysis with the verbal analysis, we 
found that when participants talked “directly about the design,” they 
more often looked down at the ground, looked around, or looked 
up to see the changes in the environment, instead of making eye 
contact with others. On the other hand, we found that participants 
had more eye contacts when their talk was “unrelated to the design” 
compared with the other topics. In the post-experiment interview, 
a few participants recalled that they made eye contact when they 
shared memories or wanted to confrm their thoughts with others. 
The verbal and non-verbal analysis overlays indicated that these 
moments happened when they talked “indirectly about the design” 
or “unrelated to the design.” These fndings suggest that when 
participants moved away from simply talking “directly about the 
design,” they made more eye contact, further fostering a sense of 
togetherness in the group. The occurrence of laughter did not seem 
to vary across the diferent types of talk. 

Looking at Table 1b, given the high standard deviations, we 
did not fnd meaningful diferences between groups’ non-verbal 
behaviors across the three interactions. 

5.1.3 Movements. 
To understand how SocialStools afect people’s movements, we 

frst examined the movement analysis of the group, then overlaid it 
with the verbal analysis. Synchronized movements occurred com-
monly across all groups, as expected, since our design encouraged 
bodily movement, and the socio-spatial interface required collabo-
rative movements to achieve certain audio-visual efects. Figure 15 
shows examples of the movement analysis of two groups. 

Overlaying the movement analysis with the verbal analysis, we 
found that participants had longer, slower synchronized movements 
(Figure 15a) when they talked “unrelated to the design,” compared 

to shorter, quicker synchronized movements (Figure 15b) when 
they talked “directly about the design” or “indirectly about the 
design.” The interview responses suggest a possible explanation 
for this observation: when participants were more focused on one 
another, they could not spare more cognitive load to move their 
bodies, thus making slower and longer-lasting movements. One 
participant said: “So he [one participant] started moving around in a 
circle, I think. And we just continued moving for a long time, with the 
conversation” (P33). Another potential explanation is that partici-
pants wanted to show respect to others by sitting still and listening 
carefully to others: “. . . I try to be respectful of everyone” (P7). These 
fndings suggest that SocialStools supported diferent rhythms of 
synchronized movements that corresponded with diferent talking 
topics. 

To examine synchronized movement at a fner-grained level, 
we used the videos to identify patterns of movement (Figure 16). 
For example, we observed that participants were typically rotating 
around themselves (Figure 16-a) when the study just started, and 
circling around as a group (Figure 16-b) later in the study. This 
change of behavior might suggest that participants were moving 
from an “individual” to a “group” mode of movement as a sense of 
togetherness emerged. We identifed additional patterns of move-
ments: crossing in the middle of two other participants (c), getting 
in line (d), spreading out (e), and oscillating back and forth (f). These 
synchronized movements require coordination and collaboration 
among all three participants, and as such, may serve as another indi-
cator of the emergence of togetherness. One participant noted: “We 
kind of moved together when [we] realized [we] are collaboratively 
changing the environment” (P22). 

Table 1c shows the distribution of group movements across the 
three interactions. Groups moved synchronously more in the Sound 
session (29.7% of the time) compared with the Ripples (19.9%) and 
the Bubbles (18.0%). The design of the Sound was such that in or-
der to achieve a certain sound, participants had to fnd how to 
position themselves relative to each other, and the feedback loop 
between their motion and the generated sound resulted in further 
synchronized movements. Figure 17 is one group’s movement visu-
alization that shows the group’s diferent lengths of synchronized 
movements in three interactions. 

5.2 Feeling and Experiencing Togetherness 
The previous section presented social behaviors – verbal, non-
verbal, and movement – that indicate togetherness between partici-
pants. In this section, we take the analysis a step further, examining 
the emergence of togetherness through participants’ perceptions 
of the study and of each other, and through shared experiences of 
togetherness fostered by SocialStools. 

5.2.1 Perceptions of Togetherness. 
When participants were asked, What was the most memorable 

moment during the experiment?, nearly 80 percent of participants 
identifed a moment during which they related to other participants 
as “we” instead of “I.” A representative example of a participant 
recognizing membership in a group of three ofered, “I remember 
we were all cringing when the song was of. And I remember the joy 
we all felt when the song was right. Oh, we fnally got it right. That 
was good!” (p23) The use of “we” in describing the most memorable 
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Figure 13: Group 6’s verbal analysis in three interactions. 

a . Group 12 

b . Group 11 

c . Group 4 

Figure 14: Non-verbal analysis of three groups: (a) Group 12; (b) Group 11; (c) Group 4. 

moment of the SocialStools experience suggests an identifcation of Moreover, after the experiment, half of the participants were 
the individual with a group, or a sense of “togetherness.” able to characterize the other two participants with traits of person-

ality instead of purely demographic information (e.g., a student’s 
department afliation). Some examples include: “Yeah, she (another 
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a . Group11 

b . Group4 

Figure 15: Synchronized movement analysis of two groups: (a) Group 11; (b) Group 4. 

Figure 16: Examples of diferent movement patterns: (a) All rotating around themselves in the same direction; (b) Circling 
around; (c) Crossing in the middle; (d) Getting in line; (e) Spreading out; (f) Oscillating back and forth. 

participant) is ‘a doer’” (p7).; “I felt like she’s a great communicator, this with me” (P11). When asked about their most memorable mo-
like clearly, she took the risk. . . ”(p8); and “I recognized him as more ments, one participant ofered that it was “To fgure out [a] person’s 
introverted, because he wanted, he . . . enjoyed . . . being silent” (p11). personality from the really small details. We did not talk, but I know 
This happened even in groups that didn’t talk with one another. they actually were observing and thinking as well” (P11). 
When asked what they learned about the other participants, one When participants expressed empathy towards others, we in-
participant said “Even though we didn’t talk. I could feel her (another terpreted this as another sign of “togetherness." One participant 
participant’s) personality. Maybe she’s very afecting. She’s enjoying expressed empathy towards another participant when she realized 

that silence made them uncomfortable: “I want to give emotional 

https://thereallysmalldetails.We
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Figure 17: Group 6’s movement analysis in three interactions. 

support, but I don’t know why I just don’t do that. I feel she’s uncom-
fortable” (p11). One participant expressed regret for crossing the 
personal boundary of touching another participant’s arm: “I don’t 
know why I acted like we’re already friends. I shouldn’t have done 
that. Like, I feel kind of bad” (p7). 

Without our prompting, some participants volunteered that they 
felt a sense of connection with others. Some examples of this are: 
"...previously, I also participated in a group experiment. But compared 
to those, I feel like this physical interaction is creating a more frm 
connection” (p8)., "I felt like we were working together. Through.. Wow, 
I defnitely felt a connection" (p10). One participant expressed that 
the design changed her behavior to be more willing to interact with 
others: "I normally wouldn’t do that [talk with strangers] in the real 
world, but I talked to her. And then I even touched her arm to help her 
move [the stool]" (p7). 

5.2.2 Experiences of Togetherness. 
The following presents a number of experiences that we observed 

and that were reported by participants. Each of the experiences 
serve as an example of the cause of the emergence of togetherness 
with SocialStools. 

Collaborating to solve the rules. We think one of the key reasons 
for the bond that emerged between participants was the collabora-
tion required of the participants to fnd the mapping between their 
movements and the audio-visual responses in SocialStools. In the 
interview, one participant said: “We were more of a group and less 
separate individuals. And we worked together, and we shared curiosity 
and interest in what was happening and how we could impact what 
was happening” (P7). Another participant commented that sharing 
thoughts when working together let her feel connected with the 
other participants of the trio: “And they were very cooperative. They 
could [have] just investigated [SocialStools] themselves..., separately, 
but they came to me and share[d their] thoughts, so I thought that’s 
encouraging” (P8). This experience helped break the ice, as one 
participant reported: “SocialStools makes the awkward icebreaker 
a little less awkward, since all of us can focus on the music that’s 
been created, or fguring out why each movement corresponds to some 
change in the sound” (P15). 

Connecting over the visual imagery. The socio-spatial interface 
served as a source of conversation topics for many groups through 
the visual cues, beyond a rule-solving experience. As one participant 
ofered, “I think because of the [projected] signs on the foor, we ha[d] 

a lot of topics to expand, such as we talk[ed] about water, we talked 
about travel experiences. And when we s[aw] the bubbles, we talk[ed] 
about orchestra[s], we talk[ed] about music. [SocialStools] has a lot of 
great start[ing] points for conversation” (p34). For example, the Sound 
included the projection of a line between the stools to hint that the 
system responds to the distance between them. One participant 
commented that the projected lines suggested to him that they were 
a connected trio with a shared goal. This participant inferred the 
meaning of these lines: “The triangle is a kind of a shape...linking 
each [of us to the] other. And when one of us moved, the shape will 
change. And when three of us move the shape, we’re willing to see 
ourselves as unseparated” (P30). 

Sharing memories. Often people build connections with others 
by discovering that they share past experiences. The sound and 
imagery of SocialStools sometimes prompted participants to dis-
cover and talk about their shared memory. For example, one group 
talked about their swimming experiences when they saw the rip-
ples projected on the ground. During their individual interviews, 
when asked what moments they remembered, all three mentioned 
the same conversation about their shared memory of their past 
swimming experiences. 

Moving together in silence. Even when participants did not talk 
with one another, we observed that they communicated through 
non-verbal cues, such as when circling around together (Figure 
16-b). A participant in a group that stayed silent throughout the 
study reported how the non-verbal coordination happened: “During 
[the period] when we were moving around, even though we didn’t 
talk, I think there were physical cues. Like I’m moving this way. And 
I would just avoid you that way. . . ” (P11) Another participant in the 
same group said, “Our [nonverbal] contacts remind me, okay, they 
want to collaborate” (P10). SocialStools ofered groups a comfortable, 
unawkward, safe space to stay silent, as one participant shared: 
“Yeah, still cool. With [SocialStools], if nobody wants to talk, I feel cool. 
[...] The environment made me feel comfortable to stay silent. I just 
enjoyed the music and the emotional impact” (p11). The constantly 
changing visuals and music replaced the need to engage in verbal 
communication: “I don’t think it was awkward, because that was 
when I was sort of spaced out looking at the bubbles. So, ...it felt 
appropriate to be quiet” (p17). 

Being immersed in the same environment. Finally, simply being 
immersed together in the physical environment served as a shared, 



CHI ’23, April 23–28, 2023, Hamburg, Germany Guo, et al. 

co-located experience. During the interview, many participants 
mentioned that the experience involved multi-senses which created 
an immersive feeling. Sharing the immersive moment with others, 
like watching a movie together with a friend, may create a sense of 
togetherness. As one participant said, “We had the same thought, 
same guess; we have shared thoughts, shared visuals, shared music, we 
engaged in the same activity” (P29). Another participant commented, 
“Just to see the [other participants] just relax and be in the moment is 
kind of special” (P11). 

6 DISCUSSION 
In the book Alone Together, Sherry Turkle argues that technologi-
cal development, originally intended to promote interconnectivity 
between people, has instead created a sense of alienation [62]. The 
distraction of phones, social media, and the internet has moved 
people away from experiencing genuine in-person relationships. 
In our work, we hope to motivate people to move back to person-
to-person communication, to experience the genuine connections 
that happen between strangers in physical spaces. 

Despite research showing that interacting with strangers im-
proves well-being and a sense of belonging [6, 57, 64], people avoid 
direct contact with strangers because of the fear that they are 
not good conversationalists [56]. Our fndings suggest that a socio-
spatial interface that integrates people’s proxemic behaviors [23, 37] 
with audio and visual feedback can help people overcome this fear, 
which could help alleviate the “alienation” between people men-
tioned by Turkle. Next, we discuss these fndings with respect to 
group dynamics and ofer design implications. 

6.1 Group Dynamics and the Shifting Focus of 
Attention 

Our fndings present diferent patterns of verbal and non-verbal 
behaviors and movements we observed emerging in the groups. 
We turn now to an examination of these behaviors as a whole, 
illustrating the kinds of group dynamics that were supported by 
SocialStools. We focus on how participants within groups shifted 
between paying attention to the interface versus to each other, a 
dynamic that has been shown to be an important dimension to 
indicate how a small number of individuals become a group that 
functions together [3]. 

Figure 19 demonstrates our conceptual mapping of the focus 
and periphery of attention based on the video analysis: when par-
ticipants talked about the design, looked up or down, or moved 
quickly to examine the interface’s responses, we interpreted this 
as paying attention to the system (defned by Bales as task focus 
[3]). SocialStools became the focus of attention when the visual and 
audio provided topics of conversation and when groups collabo-
ratively played to “solve the rules” of the interface. On the other 
hand, when participants talked not about the design or when they 
made more eye contact, we interpreted this as moving the interface 
to the periphery and paying attention to each other (also called 
socioemotional expressiveness [3]). 

As a catalyst for social interaction, we had hoped that Social-
Stools could be a kind of gateway, opening up new conversations 
for participants to get to know each other. The design intention 
was that the interface would attract the group’s attention at the 

beginning of the experience, serving as a focal point of interaction 
through the novelty of the imagery and music; thereafter, gradually, 
the three participants would shift their attention from the Social-
Stools artifact to each other as a group as the interface fades into the 
periphery. The interface, in this way, serves as a point of departure 
for more engaged social contact between the participants: people 
gradually forget the interface, turning their focus on each other – 
a disappearing computational interface [67]. 

Figure 18a sketches our intended concept of this group dynamic. 
The group’s shifting focus of attention is indicated by the wavy line. 
Interestingly, when examining the social behaviors that occurred 
during the experiment, we observed patterns of group behaviors 
that diverted from our design intention. We categorized them into 
the following types, conceptually mapping the experience: Game 
player groups and Solitary groups (Figure 18b) were two types of 
groups where SocialStools remained their focus for most of their 
time together, but in two diferent ways. In Game player groups, 
participants spent most of the time verbally discussing the design, 
e.g., trying to solve the rules of the design intervention. In Solitary 
groups, participants mostly explored SocialStools without verbally 
communicating with each other, although we observed many non-
verbal cues of communication like eye contact and synchronized 
movements. In another type we called Explorer groups (Figure 18c), 
the group switched their attention between focusing on SocialStools 
and on each other throughout the experiment. Finally, in Socializer 
groups (Figure 18d), participants paid attention to one another most 
of the time, e.g., talking about their personal lives, while SocialStools 
remained in the periphery, almost as if it were not there, other than 
serving as three conventional stools. 

Although we intended SocialStools to foster a certain kind of 
group dynamic, other forms of group dynamics emerged. In other 
words, there isn’t one way of building a sense of togetherness be-
tween strangers: they can explore the design, talk with each other, 
move around in synchrony, or combine a range of these experi-
ences. The dynamic environment, created with people’s embodied 
interaction [13, 45], had become an incubator that allows natu-
ral interaction to fow between strangers through various types 
of verbal communication, non-verbal behavior, and synchronized 
movements. The socio-spatial interface provided opportunities for 
collaboration, playfulness, shared memories, synchronized move-
ment, and immersion with multi-senses, all contributing to the 
experience of togetherness. 

6.2 Design Implications for Togetherness 
between Strangers 

To promote interaction between strangers in small groups, previ-
ous literature has proposed methods such as interpersonal touch 
[35], conversational topic suggestions [46], and shared images [41]. 
SocialStools has expanded the design space for interactions be-
tween strangers through an integrated experience: using audio 
and visual feedback in response to people’s proxemics to motivate 
diverse types of conversational topics, let non-verbal communi-
cations emerge, and motivate diferent patterns of synchronized 
movements. We present here some of the lessons we learned for de-
signing socio-spatial interfaces that support togetherness between 
strangers. 
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a . Our intended group dynamic b . Game player group or solitary group 

c . Explorer group d . Socializer group 

Figure 18: Conceptual diagram of Focus vs. periphery: (a) Our intended group dynamic whereby the interface starts as the focus 
of the group, then fades to the periphery; (b) Game player group or solitary group, in which the focus is on the interface for 
most of the duration; (c) Explorer group, whereby attention shifts to and away from the interface; (d) Socializer group, whereby 
the focus is on each other, not on the interface. 

a . Group 2 b . Group 6 

c . Group 12 d . Group 11 

Figure 19: Conceptual mapping of focus vs. periphery of four groups: (a) Group 2; (b) Group 6; (c) Group 12; (d) Group 11. 

6.2.1 The right level of dificulty. 
One lesson we learned from the study is that designers should 

consider the complexity of the design’s “rules,” as users may view it 
as a puzzle to be solved. We found that the specifc interactions we 
designed in SocialStools are better suited for “ice-breaking” than cul-
tivating deep relationships. The visual and audio efects responding 
to participants’ proxemics in the environment gave them cues to 
start a conversation, but also kept their attention away from more 
personal topics. An interface that has difcult-to-learn rules might 
interfere with getting to know one another and generating more 
intimate connections. On the other hand, if the rules are too simple, 
the interface might not engage participants to interact with each 
other verbally or non-verbally; indeed, some participants reported 

that they found the Ripples interaction boring, as the emanating 
ripples did not respond to their movement relative to each other. 

6.2.2 Cultural and personal diferences. 
People may not all respond in the same way to the design of 

visual metaphors. Jörn Hurtienne and Johann Habakuk Israel ar-
gue that people’s intuition to visual metaphors can be afected by 
factors such as genetics, upbringing, culture, and expertise [29]. 
In our study, we found that participants’ understandings of the 
visual metaphor difered from one another and from our inten-
tions. For example, we designed Ripples based on the metaphor 
of interpersonal zones [23] as a way to encourage participants to 
explore the invisible boundaries between them and to create over-
lapping interpersonal spaces, inviting them to get to know each 
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other. Participants, however, perceived this interaction as more in-
dividualistic, given that the SocialStools interaction did not directly 
respond to interacting with one another by orienting their bodies or 
changing the distance between them. As another example, Bubbles 
were designed to encourage people to orient more toward each 
other by growing and increasing in number. We observed that most 
participants were excited to see the bubbles appear and tried to 
orient their bodies toward others. However, one participant said in 
the post-study interview that he perceived the bubbles as raindrops 
on a windshield, and he tried to move his body in a way that will 
eliminate the bubbles just like using wipers to remove raindrops, 
in contrast with other participants. 

6.2.3 Extending the physical body. 
Embodied interaction doesn’t always need to relate to just the 

physical body. The body can extend, especially in an augmented 
immersive experience like the one created by SocialStools, to ele-
ments in the environment perceived as belonging to one’s body 
[60]. In the study reported here, perhaps because some projected 
images followed participants as they moved, they were perceived 
as “part of themselves.” In the Bubbles interaction, for example, we 
observed that some participants used the tip of the projected arrow 
in front of them to touch another person’s projected arrow tip. At 
the same time, physical touch was rarely observed in the study, 
perhaps because physical contact indicates an intimate relationship 
[17]. Our guess is that participants might implicitly consider the 
projected digital cues as “prosthetics” of their bodies. With digital 
projection, even strangers could have such contact with each other 
without breaking social norms related to physical touch (in contrast 
to [26]). This suggests that designers might consider leveraging 
personal digital cues as a form of “prosthetics” to extend the human 
body and, as such, the human ability [68] to promote connection 
between strangers. 

7 LIMITATIONS 
We are aware that a lab environment cannot replicate real-world 
interactions with strangers. Indeed, some participants weren’t sure 
if they were supposed to talk with each other. In a follow-up study 
currently underway, we installed the system in a public location to 
learn how people interact with each other "in the wild." 

Another limitation is that we did not include a control condition 
in the study to examine the diferences between groups that experi-
enced SocialStools with those who didn’t, and the degree to which 
the design itself contributes to the emergence of togetherness com-
pared to having no intervention. As an exploratory study, we think 
that our fndings are valuable, showing overall trends of behavior 
and experiences with the design. 

Furthermore, the fact that our participants were mainly univer-
sity students may bias the fndings, as college students might be 
more comfortable with the new technology and behave more socia-
bly towards others. Certain social behaviors might be less observed 
if the participants were more diverse. In our study currently under-
way in the wild, we expect to learn more about the generalizability 
of what we learned from the study reported here. 

8 CONCLUSION 
This work is an investigation of how a socio-spatial interface can 
support interpersonal communication between strangers to foster 
togetherness. We presented SocialStools, a socio-spatial interface 
that leverages people’s bodily, embodied interaction and proxemics, 
and transfers them into visual and audio feedback, in space, towards 
fostering togetherness among strangers. Although this research 
considers only a subset of the design space of leveraging bodily 
embodied interaction and proxemics with limited audio and visual 
feedback in the near environment, it ofers a compelling artifact for 
fostering people’s socio-spatial relationship during interpersonal 
communication, articulating important qualities and challenges of 
mediating interaction between strangers. Our results suggest that 
(a) a socio-spatial interface has the potential to promote diferent 
types of conversation, non-verbal communication, and movements, 
and (b) collaboration, playfulness, visual hints, bodily moving, and 
sense of immersion prompted by a socio-spatial interface help with 
cultivating togetherness. We have further investigated afordances 
of shifting between the focus and the periphery status of the socio-
spatial interface which could provide unique benefts for diferent 
group dynamics during interpersonal communication. Additionally, 
we have highlighted the three more design implications: consid-
erations of culture and personality, the concept of "imagery as 
prosthetics,” and implications for afording, in the interface, a range 
of interaction "rules" towards balancing participants’ engagement 
with the interface versus with each other. Altogether, our work 
lays out exciting opportunities for designing socio-spatial inter-
face to support interpersonal communication between strangers, 
especially in a period where such communication is most needed. 

ACKNOWLEDGMENTS 
We thank Qi Yang for helping with the design ideation, installation, 
and technical support. We thank Dan Taeyoung for giving us design 
inspiration and equipment suggestions. We thank Huong Pham 
and Hsin-ming Chao for helping conduct the experiments and data 
analysis. We thank Michal Rinott for the paper revision advice. 
Lastly, we thank all the reviewers’ suggestions for improving the 
paper. 

REFERENCES 
[1] Michael Argyle and Janet Dean. 1965. Eye-contact, distance and afliation. 

Sociometry (1965), 289–304. 
[2] Arthur Aron, Elaine N Aron, and Danny Smollan. 1992. Inclusion of Other in 

the Self Scale and the structure of interpersonal closeness. Journal of personality 
and social psychology 63, 4 (Oct. 1992), 596–612. https://doi.org/10.1037/0022-
3514.63.4.596 

[3] Robert Freed Bales, Stephen P. Cohen, and Stephen A. Williamson. 1979. Symlog: 
A system for the multiple level observation of groups. Free Press. 

[4] Pollie Barden, Rob Comber, David Green, Daniel Jackson, Cassim Ladha, Tom 
Bartindale, Nick Bryan-Kinns, Tony Stockman, and Patrick Olivier. 2012. Telem-
atic dinner party: designing for togetherness through play and performance. 
In Proceedings of the Designing Interactive Systems Conference (Newcastle Upon 
Tyne, United Kingdom) (DIS ’12). Association for Computing Machinery, New 
York, NY, USA, 38–47. https://doi.org/10.1145/2317956.2317964 

[5] Zygmunt Bauman. 1995. Life in Fragments: Essays in Postmodern Morality. Black-
well. https://philpapers.org/rec/BAULIF 

[6] Roy F Baumeister and Mark R Leary. 1995. The need to belong: Desire for 
interpersonal attachments as a fundamental human motivation. Psychological 
bulletin 117, 3 (1995), 497–529. https://doi.org/10.1037/0033-2909.117.3.497 

[7] Tine Bech, Deqing Sun, Peiqi Su, David-Alexandre Chanel, Romain Constant, 
Anthony Rowe, Liam Birtles, Chris Bennewith, and Oliver Bown. 2017. Demo 
hour. Interactions 24, 2 (Feb. 2017), 10–13. https://doi.org/10.1145/3044536 

https://doi.org/10.1037/0022-3514.63.4.596
https://doi.org/10.1037/0022-3514.63.4.596
https://doi.org/10.1145/2317956.2317964
https://philpapers.org/rec/BAULIF
https://doi.org/10.1037/0033-2909.117.3.497
https://doi.org/10.1145/3044536


“I normally wouldn’t talk with strangers”: Introducing a Socio-Spatial Interface for Fostering Togetherness Between Strangers CHI ’23, April 23–28, 2023, Hamburg, Germany 

[8] Talja Blokland and Julia Nast. 2014. From public familiarity to comfort zone: 
The relevance of absent ties for belonging in Berlin’s mixed neighbourhoods. 
International journal of urban and regional research 38, 4 (July 2014), 1142–11 59. 
https://doi.org/10.1111/1468-2427.12126 

[9] Erin Bradner, Wendy A Kellogg, and Thomas Erickson. 1999. The adoption and 
use of ‘babble’: A feld study of chat in the workplace. In ECSCW’ 99. Springer 
Netherlands, Dordrecht, 139–158. https://doi.org/10.1007/978-94-011-4441-4_8 

[10] Darren David Chadwick and Tracey Platt. 2018. Investigating humor in social 
interaction in people with intellectual disabilities: A systematic review of the 
literature. Frontiers in psychology 9 (2018), 1745. 

[11] A Criminisi, I Reid, and A Zisserman. 1999. A plane measuring device. Image 
and vision computing 17, 8 (June 1999), 625–634. https://doi.org/10.1016/S0262-
8856(98)00183-8 

[12] Alessandro D’Ausilio, Giacomo Novembre, Luciano Fadiga, and Peter E Keller. 
2015. What can music tell us about social interaction? Trends in cognitive sciences 
19, 3 (March 2015), 111–114. https://doi.org/10.1016/j.tics.2015.01.005 

[13] Paul Dourish. 2004. Where the Action Is: The Foundations of Embodied Interaction. 
MIT Press. https://play.google.com/store/books/details?id=-TRWc0PA9e4C 

[14] Nicholas Epley and Juliana Schroeder. 2014. Mistakenly seeking solitude. Journal 
of experimental psychology. General 143, 5 (Oct. 2014), 1980–1999. https://doi. 
org/10.1037/a0037323 

[15] Patrick Tobias Fischer and Eva Hornecker. 2012. Urban HCI: spatial aspects in 
the design of shared encounters for media facades. In Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems (Austin, Texas, USA) (CHI 
’12). Association for Computing Machinery, New York, NY, USA, 307–316. https: 
//doi.org/10.1145/2207676.2207719 

[16] Maiken Hillerup Fogtmann, Peter Gall Krogh, and Thomas Markussen. 2011. 
Spatial sharing: Designing computational artifacts as architecture. In Proceedings 
of the International Conference on Designing Pleasurable Products and Interfaces. 
1–9. https://www.researchgate.net/profle/Peter-Krogh/publication/221148249_ 
Spatial_Computing_and_Spatial_Practices/links/5620de7308aed8dd19411f60/ 
Spatial-Computing-and-Spatial-Practices.pdf 

[17] Alberto Gallace and Charles Spence. 2010. The science of interpersonal touch: 
An overview. Neuroscience & Biobehavioral Reviews 34 (2010), 246–259. 

[18] William Gaver. 2002. Designing for homo ludens. I3 Magazine 12, June (2002), 
2–6. https://www.academia.edu/download/5252009/10.1.1.118.2688.pdf 

[19] Raymond W Gibbs and Herbert L Colston. 1995. The cognitive psychological 
reality of image schemas and their transformations. 6, 4 (Jan. 1995), 347–378. 
https://doi.org/10.1515/cogl.1995.6.4.347 

[20] Emily Grenader, Danilo Gasques Rodrigues, Fernando Nos, and Nadir Weibel. 
2015. The VideoMob Interactive Art Installation Connecting Strangers through 
Inclusive Digital Crowds. ACM Trans. Interact. Intell. Syst. 5, 2 (July 2015), 1–31. 
https://doi.org/10.1145/2768208 

[21] Gul Gunaydin, Hazal Oztekin, Deniz Hazal Karabulut, and Selin Salman-Engin. 
2021. Minimal Social Interactions with Strangers Predict Greater Subjective 
Well-Being. Journal of happiness studies 22, 4 (April 2021), 1839–1853. https: 
//doi.org/10.1007/s10902-020-00298-6 

[22] Ge Guo, Gilly Leshed, Trevor Pinch, and Keith Evan Green. 2022. SocialStools: A 
Playful, Socio-Spatial Interface for Fostering Togetherness Across Strangers. In 
Extended Abstracts of the 2022 CHI Conference on Human Factors in Computing Sys-
tems (New Orleans, LA, USA) (CHI EA ’22, Article 173). Association for Computing 
Machinery, New York, NY, USA, 1–5. https://doi.org/10.1145/3491101.3519877 

[23] Edmund T Hall and Edward Twitchell Hall. 1966. The Hidden Dimension. Dou-
bleday. https://play.google.com/store/books/details?id=rvs_DtXv47EC 

[24] Matthew J Hertenstein, Julie M Verkamp, Alyssa M Kerestes, and Rachel M 
Holmes. 2006. The communicative functions of touch in humans, nonhuman 
primates, and rats: a review and synthesis of the empirical research. Genetic, 
social, and general psychology monographs 132, 1 (2006), 5–94. 

[25] Luke Hespanhol, Martin Tomitsch, Oliver Bown, and Miriama Young. 2014. Using 
embodied audio-visual interaction to promote social encounters around large 
media façades. In Proceedings of the 2014 conference on Designing interactive 
systems (Vancouver, BC, Canada) (DIS ’14). Association for Computing Machinery, 
New York, NY, USA, 945–954. https://doi.org/10.1145/2598510.2598568 

[26] Mads Hobye and Jonas Löwgren. 2011. Touching a Stranger: Designing for 
Engaging Experience in Embodied Interaction. International Journal of Design 5 
(2011). 

[27] Julianne Holt-Lunstad. 2021. The Major Health Implications of Social Connection. 
Current directions in psychological science 30, 3 (June 2021), 251–259. https: 
//doi.org/10.1177/0963721421999630 

[28] Richard Hovey and Helen Massfeller. 2012. Exploring the relational aspects of 
patient and doctor communication. Journal of medicine and the person 10, 2 (Aug. 
2012), 81–86. https://doi.org/10.1007/s12682-012-0123-0 

[29] Jörn Hurtienne and Johann Habakuk Israel. 2007. Image schemas and their 
metaphorical extensions: intuitive patterns for tangible interaction. In Proceedings 
of the 1st international conference on Tangible and embedded interaction (Baton 
Rouge, Louisiana) (TEI ’07). Association for Computing Machinery, New York, 
NY, USA, 127–134. https://doi.org/10.1145/1226969.1226996 

[30] Hiroshi Ishii and Brygg Ullmer. 1997. Tangible bits: towards seamless interfaces 
between people, bits and atoms. In Proceedings of the ACM SIGCHI Conference on 
Human factors in computing systems (Atlanta, Georgia, USA) (CHI ’97). Association 
for Computing Machinery, New York, NY, USA, 234–241. https://doi.org/10. 
1145/258549.258715 

[31] Chiara Jongerius, Roy S Hessels, Johannes A Romijn, Ellen M A Smets, and 
Marij A Hillen. 2020. The Measurement of Eye Contact in Human Interactions: 
A Scoping Review. Journal of nonverbal behavior 44, 3 (Sept. 2020), 363–389. 
https://doi.org/10.1007/s10919-020-00333-3 

[32] Martin Kaltenbrunner, Till Bovermann, Ross Bencina, Enrico Costanza, et al. 
2005. TUIO: A protocol for table-top tangible user interfaces. In Proc. of the The 
6th Int’l Workshop on Gesture in Human-Computer Interaction and Simulation. 
1–5. 

[33] Viirj Kan, Katsuya Fujii, Judith Amores, Chang Long Zhu Jin, Pattie Maes, and Hi-
roshi Ishii. 2015. Social Textiles: Social Afordances and Icebreaking Interactions 
Through Wearable Social Messaging. In Proceedings of the Ninth International 
Conference on Tangible, Embedded, and Embodied Interaction (Stanford, Califor-
nia, USA) (TEI ’15). Association for Computing Machinery, New York, NY, USA, 
619–624. https://doi.org/10.1145/2677199.2688816 

[34] "KAOSSILATOR". 2022. "The KAOSSILATOR". https://www.korg.com/us/ 
products/dj/kaossilator_pro_plus/ 

[35] Seungki Kim, Jiwoo Hong, Jaeyeon Lee, Hyun-Sook Choi, Geehyuk Lee, and 
Woohun Lee. 2018. TouchBranch: Understanding Interpersonal Touches in In-
teractive Installation. In Proceedings of the 2018 Designing Interactive Systems 
Conference (Hong Kong, China) (DIS ’18). Association for Computing Machinery, 
New York, NY, USA, 535–546. https://doi.org/10.1145/3196709.3196740 

[36] C L Kleinke. 1986. Gaze and eye contact: a research review. Psychological bulletin 
100, 1, 78–100. https://www.ncbi.nlm.nih.gov/pubmed/3526377 

[37] Peter Gall Krogh, Marianne Graves Petersen, Kenton O’Hara, and Jens Emil 
Groenbaek. 2017. Sensitizing Concepts for Socio-spatial Literacy in HCI. In 
Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems 
(Denver, Colorado, USA) (CHI ’17). Association for Computing Machinery, New 
York, NY, USA, 6449–6460. https://doi.org/10.1145/3025453.3025756 

[38] George Lakof and Mark Johnson. 2008. Metaphors we live by. University of 
Chicago press. 

[39] Young Suk Lee. 2018. Thou and I: Exploring Expressive Digital Interaction 
with Interactive Characteristic Wigs. In Proceedings of the Twelfth International 
Conference on Tangible, Embedded, and Embodied Interaction (Stockholm, Sweden) 
(TEI ’18). Association for Computing Machinery, New York, NY, USA, 581–585. 
https://doi.org/10.1145/3173225.3173311 

[40] Paul Marshall, Yvonne Rogers, and Nadia Pantidi. 2011. Using F-formations to 
analyse spatial patterns of interaction in physical environments. In Proceedings 
of the ACM 2011 conference on Computer supported cooperative work (Hangzhou, 
China) (CSCW ’11). Association for Computing Machinery, New York, NY, USA, 
445–454. https://doi.org/10.1145/1958824.1958893 

[41] J McCarthy. 2002. Using public displays to create conversation opportunities. In 
Workshop at CSCW. 

[42] Malcolm McCullough. 2004. Digital Ground: Architecture, Pervasive Computing, 
and Environmental Knowing. MIT Press, Cambridge, MA, USA. https://dl.acm. 
org/doi/abs/10.5555/983677 

[43] Stanley Milgram. 1977. The familiar stranger: An aspect of urban anonymity. , 
51–53 pages. 

[44] Stanley Milgram, John Ed Sabini, and Maury Ed Silver. 1992. The individual in a 
social world: Essays and experiments. Mcgraw-Hill Book Company. 

[45] William J Mitchell. 1999. e-topia: Urban Life, Jim#But Not As We Know It. MIT 
Press. https://play.google.com/store/books/details?id=C-zuCwAAQBAJ 

[46] Tien T Nguyen, Duyen T Nguyen, Shamsi T Iqbal, and Eyal Ofek. 2015. The 
Known Stranger: Supporting Conversations between Strangers with Personalized 
Topic Suggestions. In Proceedings of the 33rd Annual ACM Conference on Human 
Factors in Computing Systems (Seoul, Republic of Korea) (CHI ’15). Association 
for Computing Machinery, New York, NY, USA, 555–564. https://doi.org/10. 
1145/2702123.2702411 

[47] Miyo Okada, Laura Lugaresi, Dingding Zheng, Roshan Peiris, Katrin Wolf, Cris-
tian Norlin, Mikael Anneroth, Kai Kunze, and Masa Inakage. 2018. AURA: Urban 
Personal Projection to Initiate the Communication. In Proceedings of the 2018 
ACM International Conference on Interactive Surfaces and Spaces (Tokyo, Japan) 
(ISS ’18). Association for Computing Machinery, New York, NY, USA, 397–399. 
https://doi.org/10.1145/3279778.3281758 

[48] Susanna Paasovaara, Ekaterina Olshannikova, Pradthana Jarusriboonchai, Aris 
Malapaschas, and Thomas Olsson. 2016. Next2You: a proximity-based social ap-
plication aiming to encourage interaction between nearby people. In Proceedings 
of the 15th International Conference on Mobile and Ubiquitous Multimedia. 81–90. 

[49] Susanna Paasovaara, Kaisa Väänänen, Aris Malapaschas, Ekaterina Olshannikova, 
Thomas Olsson, Pradthana Jarusriboonchai, Jiří Hošek, and Pavel Mašek. 2018. 
Playfulness and progression in technology-enhanced social experiences between 
nearby strangers. In Proceedings of the 10th Nordic Conference on Human-Computer 
Interaction. 537–548. 

https://doi.org/10.1111/1468-2427.12126
https://doi.org/10.1007/978-94-011-4441-4_8
https://doi.org/10.1016/S0262-8856(98)00183-8
https://doi.org/10.1016/S0262-8856(98)00183-8
https://doi.org/10.1016/j.tics.2015.01.005
https://play.google.com/store/books/details?id=-TRWc0PA9e4C
https://doi.org/10.1037/a0037323
https://doi.org/10.1037/a0037323
https://doi.org/10.1145/2207676.2207719
https://doi.org/10.1145/2207676.2207719
https://www.researchgate.net/profile/Peter-Krogh/publication/221148249_Spatial_Computing_and_Spatial_Practices/links/5620de7308aed8dd19411f60/Spatial-Computing-and-Spatial-Practices.pdf
https://www.researchgate.net/profile/Peter-Krogh/publication/221148249_Spatial_Computing_and_Spatial_Practices/links/5620de7308aed8dd19411f60/Spatial-Computing-and-Spatial-Practices.pdf
https://www.researchgate.net/profile/Peter-Krogh/publication/221148249_Spatial_Computing_and_Spatial_Practices/links/5620de7308aed8dd19411f60/Spatial-Computing-and-Spatial-Practices.pdf
https://www.academia.edu/download/5252009/10.1.1.118.2688.pdf
https://doi.org/10.1515/cogl.1995.6.4.347
https://doi.org/10.1145/2768208
https://doi.org/10.1007/s10902-020-00298-6
https://doi.org/10.1007/s10902-020-00298-6
https://doi.org/10.1145/3491101.3519877
https://play.google.com/store/books/details?id=rvs_DtXv47EC
https://doi.org/10.1145/2598510.2598568
https://doi.org/10.1177/0963721421999630
https://doi.org/10.1177/0963721421999630
https://doi.org/10.1007/s12682-012-0123-0
https://doi.org/10.1145/1226969.1226996
https://doi.org/10.1145/258549.258715
https://doi.org/10.1145/258549.258715
https://doi.org/10.1007/s10919-020-00333-3
https://doi.org/10.1145/2677199.2688816
https://www.korg.com/us/products/dj/kaossilator_pro_plus/
https://www.korg.com/us/products/dj/kaossilator_pro_plus/
https://doi.org/10.1145/3196709.3196740
https://www.ncbi.nlm.nih.gov/pubmed/3526377
https://doi.org/10.1145/3025453.3025756
https://doi.org/10.1145/3173225.3173311
https://doi.org/10.1145/1958824.1958893
https://dl.acm.org/doi/abs/10.5555/983677
https://dl.acm.org/doi/abs/10.5555/983677
https://play.google.com/store/books/details?id=C-zuCwAAQBAJ
https://doi.org/10.1145/2702123.2702411
https://doi.org/10.1145/2702123.2702411
https://doi.org/10.1145/3279778.3281758


CHI ’23, April 23–28, 2023, Hamburg, Germany 

[50] Eric Paulos and Elizabeth Goodman. 2004. The familiar stranger: anxiety, comfort, 
and play in public places. In Proceedings of the SIGCHI conference on Human factors 
in computing systems. 223–230. 

[51] Peter Peltonen, Esko Kurvinen, Antti Salovaara, Giulio Jacucci, Tommi Ilmonen, 
John Evans, Antti Oulasvirta, and Petri Saarikko. 2008. It’s Mine, Don’t Touch! 
interactions at a large multi-touch display in a city centre. In Proceedings of 
the SIGCHI Conference on Human Factors in Computing Systems (Florence, Italy) 
(CHI ’08). Association for Computing Machinery, New York, NY, USA, 1285–1294. 
https://doi.org/10.1145/1357054.1357255 

[52] Deborah A Prentice and Dale T Miller. 1996. Pluralistic Ignorance and the 
Perpetuation of Social Norms by Unwitting Actors. In Advances in Experimental 
Social Psychology, Mark P Zanna (Ed.). Vol. 28. Academic Press, 161–209. https: 
//doi.org/10.1016/S0065-2601(08)60238-5 

[53] Fabian Ramseyer and Wolfgang Tschacher. 2011. Nonverbal synchrony in psy-
chotherapy: coordinated body movement refects relationship quality and out-
come. Journal of consulting and clinical psychology 79, 3 (June 2011), 284–295. 
https://doi.org/10.1037/a0023419 

[54] "reacTIVision". 2022. "a toolkit for tangible multi-touch surfaces". http:// 
reactivision.sourceforge.net/ 

[55] Michal Rinott and Noam Tractinsky. 2022. Designing for interpersonal motor 
synchronization. Human–Computer Interaction 37, 1 (Jan. 2022), 69–116. https: 
//doi.org/10.1080/07370024.2021.1912608 

[56] Gillian M Sandstrom and Erica J Boothby. 2021. Why do people avoid talking to 
strangers? A mini meta-analysis of predicted fears and actual experiences talking 
to a stranger. Self and identity: the journal of the International Society for Self and 
Identity 20, 1 (Jan. 2021), 47–71. https://doi.org/10.1080/15298868.2020.1816568 

[57] Gillian M Sandstrom and Elizabeth W Dunn. 2014. Social Interactions and Well-
Being: The Surprising Power of Weak Ties. Personality & social psychology bulletin 
40, 7 (July 2014), 910–922. https://doi.org/10.1177/0146167214529799 

[58] Juliana Schroeder, Donald Lyons, and Nicholas Epley. 2022. Hello, stranger? 
Pleasant conversations are preceded by concerns about starting one. Journal of 
experimental psychology. General 151, 5 (May 2022), 1141–1153. https://doi.org/ 
10.1037/xge0001118 

[59] Natalie Sebanz and Guenther Knoblich. 2009. Prediction in Joint Action: What, 
When, and Where. , 353–367 pages. https://doi.org/10.1111/j.1756-8765.2009. 
01024.x 

[60] Mel Slater, Bernhard Spanlang, Maria V. Sanchez-Vives, and Olaf Blanke. 2010. 
First Person Experience of Body Transfer in Virtual Reality. PloS one 5 (05 2010), 
e10564. https://doi.org/10.1371/journal.pone.0010564 

Guo, et al. 

[61] Dave Smallen. 2021. Experiences of meaningful connection in the frst weeks of 
the COVID-19 pandemic. Journal of social and personal relationships 38, 10 (Oct. 
2021), 2886–2905. https://doi.org/10.1177/02654075211040221 

[62] Sherry Turkle. 2017. Alone together: Why we expect more from technology and 
less from each other. Hachette UK. 

[63] Paul A M Van Lange and Simon Columbus. 2021. Vitamin S: Why Is Social 
Contact, Even With Strangers, So Important to Well-Being? Current directions 
in psychological science 30, 3 (June 2021), 267–273. https://doi.org/10.1177/ 
09637214211002538 

[64] Paul A M Van Lange, Arie W Kruglanski, and E Tory Higgins. 2011. Handbook 
of Theories of Social Psychology: Collection: Volumes 1 & 2. SAGE. https://play. 
google.com/store/books/details?id=0QuyCwAAQBAJ 

[65] Jacquie D Vorauer and Rebecca K Ratner. 1996. Who’s Going to Make the 
First Move? Pluralistic Ignorance as an Impediment to Relationship Formation. 
Journal of social and personal relationships 13, 4 (Nov. 1996), 483–506. https: 
//doi.org/10.1177/0265407596134001 

[66] James R Wallace, Nancy Iskander, and Edward Lank. 2016. Creating Your Bubble: 
Personal Space On and Around Large Public Displays. In Proceedings of the 2016 
CHI Conference on Human Factors in Computing Systems (San Jose, California, 
USA) (CHI ’16). Association for Computing Machinery, New York, NY, USA, 
2087–2092. https://doi.org/10.1145/2858036.2858118 

[67] Marc Weiser. 1994. The world is not a desktop. Interactions 1, 1 (Jan. 1994), 7–8. 
https://doi.org/10.1145/174800.174801 

[68] Andrea Stevenson Won, Jeremy Bailenson, Jimmy Lee, and Jaron 
Lanier. 2015. Homuncular Flexibility in Virtual Reality. Jour-
nal of Computer-Mediated Communication 20, 3 (01 2015), 241–259. 
https://doi.org/10.1111/jcc4.12107 arXiv:https://academic.oup.com/jcmc/article-
pdf/20/3/241/19492300/jjcmcom0241.pdf 

[69] Jennifer Yoon, Jun Oishi, Jason Nawyn, Kazue Kobayashi, and Neeti Gupta. 2004. 
FishPong: encouraging human-to-human interaction in informal social environ-
ments. In Proceedings of the 2004 ACM conference on Computer supported coopera-
tive work (Chicago, Illinois, USA) (CSCW ’04). Association for Computing Ma-
chinery, New York, NY, USA, 374–377. https://doi.org/10.1145/1031607.1031669 

[70] John Zimmerman, Jodi Forlizzi, and Shelley Evenson. 2007. Research through 
design as a method for interaction design research in HCI. In Proceedings of the 
SIGCHI Conference on Human Factors in Computing Systems (San Jose, California, 
USA) (CHI ’07). Association for Computing Machinery, New York, NY, USA, 
493–502. https://doi.org/10.1145/1240624.1240704 

https://doi.org/10.1145/1357054.1357255
https://doi.org/10.1016/S0065-2601(08)60238-5
https://doi.org/10.1016/S0065-2601(08)60238-5
https://doi.org/10.1037/a0023419
http://reactivision.sourceforge.net/
http://reactivision.sourceforge.net/
https://doi.org/10.1080/07370024.2021.1912608
https://doi.org/10.1080/07370024.2021.1912608
https://doi.org/10.1080/15298868.2020.1816568
https://doi.org/10.1177/0146167214529799
https://doi.org/10.1037/xge0001118
https://doi.org/10.1037/xge0001118
https://doi.org/10.1111/j.1756-8765.2009.01024.x
https://doi.org/10.1111/j.1756-8765.2009.01024.x
https://doi.org/10.1371/journal.pone.0010564
https://doi.org/10.1177/02654075211040221
https://doi.org/10.1177/09637214211002538
https://doi.org/10.1177/09637214211002538
https://play.google.com/store/books/details?id=0QuyCwAAQBAJ
https://play.google.com/store/books/details?id=0QuyCwAAQBAJ
https://doi.org/10.1177/0265407596134001
https://doi.org/10.1177/0265407596134001
https://doi.org/10.1145/2858036.2858118
https://doi.org/10.1145/174800.174801
https://doi.org/10.1111/jcc4.12107
https://arxiv.org/abs/https://academic.oup.com/jcmc/article-pdf/20/3/241/19492300/jjcmcom0241.pdf
https://arxiv.org/abs/https://academic.oup.com/jcmc/article-pdf/20/3/241/19492300/jjcmcom0241.pdf
https://doi.org/10.1145/1031607.1031669
https://doi.org/10.1145/1240624.1240704

	Abstract
	1 Introduction
	2 Related work
	2.1 Interaction Between Strangers
	2.2 Socio-Spatial Interfaces

	3 SOCIALSTOOLS
	3.1 Design Concept and Interactions
	3.2 Technical Design

	4 Method
	4.1 Participants
	4.2 Setup
	4.3 Procedure
	4.4 Data Analysis

	5 FINDINGS
	5.1 Behaviors that emerged with SocialStools
	5.2 Feeling and Experiencing Togetherness

	6 DISCUSSION
	6.1 Group Dynamics and the Shifting Focus of Attention
	6.2 Design Implications for Togetherness between Strangers

	7 LIMITATIONS
	8 CONCLUSION
	Acknowledgments
	References



