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Fig. 1. The There Chair (left) and the Fragrance Frame (right).

When families live in the same home, they feel a sense of connection through the subtle, passive aspects of family life. Over distance,
these passive aspects are hard to experience as most communication technologies support sharing conversations or activities. Through
a research-through-design methodology, we explored the design of smart home technologies for passive co-presence over distance.
Based on our design explorations, we arrived at an interaction space which includes the dimensions of Activity, Solitude, Synchronicity,
and Spontaneity. Our research-through-design process additionally resulted in the design of two smart home systems. The There Chair
employs the senses of touch and sight to passively display when a remote family member is sitting at the dining room table. The
Fragrance Frame is a paired picture frame that detects when a remote family member is passing by their frame, and emits a scent

reminiscent of togetherness. We reflect on our design decisions and propose considerations for future design.
CCS Concepts: « Human-centered computing — Interaction design theory, concepts and paradigms.
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1 INTRODUCTION

In the communal spaces of a family home, togetherness is felt passively in the ambience of daily life. Noticing someone’s
presence in one’s peripheral vision, sitting together without actively interacting, hearing their footsteps, or similarly
subtle sensory experiences create feelings of co-presence in the home. When families are separated over distance,
this experience changes drastically. Existing mainstream tools for connection support active togetherness, such as
having conversations using video conferencing software [47, 54, 64], through instant messaging [61], or sharing virtual
experiences such as online games [59, 93]. The subtle, passive aspects of family connection are not present over distance.
Previous research has suggested that these aspects of connection can create a heightened sense of closeness [27].
Distance-separated families sometimes attempt workarounds such as long-term video or audio calls left on in the
background [27, 47]. However, these solutions create challenges with privacy, autonomy, and solitude [47].

Passive co-presence is a sense of togetherness that is felt through sensing each other’s presence and without actively
engaging with one another [72]. A past study found that designs for passive co-presence between remote family members
could include sharing multi-sensory environmental ambience, supporting nostalgia and comfort, and leveraging left-
behinds and souvenirs [72]. Passive connections do not rely on the exchange of information as the primary focus;
instead, these connections rely on sensing the presence of another person. For this reason, designing technology for
passive co-presence presents an interesting opportunity for connecting distance-separated families; in many ways, it
has the potential for increasing the sense of closeness while preserving privacy and independence. Passive co-presence
takes place in the periphery of attention, and when co-located it is a sensory experience. That is, we see a family
member in the room, hear them walking around, feel them sitting on the couch next to us, or smell the scent of a family
recipe cooking in the kitchen. In this way, the five senses allow us to experience passive co-presence. Though these are
real sensory experiences, they do not explicitly call us to action in most cases, and may even go unnoticed while still
creating the ambience of connection.

Over the years, there has been a rise in relocation and migration. With remote work becoming more of a reality
in many parts of the world, there has been an increase in relocation to small towns and less populated areas after
the COVID-19 pandemic [4, 39]. We speculate that this will result in an increased need for remote family connection
technology. Simultaneously, over the last decade there has been an increased focus on the development of technology
that supports the senses, especially the sense of smell and taste which have previously been under-explored [18].

In this work, we take a Research Through Design (RtD) approach to investigate design opportunities for smart home
technologies for passive co-presence through the lens of the five senses. Our research question was how should we
design sensory technology for passive co-presence in the home? Through the iterative design exploration and reflection
of our RtD process, we arrive at two research outputs. First, we document and discuss the process of designing two
artifacts that engage different senses and evoke different experiences of passive co-presence.

Secondly, our design process surfaced the complexities of this design space, which we formalize as dimensions to
guide future design and rhetoric. We created these dimensions based on characteristics of the passive co-presence
technology that emerged from our RtD process. Our work contributes:
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An in-depth design journey documenting our ndings about designing technology for passive co-presence
through the lens of the ve senses. We hope that this will begin a broader dialogue in HCI about the role of
passive co-presence in remote family connection.

Dimensions for the characterization of designs for remote passive co-presence in the home, which we hope will
open the doors for designers to explore the broad range of possibilities across the dimensions.

2 RELATED WORK

In this work we use passive co-presence as a lens for designing devices for remote family connection. Here we discuss
past approaches to connecting distance-separated family members, we position passive co-presence among related
research areas, and we discuss the use of the ve senses in connection technology.

2.1 Remote Family Communication Technology

Remote family communication has been extensively studied by HCI researchers. Staying connected with family members
can in uence individual well-being and strengthen interpersonal bon@§j| but experiencing a sense of connection

can be a challenge when separated by distance. There is a need to balance the desire for communication with the
feelings of obligation, to support ease of use while being meaningful and personalized, as well as providing awareness
while respecting privacy 84. Video connections comprise a signi cant part of past research on family connection

[33 45 47,54, as they can support feelings of closeness and shared experighc@/[th always-on video, the constant
availability of connection can increase feelings of connectedness and involvement in one another's lives, but also creates
challenges around privacy and feelings of awkwardness, even in family settings where there is a typically higher level
of comfort. For example, always-on video can display moments that one would not like to share with their family
members, or could create discomfort for guests [63].

The majority of remote family communication technology relies on actively sharing in activities, such as sharing
meals over distanced], sharing conversationsd4], simulating hugs B7, or playing games$9 93. Studies of these
systems have shown that the sense of connection is impacted by the social dynamics between the co-located and remote
parties [9], as well as their relationships and personalities [94].

A challenge with technologies that focus on shared synchronous activities is assessing the availability of remote
family members and coordinating. One approach to this challenge has included home devices that indicate the activities
of a remote family member in a lightweight, ambient way, o ering opportunities to connest17. Another approach
allows family members to "poke" one another to assess their in-the-moment availability for conne@®63 73. For
example, LumiTouch is a pair of picture frames that allows users to light up a remote picture frame by touching their
own picture frame [22].

These and other past works have examined family communication in depth. In this work, we extend this eld by
examining the role opassive co-preserared sensory elements in designing technology to connect family members
over distance. Hassenzabhl et al. present six strategies for technology that inspires feelings of intimacy and relatedness,
including awareness, expressivity, physicalness, gift giving, joint action, and memgt&d this work, we investigated
the intersection of the strategies of awareness and physicalness, but we additionally question whether the strategy of
physicalness may apply to senses other than touch. Intersecting these strategies is non-trivial, and in this work we
additionally explore the nuances and challenges of this intersection, asking how we can design physicality that remains
in the periphery of awareness.
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2.2 Positioning Passive Co-presence

In this work we focus onpassive co-presenadich is a sense of togetherness that is felt through sensing each other's
presence and without actively engaging with one anoth&g]. Our design process was guided by the ndings of a

past co-design study on passive co-presence, where the authors conducted design workshops and interviews with 16
pairs of emerging adults and their parents to generate insights on designing technology for passive co-presence. In this
study, they found that designs for passive co-presence could include sharing multi-sensory environmental ambience,
supporting nostalgia and comfort, and leveraging left-behinds and souvef@s This concept removes focus from
practicality and functionality in communication and puts emphasis on emotional and aesthetic connection. This shares
similarities with the concepts of ambient technology, phatic communication technology, slow technology, and calm
technology. Passive co-presence is distinctly unique among these intersecting concepts, and has been underexplored to
date.

Ambient technology is technology that displays information for processing in theckground or periphenyf
awareness46. Neither ambient technology nor passive co-presence technology are in the foreground of awareness
(though this is a stronger requirement for ambient technology), and neither one centers around synchronous or session-
based interaction. However, while ambient technolocgnbe designed for connection, passive co-presence technology
inherently mustbe designed for connection. Further, many ambient connection technologiessarally not interacted
with, but may require interaction to trigger a change in the remote displ&p[58 7§. On the other hand, passive
co-presence technologyeveruses active interaction to trigger a change in the remote display.

Another related research space that has been well-explored is phatic communication and technology for supporting
phatic communication. Phatic exchanges are not meaninform; that is, rather than being an exchange of facts,
they are intended to strengthen social bond&d. Both passive co-presence and phatic communication center the
maintenance or strengthening of social bonds instead of factual/practical information. However, phatic communication
is necessarily actiy@ne or both people must actively decide to reach out and communicate. With passive co-presence,
a de ning factor is thatconnectioils emphasized, and n@mmunication the "exchanges" may never be active.

Two more adjacent areas of past research are slow and calm techndBdgywtechnology o ers an invitation for
re ection, and in doing so produces the time for re ection3g. Calmtechnology does not focus on temporality in the
same way; it moves easily between the center and periphery of awareness, it enhances awareness of peripheral/contextual
details, and it gives us a sense of calm and familiar@][ Slow and calm technology both emphasize a move away
from e cient and productive technology towards re ection, which is a goal that passive co-presence shares. Passive
co-presence technology does not need to be slow - though this approach may be bene cial in some cases, for example
when connecting people asynchronously. The sense of familiarity emphasized by the calm technology approach may
also be bene cial in designing technologies for the home, intended to be in the periphery of awareness. However,
distinct from both of these approaches, passive co-presence technology additionally necessitatestiofetween
people. Table 1 contextualizes passive co-presence among these areas.

Without having been explicit about the intricacies of passive co-presence, there have been a number of designs,
proposals, and speculations over the years around the idea of connection technology that remains in the background of
awareness and is more or less passit@ B6 58 68 7g. Our work builds on this body of past research in awareness
and passive technology design. However, rather than focusing on one single technology design, our work explores
the vast design space of passive co-presence technology. Through formalizing this complex design space with detailed
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Ambient Phatic Comm.| Slow/Calm | Passive Co-presence
Activity Active usually not usually never
Passive usually never usually not
Purpose Social usually not usually not
Beyond Social usually never usually never
Awareness Background never varies usually
Foreground | never varies usually not

Table 1. Comparison of related technology types. The axis of activity di erentiates between passiveness and activeness in technologies.
The axis of purpose di erentiates between connection technologies and technologies for other purposes. The axis of awareness
di erentiates between technologies in the background and foreground of a ention.

descriptive design dimensions, we aim to guide future researchers and designers to investigate passive co-presence
technology design in a more systematic and purposeful way.

2.3 Designing for the Senses

Passive co-presence is a form of connection that reliesensingather than acting. Past research shows how the ve
senses are relevant to information processing and interaction desdh put the impact of these senses on feelings of
passive co-presence are still unexplored in HCI.

Connection through the sense of sight has been extensively researched and established as a method of creating a
sense of closenes§,[17, 27, 30, 33 45 47, 54,57, 83, for example through through video calls33 45 47, 54, shared
displays B, 17], co-watching experience<[, 57, 83, and shared virtual environments30, 57. Audio has similarly
been shown to be a key sense in creating a feeling of togethern2k<lp, 43 55 58 71, 79 81], for example through
phone conversations [21, 71, 81], asynchronous voice messages [42, 79], and ambient audio displays [43, 58].

The sense of touch has also been shown to be an important method of creating an active sense of connection over
distance. Singhal et al. introduced Flex-N-Feel: a pair of gloves that transmit vibrotactile signals to indicate a remote
partner's hand movements. Their study demonstrated that the sense of touch increased feelings of emotional connection
and intimacy, while also supporting playful interactions and a shared sense of pres@até3fasdogan et al. found
increased feelings of togetherness when touch was introduced in shared virtual environments, even though participants
were interacting with an unfamiliar partner [12].

The sense of smell has been under investigation since at least the 1280aid speci cally within HCI since the
late 1990s and early 200@2[ 74, 7§. Scenis a device that ambiently vaporizes essential oils to create moments of
connection [7g. Siio and Mima explored the design of a co ee aroma transmittéd][ and Kaye explored olfactory
information displays b1, 57. Despite these early advances, scent is not a modality that we typically see in mainstream
technology to this day; however, its applicability to virtual reality has led to recent advand&sg0, 76. The sense of
smell has been shown to have strong associations with memory [56, 86, 92].

While taste has not been researched to the same depth as scent, research in this space has investigated its technical
implementation and in uences on perception. Ranasinghe et al. explored the potential for taste to create immersive
experiences, and created a device to physically trigger di erent tastes using varied electrical stimulation directly on the
tongue [70. In their study exploring the range of taste sensations that could be simulated, they found that the device
was e ective in replicating a number of speci ¢ tasteg(]. Miyashita took a di erent approach in creating a taste
display, using avoured gels and controlling their strength with electrical curren&). Gayler et al. explored emotional

associations with taste, and created a mapping of emotional experiences with tastes on a sweet-bitter sp&arum [
5
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Similar to the sense of smell, the study of the sense of taste in HCI has seen recent advancement due to its applicability
to virtual reality [25, 50, 89].

All technology needs to be sensed and perceived in some way in order to be used. What is underexplored in HCI
literature is an understanding of how the senses can be used in design to create di erent experiences of passive
co-presence, which is what we explore here.

3 DESIGN PROCESS

Our goal is to create a dialogue about passive co-presence as a form of connection between distance-separated families,
and to inform future design practice by discussing our design decisions. Our approach follows a Research Through
Design (RtD) methodologyld 11]. In the RtD methodology, researchers ideate and iterate toward the design of an
artifact, during which a problem is continually reframed and examined from various perspect®gsThis process
generates insights about the problem, as well as designs and documentation at varying levels of @ity his
process has been established in HCI as a way to arrive at research ndib@4d ], 67 through an account of the
insights during the process. We iterated on our designs numerous times depending on the speci ¢ design, so we present
these ndings in three overarching design phasesrly, mid, and nal designs.

We, the research team, undertook a 16-month long design research inquiry in which we documented the design
process and the many iterations on the designs. We took a designer-researcher stance for this inquiry, inkilies a
small but multi-disciplinary team that is re exively focused on the experimental and novel outcomes of the design process
that are critically and re ectively arrived at through design practi@&3. Our research team included ve designers
in a Canadian context with a range of experience in HCI (from PhD student to faculty member), and various areas of
expertise including domestic technology, human robot interaction, psychology, and computer-supported collaborative
work. Our design attitude was shaped by speculative des2® 34 and material speculationdq. From each of these
theoretical approaches we adopted some elements. From speculative design, we were inspired by the imagination-driven
approach of being free from implementation constrain®d during the actual design-generation process, though we
did implement the nal design artifacts. In material speculation, the researchers create progressive iterations of designs
to speculatively reason upor9[], which we drew from in our method by iteratively designing and speculating on our
design materials. However, material speculation additionally places emphasis on ambiguity in the purpose of designs
[90. The majority of our designs were created with little to no ambiguity in their purpose, as we were creating them
with the end goal of supporting passive co-presence.

We approach our RtD as@esign journeya rst-person account where the design progression is presented chrono-
logically with a focus on key developments along with personal observations and interpretati®gsThough we
reframe the design process in our reporting here in terms of the three phases for clarity, we note that design research is
not a linear process. As we examined the problem space from di erent perspectives, insights emerged continuously
and we iterated on di erent designs at di erent times. Desjardins and Key describe this process as the messy lines of
inquiry in RtD which can cross, loop, dead-end, or weave togeth2] [ Figure 2 shows our overall design process.
Ethics approval was not required for this type of research within our university's standards.

3.1 Guiding Design Requirements

In line with the de nition of passive co-presence above (in termsaattivity (passive vs. activepurposegsocial vs.

other), andawarenesébackground vs. foreground)) we created the following requirements for our design process.
6
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Requirement 1 (R1) - The technology must remain primarily in the periphery or background of awareness,
must not require active interaction, and must be non-obtrusive in the home.

Requirement 2 (R2) - The technology must support the social purpose of experiencing of feeling co-present
with remote family.

3.2 Early Design Ideas

At the outset of the design process, we began by breaking passive co-presence down into the experiences of each of the
ve senses, and designing in ve directions (for each of the ve senses separately). We aimed to generate a broad range
of designs that we could learn from and critique. To do this, we drew from the ndings of a past co-design study on
passive co-presence through the ve sens&g][in order to begin the design process for each sense with a set of goals
(extracted from the ndings of this previous study), shown in Table 2.

For each of these goals, we sketched and brainstormed design variants. In design discussions, we found common
themes among the designs, and narrowed down the sketches to focus on novel approaches to togetherness that were
promising and technically feasible, and built low- delity prototypes (some with limited electronic circuitry, and others
as form explorations). Some of the early design ideas for each of the senses are included in Table 2.

3.2.1 Early Takeawaysle used the ideas in the early design stage to generate insights that would inform further
design. We tested low- delity prototypes of some designs (at least one design for each sense) in the lead author's
home. For example, we customized o -the-shelf sensory displays (such as heating pads for the sense of touch, or a

Fig. 2. Overall Design Process.
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Sense

Goals

Example Designs

Re ections

Sound

1) sharing soundscapes(1) audio recording fridge magnets matc
that create a sense gfing time of day (2) connected rugs tha
home ambience, 2) con-detect people and share ambient audio

trol and privacy, and 3
the use of sound memdg
ries to create feelings o
connection

clock that plays recordings of shared me
-ories
f

—

h1) long stretches of silence may ng
tcreate strong feelings of connectio
JR2) 2) unexpected sounds witho
ncontext could be disruptive (R1) 3
sharing sounds during parallel ag
tivities (R2) is potentially valuable
for connection

= 2

U

~

Sight

1) share visual experi
ences in parallel, ang
2) use peripheral visual
traces

- (1) connected windows display the vie
from the remote home (2) wall projection

trace of the family member on the couc
when watching the same movies

display shadows of family members whencould be valuable for feelings of co
they move through their homes (3) visual presence (R2)

w1) visually connecting while engag
5ing in parallel but separate activities

h

Smell

1) sharing ambient
smellscapes of home
and 2) connection
through smell memo-
ries

2,depending on the wearer's location (2
candles emit scent when someone pass
by the remote candle (3) collection of fr
grances that di use randomly to mix mem
ories of togetherness

(1) necklace di uses remote home scentd) location-based smells could co

P)textualize feelings of co-presend

5€R2), if not disruptive (R1), and 2

a-intermittent smell memories could

- create unplanned moments of co
nection (R2)

Touch

(1) comfort through
touch, and (2) opting in
or out of touch signals

(1) connected jackets that heat up at th

that remain warm after the remote perso
leaves their chair (3) fan that blows al

matched time-of-day of wearing (2) chairsducive to being in the background

€l) being wearable did not seem con-

n of awareness (R1), and 2) using he
rto convey comfort was promising

when family members "pass by" mappedR2)
home locations
5 (1) kitchen projector shows recordings of Re ections were dependent on the
remote cooking sessions, (2) recipe bookrimary sense that was employed tp
that displays recipes cooked in the remotecreate the food-centered experienge,
home that day (3) table centrepiece playss taste itself is not usually encoun-
ambient mealtime sounds of the remotetered passively
home
Table 2. Example designs and reflections for each of the five senses in the early design phase. The goals were derived from a past
study on passive co-presence [72]. Sketches of these example designs can be found in the Appendix.

Taste | (1) shared mealtime
and (2) connection
through cooking and

recipe sharing

sound-streaming mobile application for the sense of sound) to experience the sensory aspects of the designs that were
related to co-presence, while not fully implementing a stand-alone product. Each of these prototypes was placed in
their home and the home of a distance-separated family member for 5-14 days - long enough to arrive at preliminary
observations.

During this process, they re ected on these design ideas in the context of their own relationships with their family
members and friends. In a number of meetings with the research team over a span of roughly eight months, we
brainstormed and critically re ected and speculated on the ideas for each of the senses, referring to our guiding design
requirements (R1 and R2) and goals.

Our re ections (Table 2) led us to generate a set of new designs, inspired by aspects of the previous designs that we
found valuable. From early ideas of a living room couch, we combined elements from the sight, touch, and sound ideas
to arrive at the our rst design direction of seated co-presence. Our second design direction emerged from designs
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