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Abstract
As increasing numbers of young adults live apart from their parents,

maintaining a sense of connectedness in everyday life has become

an important challenge. While existing communication technolo-

gies support intentional interactions, they often fail to convey the

subtle awareness that naturally emerges through living together.

This research explores how everyday life traces can support con-

nectedness between young adults and their parents in long-distance

family relationships.

Using a Research through Design approach, this study designed

and developed a system that captures the outlines of objects placed

on a table and projects them onto a remote table, allowing family

members to perceive traces of each other’s daily activities. The

research involved an exploratory workshop, prototype develop-

ment, and user evaluation, with participant feedback collected and

analyzed.

The findings suggest that sharing everyday life traces can en-

hance connectedness, presence, and mutual awareness. Participants

described the system as a natural and low-intrusion way of per-

ceiving the everyday lives of distant family members. The study

highlights the potential of everyday life traces as a design resource

for supporting long-distance family relationships and offers a new

perspective on creating background forms of connection embedded

in everyday life.

1 Introduction
In many contemporary societies, living apart from parents has be-

come a common experience for young adults, particularly during

early adulthood. Factors such as higher education, employment

mobility, and urbanization increasingly require young people to

relocate, often across cities or regions. While this transition is fre-

quently associated with independence and personal development,

it also reshapes how family relationships are lived and maintained

on an everyday basis[4, 14].

In shared living environments, feelings of connection often

emerge from the traces left behind by everyday activities. A cup

recently placed on a table, an object that has been moved, the linger-

ing smell of food from the kitchen, or subtle changes in the state of

a space can all help people become aware of one another’s presence

and activities without the need for explicit communication[7, 23].

These traces are generated as a by-product of everyday activities

rather than being intentionally created for communication. In this

paper, we refer to such traces as everyday life traces. Although
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not designed as communicative signals, life traces can subtly sup-

port mutual awareness and a sense of companionship in everyday

life[12, 24].

However, when family members become geographically sepa-

rated, this form of awareness that naturally emerges from a shared

living environment is largely lost. To maintain connection across

distance, young adults and their parents often rely on digital com-

munication technologies such as instant messaging, phone calls,

and video calls[19, 22]. While these technologies effectively sup-

port information exchange and emotional expression, they share

a common requirement: both parties must intentionally initiate

communication, be available at the same time, and enter a clearly

defined communicative context[24]. As a result, interactions tend to

occur at specific moments and often fail to reflect the majority of ev-

eryday life that unfolds between episodes of communication[13, 24].

For parents and children living apart, what is often missing is not a

means of communication itself, but an ongoing awareness of each

other’s everyday lives.

Previous research has shown that feelings of connectedness are

shaped not only by direct communication, but also by awareness

and co-presence[25]. Even in the absence of explicit interaction,

simply perceiving another person’s activities or everyday presence

can strengthen feelings of closeness and companionship within a

relationship[8, 15]. Furthermore, co-presence has been described as

arising not from physical co-location itself, but from an individual’s

ongoing subjective perception of another person’s presence[29].

This understanding has encouraged researchers to explore how

technology can support awareness of others’ everyday lives, al-

lowing feelings of presence and connectedness to emerge without

relying on direct communication.

Along this line of inquiry, ambient awareness systems have accu-

mulated a substantial body of research[21]. Existing systems have

used lightweight forms of information, such as location data, activ-

ity levels, and physiological signals, to help family members remain

aware of one another’s everyday states. These studies suggest that

the background awareness can support feelings of connectedness

in long-distance relationships. However, such systems primarily

rely on quantified data to represent another person’s state, focusing

largely on communicating what someone is doing rather than sup-

porting awareness of their presence through the traces of everyday

life. In particular, within the context of long-distance parent–child

relationships, there has been limited design exploration of how

naturally occurring traces generated through everyday activities

might be transformed into a medium for remote awareness and, in

turn, support interpersonal connectedness.
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To explore this design opportunity, this study addresses the

following research question:

"Howmight everyday life traces support connectedness between

young adults living apart and their parents?"

To address this question, this study designed and developed a

prototype system for long-distance parent–child relationships. The

system captures traces generated by everyday objects on a tabletop

and projects them into the remote tabletop environment of a family

member. When objects are removed, the traces gradually fade away,

creating a form of awareness that emerges from everyday life with-

out requiring intentional communication. Through the evaluation

of this prototype, the study investigates how life traces influence

mutual awareness, co-presence, and emotional connectedness be-

tween parents and their adult children.

2 Related Work
2.1 Co-presence and Ambient Awareness for

Connectedness
In long-distance relationships, emotional connection is not main-

tained solely through frequent direct communication. Research

has shown that even in the absence of real-time interaction, sim-

ply being aware of another person’s presence, activities, or ev-

eryday life can enhance feelings of companionship and emotional

connectedness[15, 24]. This subjective perception of another per-

son’s presence is commonly referred to as co-presence, which de-

scribes the experience of feeling that another person is part of the

same social situation despite physical separation [3, 29].

Previous research further suggests that the emergence of co-

presence is closely related to awareness[16]. When people continu-

ously receive information about another person’s activities, status,

or daily routines, they are more likely to develop a sense of the

other’s presence and maintain feelings of closeness and connection.

In other words, co-presence does not arise solely from physical co-

location or real-time interaction, but can gradually emerge through

the ongoing perception of another person’s existence. It is not only

a subjective feeling of being with someone, but also involves sus-

tained attention to and understanding of that person’s presence

and activities [3, 11].

Building on this understanding, researchers have explored how

technology can support ongoing awareness between people and

thereby foster emotional connection in long-distance relationships.

One important line of research is Ambient Awareness Systems.

Unlike communication technologies such as phone calls, instant

messaging, or video conferencing, which emphasize intentional and

active communication, ambient awareness systems enable users to

remain aware of others’ activities and states through lightweight

and continuous information sharing. Information is typically pre-

sented in an ambient manner within users’ everyday environments,

reducing both communication effort and attentional demands while

supporting a more natural form of relationship maintenance[22, 27].

Early studies demonstrated the potential of ambient awareness

systems in family contexts. Digital Family Portrait helped geograph-

ically separated family members remain aware of older relatives’

daily activities and well-being[18], while CareNet Display sup-

ported awareness between family members and caregivers through

information about activities, emotions, and routines[6]. Together,

these studies suggest that ongoing awareness of everyday life can

foster reassurance, companionship, and connectedness even with-

out direct communication.

With advances in sensing technologies, researchers subsequently

began to employ a wider range of awareness cues, including loca-

tion, activity levels, physiological signals, and environmental data,

to support ongoing connection in long-distance relationships. One

representative example is StepsConnect, which captures parents’

real-time step-count data and transforms it into a dynamic digital

art display[26]. In doing so, the system provides family members

with a lightweight and continuously available channel for aware-

ness. Findings showed that participants could perceive that their

parents were engaged in everyday activities elsewhere, fostering

feelings of companionship and presence while enabling ongoing

awareness of each other’s lives without the need for frequent direct

communication.

Collectively, these studies demonstrate that awareness of an-

other person’s everyday activities can support co-presence and

connectedness in long-distance relationships.

2.2 Calm Technology, Peripheral Awareness
and Everyday Life Traces

In ambient awareness systems designed to support long-distance

relationships, information must not only be transmitted but also

perceived in ways that do not continuously interrupt users’ ev-

eryday activities. Weiser and Brown introduced the concept of

"Calm Technology", arguing that technology should move fluidly

between the center and the periphery of attention [27]. Information

should come to the foreground when needed and recede into the

background when not, rather than constantly demanding users’

cognitive resources. The central premise of Calm Technology is

that effective technologies should not require continuous attention,

but instead respect the limitations of human attention and inte-

grate seamlessly into everyday environments in a low-effort and

unobtrusive manner.

Peripheral Interaction, as a further extension of the principles of

Calm Technology, focuses on how interaction can be shifted away

from the center of users’ attention. One of its key characteristics

is detachability, which allows users to perceive and respond to

information in the environment while remaining engaged in their

primary activities[2]. This characteristic is particularly relevant

to the needs of long-distance family relationships. Rather than

interrupting ongoing activities in order to maintain awareness of

one another, family members may prefer forms of awareness that

naturally integrate into the rhythms of everyday life.

Building upon the principles of Calm Technology, Ambient Dis-

plays emerged as an important approach to embedding information

into everyday environments. Ambient Displays present informa-

tion in a peripheral and non-disruptive manner, allowing people

to perceive relevant information naturally while engaged in their

daily activities, without requiring deliberate attention[28]. One of

the central challenges in designing ambient displays lies in balanc-

ing information awareness with environmental integration [17].

Information that is too salient may become distracting, whereas

information that is too subtle may fail to be noticed or understood.

This tension highlights the importance of carefully designing how
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information is represented and embedded within everyday environ-

ments so that it remains perceivable without becoming intrusive.

From a design perspective, these principles have been embod-

ied in a range of systems developed to support awareness and

connection. For example, Ambient Orb communicated informa-

tion through subtle changes in light color, allowing users to per-

ceive remote states without actively checking for updates[17]. Simi-

larly, Hello.Wall embedded information into the living environment

through abstract visual transformations, enabling users to become

aware of changes naturally as they moved through or occupied a

space [20]. A common characteristic of these systems is that they

do not prioritize direct communication. Instead, they rely on ambi-

ent and peripheral forms of information representation that allow

the presence of distant others to become woven into users’ every-

day environments. In doing so, they support a persistent sense of

connectedness without increasing the effort or attention typically

associated with communication.

While these systems primarily rely on abstract representations to

convey awareness, awareness in everyday domestic environments

often emerges through traces left behind by everyday activities.

Objects placed on a table, recently used items, changes in spatial

arrangements, or other material remnants of everyday activities

can provide subtle indications of another person’s presence and

routines [7, 23]. These traces are not intentionally created for com-

munication. Rather, they are naturally produced as a by-product of

everyday life and can support awareness without requiring explicit

interaction.

Compared with quantified awareness cues such as location infor-

mation, activity counts, or physiological data, everyday life traces

are closely embedded within the material and spatial context of

daily activities. As a result, they may offer an alternative way of

supporting awareness, one that emerges through the perception of

everyday life itself rather than through explicit representations of

another person’s state.

Together, these perspectives suggest that awareness systemsmay

benefit from forms of information that are unobtrusive, environ-

mentally embedded, and closely connected to everyday activities.

This raises the possibility that everyday life traces could serve as a

meaningful medium for supporting awareness and connectedness

in long-distance relationships.

2.3 Research Gap and Research Question
Previous research has demonstrated that co-presence, awareness,

and ambient awareness systems can effectively support connected-

ness in long-distance relationships. Research on Calm Technology

and Peripheral Interaction further suggests that interpersonal con-

nection does not necessarily depend on frequent direct communi-

cation, but can instead be sustained through lightweight forms of

information embedded within everyday environments. However,

most existing ambient awareness systems rely on quantified infor-

mation, such as location, activity levels, physiological indicators,

or online status, to represent the presence of others. While these

systems can help users remain informed about another person’s

state, they pay relatively little attention to how everyday life itself

might serve as a medium for awareness and connection.

Moreover, within the context of long-distance parent–child re-

lationships, it remains unclear how life traces generated through

everyday activities might support awareness and connectedness.

Relationships between young adults living apart from their parents

are often characterized by long-term emotional bonds, relatively

infrequent communication, and ongoing mutual care. Whether

life traces can meaningfully support connectedness in this context

remains underexplored.

To address this gap, this research explores how life traces gen-

erated through everyday activities can be transformed into cues

of presence in long-distance parent–child relationships, and how

such traces may support awareness and connectedness. Therefore,

this study addresses the following research question:

RQ: How might everyday life traces support connectedness be-

tween young adults living apart and their parents?

3 Methodology
3.1 Approach
This study adopted a Research through Design (RtD) approach

to explore how everyday life traces might support connectedness

between young adults living apart from their parents. Research

through Design emphasizes the generation of knowledge through

the design, making, reflection, and evaluation of design artifacts,

and regards design practice as a legitimate form of inquiry [9, 10, 30].

Accordingly, the design process itself served as the primary research

method, supported by literature review, prototype development,

workshop, and user evaluation.

The research began with a prototype developed in a previous

project. Drawing on feedback from this prototype and insights from

the literature, the study identified life traces as a promising design

direction and developed an exploratory prototype. Subsequently,

an exploratory workshop was conducted to investigate how partic-

ipants understood everyday cues and traces within shared living

environments, generating insights that informed subsequent de-

sign decisions. Based on these findings, the design was further

refined and developed into a final prototype. Finally, user testing,

questionnaires, and semi-structured interviews were conducted to

examine how life traces influence mutual awareness, co-presence,

and connectedness in long-distance parent–child relationships.

3.2 Previous Work
In the early stage of this project, an initial prototype was devel-

oped to explore the potential of everyday life traces as a medium

for supporting emotional connection in long-distance family re-

lationships. The prototype emerged from a series of early design

explorations that investigated how parents and children living apart

might maintain a sense of connection through everyday life.

The prototype adopted the table as its primary design carrier. Be-

yond being a common object found in both parents’ homes and the

living environments of young adults, the table serves as a site where

many everyday activities naturally occur, such as eating, working,

studying, and leisure. These activities frequently leave temporary

traces through the placement and movement of objects, making the

tabletop a suitable medium for capturing and sharing everyday life

traces.The system consisted of two remotely connected tabletop de-

vices, each composed of multiple pressure-sensitive modules with
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embedded light feedback. When an interaction occurred on one

tabletop, such as placing an object or pressing the surface, the cor-

responding area on the remote tabletop illuminated simultaneously,

creating a synchronized life trace across the two spaces (Figure 1).

Rather than serving as a finalized product, the prototype func-

tioned as an exploratory research artifact. Following a Research

through Design approach, it was used to materialize design assump-

tions and support reflection on the potential of everyday life traces

as a medium for remote connectedness [9, 10, 30]. Insights gained

from this prototype informed the development of the current study

and the subsequent design iterations.

Figure 1: Previous tabletop prototype

3.3 Reflection and Design Direction
Following the exhibition of the initial prototype and the collection

of feedback during Demoday, the research began to critically reflect

on the existing design direction. As part of the Research through

Design process, the prototype served not only as a means of commu-

nicating the design concept, but also as a design probe that helped

reveal emerging design opportunities and challenges[9, 10, 30]. The

insights generated through visitors’ interactions with and responses

to the prototype informed subsequent design decisions and further

design development.

Feedback suggested that, while visitors generally understood the

concept of creating remote connections through tabletop activities,

the representation of life traces lacked sufficient detail. The modular

lighting feedback offered only a general indication of activity and

provided limited information about the activity itself. Consequently,

although visitors could perceive that something had happened,

they often found it difficult to understand what kind of activity it

represented.

In addition, the modular structure and immediate light feedback

emphasized a trigger-and-response interaction pattern. Rather than

appearing as traces naturally emerging from everyday activities,

the feedback was often perceived as a system reaction to user input.

This reduced the sense that the traces were part of the surrounding

environment and instead highlighted the presence of the technology

itself.

These observations resonated with the principles of Calm Tech-

nology, which advocate technologies that remain in the periphery

of attention and integrate naturally into everyday environments

rather than continuously demanding user attention [27].

Drawing on both the feedback and these theoretical perspectives,

the research established a new design direction. The goal was to

develop life traces that were more detailed, environmentally inte-

grated, and less intrusive, allowing users to perceive the presence of

distant family members naturally through their everyday routines.

Guided by this design direction, the research first envisioned

an ideal form of life-trace experience. In this vision, the system

would be capable of capturing traces generated through everyday

tabletop activities, including the outlines, positions, and placement

states of objects. These traces would then be shared with a remote

user, enabling them to gain awareness of family members’ daily

activities through the traces left behind.

At the same time, these traces should be seamlessly integrated

into the tabletop environment rather than presented through a

separate interface. They should remain perceptible without contin-

uously demanding attention, allowing users to notice them natu-

rally as part of their everyday routines. Furthermore, the system

itself should minimize its technological presence, directing users’

attention toward the traces of remote everyday life rather than the

operation of the technology that produces them.

To support this vision, the research adopted a combination of

overhead camera sensing and projection.The overhead camera en-

abled the system to capture detailed object outlines and spatial

arrangements, addressing the limited expressiveness of the previ-

ous prototype. Projection allowed traces to be displayed directly

onto the tabletop and surrounding objects, enabling them to blend

into the physical environment rather than appearing as separate

interface elements.

In addition, compared with conventional screens or standalone

devices, projection made it possible to embed information into

everyday settings without altering the structure of the tabletop

itself, thereby reducing the perceived presence of the technological

system. It is important to note that this approach should not be

regarded as the optimal solution to the design problem. Rather, it

was selected as a design vehicle for exploring how life traces might

be represented in a more detailed, environmentally integrated, and

low-intrusive manner.

3.4 Design Iteration and Refinement
3.4.1 Exploratory Prototype. Based on the implementation ap-

proach described in the previous section, an exploratory prototype

was developed. The prototype continuously captures objects and ac-

tivities occurring on the tabletop through an overhead camera and

employs image-processing techniques to extract object information.

When users place everyday items such as cups, mobile phones, or

books on the table, the system extracts their contours, transforms

them into simplified line-based traces, and projects these traces

onto a remote tabletop.

The projected traces are intentionally soft and slightly blurred,

aligning with the notion of peripheral awareness that underpins

this research. Rather than demanding continuous attention or re-

quiring immediate responses, the traces remain quietly present in

the environment as a form of background information.

3.4.2 Exploratory Workshop. To further explore how users per-

ceive and interpret the presence of life traces within everyday

environments, an exploratory workshop was conducted based on

the initial projection prototype. Six young adults living alone were

recruited to participate. The workshop took place in a laboratory
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space that had been lightly furnished to resemble a domestic setting.

Participants sat around a shared table and engaged in lightweight

everyday activities, such as reading, while experiencing the proto-

type.

During the session, pre-recorded life-trace videos were projected

onto the tabletop surface to simulate traces generated by parents

performing everyday activities on a remote table, such as placing a

cup down or moving objects. This approach allowed participants

to experience the concept of life traces without requiring a fully

functional remote system.

Following each condition, participants took part in a group dis-

cussion and co-design activity to reflect on their preferences and

interpretations of life traces.

The workshop explored three key design dimensions: the dura-

tion of traces, the logic of trace presentation, and the visual repre-

sentation of traces. Participants experienced and discussed traces

with different persistence durations, compared two presentation

approaches, one displaying only remote traces and the other dis-

playing traces from both sides, and were invited to co-design their

preferred forms of trace representation. Rather than evaluating the

effectiveness of the system, the workshop aimed to generate design

insights into the experiential qualities of life traces and to inform

subsequent prototype iterations.

3.4.3 Design Insights and Refinement. The workshop generated

insights regarding trace duration, presentation logic, and visual

representation (Table 1). These findings informed the refinement

of the subsequent prototype.

3.4.4 Final Prototype. The final prototype was designed as a table-

top system for sharing remote life traces between young adults

living apart and their parents. The system consists primarily of

an overhead camera and a projection unit. In the envisioned use

scenario, an identical setup would be deployed in both households,

creating two remotely connected tabletop environments.

When a user places everyday objects, such as a cup, mobile phone,

or book, on the tabletop, the overhead camera captures the object’s

outline and position. The system then transforms this information

into a semi-transparent orange contour trace and projects it onto the

remote tabletop (Figure 2). Orange was selected because it provides

good visibility across different tabletop surfaces while conveying a

warm and unobtrusive visual quality.

As long as the object remains on the table, the projected trace

gradually becomes more visible. When the object is removed, the

trace does not disappear immediately but remains visible for ap-

proximately ten minutes before gradually fading away. This design

makes the projected traces resemble the temporary traces left be-

hind by objects in everyday life. They naturally persist for a period

of time and gradually disappear, allowing the remote tabletop to

convey a continuous and authentic sense of everyday presence.

4 User Testing
4.1 Participants
An exploratory user studywas conductedwith 15 young adults aged

20–30 years. Participants were recruited through the researchers’

personal networks and from students across the Industrial Design

Figure 2: The upper image shows objects placed on one table-
top. The lower image shows the traces of these objects ap-
pearing on a remote tabletop.

Department and other departments at Eindhoven University of

Technology.

All participants had lived independently from their parents for

at least one year and were geographically separated from their

families during this period. This participant group was selected

because the design concept specifically targets young adults who

experience long-distance family relationships while living alone.

Before participating, individuals received information regarding

the study objectives, procedures, data management practices, and

their rights as participants. Written informed consent was obtained

from all participants.

4.2 Experimental Setup
The user study was conducted in a laboratory space configured to

simulate a domestic living environment. The experimental setting

was designed to resemble the everyday desk environment of a

young adult living alone, with common household objects such as

a cup and a desk lamp placed on the table to create a realistic and

familiar atmosphere (Figure 3).

As the primary objective of this stage was to explore how users

perceive and interpret remote everyday-life traces, rather than

to evaluate a fully functional remote communication system, a

single-table simulation setup was employed instead of a complete

bidirectional deployment. A desk was arranged as the participant’s
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Table 1: Design insights generated from the exploratory workshop and resulting design decisions

Design Dimension Key Insight Design Decision
Trace Duration Very short traces were perceived as notifications,

while traces lasting several hours tended to fade into

the background and become unnoticed.

Traces remain visible for approximately 10 minutes

and gradually fade away.

Trace Presentation Displaying both local and remote traces increased

visual complexity and weakened the perception of

remote presence.

Only traces generated by the remote user are dis-

played.

Visual Representation Participants preferred traces that balanced recogniz-

ability with a degree of ambiguity.

Contour-based representations were retained to pre-

serve recognizability while avoiding perceptions of

monitoring.

workspace, and a projector positioned beside the table displayed pre-

recorded life traces onto the tabletop surface, simulating everyday

activities occurring in a remote family environment.

Figure 3: User Testing Setup

4.3 Experimental Procedure
The experimental procedure is illustrated in Table 2. Upon arrival,

participants were invited to sit at the designated workstation and

place their own laptop on the desk. They were also encouraged to

arrange everyday personal items, such as a water bottle or note-

book, according to their usual habits in order to create a setting

that closely resembled their home environment. Participants then

reviewed and signed an informed consent form. Before the exper-

iment began, the researcher introduced the purpose of the study,

explained the overall procedure, and provided instructions for the

experimental task.

This study employed a within-subject design consisting of two

experimental conditions: a Baseline Condition and a Prototype

Condition. In the Baseline Condition, participants performed the

assigned task without the life-trace system being deployed. In the

Prototype Condition, the life-trace projection system was activated,

and participants completed the same task while experiencing the

prototype. To minimize potential order effects, the presentation

order of the two conditions was randomized across participants.The

Baseline Condition served as a reference condition representing an

ordinary desk-based activity settingwithout remote awareness cues.

Comparing this condition with the Prototype Condition allowed

the study to examine how the presence of everyday activity traces

influenced participants’ perceptions of connectedness and social

presence.

During the experiment, participants were asked to create a seven-

day travel itinerary using their own laptop. This task was selected

because it is engaging and enjoyable, allowing participants to re-

main involved throughout the session without imposing excessive

cognitive workload or stress. Furthermore, the task closely resem-

bles common everyday activities such as information searching,

learning, and planning, making it suitable for simulating a realistic

desk-based environment.

Each experimental condition lasted approximately 25minutes. At

the end of each condition, participants completed a post-condition

questionnaire. A five-minute break was provided after each ques-

tionnaire to reduce fatigue and allow participants to reset before

proceeding to the next stage.

After completing both experimental conditions, participants took

part in a semi-structured interview lasting approximately 20 min-

utes. With participants’ consent, all interviews were audio-recorded

and subsequently transcribed to support the qualitative analysis.

4.4 Measures
To evaluate participants’ experiences with the system, a combina-

tion of quantitative and qualitative measures was employed. Quan-

titative data were collected using the Inclusion of Other in the Self

(IOS) scale[1] and selected dimensions of the Networked Minds

Measure of Social Presence (NMMS)[3], while qualitative data were

obtained through semi-structured interviews. Together, these mea-

sures provided a comprehensive understanding of participants’

experiences with the system.

4.4.1 The Inclusion of Other in the Self Scale. The Inclusion of

Other in the Self (IOS) scale, originally developed by Aron et al.[1],

was used to assess perceived emotional connectedness between par-

ticipants and their parents (Figure 4). The IOS is a widely adopted

single-item pictorial measure of interpersonal closeness, consisting

of seven pairs of circles with progressively increasing overlap. Par-

ticipants select the pair of circles that best represents their perceived

relationship with another person. Greater overlap corresponds to a

stronger sense of connectedness. In the present study, the “other” in

the original scale was explicitly defined as the participant’s parent.

Participants completed the scale after each experimental condition,

allowing comparisons of perceived parent–child connectedness

between the Baseline and Prototype conditions.
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Table 2: Experimental Procedure

Experiment Procedure Duration
Preparation Participants sit at the designated position and place their own laptop and

everyday personal items on the desk to simulate a natural working environment.

5 min

Consent form signing. 5 min

Researcher introduces the experimental procedure and assigned tasks. 5 min

Experimental Condi-

tions

Participants experience both the baseline condition and the prototype condition.

The order of the two conditions is randomized across participants.

–

Work task under Condition A/B. 25 min

Post-condition questionnaire. 5 min

Break. 5 min

Work task under Condition B/A. 25 min

Post-condition questionnaire. 5 min

Break. 5 min

Interview Semi-structured interview (audio recorded). 20 min

Figure 4: Inclusion of Other in the Self (IOS) Scale

4.4.2 NetworkedMindsMeasure of Social Presence. The Networked
Minds Measure of Social Presence (NMMS), proposed by Biocca

et al.[3], was used to evaluate participants’ perceptions of social

presence during the experimental experience. The original NMMS

consists of multiple dimensions measuring different aspects of so-

cial presence in mediated interactions. For the purposes of this

study, two dimensions were selected: Mutual Awareness and Iso-

lation/Aloneness. These dimensions were selected because they

closely correspond to the central themes investigated in this study,

namely awareness of a distant family member’s everyday activities

and the experience of connectedness despite physical separation.

Participants completed the selected NMMS items after each exper-

imental condition. All items were rated on a seven-point Likert

scale ranging from 1 (strongly disagree) to 7 (strongly agree). The

resulting scores were used to compare perceived social presence

between the Baseline Condition and the Prototype Condition.

4.4.3 Semi-structured Interview. Semi-structured interviews were

conducted following the completion of both experimental condi-

tions. The interviews explored participants’ experiences of the

system, including their interpretations of the projected traces, per-

ceptions of parental presence, feelings of connectedness, and com-

parisons with existing communication methods. Participants were

also invited to provide feedback and suggestions for future im-

provements. All interviews were audio-recorded and transcribed

for subsequent qualitative analysis.

4.5 Data Analysis
Quantitative and qualitative data were analyzed separately.

For the quantitative data, responses from the IOS scale and the

selected dimensions of the Networked Minds Measure of Social

Presence (NMMS) were analyzed to compare participants’ experi-

ences between the Baseline Condition and the Prototype Condi-

tion. The normality of the difference scores was assessed using the

Shapiro–Wilk test. Given the ordinal nature of the questionnaire

data and the relatively small sample size, Wilcoxon signed-rank

tests were conducted to examine differences between conditions.

Descriptive statistics, including means and standard deviations,

were also calculated to summarize participants’ responses. Statisti-

cal significance was evaluated at α = 0.05.

Qualitative interview datawere analyzed using thematic analysis[5].

Interview recordings were transcribed and iteratively coded to iden-

tify recurring patterns and themes related to participants’ experi-

ences with the proposed life-trace system.

5 Results
5.1 The IOS scale
IOS scores were compared between the Baseline Condition and

the Prototype Condition. Difference scores (Prototype Condition

- Baseline Condition) were first assessed using the Shapiro–Wilk

test, which indicated a non-normal distribution (W = 0.773, p =

.002). Therefore, a Wilcoxon signed-rank test was conducted.

The results revealed a significant increase in IOS scores in the Pro-

totype Condition compared with the Baseline Condition (Z = -2.80,

p = .005, r = .72). Participants reported a higher level of perceived

closeness with their parents after experiencing the prototype.

Descriptive statistics are presented in Table 3. The mean IOS

score increased from M = 2.73 (SD = 1.53) in the Baseline Condition

to M = 4.07 (SD = 1.44) in the Prototype Condition. As shown in

Figure 5, the prototype was associated with an overall increase in

perceived parent–child connectedness.

At the individual level, ten participants showed an increase in IOS

scores, while five participants reported no change. No participant

reported a decrease in perceived connectedness (Figure 6).
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Table 3: Descriptive statistics and Wilcoxon signed-rank test
results for IOS scores

Condition Mean (M) SD N
Baseline Condition 2.73 1.53 15

Prototype Condition 4.07 1.44 15

Test Z p Effect Size (r)
Wilcoxon Signed-Rank Test -2.80 .005 .72

Figure 5: IOS scores across the Baseline and Prototype Con-
ditions.

Figure 6: IOS scores for each participant across conditions.

5.2 Networked Minds Measure of Social
Presence

Two dimensions adapted from the Networked Minds Measure of

Social Presence (NMMS) were analyzed: Mutual Awareness and

Isolation. The two negatively wordedMutual Awareness items were

reverse-coded prior to analysis so that higher scores consistently

reflected greater mutual awareness.

Participants reported substantially higher levels ofMutual Aware-

ness in the Prototype Condition (M = 5.27, SD = 1.10) than in the

Baseline Condition (M = 3.05, SD = 1.39). Conversely, Isolation

scores decreased from M = 3.13 (SD = 1.56) in the Baseline Con-

dition to M = 2.53 (SD = 1.34) in the Prototype Condition. The

Table 4: Descriptive Statistics for NMMS Dimensions

Dimension Baseline Condition Prototype Condition
M (SD) M (SD)

Mutual Awareness 3.05 (1.39) 5.27 (1.10)

Isolation 3.13 (1.56) 2.53 (1.34)

Figure 7: Mean Mutual Awareness scores across the Baseline
and Prototype Conditions. Error bars represent one standard
deviation.

distributions of scores for both dimensions are illustrated in Figure

7 and Figure 8.

Given the ordinal nature of the questionnaire data and the rela-

tively small sample size (n = 15), Wilcoxon signed-rank tests were

conducted. The results revealed a significant increase in Mutual

Awareness under the Prototype Condition compared with the Base-

line Condition (W = 9.0, p = .002). In addition, participants reported

significantly lower levels of Isolation in the Prototype Condition

(W = 13.5, p = .022).

Overall, the findings suggest that the proposed life-trace system

increased participants’ awareness of their parents while reducing

feelings of isolation, thereby supporting a stronger sense of social

presence within long-distance parent–child relationships.

5.3 Experience of the system
5.3.1 Presence Through Everyday Traces. Most participants reported

that they were able to perceive the presence of their distant family

members through the life traces appearing on the tabletop. For

example, one participant noted that, despite being physically sepa-

rated from their parents, the traces still conveyed a sense of presence

(P11). Another participant commented that the changing traces on

the table made it feel as though the other person was carrying out

activities on the opposite side of the table (P9). Similarly, several

participants reported that the traces made them aware that some-

one at the remote location was actively using the tabletop (e.g., P1,

P2, P4, and P14).

After perceiving the presence of a distant family member, many

participants further attempted to interpret the activities represented

by the traces. Participants often drew on the contours, quantity,

and spatial arrangement of the traces to infer and imagine what
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Figure 8: Mean Isolation scores across the Baseline and Proto-
type Conditions. Error bars represent one standard deviation.

their family members might be doing. For example, several partic-

ipants reported that seeing a contour resembling a cup led them

to imagine their parents drinking water or tea (e.g., P11, P9, P15).

Others interpreted circular or plate-like contours as indications

that the remote family member was having a meal (P7, P13). One

participant also noted that when multiple object traces appeared

simultaneously, they inferred that more than one person might be

present and active in the home environment (P8).

Beyond interpreting specific activities, participants also used

the temporal evolution of traces to imagine the ongoing state of

life at the remote location. Continuously appearing and updating

traces were generally understood as indications that parents were

actively engaged in their everyday routines. In contrast, when no

new traces appeared for an extended period and existing traces

gradually faded away, participants often interpreted this as a sign

that the activity had ended (P7, P5) or that their parents had left the

home (P12). In addition, some participants noted that traces that

deviated from expected daily patterns could trigger concern about

their parents’ well-being (P8).

However, participants’ ability to interpret the traces was also

influenced by their level of recognizability. Some participants con-

sidered the current representation to be relatively abstract. While it

allowed them to perceive that someone was engaged in an activity,

it often provided insufficient information to determine what was

actually taking place (P2, P10).

5.3.2 Emotional Connection Through Everyday Awareness. Beyond
perceiving the presence of distant parents, most participants re-

ported that life traces enabled them to gain a general awareness of

their parents’ everyday lives without initiating direct communica-

tion. For example, some participants noted that the traces naturally

drew their attention to what their parents might be doing and re-

minded them to take a more active interest in their parents’ daily

lives (P11, P13).

For many participants, this ongoing awareness of their parents’

everyday activities translated into a sense of companionship. Partic-

ipants suggested that, even in the absence of any direct interaction,

simply knowing that their parents were carrying out everyday ac-

tivities on the other side was comforting. For instance, P9 remarked

that seeing new traces continuously appear on the remote tabletop

created a feeling that their family members were accompanying

them in another form. Similarly, P5 explained that the traces made

her aware that her parents were continuing their own daily routines,

which helped reduce feelings of loneliness while living alone.

Many participants further described this experience as fostering

a sense of connection. They felt that, by observing the life traces,

they could become aware that their parents were continuing to

live their everyday lives, and that this awareness helped them feel

connected to them (e.g., P3, P5, P9, and P11). As one participant

explained, even in the absence of conversation, simply knowing

that their parents were living their lives on the other side was

enough to create a feeling of staying connected (P15).

5.3.3 Comparison with Existing Communication. Compared with

instant messaging tools such as WhatsApp, participants felt that

life traces did not require them to actively initiate communication

or formulate messages to express their thoughts. For example, some

participants noted that instant messaging is primarily used to ex-

change explicit information, whereas life traces enabled them to

gain awareness of their parents’ current situationwithout any direct

communication taking place (P11, P9). Rather than responding to

questions from their parents about what they were doing, some par-

ticipants preferred their activities to be naturally perceived through

life traces rather than explicitly reported through text messages

(P3).

Compared with synchronous forms of communication such as

phone calls and video calls, participants highlighted that life traces

did not require both parties to be available at the same time and

did not interrupt ongoing activities. Several participants noted

that phone and video communication typically require dedicated

time, attention, and conversation around specific topics (P5, P7). In

contrast, life traces could remain present while both parties engaged

in their own daily routines, allowing them to maintain awareness

of each other without actively communicating (P12, P1).

In addition, some participants suggested that life traces could

complement forms of information that are difficult to convey through

conventional communication channels. They pointed out that they

rarely discuss small details of everyday life with their parents, such

as when they are drinking water, having a meal, or using their desk.

Yet these seemingly mundane activities constitute an important

part of everyday life. By observing life traces, participants felt that

they could develop a more continuous and nuanced understand-

ing of their parents’ daily routines, creating a form of everyday

awareness that differs from traditional communication practices

(P5, P11).

5.3.4 Non-intrusive Interaction. Non-intrusiveness was one of the
most frequently mentioned experiential qualities among partici-

pants. Many participants appreciated that the interaction did not

require active engagement. For example, one participant described

the experience as being “like air” (P11), suggesting that it remained

present in the environment without continuously demanding at-

tention. Another participant noted that, compared with sending

messages or making phone calls, this form of connection required

no additional time or effort and did not interfere with ongoing

study or work activities (P9).
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Several participants further emphasized that the value of life

traces lay in their ability to remain in the background.When focused

on their own activities, the traces could quietly exist as part of the

environment. Yet when participants happened to notice changes in

the traces, they could still gain information about the state of their

distant family members (P5, P1).

In addition, some participants pointed out that life traces did

not require immediate action or response. Even when new traces

appeared, they could choose to continue their current activity rather

than interrupting it, as they might when receiving a message or

phone call (P9, P15).

5.3.5 Privacy and Control. Some participants expressed concerns

regarding privacy exposure and personal boundaries. For example,

one participant mentioned that knowing their parents could con-

tinuously observe the traces they generated created a feeling of

being “monitored” (P8). Another participant stated that although

they were willing to share certain aspects of their daily activities,

they did not want their parents to be aware of all details of their

lifestyle, such as staying up late or maintaining irregular eating

habits (P1). Similarly, some participants felt that many aspects of

everyday life belong to a personal space and should not necessar-

ily be continuously shared with family members (P4). As a result,

several participants emphasized the importance of providing users

with sufficient control over the system. For example, they wanted

the ability to decide when the system is activated or deactivated,

which activities can be shared, and how much detail is disclosed to

others (P2, P1). Other participants suggested introducing features

such as scheduled sharing and privacy modes to allow users to

better manage the visibility of their everyday activities (P4, P6).

5.3.6 Design Opportunities. Participants proposed a range of sug-

gestions for the future development of the system.

First, several participants expressed a desire for greater trace

recognizability. While the current abstract representation was con-

sidered beneficial for preserving privacy, some participants felt that

it provided limited information and made it difficult to accurately

understand what activities were taking place remotely (P3, P10).

They therefore suggestedmaking object contours or activity-related

features more distinguishable while retaining a certain degree of ab-

straction, allowing users to more easily interpret remote activities

(P11, P13).

Second, some participants highlighted the need for temporal

information. In addition to being aware of activities occurring in

the present moment, they also wished to gain insight into activities

they might have missed. For example, participants suggested in-

corporating activity histories or timeline features that would allow

users to review life traces generated throughout the day and better

understand the daily routines of their parents (P5, P7).

In addition, personalization emerged as a frequently discussed

design direction. Some participants suggested that the represen-

tation of life traces could be adapted according to the habits or

preferences of different family members. For instance, traces gener-

ated by different people could be represented using distinct visual

styles, colors, or characteristics, making it easier to identify the

source of the information (P3, P5). Others argued that visual ex-

pressions reflecting family-specific characteristics could strengthen

the emotional qualities of the system and enhance users’ sense of

belonging (P13).

Finally, several participants proposed extending the system to

support forms of lightweight bidirectional interaction. Although the

current system primarily focuses on sharing life traces, some par-

ticipants expressed interest in simple interaction mechanisms, such

as leaving short messages, sending brief responses, or conveying

care and greetings through specific types of traces (P6, P15). They

believed that such lightweight interactions could further strengthen

the sense of connection between family members while preserving

the non-intrusive nature of the system.

6 Discussion
6.1 Life Traces as a Medium for Everyday

Awareness
The findings suggest that the life-trace system appeared to sup-

port participants’ awareness of their parents’ everyday lives at a

distance. Quantitative results showed significantly higher Mutual

Awareness scores in the Prototype Condition than in the Baseline

Condition (W = 9.0, p = .002), indicating that participants devel-

oped a stronger sense of their parents’ presence and activities after

experiencing the system. Interview findings further revealed that

participants gradually formed an understanding of their parents’ ev-

eryday lives through traces appearing, changing, and disappearing

on the tabletop.

Rather than receiving explicit information, participants actively

interpreted traces to infer what might be happening remotely.

These findings resonate with previous research on ambient

awareness systems, which suggests that lightweight and continuous

cues can support awareness without direct communication. How-

ever, unlike systems such as Digital Family Portrait and StepsCon-

nect that primarily rely on quantified data, location information, or

physiological indicators, the life traces in this study emerged from

interactions with everyday objects and activities. As a result, they

provided awareness grounded in the context of everyday life rather

than abstract representations of another person’s state.

This research therefore suggests that life traces can support a

form of everyday awareness that is gradually constructed through

observation, interpretation, and imagination. By preserving ambi-

guity and interpretive flexibility, life traces allow users to develop

an understanding of distant family members’ everyday lives while

providing a foundation for the emergence of co-presence and emo-

tional connectedness.The tabletop played an important role in this

process, as it provided a familiar setting where everyday activities

naturally generated perceivable traces without requiring additional

effort from users.

6.2 From Awareness to Co-presence and
Emotional Connection

The findings suggest that the role of life traces extends beyond ev-

eryday awareness and contributes to the emergence of co-presence

and emotional connectedness. Quantitative results showed signifi-

cantly higher IOS scores (Z = -2.80, p = .005) and significantly lower

Isolation scores (W = 13.5, p = .022) in the Prototype Condition than
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in the Baseline Condition, indicating that participants felt closer to

their parents and experienced a stronger sense of connection.

Interview findings help explain how this transformation oc-

curred. Participants rarely focused on the traces as representations

of objects or activities alone. Instead, they interpreted them as evi-

dence of another person’s presence and ongoing life in a remote

space. Although the system displayed traces generated by every-

day objects, what participants ultimately perceived was the family

member behind those traces. In this sense, awareness of activities

gradually evolved into awareness of another person’s presence.

This finding aligns with research on co-presence, which suggests

that the experience of presence emerges from the perception of

another person’s existence rather than from physical proximity

alone. The present study further suggests that co-presence is not

created simply through the availability of information, but through

users’ active interpretation of meaningful cues. By observing and

making sense of life traces, participants gradually constructed a

sense of their parents’ presence in everyday life.

Taken together, the findings suggest a progression from every-

day awareness to co-presence and emotional connection. Life traces

first supported awareness of everyday activities; this awareness

then developed into a sense of presence, which in turn fostered feel-

ings of closeness and connectedness. Notably, this process occurred

without direct communication, suggesting that emotional connec-

tion in long-distance family relationships may emerge not only

through communication, but also through the ongoing perception

of each other’s everyday lives.

6.3 Non-intrusive Connection Through
Everyday Life

Beyond awareness and connectedness, non-intrusiveness emerged

as one of the most distinctive qualities of the life-trace system.

One participant described the experience as being “like air” (P11),

suggesting that the traces remained present in the environment

without constantly demanding attention or response. Rather than

functioning as a communication tool that required active use, life

traces became part of the background of everyday life and could be

noticed whenever users chose to attend to them.

Participants further highlighted that, unlike instant messaging,

phone calls, or video calls, life traces did not create expectations of

response or interaction. Users could choose whether and when to

engage with the traces while continuing their ongoing activities.

As a result, awareness was not built upon an obligation to commu-

nicate but emerged through the freedom to observe and interpret

everyday-life cues.

These findings support the principles of calm technology and

peripheral interaction, which emphasize technologies that remain

in the periphery of attention while allowing users to stay focused

on their primary activities. The life traces explored in this study em-

bodied these qualities by remaining continuously present without

interrupting everyday routines.

Importantly, the findings suggest that non-intrusiveness is not

merely the absence of interruption, but represents a different mode

of connection. Whereas conventional communication technolo-

gies maintain relationships through discrete interaction events,

life traces support connection through the continuous presence of

everyday-life cues embeddedwithin the environment. This suggests

that long-distance relationships may be supported not only through

communication, but also through ongoing awareness woven into

everyday life.

6.4 Balancing Awareness and Privacy
Although most participants felt that life traces enhanced their

awareness of and connection to distant parents, the findings also

suggest that awareness is not necessarily better when it is increased

without limits. Some participants reported that knowing their par-

ents could continuously observe the traces they generated created

a feeling of being monitored (P8). Others explained that, while

they were willing to share certain aspects of their daily lives, they

did not want their parents to be aware of every detail, such as

staying up late or maintaining irregular eating habits (P1). These

responses indicate that increasing awareness may simultaneously

raise concerns about privacy and personal boundaries.

This finding highlights a fundamental tension in the design of

ambient awareness systems. Supporting awareness often requires

increasing visibility, yet greater visibility may reduce users’ sense

of control over their personal lives. As discussed earlier, life traces

support co-presence and emotional connection by making everyday

activities perceptible to distant family members. However, as this

perceptibility increases, users also begin to question whether they

retain sufficient control over what aspects of their lives are being

revealed.

Importantly, participants did not reject the idea of sharing everyday-

life information. Rather, they expressed a desire to determine when

information should be shared, what should be shared, and to what

extent it should be visible to others. Several participants suggested

features such as enabling or disabling sharing, adjusting the level

of detail presented, or activating privacy modes. These suggestions

indicate that users’ primary concern is not information sharing

itself but the degree of agency and control they retain over the

sharing process.

From this perspective, future ambient awareness systems should

not treat awareness and privacy as inherently opposing goals. In-

stead, designers should consider how users can dynamically ne-

gotiate the balance between them. For life-trace systems, the key

design challenge is therefore not how to maximize awareness, but

how to support meaningful connection while respecting personal

boundaries and users’ sense of control.

6.5 Implications for Future Design
The findings of this study provide several implications for the design

of future ambient awareness systems supporting long-distance

family relationships.

First, the results suggest that fostering connectedness does not

necessarily require increasing the frequency of communication.

Instead, it may be achieved by enhancing awareness of everyday

life. Many existing technologies for long-distance relationships fo-

cus on message exchange, status updates, or real-time interaction.

However, the findings indicate that what participants valued most

was not the transmission of specific information, but the ongoing

awareness of their family members’ everyday lives. Future designs
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may therefore benefit from exploring how everyday activities, rou-

tines, and rhythms of life can be transformed into perceivable cues,

rather than focusing solely on more efficient information exchange.

Second, the findings highlight the importance of interpretability

rather than accuracy alone. Participants did not simply consume

information provided by the system; instead, they actively con-

structed an understanding of distant family members’ lives through

observing and interpreting life traces. From this perspective, a

certain degree of openness and ambiguity should not necessar-

ily be viewed as a design limitation. Instead, it may serve as a

valuable design resource that encourages imagination, reflection,

and meaning-making. Future systems could explore how to bal-

ance comprehensibility and openness, allowing users to participate

in the interpretation process while still maintaining meaningful

awareness.

Finally, the findings suggest that supporting awareness is not

only a matter of information representation but also a matter of

control. On the one hand, participants wanted the freedom to decide

when to attend to information about distant family members. On

the other hand, they also wanted control over when, how, and to

what extent aspects of their own lives were shared with others.

Future systems should therefore treat user control as a core design

consideration rather than an additional feature. Providing flexible

mechanisms for adjusting visibility, abstraction, and sharing scope

may help establish a more sustainable balance between fostering

connection and respecting personal boundaries.

Overall, these implications suggest that connectedness in long-

distance family relationships may be supported not only through

communication, but also through the perception and interpretation

of everyday life traces. From this perspective, technology serves

not merely as a channel for information exchange, but as a medium

for supporting awareness, presence, and connection in everyday

life.

7 Limitations and Future Work
This study has several limitations, which also point to opportunities

for future research.

First, the study primarily focused on the experiences and percep-

tions of young adult children. Although the system was designed to

support bidirectional connection between parents and children, the

user study only examined how young adults interpreted life traces

and how these traces influenced their awareness, perceptions, and

emotional experiences. Consequently, the findings mainly reflect

how young adults perceive distant parents through life traces and

do not reveal how parents themselves might experience the same

system. Given that different generations may vary in their tech-

nology practices, communication needs, and privacy expectations,

future research should include parents as participants and explore

how both sides jointly understand and use life-trace systems, as

well as how such mutual awareness shapes connectedness and

companionship within family relationships.

Second, the study employed pre-recorded life traces rather than

traces generated in real time by actual family members. This ap-

proach helped maintain experimental control and ensured that all

participants experienced the same stimuli, allowing for more reli-

able comparisons across conditions. However, pre-recorded traces

cannot fully capture the dynamic and evolving nature of every-

day family life. In real-world contexts, users’ interpretations of

traces are likely to be influenced by family-specific knowledge,

daily routines, and shared relationship histories. Future research

could therefore deploy life-trace systems in real family settings

through in-the-wild studies to investigate how users interpret and

make sense of traces generated by actual family members over time.

Third, the study focused primarily on participants’ immediate

responses following a short-term experience. Although the findings

suggest that life traces can enhance awareness, co-presence, and

emotional connectedness, it remains unclear whether these effects

can be sustained over longer periods of use. This question is partic-

ularly important for ambient awareness systems, whose value often

emerges through long-term integration into everyday life rather

than through isolated interactions. As the novelty of the system

diminishes, users’ attention to, interpretation of, and emotional

responses toward life traces may evolve. Future research should

therefore conduct longitudinal studies to understand how life traces

become embedded in everyday family routines and whether this

form of connection can retain its meaning and value over time.

8 Conclusion
This research explored how everyday life traces can support con-

nectedness between young adults living apart from their parents.

Through a Research through Design approach, the study developed

and evaluated a tabletop system that captures traces of everyday

activities and shares them across distance through gradually fading

projections.

The findings suggest that everyday life traces can support a pro-

gression from everyday awareness to co-presence and emotional

connectedness. By observing and interpreting traces generated

through ordinary activities, participants developed an awareness

of their parents’ daily lives, which gradually evolved into a sense of

presence and, ultimately, stronger feelings of closeness and connec-

tion. Importantly, this process occurred without direct communi-

cation, highlighting the role of everyday-life cues as a meaningful

resource for relationship maintenance.

More broadly, the study suggests an alternative perspective on

designing for long-distance family relationships. Rather than fo-

cusing primarily on communication, future systems may support

connection by enabling people to perceive, interpret, and engage

with traces of each other’s everyday lives. In this view, technology

serves not only as a channel for information exchange, but also as a

medium for awareness, presence, and meaning-making in everyday

life.

By demonstrating the potential of everyday life traces as a design

material, this research contributes to ongoing discussions on ambi-

ent awareness, co-presence, and mediated connectedness. Future

work may further explore how different forms of life traces can

support long-term family relationships in real-world settings.

9 Reflection
9.1 Integration of the Expertise Areas
9.1.1 Users and Society. From a Users and Society perspective, this

project was grounded in the everyday experiences of real users.
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The research focused on young adults living apart from their par-

ents, a situation that I can personally relate to as an international

student living abroad. At the same time, the project was informed

by literature research, workshops, questionnaires, user testing, and

interviews, which continuously shaped and refined the design pro-

cess.

Through this process, I gradually realized that connectedness

between family members is not only maintained through active

communication, but also through ongoing awareness of each other’s

everyday lives. This insight deepened my understanding of user-

centered design: design should not only address explicit functional

needs, but also consider the emotional needs and social relation-

ships embedded in everyday life, and translate them intomeaningful

experiences.

9.1.2 Creativity and Aesthetics. In the area of Creativity and Aes-

thetics, this project allowed me to explore how interaction design

can shape emotional experiences. While the earlier prototype fo-

cused primarily on the physical artifact, this iteration shifted toward

designing a more natural and embedded experience of perceiving

distant family members’ everyday activities. The final design uses

projection to display object traces on a remote tabletop, allowing in-

formation to blend into the environment rather than appear through

conventional interfaces. Through this process, I realized that cre-

ativity and aesthetics are expressed not only through product form,

but also through interaction design, information representation,

and the overall user experience.

9.1.3 Technology and Realization. From a Technology and Realiza-

tion perspective, this project strengthened my ability to translate

design concepts into functional prototypes. To realize the idea of

sharing everyday life traces, I developed an interactive system

combining computer vision, projection, and a physical tabletop.

Through addressing challenges related to system integration, pro-

jection mapping, and spatial setup, I gained deeper experience with

digital interaction technologies. More importantly, the project rein-

forced my understanding that technology is not an end in itself, but

a means of realizing design intentions and supporting meaningful

user experiences.

9.1.4 Math, Data and Computing. From a Math, Data and Com-

puting perspective, this project involved both the collection and

analysis of research data. Quantitatively, I conducted statistical

analyses of questionnaire data to evaluate the system’s impact on

mutual awareness, connectedness, and feelings of isolation. Qual-

itatively, I applied thematic analysis to interview data to identify

key themes related to presence, emotional connection, privacy, and

future design opportunities.

This process helped me understand that data is valuable not only

for evaluating design outcomes, but also for uncovering the reasons

behind users’ experiences and informing future design iterations.

By combining quantitative and qualitative approaches, I gained a

more comprehensive understanding of the user experience and the

strengths of mixed-methods research in design.

9.2 Professional Identity, Vision and Skill
Development

Through this project, I further clarified my professional identity

and future direction as a designer. With a background in indus-

trial design, I have always been interested in combining design,

technology, and user needs to create products that provide value

in everyday life. Throughout this project, I became increasingly

interested in how design can support human relationships and

emotional experiences through interaction.

The project also deepened my understanding of interaction de-

sign. Rather than focusing solely on interfaces or task-oriented

interactions, I explored how technology can mediate relationships

between people. Through concepts such as connectedness, co-

presence, and everyday life traces, I realized that emotional connec-

tion can be supported not only through communication but also

through subtle and unobtrusive interactions embedded in everyday

life.

At the same time, the project strengthened my overall design

capabilities. I experienced the complete design research process,

including literature review, prototype development, workshop facili-

tation, user evaluation, and data analysis. This experience improved

my ability to balance user needs, design intentions, and technical

implementation, while also helping me translate abstract concepts

into meaningful interactive experiences.

More importantly, the project reinforced my long-term vision of

designing intelligent products and interactive systems that combine

technological innovation with human-centered values.

10 Statement
Artificial intelligence tools were used in a limited and supportive

role during the preparation of this report and the portfolio. Deepl

was used to assist with language refinement, including grammar,

word choice, and expression, for both the report and the portfolio.

Overleaf was used for the preparation and typesetting of the report.

In addition, the AI-assisted writing features available within Over-

leaf were used to help identify grammatical issues and improve

language clarity in the report.
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Figure 10: Examples of trace representations created by par-
ticipants during the exploratory workshop
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showing explicit visual material, etc.

32. Will financial inducement (other than
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their parents. You receive this invitation because you are a student in the Industrial Design community 
and may have relevant perspectives on everyday experiences and interaction design. For your 
participation you will not be compensated.  
Joining this research project is your choice. Your participation is completely voluntary and does not 
pose any physical, legal or economic risks. You are not obliged to answer questions you are 
uncomfortable with, and you can withdraw from the research at any time without explaining why. 
Declining or withdrawing will not have negative impact for you. 
 
Before you decide, please read the following information to understand what the project is about, what 
we expect from you and how we handle your personal data. After reading, you can sign up by completing 
the attached form.  
 
If you have questions, feel free to contact us (contact details below). You can also discuss this information 
with people you trust. 
 

2. Who are we?  
This research project is conducted by: 

Technische Universiteit Eindhoven (TU/e) 
De Groene Loper 3 
5612 AE Eindhoven  

Data controller 

  

How to contact us? 

Xinyao Xu,  x.xu6@student.tue.nl 

Privacy Operations  privacy@tue.nl 

Data Protection Officer dataprotectionofficer@tue.nl  

 

3. What will taking part in the research project involve? 
In the research project we will collect your personal data using the following methods:   

 Interviewing you about using experience with the design and to write down your answers/record 
your answers via audio/video. Also, we will make a transcript of the interview.  

 Interacting with a projection-based setup where traces of everyday activities are projected onto 
objects placed on a table. 

 Taking part in a short group discussion about your experience and impressions. 
  

 

4. What personal data from you do we gather and process? 
We collect and process the following personal data which is necessary for the project purpose:  

Category and 
type 

Personal data Purpose  Retention period 

Contact data 
(regular 
personal data) 

Name, e-mail, home 
address, city of 
residence 

To communicate with you and 
invite you to events  

6 months after data 
collection 

mailto:privacy@tue.nl
mailto:dataprotectionofficer@tue.nl
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Job profile 
(regular 
personal data) 

Job title, years of 
experience, name and 
location of employer 

Analyze data concerning your 
experience as <job>  

10 years after research is 
complete 

Student data 
(regular 
personal data) 

Student identity 
numbers, academic 
results 

Analyze student data to improve 
education 

7 years after data 
collection 

etc. etc. etc.  

All data All personal data as 
mentioned hereabove 

storage  

 
Your data is retained only for the time period as specified in the table. Keeping your data for this period 
helps us to comply with scientific principles, such as producibility and verification. 
 
After this period, your personal data will be deleted or anonymized to ensure it can no longer be linked to 
you. Unless you explicitly agree to the use of your identifiable information in publications (for example 
your quotes or your name).      
 

5. Stopping your participation and your rights  
If you end your participation in the research we will not use your data anymore from that moment on.  
 

For questions, ending your participation or complaints, please contact the researcher via the contact 
details as provided in the table under section 2.  

For concerns or questions about the handling of personal data, you can e-mail the data protection officer 
as indicated in the table under section 2. You can also file a complaint with the Dutch data protection 
authority: the Autoriteit Persoonsgegevens.   

You have the right to request access, rectification, objection, erasure or adaptation of your data. Submit 
your request through team Privacy Operations via the contact details as provided in the table under 
section 2. 
 

6. Legal basis for processing your personal data 
The TU/e processes your personal data to conduct scientific research, which is the university’s public task 
as stated in article 1.3 of the Dutch Wet Hoger onderwijs en Wetenschappelijk onderzoek. The TU/e 
always follows the applicable codes of conduct for research integrity and the scientific standards when 
conducting research.  
 

7. Who has access to your personal data? 
Only authorized employees involved in the research have access to your personal data if this is necessary 
for their tasks. The authorized employees will keep your personal data confidential.  
 
TU/e has a suitable agreement with these parties to protect your personal data. We will not share your 
personal data with any other party, unless we are required to do so by law. 
 
TU/e  will process your personal data within the European Economic Area (EEA) by storing your data on a 
server inside the EEA. In addition, TU/e [and collaboration partner] has implemented appropriate 
technical and organizational measures to protect your personal data. These measures include using 
centrally managed and verified research- and storage tools. 
 
*We have taken steps to ensure your data outside of the EEA is also adequately protected. These 
measures include standard contractual clauses. 
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8. Future research  
During the research project, your personal data may also prove useful for new, socially important 
research. In such case, we would like to reuse your data for the new research. This will only happen if (1) 
your personal data is truly necessary, (2) the recognized ethical standards for scientific research are 
followed, and (3) the new research objectives align with the current research objectives. If your personal 
data is used in future research, we will take all reasonable steps to inform you about this. You can object 
to the use of your personal data for new research.   
 
We might use anonymized data for new purposes such as research or education. We will ensure the data 
cannot be linked to you and we will not disclose anything that makes you identifiable]. 
 
This research has been assessed and approved by the ethical committee of Eindhoven University of 
Technology.  

 

 

*** Scroll down for the form *** 
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Consent form for participation by an adult 

By signing this form, I confirm:  

1. I have enough information about the research project from the separate information sheet. I 
have read it and I had the chance to ask questions, which have been answered to my satisfaction.  
 

2. I take part in this research project voluntarily. There is no explicit or implicit pressure for me to 
take part in this research project and I understand I can stop my participation at any moment, 
without explaining why. I do not have to answer any question I do not want to answer.  
 

3. I know my personal data will be collected and used for the research, as explained to me in the 
information sheet.  

Furthermore, I consent to the following parts of the research project: 

4. I consent to my personal data, [such as footage taken of me, audio taken of me, answers or 

quotes I gave during the research, to be used by the researcher in publications and/or in 

presentations – without including my name.  

YES ☐ NO☐ 

 

 
 

Name of Participant:  

Signature:  

Date:  

 

Name of researcher:  

Signature:  

Date:  
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