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ABSTRACT

Positive peer interaction in nursing homes has been consistently recognized as essential to residents’ life
quality. However, low rates of resident-to-resident interaction were found to be pervasive. Our research
explores the potential of applying public display systems to promote residents’ unplanned co-located
interaction. This article describes the design and assessment of “Reading-to-Sharing” (R2S): a tabletop
display system intended to improve nursing home residents’ social interaction by enhancing their public
reading experience. R2S was assessed via supervised field trials, in which the participants were invited to
experience R2S in real-life settings with necessary assistance. The objectives were mainly to investigate
the participants’ engagement with R2S, user experience and the potential impact on residents’ social
behaviors and feelings. The result showed that R2S was capable of engaging the participants in content
viewing and sharing. It was effective in catalyzing and facilitating their social interaction. The partici-
pants’ perceived user experience was primarily favorable. Although R2S was anticipated to increase the
participants’ mutual closeness, no statistically significant change was seen. The key implications were

highlighted to guide the design of public display systems in this context.

1. Introduction

Global population aging has led to increasing demands for high-
quality specialized facilities and institutional care (Alders &
Schut, 2019). Numerous nursing homes have sprung up in
recent years to provide later life care for the aging population
who can no longer live freely in their homes (Gillsj6 et al., 2011).
However, nursing homes are often characterized as places where
residents suffer from solitude and social isolation owing to
decreased social interaction with family and a lack of care
resources (Kayser-Jones et al., 2003). Even though good social
interactions among residents have been recognized as a crucial
predictor of their overall wellness (Street & Burge, 2012), many
studies revealed that most residents still spent a significant
amount of time alone and inactive in their individual rooms
(Gottesman & Bourestom, 1974; Ice, 2002; Ouden et al., 2015).

The most common method of encouraging inhabitants to
engage socially was organizing various events in public places
(Bjork et al, 2017). Despite the fact that such an approach
proved to be successful (Bjork et al., 2017), it had several draw-
backs. For starters, owing to time, money, and personnel limita-
tions, maintaining the frequency was challenging (Mansbach
et al., 2017). Second, such events could not be conducted con-
tinuously throughout the day (Ice, 2002), resulting in a lack of
consistent impact on the emotions and actions of residents.
Third, even though the topics of most events were specifically
chosen to appeal to older persons, it was still difficult to cater to
residents’ diverse interests (Leone et al., 2012). Additionally, the
researchers discovered that unofficial and unscheduled activities

were the primary means through which social connections
between residents were formed and maintained (Roberts &
Bowers, 2015). Providing social chances were seen as more
essential than enforced sociability (Claessens, 2013). As
a result, according to Ice (2015), more engaging public care
facilities and settings are required to enhance residents’ social
contact and assist them in their meaningful activities throughout
the day. Furthermore, it is worth mentioning that the need for
encouraging social connection amongst insiders becomes much
more pressing during the COVID-19 lockdown due to the
prohibition on most outside visitors entering the facility
(Simard & Volicer, 2020). Nursing home residents were reported
to be experiencing increasing despair and anxiety, deteriorating
dementia, and failure to flourish due to the continued limitations
(Abbasi, 2020).

As a result of the fast advancement of display technology and
the growing prominence of multimedia content, we have seen an
explosion of digital displays in various public places. The devel-
opment of sensor technology, professional networking technol-
ogy, and information technology has resulted in public displays
becoming more engaging to attract individuals in their immedi-
ate area and encourage their mutual social engagement (Beyer
et al., 2014; Prante et al., 2003; Wouters et al., 2016). Older users,
on the other hand, have long been underrepresented in this
industry. The development and deployment of relevant applica-
tions are rare, particularly among institutionalized older people
(Stevenson et al., 2000). As a result, our study was driven by the
need to investigate a potential form of public display
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technologies in nursing homes and understand how residents
might utilize such systems to encourage social interaction.

In this paper, we present the design of “Reading-to-
Sharing” (R2S) - a tabletop display system aiming to enhance
residents’ social interaction through augmenting their reading
experience in public care environments. R2S was evaluated via
a series of supervised field trial sessions to investigate resi-
dents’ engagement with R2S, user experience and the poten-
tial impact on their social behaviors and feelings. The
knowledge gleaned from the results may potentially be used
to inform the design of public display systems for nursing
home residents to foster social contact.

2. Related work

Over the last several years, a developing body of multidisci-
plinary study focused on what types of technology and how
the technologies might assist older people’s social activities in
the face of physical, cognitive, and mobility difficulties. By
adopting the categorization from computer-mediated com-
munication research (Tong & Walther, 2011), Baez et al.
(2019) recognized two research and design tendencies in this
sector: technology for virtual participation (i.e., communica-
tion across a distance) and technology for co-located participa-
tion (i.e., face-to-face). We examined previous studies in the
context of aged-care settings based on this categorization, and
they are characterized as follows:

2.1. Technology for virtual interaction in nursing home

The proportion of loneliness among older adults in nursing
facilities is considerably higher than that of community-
dwelling populations since their chances to travel and engage
in social activities are frequently limited by management
policies and physical degradation (Victor, 2012). As a result,
different types of virtual interaction technologies have been
developed to overcome geographical and physical limitations.

These innovations were mostly applied in the private rooms
of residents. One typical form was ICT applications that allow
residents to connect directly with relatives or close friends who
live at a distance (Vutborg et al., 2010). The effectiveness of such
applications highly depended on the availability of residents’
stable social partners, which could indicate why other research
found no significant improvements or even negative effects
(Woodward et al., 2011). Another goal was to encourage resi-
dents to engage online using social networking technology.
Various platforms (Béez et al., 2016; Hutto & Bell, 2014) were
developed to encourage individuals to engage in online groups,
communities, and activities without leaving their rooms.
Because the bulk of these systems need residents to actively
utilize them, their acceptance and capacity to employ new tech-
nology may limit the social impacts. Given this, smart home
technology and Ambient Intelligence (AmI) have been identified
as potential solutions since they do not need residents to actively
engage with the system. An ambient display or lighting system
that constantly offered social awareness of residents’ relatives,
friends, or carers was a popular form in this domain (Biemans &
Van Dijk, 2009; Dadlani et al., 2010; Davis et al., 2017).

2.2. Technology for co-located interaction in nursing
home

Despite significant initiatives to achieve virtual contact among
nursing home residents, face-to-face interaction was found to
be more effective than other forms of socializing in preventing
depression in later years (Teo et al., 2015). Moreover, Yuan
et al. (2016) discovered that older individuals preferred in-
person contact, but they frequently did not receive enough
face-to-face interactions as they desired.

In recent years, a developing field of design and research that
focused on how technology can enhance co-located interaction in
nursing homes has emerged. The majority of this contact takes
place between residents or between residents and their caretakers.
The relevant study was further split into two sub-categories
depending on different social situations. One branch was capable
of facilitating scheduled social programs, while the other was
responsible for supporting spontaneous social activities.

2.2.1. For organized social program

There has been particular attention in research on the role of
technologies in organized social programs in nursing homes.
Traditionally used technologies (such as TVs, computers, tablets,
and other similar devices) have been extensively utilized in struc-
tured social activities because they are a common and practical
form of technological innovation (Stevenson et al., 2000). But the
majority were merely tools for caregivers to use in order to play
media files. A growing desire to develop more engaging socio-
technical applications for organized programs has evolved as
a consequence. In order to increase residents’ participation in
structured activities, new technologies are increasingly being
applied as alternative methods. Empirical research performed by
Lin et al. (2018) discovered that residents who engaged with
Virtual Reality (VR) material such as 360-degree movies, Google
Street View, and guided tours reported feeling less socially iso-
lated. Such programs have also shown the effectiveness of inter-
active tables and virtual worlds, although the vast majority of them
were developed for people suffering from dementia (Astell et al,
2010; Descheneaux & Pigot, 2009; Feng et al., 2017; Good et al.,
2019). Likewise, a few findings suggested that exergames (games
with a remote control and motion sensors) could be used to
promote residents’ physical activities and encourage social inter-
action (Béez et al., 2016; Gerling et al., 2010), but such an inter-
vention has relatively high requirements on residents’ senses and
motor skills (see Béez et al., 2016).

2.2.2. For unplanned social activity
Although many studies have shown the usefulness of technology
in structured social programs (Baez et al., 2016; Gerling et al.,
2010; Lin et al., 2018), such activities account for just a small
portion of residents’ daily activities (Mondaca et al., 2018).
Research shows that residents spend more time informally par-
ticipating in unanticipated activities and usually started by the
residents themselves (Roberts & Bowers, 2015). Moreover, to the
best knowledge so far, the role of technology in unplanned and
unprompted actions has received much less attention than other
topics.

One popular study area in this category is the development of
socially assistive robots. “Paro,” for example, was regarded as one



of the field’s milestones. It was a baby seal-like robot that could
provide companionship and social contact to eldercare facility
residents (Sabanovi¢ et al, 2013). Paro had been designed to
respond to certain stimuli, such as touch and light, and it was
also capable of recognizing the terms that people often used to
communicate with it. However, related studies found that nursing
home residents were still hesitant about utilizing assistive social
robots in open public settings without the help of others and that
more research into the social functions of such robotic interven-
tions is required (Abanovi et al., 2013; Chang et al., 2013).

Although scarcer, another direction was utilizing interac-
tive public displays. Currently, major efforts were made on the
residents with dementia. The early explorations could be
traced back to the 1990s when researchers sought to reduce
demented nursing home residents’ agitated behaviors by add-
ing visual, auditory, and olfactory stimuli to simulate different
types of environments inside nursing homes (Cohen-
Mansfield & Werner, 1998). With the proliferation of modern
technologies, such multi-sensory environments were further
explored using Mixed Reality (MR) technologies. The public
displays, such as “The Virtual Forest” (Moyle et al., 2018) and
“Closer to Nature” (Feng et al., 2017), primarily functioned as
a content-assisting tool for animal-assisted-living therapy,
memory therapy, and eco-therapy.

The display interventions for the residents without severe cog-
nitive impairments were very limited. Existing typical cases were
the “Photostroller” (Gaver et al., 2011), the “Community Display”
(Nazzi & Sokoler, 2015), and the “OutLook (Kang, Lin, et al,
2018). Although these studies indicate that their display interven-
tions were successful, none of them looked into how the interplay
between usage and display systems affected social interaction
among residents, and the resulting consequences were similarly
restricted.

3. Design of R2S
3.1. Design rationale

Driven by what mentioned above, we designed R2S to support
residents’ unplanned co-located interaction, the concept of which
was inspired by our previous field study (Kang, Lin, et al., 2018).
We observed nursing home residents’” daily behaviors by taking
field notes. We found that reading in public areas was an impor-
tant daily routine for many residents. However, due to physical
and mental degradations, using print media products was becom-
ing increasingly challenging for them (Smallfield et al., 2013).
Moreover, the social impact of conventional print media was
very limited because most print media products in nursing
homes were utilized by individuals. Therefore, we assumed that
proper digital augmentations would make print media more
accessible and create more social opportunities.

3.2. Design process

R2S was developed through an iterative design process. We
first conducted a preliminary study with 21 residents to
investigate their preferred genres and related social demands
(Kang, Hu, et al., 2018), then 14 residents were involved in 2
rounds of collaborative design to establish and refine the
concept and prototype (Kang, Hu, et al., 2019).

INTERNATIONAL JOURNAL OF HUMAN-COMPUTER INTERACTION e 3

3.3. Design concept

® System Overview

As shown in Figure 1, R2S consists of a series of tabletop
display units distributed in public areas of nursing homes.
Each unit of R2S consists of three parts: a tangible tool called
IStamp, multiple specially designed stickers called IStickers
and a digital display running R2S software application. The
system provides a flexible platform not only for caregivers to
convert any print media into interactive surfaces, but also for
residents to easily access their preferred digital information at
their preferred time. Digital information can not only reduce
residents’ physical barriers to reading, but also create more
social opportunities by demonstrating media preferences and
reducing the efforts of communication.7

® [Stickers & IStamp

IStickers is a collection of stickers that can be attached to paper to
create interactive areas. They are mainly used by caregivers to
select or make printed media that would potentially attract
residents. As shown in Figure 2, the stickers are transparent but
highlighted with colored edges to indicate the interactive areas.
IStickers look identical in the physical world, but each sticker has
a unique code that can be identified in the digital world.

IStamp is a wireless device designed to recognize each
ISticker and further interact with digital media. As shown in
Figure 3, the appearance design of IStamp is inspired by
conventional stamps. It is mainly composed of two parts.
The square base makes it stand steadily on the table, and the
cylindrical handle makes it effortless to pick up and hold by
users. Such a low-tech look was suggested by co-design parti-
cipants to lower their physical and psychological barriers to
use new technologies. On the one hand, it can blend in public
care environments. On the other hand, it is distinguishable
from other items on tables to arouse residents’ curiosity.

The basic interaction with IStamp is straightforward and
effortless. To recognize each ISticker, users just need to
“stamp” on it (Figure 3). Since the shape and size of IStickers
are designed to match the bottom of IStamp exactly, users can
easily learn the interaction. For the residents who are getting
more familiar with the system, they can explore richer interac-
tions by rotating or pressing the handle (Figure 3). They can
further control the digital media, such as pausing/playing,
switching images, and adjusting the volume. In addition,
IStamp can provide visual and auditory feedback to invite resi-
dents, guide user interaction, and play audio files (Figure 4),
which is helpful for the residents with sensory impairments.

e R2S Application

To run the system, each IStamp needs to be paired with one
digital display running R2S application. The application has
two modes: Edit Mode is designed for caregivers, and View
Mode is for residents (Figure 5).

In Edit Mode, caregivers can add IStickers to the system by
“stamping” on the stickers (Figure 6). After the codes of the
stickers have been saved, caregivers can associate them to
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Figure 1. An envisioned scenario of applying R2S in a nursing home.

1- IStamp

0‘0\\- IStickers

%

R2S App-

“

Figure 2. IStickers are used by caregivers to create interactive areas on print media products.

Stamp

ISticker Recognition

Figure 3. The basic and further interactions with IStamp.

specific local or online media files. The system can also search
real-time media files on the Internet by the keywords input by
caregivers.

After the quick editing, the system can be switched to View
Mode and left on standby for residents’ use (Figure 7). Once
they “stamp” on the IStickers, the application would directly

Press
Pause / Play

Rotate

Volume Control
Swith Images

demonstrate the corresponding media file. Residents can sim-
ply watch or further control the digital media with IStamp to
facilitate their communications (Figure 8).

A prototype system of R2S was developed for evaluation.
The implementation details were described in our previous
report (Kang, Hengeveld, et al., 2019).
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Figure 4. The visual and auditory feedbacks of IStamp are designed to facilitate older users.
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Figure 5. The R2S application has two modes. Edit Mode is mainly used by caregivers to build the connection between IStickers and digital information. Residents
use View Mode to watch and control the digital information.

Figure 7. In View Mode, R2S is left on standby for residents to use.

Figure 6. In Edit Mode, caregivers can quickly add IStickers to R2S system by
stamping.” design implications for similar display systems. The main goals
of the evaluation were to examine the following three questions:

4. Evaluation

4.1. Objectives (1) How and to what extent would the participants engage
with R2S?

(2) To what degree and in what ways can R2S influence the
participants’ social interactions?

(3) How would the participants perceive their user experi-
ence and social feelings after using R2S?

We performed a series of supervised field trial sessions to assess
the effectiveness of the prototype system R2S in fostering social
interaction among nursing home residents. We assessed not
only the social impacts but also the level of user engagement
and user experience because numerous related previous studies
showed that many older people had restricted acceptance and
adoption of new social technologies (Abanovi et al., 2013; Chang
et al., 2013; Gaver et al., 2011; Woodward et al., 2011). Moreover,
we were interested in how residents” social interactions were The assessment method was selected to be supervised field
impacted by their engagement with R2S, which may offer further  trials. Participants were invited to experience R2S in a real-life

4.2. Methodological considerations
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Figure 8. The resident is sharing sports news and adjusting volume with IStamp
to facilitate the communication with his social partner.

environment with the help of experimenters or care profes-
sionals if needed. This technique is a combination of the
controlled laboratory experiment and the open field research,
and it was selected with the following considerations:

In terms of the specificity of our target users, older people
are often more reluctant to try new technology. Because R2S
was still under development, the participants might run across
usability or user experience issues, causing them to drop out
halfway through. As a result, rather than leaving the design in
an open environment, we preferred to let people experience it
under supervision. Furthermore, although laboratory research
has the benefit of being simpler to regulate in terms of
equipment, environment, and procedure, we selected natural
settings since many residents were limited in their movement
and sensitive to changes in their surroundings. It is critical to
establish a familiar and pleasant environment during the
assessment.

In terms of study goals, we sought to observe, analyze, and
characterize the participants’ responses rather than control
variables. As a result, for greater external validity, the assess-
ment of the social impacts should take place in their familiar
social contexts. Furthermore, we think that evaluating the user
experience of older participants should take place during or
shortly after the user trial, which necessitates the required
controls from experimenters.

In terms of ethics, it was much more feasible to perform
the study with invited residents instead of random people who
were unaware of the experiment in public care environments.

4.3. Method

4.3.1. Participants

Participants were recruited from two Dutch nursing homes
(Home A and Home B). Both are part of the same care
company that has established more than twenty similar nur-
sing facilities in Eindhoven. They were all equipped with
rental flats and a variety of public areas. We did not have
explicit inclusion requirements since most nursing homes
often accept residents from various backgrounds (e.g., health
problems, education, job), as long as they could openly voice
their opinions.

As indicated in Figure 9, a total of 20 residents (9 men
and 11 women) ranging in age from 70 to 102 took part
in this research. During each of our visits, nine partici-
pants (4 men and 5 women) ranging in age from 70 to 89
were randomly invited in Home A’s café. They were
referred to as low-care participants because they were
able to plan their social lives freely and visit the café at
least three times each week. Eleven participants (5 men
and 6 women, aged from 74 to 102) from Home B were
recruited by care staff. Because of their physical degen-
eration, care staff arranged for them to participate in
social activities in the café twice a week. They were
labeled as high-care participants.

Since we wanted to assess R2S by replicating a common social
scenario in nursing homes, the participants attended the trial
sessions in small groups or pairs, much like they would in real
life (shown in Figure 9). Because they were invited from the same
social circle, the members in one group knew one other. Because
both nursing facilities established independent areas and services
for patients in the latter stages of dementia, all of our subjects
had reasonably normal cognitive skills. Given many participants
had difficulty reading or writing, consent was provided verbally
before each session.

Besides the residents, we also spoke with four care employ-
ees (C1 and C2 from Home A and C3 and C4 from Home B)
to get input from a third-party perspective. All of the care
workers had more than five years of professional experience
in the field of social care. Their responsibilities included
a significant amount of planning social events for the inhabi-
tants. They were asked to try out the system, compare it to
their existing social interventions, and then provide their
feedback on the system.

T~ Home A Home B
Group G1 G2 G3 G4 G5 G6 G7
ZE P P2 P3| P4 P5|Pe P7|P8 P9 |P10/P11/P12P13[P14/P15P16|P17|P18/P19 /P20
eee M M M|F FIF FIF M{M|F F|F|F FIFIMIMIMM
|70 72 77|71 83|81 83|87 89|82 74|89[102|78 84| 96|88 92|87 |91
PO 3 5 325 9|2 7|3535/5|5|7|6] 1|05 6752|0505

Figure 9. Residents took part in the study in small groups or pairs. The following table contains their basic information. LoR means their duration of stay (in years) in

their nursing homes.



4.3.2. Setup

The user trial sessions were carried out in the nursing homes
where the participants lived. The management board gave its
permission to conduct the research. During each of our visits,
we performed each trial session with a different group of
residents. Because the low-care and high-care residents
required different levels of care, the trial sessions in Home
A were conducted by two experimenters, while the same two
experimenters did those in Home B with the assistance of two
care professionals.

To assess R2S, we simulated a typical situation where a group
of residents sits at one public table in their nursing homes.
Following consultation with the care staff, the experimenters
placed R2S at a rectangle table (140*80 cm) inside the café. It is
one of the most popular places and focuses on social activities in
nursing homes (Figure 10). A recent issue of the local newspaper
was placed on the table. One of the experimenters chose eight
items from the newspaper to be augmented with IStickers. The
information ranges from local to worldwide news. It also con-
tains a variety of genres such as stories, sports, history, and
music. At one end of the table, a 20-inch monitor was placed
to show relevant digital material that was mirrored from a laptop
running the R2S program (Figure 10). IStamp was strategically
placed beside the newspaper. A video camera was put up nearby
to capture the sessions.

4.3.3. Measurement

4.3.3.1. Engagement levels. The participants’ engagement
with R2S was mainly investigated through the video records of
the experience sessions. We primarily used the Passive
Engagement, Active Engagement, and Discovery Model (PACD)
to determine the various degrees of engagement (Memarovic
et al,, 2012). Since the PACD model was developed mainly
based on the analysis of a conventional large stand-alone public
display in urban settings, we slightly modified it to fit our
context. The modification was based on the Menorah Park
Engagement Scale (MPES) (Judge et al., 2000) that was devel-
oped to assess engagement levels in day care patients.
Noninvolvement, Passive Engagement, Active Engagement, and
Discovery are the four degrees of engagement in the adapted
model. Staring into space or in another direction away from R2S
was referred to as Non-Engagement. Passive Engagement refers to

Figure 10. The participants were experiencing R2S with the presence of
experimenters.
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short and brief engagements with R2S or watching others using,
for example, a newspaper or a screen. Active Engagement was
characterized as longer or more concentrated engagements with
R2S, whether via active reading/watching, basic user interaction
such as stamping, or a mix of the first two behaviors. Discovery
refers to participants’ interaction to explore more content and
application features, such as searching for new IStickers and
experimenting with more functions and interactions with IStamp.

4.3.3.2. Social interaction levels. The impact of R2S on the
participants’ social interaction was also investigated through
the video records. We categorized different degrees of social
interaction mainly based on the Social Play Continuum (SPC)
and its adapted versions in earlier studies (Broadhead, 2003;
Jansen & Bekker, 2009).

In our modified model, the participants’ social interactions
were divided into four categories: nonsocial Domain, Associative
Domain, Social Domain, and Cooperative Domain. The nonsocial
Domain (ND) refers to the instances in which the participants
were not paying attention to one another’s actions. The
Associative Domain (AD) is where the participants engage in
one-way communication, such as watching or reading together
without speaking, seeing peer(s) usage, self-talk, giving things
but not being accepted, and imitation, among other activities.
The Social Domain (SD) encompasses the most fundamental
reciprocal verbal or physical interactions between the partici-
pants, such as different kinds of conversation, eye contact, and
objects given and received by the players, among other things.
The Cooperative Domain (CD) relates to more in-depth com-
munication to accomplish shared objectives, such as giving and
receiving physical or verbal assistance, recognizing and addres-
sing issues together.

4.3.3.3. User experience. The user experience was mainly
evaluated using the Dutch version of AttrakDiff-Short
(Fischer et al., 2018). The questionnaire is made up of ten
pairs of adjectives on a 7-point Likert scale clustering in three
dimensions: Pragmatic Quality (PQ), Attractiveness (ATT),
and Hedonic Quality (HQ). It was developed to assess the
quality and user satisfaction of interactive systems. It has
also been recognized as a handy method to evaluate systems
in a public context (Fischer et al, 2018). Moreover, many
studies used it as a friendly questionnaire for older people
because of its simplicity to read and fill in (Frederiks et al.,
2019; Pham & Theng, 2012).

4.3.3.4. Social feelings. The impact of R2S on the partici-
pants’ social feelings was primarily investigated through the
“Inclusion of the Other in the Self” (IOS) Scale (Gichter et al.,
2015). It has been shown to be a psychologically significant
and highly reliable indicator of a relationship’s subjectively
felt closeness (Cadieux et al., 2019). The scale is composed of
one pictorial item represented by 7 pairs of Venn diagram-like
circles. In comparison to the traditional textual form, prior
research has shown that the graphical form can significantly
minimize the effort required for older participants to com-
plete surveys (Cadieux et al., 2019; Kang, Lin, et al., 2018;
Kang, Hu, et al, 2019).



8 K. KANG ET AL.

4.3.4. Procedure & data collection

The assessment lasted around eight weeks, and we visited the
nursing homes about three times a week to invite participants,
set up, and perform the trial sessions. Each session lasted
approximately an hour and was conducted with a single group.

® Preparation (5 minutes)

To prepare for the study, the participants were greeted upon
arrival and helped to choose a seat at the table. To simulate
the inhabitants’ everyday scenarios in the café, the partici-
pants were served with drinks and snacks (Figure 10). The
experimenters briefly described the research goal, which
invited residents to participate in and give feedback on
a new system designed to provide a new public reading
experience in nursing homes. Then, one of the experimenters
read over the consent form with the participants and
answered any questions they may have. It was emphasized
to all the participants that their experience sessions would be
video recorded with their permission. The participants who
didn’t want to be filmed could turn their back to the camera
so that their behavioral data would not be recorded and
analyzed. The camera would not be turned on if the whole
group refused to be recorded. Moreover, they may experience
as much as they wanted without feeling obliged to utilize the
system, and all respondents could withdraw from the research
at any moment if they had any discomfort.

® Before experience session (15 minutes)

After getting approval, informal interviews were performed to
gather basic information from participants such as their age,
duration of residence, information source, and frequency of
going to the public spaces. The participants were then asked
to complete the IOS Scale to evaluate their feelings of close-
ness with their tablemates. Upon completion, the experimen-
ters demonstrated R2S by showing a 5-minute instructional
video with simultaneous verbal explanations.

® Experience session (15 minutes)

After all of the participants said they understood the idea, they
were provided with the prototype to freely experience the
system as they would do in their everyday lives. If the parti-
cipants consented, the experimenters switched on the camera
and set R2S to view mode. They sat alongside them as group
members, but they mostly served as viewers. They did not
prompt the participants until they experienced difficulties,
overlooked important features, or asked for assistance.

® After experience session (25 minutes)

The experimenters turned off the camera and assisted the parti-
cipants to fill out the post-procedure questionnaires, which
included the AttrakDiff-Short and IOS scales. Upon completion,
semi-structured interviews were conducted in groups to collect
their feedback. At the end of each session, each participant
received a gift voucher as a sign of appreciation.

4.3.5. Data analysis

All the video records were imported to NVivo and analyzed by two
independent researchers. Throughout the annotation process,
each participant’s behavior was coded in turn. A two-round
method was employed since the participants’ usage behaviors,
and social behaviors often occurred at the same time, and some
communications were unrelated to the system. The first round
focused on coding each participant’s interaction with R2S. Their
use patterns were divided into four categories, as previously men-
tioned: Non-Engagement, Passive Engagement, Active Engagement,
and Discovery. Based on the first round’s results, the second phase
was to annotate individual participants’ social behaviors that hap-
pened while they were using R2S. Nonsocial Domain, Associative
Domain, Social Domain, and Cooperative Domain were used to
categorize their social behaviors. In addition to the participants’
behaviors, the experimenters’ assistive behaviors were also coded
to identify potential usability issues. We used a duration-based
method to determine the time spent in each behavior category.
The length of each behavior was then expressed as a proportion of
the overall experience time in each session.

The results of the AttrakDiff-Short questionnaire were
transcribed into the company’s online evaluation tool
(http://www.attrakdiff.de) to evaluate the respondents’ overall
user experience on the three dimensions of Pragmatic Quality
(PQ), Attractiveness (ATT), and Hedonic Quality (HQ).

The IOS Scale scores of the subjects were entered into
Excel. The mean values of pre-trial and post-trial ratings
were computed, and paired difference tests were used to see
whether the means differed significantly.

The recordings of the interviews were transcribed and
imported in NVivo. A single coder manually coded and eval-
uated the participants’ responses using thematic methods
(Welsh, 2002).

4.4. Result

All seven groups have completed the trial sessions at the
conclusion of the study. Although we expected to video
record all of the participants, we were only permitted to
gather behavioral data from twelve people in five groups. P3
and P13 were apprehensive about being recorded, so they
experienced with their backs to the camera. Due to privacy
concerns, the participants in Groups 4 and 7 declined to be
filmed. Despite this, all twenty participants’ questionnaires
and interview recordings were obtained.

4.4.1. Findings from observation

4.4.1.1. Usability issues. The videos demonstrated that R2S
put very low demands on users’ abilities and prior knowledge.
We discovered that nearly all of the participants could rapidly
pick up on the basic interaction and “stamp” on the stickers
without our prompting after viewing the video instruction.
When it came to more diverse interactions, the majority of
them needed just a little instruction at first. When they gently
rotated the handle but received no feedback, several partici-
pants believed they had misused the system. As a result, the
rotary encoder’s sensitivity may be increased. The identifica-
tion of IStickers was found to be the most common prompt.


http://www.attrakdiff.de

Because the newspaper was so densely packed with informa-
tion and pictures, some participants seemed to have a difficult
time finding the IStickers. Furthermore, we discovered that
some participants preferred to grip the IStamp’s base rather
than the handle. They recommended that the IStamp could be
made a bit larger to make it easier to grasp. Apart from that,
there were no apparent usability problems noted.

4.4.1.2. Engagement levels. The participants’ engagement
levels with R2S are shown in Figure 11. The bar graph depicts
the percentages of time spent in each category of R2S inter-
action by individual participants. It indicates that during most
of their experience time (Mean = 66.48%), all participants
were actively engaged in utilizing R2S. However, we noticed
that the low-care (Home A) and high-care (Home B) partici-
pants used R2S in different ways. As shown in the table below,
nine of the twelve individuals had directly engaged with the
IStamp. All the participants who did not touch IStamp were
from Home B. Furthermore, we discovered that the low-care
individuals spent much more time using IStamp directly, with
far less prompting from the experimenters. The majority of
high-care individuals seemed to be warier about touching the
interfaces. They would rather have the care workers, or
experimenters activate the digital display and view the con-
tent. As a result, it’s fair to assume that high-care participants’
engagement would be considerably lower if they utilized it
independently. The varied usage patterns may also explain
why low-care individuals spent considerably more time
exploring the system, while high-care participants were more
passively engaged in R2S use.

L Home A (Low Care)
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4.4.1.3. Social interaction levels. Figure 12 shows the per-
centages of individual participants’ time spent in each level
of social interaction with their peer(s). It demonstrates that,
while the distribution of social interaction levels varied
across the groups, the majority of the respondents’ social
interactions fell into the social and associative domains.
The average proportion of high-level social contact was
30.68% (SD = 0.14), which was substantially greater than
the average percentage of nonsocial activities (paired t-test,
p = .0103, power = 0.88), which was 14.32% (SD = 0.12). It
showed that the participants spent a relatively high propor-
tion of their time in mutual communications. With greater
variation, the average proportion of medium-level social
contact was somewhat lower (M = 29.68%, SD = 0.17).
Furthermore, because all of the rich social interactions
were only observed in Home A, it was easy to find that
the average percentage of the cooperative domain was the
lowest (M = 4.51%, SD = 0.05). This could be due to the
different ways of using R2S between the low care and high
care participants. Given this, we also explored their differ-
ences in other social levels. We discovered that high-care
participants engaged in significantly more medium-level
social interaction than low-care participants (paired t-test,
p = .013, power = 0.74), with average percentages of 40.77%
(SD = 0.13) and 18.59% (SD = 0.12), respectively, which
could be due to the high-care participants’ passive engage-
ment with R2S. In addition, although the average percen-
tage of high-level social contact in Home A (36.46%,
SD 0.16) was greater than in Home B (24.89%,
SD = 0.12), low-care participants exhibited a slightly higher
average proportion of nonsocial activity (MA = 16.78%,

7‘ Home B (High Care)
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Figure 11. The bar graph illustrates the percentages of individual participants’ time spent in each category of engagement with R2S. (The value of the bar =
Participants’ time spent in each level of engagement with R2S (min)/Participants’ experience period (min)); The table below shows the percentage of individual
participants’ time spent in directly using IStamp and being prompted (Ul Interaction = Participants’ time spent in directly using IStamp (min)/Participants’ experience
period (min); Prompt = The period when participants needed assistance (min)/Participants’ experience period (min)).
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Figure 12. The bar graph shows the percentages of individual participants’ time spent in each level of social interaction with their peer(s) (The value of the bar =
Participants’ time spent in each level of social interaction caused by using R2S (min)/Participants’ experience period (min)).

SDA = 0.11; MB = 11.86, SDB = 0.07). In each of these
areas, no relevance was discovered.

4.4.1.4. Engagement patterns in social domains. To investi-
gate how the use of R2S might impact residents’ social interac-
tion, the percentage of individual participants’ social time in
each domain spent simultaneously with the various degrees of
engagement was measured. As shown in Figure 13, the darker
color of the stacked column indicates a greater degree of inter-
action with R2S. Ultimately, we discovered that the degree of
social contact rose as the participants were more engaged with
R2S, indicating that the prospective social impact of R2S on the
respondents’ behavior was favorable.

To better understand the connection between system charac-
teristics and their social impacts, the two coders assessed the
participants’ usage patterns in each social domain. The inter-
rater dependability was calculated to be 82% (percent agreement),
indicating that there was a high level of agreement generally.
Following the separate coding, a single coder categorized all of
the patterns and merged the findings in the following manner:
Cooperative domain. All the rich social interactions took place
when the participants were discovering or actively using R2S.
Collaborative exploration of system features, or content was the
most frequent engagement in this domain. Although the aug-
mented newspaper was intended mainly for primary operators
to preview material, we discovered that other group members
might be actively engaged in this activity as well, e.g., they looked
through the newspaper jointly to find out what could be in it, or
they tried the IStamp together to see how it worked.
Collaborative problem solving was discovered when the group
members had difficulties in using the system, e.g., they reminded
each other when they couldn’t find the interactive areas. Another

frequent pattern of engagement was social learning. It was
caused mainly by the participants’ varying levels of knowledge
of the system. Teaching/learning activities were often reported in
this category. Some participants with more assertive personal-
ities go so far as to brag about themselves or encourage and lead
others to use.

Social domain. As previously stated, various forms of con-
versations were essential components of high-level social
interactions. The great majority of the interactions captured
in this domain occurred when the participants were actively
using R2S, as shown in Figure 13. We discovered that most
annotated social contact in this area was mediated discus-
sion initiated and sustained by shared displays. These con-
versations were often accompanied by bodily gestures like
pointing to the media material. Furthermore, we found
a vast majority of such communications were mediated by
the videos. One of the most frequent situations was watch-
ing and commenting on video material without making eye
contact. They often started the conversations by focusing
on the details in the video such as a particular item, person,
or place. Conversations mediated by printed material or
digital pictures were often recorded as well, although they
didn’t appear to continue very long. Even though direct
conversation is a standard mode of communication, direct
talks were captured much less often. They were mostly
occured around or after the conclusion of each displayed
item, if the topics were expanded to their tales, shared
knowledge, or jokes. Physical expressions like eye contact,
acting, and smiling were often used in these interactions.
Associative domain. Besides the social domain, the associative
domain was another major category that we observed (shown
in Figure 12). Figure 13 shows that active and passive
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Figure 13. The stacked bar charts show how different levels of R2S engagement affected individual participants’ social interactions in different domains (the volume
of each column = Participant’s time spent in each level of R2S (min)/Participants’ social time in each domain caused by using R2S (min); the darker color of the

columns represents deeper R2S engagement).

engagement was the most common degrees of concurrent
engagement with R2S. When the participants were actively
engaged, the most frequent medium-level contact was watch-
ing together, which was a common method for group mem-
bers to bond. Associative reading was also seen occasionally,
but only in Home A and only a tiny proportion of the time. It
mostly happened when the participants expressed a strong
interest in the displayed material and demanded additional
information from the articles. When their group mates were
engaged in other activities or disengaged, we discovered that
some individuals preferred to watch alone with self-talk.
Observing others was shown to be the most common med-
ium-level social contact when the participants were passively
engaged. It was done mainly by those who didn’t utilize
IStamp directly. If some participants did not have enough

motivation to join the primary operator in exploring the
content, they tended to passively observe.

Nonsocial domain. Figure 13 shows that nonsocial situa-
tions may occur at any degree of engagement, complicating
the compositions of the stacked columns in the nonsocial
Domain. We’ve outlined three everyday situations. First,
one participant’s social behavior may cease when they are
disengaged from group usage, usually because of being
distracted by the external environment or other unrelated
activities such as eating/drinking. Second, the nonsocial
situations could also happen in parallel use with different
attention, e.g., some participants were reading newspaper
while others were watching the display. Third, we discov-
ered that occasionally the highly-focused usage might lead
to nonsocial circumstances, such as when certain leading
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operators are concentrated on reading the material alone
and fail to engage others.

4.4.2. Result of questionnaire
4.4.2.1. User experience. Figure 14 illustrates the average
values of the three dimensions on the AttrakDiff-Short ques-
tionnaire (N = 20), the ratings for the Hedonic Quality (HQ =
1.83) and the Attractiveness (ATT = 1.75) are located in the
above-average region, which indicates that the R2S prototype
was compelling and appealing overall. However, the prototype
was only rated as average on the Pragmatic Quality (PQ =
0.33) dimension, which implies that usability could be
improved., and we did identify some usability issues through
annotating the experimenters’ prompts.

Figure 15 shows the mean values of the word pairs that
describe R2S, which is helpful to deeper understand the reasons
behind the average score on each dimension. The result shows

that R2S was rated as a clearly structured, stylish, premium,
creative, captivating, attractive and good system. Complexity
and unpredictability are the significant issues with the user
experience, according to the extreme negative side.

In light of the video data identifying the distinct modes of
interaction between the low and high-care participants, we
went on to examine the participants’ perceptions of their
perceived user experience respectively. As shown in
Figure 16, both of their ratings on the HQ and ATT dimen-
sion were located in the above-average region, confirming that
participants with low and high levels of care felt the prototype
was attractive and pleasing to use.

According to the mean values of the word pairs, as shown in
Figure 17, the low-care individuals ranked them somewhat
higher on virtually every item on the HQ and ATT dimensions.
In terms of Pragmatic Quality, the ratings of the low-care parti-
cipants (above the average) were much higher than the high-care
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Figure 14. The average values of the three dimensions on the AttrakDiff-Short questionnaire.
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Figure 15. The description of word-pairs in the AttrakDiff-Short questionnaire.
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Figure 16. The average values of the three dimensions on the AttrakDiff-Short
questionnaire rated by the participants from Home A and Home B respectively.

participants (below the average). We found that both low-care
and high-care participants thought R2S was practical, but the
high-care participants were more likely to feel complicated,
unpredictable and perplexing.

4.4.2.2. Closeness feelings. The mean IOS score before the
experiment was 4.85 (standard deviation = 1.59), and it
increased slightly to a mean of 4.9 (standard deviation = 1.67)
after the trial. Since the IOS scores were not normally dis-
tributed (Shapiro Wilk test, p <.05), non-parametric statistical
tests were applied. The Wilcoxon signed-rank test (also
known as the paired sample rating test) was used to compare
the IOS scores obtained before and after the experiment. Even
though R2S was expected to make participants feel closer to
one another, no statistically significant change was observed.
(Z = -0.25, p =.8).

4.4.3. Interview result
4.4.3.1. Interview with the participants. All the participants
expressed their gratitude for the combination of print and digital
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media. They believed that the system had reduced the technical
bar for gaining access to new sources of information. “If I want to
see more about the news. I have to find out where it is, but I do not
know, and this can make things easier.” (P9, Group 4) Nine
participants expressed interest in the possibility that R2S might
reduce the physical demand for reading. The majority of them
were very enthusiastic about the future implementation in their
public spaces, mainly because it offers up-to-date information
and allows for more flexible social choices. “I will use it very
frequently, not each time, but mostly, because many people
usually come here (café) and get bored.” (P6, Group3)

The input from the participants on their user experience
matched the results of the AttrakDiff questionnaire. The over-
all user experience was highly praised. “I have no problem in
using it. It’s not difficult. 1 don’t have to think too hard.”
(Group 3, P7) The system features that were frequently com-
plimented were summarized to be the stamp-like tangible
tool, interesting interaction, freedom to select and control
the media, news in form of digital video, a better view to
display information, the ability to provide updated topics, free
of charge. The complexity indicated in the questionnaire
mirrored the participants’ concerns about the video instruc-
tion, which showed too much information. The unpredict-
ability reflected in the questionnaire was mainly due to the
fact that it was still a relatively new idea to them, particularly
for specific high-care individuals.

In terms of social effects, all of the participants believed
that utilizing R2S would improve their communication. “Of
course, it will trigger socializing. It is valuable to provide
information for people to talk about” (P4, Group 2)
However, only a few of them were able to articulate the
impact of R2S on their emotions of intimacy. The majority
of participants stated that they didn’t see much of a change
since it was their first time using it, and they only used it for
a short time. This may explain why the IOS questionnaire’s
pre-trial and post-trial ratings changed so little.

4.4.3.2. Interview with the care workers. Following the video
demonstration, all of the caregivers could rapidly grasp the
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Figure 17. The description of word-pairs in the AttrakDiff-Short questionnaire rated by the participants from Home A and Home B respectively.
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design idea and test the system without our assistance. They
frequently remarked how pleasant and straightforward it was
to use, especially for older users. C4 compared R2S with their
“magic table” that was primarily intended for dementia
patients to play projected tabletop games. They had to secure
the gadget and operate it by experts since it was costly and
complex. As a result, they liked R2S for being able to “freely
turn the paper alive,” which could provide new opportunities
for their work. “We have ideas of course, but we don’t design
new technologies. We are not really good at that. This is really
something that we can use.” (C4) Another significant aspect
they appreciated was the ease with which they could expand
the system and the cheap maintenance cost. The future appli-
cation piqued the interest of all the caregivers. Their primary
concern was the acceptance and interest of the residents. Since
the system was already extremely simple to use, they recom-
mended that additional efforts should be made to encourage
people to take the initial step. “I am sure it is feasible. We will
do this every day if they are interested in it.” (C2)

5. Summary & discussion

This study showed that R2S was a success by our criteria in
keeping the group members interested and, in particular,
actively engaged in content sharing and viewing. Although
our supervision may have impacted their engagement levels,
particularly among high-care participants, the majority of
them demonstrated that they have the capacity and desire to
utilize such systems. The care workers pointed out that the
high-care participants had been used to passively receiving
information in such routine tasks for many years. Thus, it was
understandable that they would need more time to break this
habit.

In most instances, R2S enabled participants to engage in their
preferred manner. R2S was intended to be a content-based plat-
form controlled by one person and watched by others.
Surprisingly, the participants demonstrated various and dynamic
usage patterns. In general, each participant was free to select how
to interact with R2S. However, we also identified some “engage-
ment gaps” shortly before and after each display. Because of a lack
of concern for indirect users, they frequently did nothing if they
were reluctant or unable to join the operator, resulting in a greater
chance of disengagement.

R2S showed much promise in terms of catalyzing social
interactions among residents. The participants demonstrated
a wide range of social interactions, which exceeded our expec-
tations. In general, the results revealed that the participants’
degrees of social interaction were favorably linked to their
engagement levels. However, we also found that the partici-
pants’ unfamiliarity may lead to intense usage, which could
limit social possibilities. Furthermore, we discovered that the
social benefits of R2S tended to diminish in bigger groups due
to the presence of more non-operators who were more easily
passively engaged or disengaged.

Using R2S was generally regarded as a pleasing experience by
the participants. Most participants indicated a strong desire to
utilize R2S in the future. However, there is still room for
improvement in usability. The unfavorable remarks were pri-
marily resulted from the participants’ feelings of complexity and

uncertainty. The complexity was partly due to the video instruc-
tion displaying superfluous information, which raised the cog-
nitive load on the participants. Another important reason was
related to the limitation of the organized experience sessions.
Although R2S was designed in a simple form to realize the basic
function with easy interaction, it was difficult for the partici-
pants to try out all of the functionalities in their first trial and in
such a short amount of time. The complexity reflected in this
research, according to their comments, was unlikely to be an
issue in their actual everyday usage. The feelings of uncertainty
were mainly expressed by the high-care individuals. The
absence of information regarding interactive areas and the con-
tent to be displayed appeared to raise their effort to use.
Although some low-care participants found searching for infor-
mation fascinating, we think the system has to be enhanced to
support general residents, particularly those in poorer physical
or mental health.

Although R2S was designed primarily to promote nursing
home residents’” social interaction, we hypothesized that it
could also impact their social feelings. However, no significant
variations in felt closeness were found in questionnaires or
interviews. It was partially due to the limitation of our mea-
surement. Social feelings may include not only closeness, but
also other dimensions such as perceived contact quality and
shared understanding (Visser et al., 2011). Moreover, the
interviews revealed that many other factors, such as the
group’s makeup, duration of usage, personal interests, and
the displayed content, may affect their closeness of emotions.
As a result, the impacts of R2S on the participants social
feelings has to be explored further with diverse content,
more extended experience, and more thorough measures.

6. Design implications

Although many implications were derived from this study, we
primarily address the significant ones that may contribute to
the design of public display systems for nursing facility resi-
dents’ social interaction:

® Combine horizontal and vertical display

R2S was featured by the combination of a horizontal dis-
play and a vertical display, which was proved to be
a promising form of tabletop displays to promote social inter-
action in nursing homes. This architecture was consistent
with the transactional communication paradigm (Barnlund,
2008). The horizontal displays provide private cues. They may
be designed in a smaller size to show potential content mainly
for individual or pair residents to explore, preview, and select
content. The vertical displays act as public signals and may be
designed bigger to broadcast the shared information to the
social group. In this case, the newspaper served as a horizontal
display due to our user groups’ acceptance and ability to
utilize new technologies. They found that flipping pages was
a far more natural method to examine information, but it
came with several drawbacks. Traditional print media pro-
ducts, for example, are unable to offer active feedback to assist
older consumers. According to the care staff, the residents’
ability was increasing as younger generations moved in, which



means there would be more opportunities to develop technol-
ogy in such a display form in the future.

® Support continuous parallel use

R2S enabled participants to use in their preferred manner
and, to some degree, supported simultaneous usage. However,
the design of R2S, like other traditional interactive public
displays, was centered on the direct operators. The majority
of non-operators mainly served as observers. Due to a lack of
concern for non-operators, the system was set up only to
show a standby picture when the operators provided no data
to avoid being invasive. During this time, many of them
seemed impatient and preoccupied, resulting in decreased
levels of engagement and, as a result, fewer social chances.
Therefore, interactive public tabletop displays in nursing
homes should be designed to appeal to both operators and
non-operators. To prevent the “engagement gap,” the systems
must be able to sustain their ongoing concurrent usage.

® Design for diverse social interaction

In this study, the observed social interaction was divided into
four tiers. Most socio-technical systems are built to encourage
high-level social interactions such as collaborations and active
discussions, which was precisely what we wanted to accomplish
with R2S. However, the results and conclusions of this research
showed that various degrees of social contact might benefit
different individuals. Some residents who have had their com-
municational capabilities deteriorated, for example, may feel
calmer and connected in moderate, mediated, or passive inter-
actions than in intense, direct, and active discussions. R2S may
even be utilized individually, according to some participants, so
that they wouldn’t feel humiliated in public. As a result, the
sociability of public display systems should be assessed in
terms of the number of triggered social encounters and their
capacity to facilitate a variety of social interactions. If we relate
socio-technical strategies to sports, we need to design systems
like basketball that can be played alone, one on one, three on
three, or five on five, rather than tennis, which typically needs
partners to play with.

7. Limitations

A supervised field experiment was chosen based on our study
participants, research goals, and ethical concerns. This
approach was found to be acceptable by nursing home resi-
dents, effective in collecting objective and subjective data, and
practicable for nursing home management in our research. It
did, however, have certain limitations:

To begin with, despite our best efforts to minimize the
Hawthorne Effect during the experience sessions (Sedgwick &
Greenwood, 2015), on-site supervisions and video recording
may have influenced the participants’ natural user behavior
and social interaction, implying that the results should be further
validated in subsequent stages without researchers present.

Second, the familiarity and contact time of the participants
may have an impact on the outcomes and conclusions.
Individual variations in acceptance and previous experience of
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utilizing technology may have affected the participants’ ratings
and actions since they were all using R2S for the first time. The
length of the user trial was reported to be sufficient for the
participants to experience all of the functions and interactions.
Some participants could no longer use the system because they
appeared tired near the end of the sessions; however, the short
period of interaction and single scenario may only provide us
with essential interaction and social patterns, which must be
further extended in long-term use in their daily lives.

Finally, the findings, as mentioned above, are based on
a variety of small groups. The size and makeup of the group
may skew the findings. Furthermore, the result’s application
to different situations (e.g., individuals or bigger groups) must
be confirmed using a larger sample.

Furthermore, as previously stated, the displayed content
was not the primary focus of the research. We chose news
stories from a variety of categories. It was impossible to rule
out the idea that the content selection, which was almost
unavoidable in the assessment of public displays, impacted
the user experience and societal consequences. To reduce this
restriction, further assessments with different types of mate-
rial are needed.
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