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Foreword

Human-computer interaction (HCI) is acquiring an ever-increasing scientific and
industrial importance, as well as having more impact on people’s everyday life, as an
ever-growing number of human activities are progressively moving from the physical to
the digital world. This process, which has been ongoing for some time now, has been
dramatically accelerated by the COVID-19 pandemic. The HCI International (HCII)
conference series, held yearly, aims to respond to the compelling need to advance the
exchange of knowledge and research and development efforts on the human aspects of
design and use of computing systems.

The 24th International Conference on Human-Computer Interaction, HCI
International 2022 (HCII 2022), was planned to be held at the Gothia Towers Hotel
and Swedish Exhibition & Congress Centre, Göteborg, Sweden, during June 26 to
July 1, 2022. Due to the COVID-19 pandemic and with everyone’s health and safety in
mind, HCII 2022 was organized and run as a virtual conference. It incorporated the 21
thematic areas and affiliated conferences listed on the following page.

A total of 5583 individuals from academia, research institutes, industry, and
governmental agencies from 88 countries submitted contributions, and 1276 papers
and 275 posters were included in the proceedings to appear just before the start of
the conference. The contributions thoroughly cover the entire field of human-computer
interaction, addressing major advances in knowledge and effective use of computers in
a variety of application areas. These papers provide academics, researchers, engineers,
scientists, practitioners, and students with state-of-the-art information on themost recent
advances in HCI. The volumes constituting the set of proceedings to appear before the
start of the conference are listed in the following pages.

The HCI International (HCII) conference also offers the option of ‘Late Breaking
Work’ which applies both for papers and posters, and the corresponding volume(s) of
the proceedings will appear after the conference. Full papers will be included in the
‘HCII 2022 - Late Breaking Papers’ volumes of the proceedings to be published in
the Springer LNCS series, while ‘Poster Extended Abstracts’ will be included as short
research papers in the ‘HCII 2022 - Late Breaking Posters’ volumes to be published in
the Springer CCIS series.

I would like to thank the Program Board Chairs and the members of the Program
Boards of all thematic areas and affiliated conferences for their contribution and
support towards the highest scientific quality and overall success of the HCI
International 2022 conference; they have helped in so many ways, including session
organization, paper reviewing (single-blind review process, with a minimum of two
reviews per submission) and, more generally, acting as goodwill ambassadors for the
HCII conference.



vi Foreword

This conference would not have been possible without the continuous and
unwavering support and advice of Gavriel Salvendy, founder, General Chair Emeritus,
and Scientific Advisor. For his outstanding efforts, I would like to express my
appreciation to AbbasMoallem, Communications Chair and Editor of HCI International
News.

June 2022 Constantine Stephanidis
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Preface

The 8th International Conference on Human Aspects of IT for the Aged Population
(ITAP 2022) was part of HCI International 2022. The ITAP conference addresses
the design, adaptation, and use of IT technologies targeted to older people in order
to counterbalance ability changes due to age, support cognitive, physical, and social
activities, and maintain independent living and quality of life.

A strong and unique theme of this year’s proceedings is the role and impact
of information technologies in older people’s life during the COVID-19 pandemic.
Researchers from all over the world shared their findings on how older people accepted
new technologies, including those applications specific to this special period, how they
used new technologies to stay informed and connected during lockdown, and what the
experience of this intense term reveals for the design and development of technologies to
provide more reliable and resilient support for older people. Another emerging research
area concerns innovative ways to involve older people in the design process to ensure that
their needs and requirements are adequately elicited and properly addressed. Researchers
continue to experiment on innovation and design of smart homes, robots, and VR/AR
applications for older people, and the design of voice-based AI has received notable
research attention. In addition to supporting older people’s health and safety, enhancing
social connections, and facilitating daily life activities, this years’ proceedings also
discuss how technologies can help older people to expand their life experience by
bridging the gap between virtual and physical worlds, and how the wide adoption of
information technologies has influenced intergenerational dynamics, which brings about
further cultural and societal impact.

Two volumes of the HCII 2022 proceedings are dedicated to this year’s edition of
the ITAP conference, entitled Human Aspects of IT for the Aged Population: Design,
Interaction, and Technology Acceptance (Part I) and Human Aspects of IT for the Aged
Population: Technology in Everyday Living (Part II). The first focuses on topics related
to design and gamification for aging; mobile, wearable and multimodal interaction for
aging; and social media use and digital literacy of the elderly, as well as technology
acceptance and adoption and related barriers and facilitators for older adults, while
the second focuses on topics related to intelligent environments for daily activities
support, health andwellbeing technologies for the elderly, and communication and social
interaction for older adults.

Papers of these volumes are included for publication after a minimum of two single-
blind reviews from the members of the ITAP Program Board or, in some cases, from
members of the Program Boards of other affiliated conferences. We would like to thank
all of them for their invaluable contribution, support, and efforts.

June 2022 Qin Gao
Jia Zhou
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Design Changes to a Synthetic Elderly
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Abstract. Lois is envisioned to be a synthetic elderly companion able to tend to
an elderly person’s needs, monitor overall well-being, detect decline and signs of
further medical problems, and in general, ‘be there’ for an elder. Lois is a cognitive
system comprised of computer displays, cameras, speakers, microphones, and
various sensors placed throughout the home turning the elder’s home into a ‘smart
home’ with services designed specifically for the needs of the elderly. Therefore,
by definition, Lois is an intrusive technology. The question is, howmuch intrusion
into their lives will an elderly person permit? To find out, we conducted a survey
asking elderly and their caregivers about different levels of intrusiveness. The
result was they want the technology, but they want it to be “invisible” and non-
intrusive and they want to have ultimate control over the technology. Elders do
not want their homes to turn into hospital rooms nor do they want to be nagged
or overlorded by a computer. The survey results indicate the need to make design
changes to Lois to minimize the profile in the elder’s home and life.

Keywords: Cognitive systems · Synthetic companions · Obtrusiveness ·
Intrusiveness · Elderly care · Independent living

1 Introduction

As people age, they naturally encounter cognitive and physical degradation often requir-
ing the assistance of a caregiver, moving into the home on younger family members, or
moving to a nursing home/assisted living facility. All of these options mean the end of
independence for the elderly person. Previously, we have described the architecture and
design of a synthetic elderly companion named Lois (short for Loved One’s Information
System) intended to extend an elderly person’s independence [1, 11]. Lois is envisioned
as an intelligent “smart home” requiring installation of various cameras, microphones,
sensors, screens, and other devices throughout the home [21–24]. Lois monitors the
elder’s activities throughout the day continually building a dossier of information about
the elder’s well-being, eating/sleeping/exercising habits, medication, social interaction,
etc. noticing anything a human caregiver would notice. Lois also detects the onset of
new, or worsening of existing, symptoms possibly indicating degradation of the elder’s
condition. When needed, Lois can assist the elder in performance of daily activities and
can alert family members and first responders in the case of emergencies.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
Q. Gao and J. Zhou (Eds.): HCII 2022, LNCS 13331, pp. 3–13, 2022.
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We have always envisioned Lois to be an “artificial caregiver” Therefore, we sought
to imbue Lois with all of the capabilities a human caregiver would have including
monitoring the elder’s overall well-being, detecting departures from normal, assisting
the elder with routine daily tasks, and being a friend and confidant. To perform these
tasks Lois and its technology must necessarily be intrusive into the elder’s home and life
to some degree. However, elders may not favor medicalization of their home and elders
may not be comfortable with intrusion into their personal and private space [21–23].

An open question is how much intrusion will the elder allow? If we make Lois too
intrusive, it will not be welcomed into the home and adoption of this new technology will
be limited. If we make Lois completely unintrusive, we run the risk of Lois not being
able to perform its functions. If Lois does not detect important events, or collect enough
information, the utility and reputation of the new technology will suffer also limiting
adoption. There must be some intermediate value at which Lois is intrusive enough but
not so much as to turn away potential users. As a result of our own discussions within
the research group and ad-hoc conversations with others, we constructed the following
hypotheses:

• H1: Elders want Lois to continually monitor their well-being, warn them, and
interact/intervene in case of an emergency, including notifying family members.

• H2: Elders will feel safer knowing their health and well-being is being monitored
continuously.

• H3: Elders want Lois to converse with themwhen required but also interact with them
casually, socially, and informally much as they would with a human caretaker.

• H4: Elders want the ability to “throttle” the level of interaction overall and on a daily
basis. Elders will want the ability to “turn Lois off” at their convenience. However,
even when “off” Lois will continue to monitor the elder but just not interact with the
elder needlessly.

• H5: Lois can be more intrusive than the current setting if the value of the interaction
is perceived as high.

• H6: Elders will not mind wearing a ring, necklace, bracelet, pendant, watch, or some
other kind of jewelry providing a link to Lois at all times.

• H7: Elders will react more positively to Lois if it uses a human-realistic face as an
avatar of their choosing.

• H8: Elders will accept a smart-mirror as a primary interface if it appears only in the
bathroom and not in every room in the house but will accept other interface devices
throughout the house.

To test these hypotheses, we created a survey with questions exploring each hypothesis.
We then had elderly people and caregivers living and working in independent living
situations and assisted living situations complete the survey (N = 62). Respondents
were asked to rate their comfort level with each situation explained in the question by
selecting one of five answers ranging from “very comfortable” to “very uncomfortable.”

This paper first describes previous work related to Lois and cognitive systems in
general. The paper then provides detail about the survey itself, the responses received,
and the disposition of each hypothesis, either “confirmed” or “refuted.” The paper then
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discusses design changes to Loismade obvious by our new understanding of the elderly’s
feelings about intrusiveness.

2 Literature

Many robotic/semi-robotic assistants for the elderly are currently available. Some
of these are desktop units such as Catalia Health’s Mabu (http://www.cataliahealth.
com) [2, 3], JIBO (https://jibo.com), Intuition Robotics’ ElliQ [4], Pillo Health’s
Pria (https://www.okpria.com). Some are artificial pets such as Blue Frog Robotics’
Buddy (https://buddytherobot.com/en/buddy-the-emotional-robot/), offerings by Age-
less Innovations, a spinoff of Hasbro (https://joyforall.com), and PARO the Therapeu-
tic robot (http://www.parorobots.com). Others are semi-humanoid robots such as Pep-
per by SoftBank Robotics (https://www.softbankrobotics.com/emea/en/pepper), Lynx,
by UB Tech (https://ubtrobot.com/products/lynx-with-amazon-alexa?ls=en), and Aido
by InGen Dynamics (http://aidorobot.com). Some are full-sized robots such as Asia
Robotics’ Dinsow (https://www.dinsow.com) [5], and Riken’s Robobear (https://www.
riken.com) [6]. Unlike these devices, Lois is not encased in a single physical unit. Rather,
Lois sensors and interface devices are distributed throughout every room in the elder’s
home and therefore is considered to be more of a “smart home” solution with more sim-
ilarities to Amazon’s Alexa (www.amazon.com/alexa) and Google’s Connected Home
(store.google.com/category/connected_home) [21, 22].

In software agent terminology, Lois is a smart hybrid interface agent capable of and
acting on behalf of the elder as well as collaborating with humans and other software
agents [7]. While we don’t consider Lois to be artificially intelligent, Lois is capable of
human-level information processing, thus making Lois a cognitive system (a “cog” for
short) [8]. Cognitive systems must interact with one or more humans in a human/cog
ensemble [9]. As shown in Fig. 1, by working together, Lois, the elder, the elder’s
family members, and the elder’s medical professionals form a human/cog ensemble
collectively capable of performance exceeding that of a human caregiver—a synthetic
elderly companion [1, 9–11].

The adoption of smart home technology is underway. An estimated 258 million
homes worldwide will employ smart home technology by the end of 2021 and is pro-
jected to increase to over 400 million homes by 2025 [12]. Issues such as usability
(usefulness, complexity, and reliability), intrusiveness (presenteeism, anonymity), and
dynamism (pace of change) contribute to unease among the adopters of this technol-
ogy [13]. The survey reported on in this paper involves intrusiveness. The presenteeism
aspect of intrusiveness involves how accessible Lois is to the elder and vice versa [14].
We think Lois should always be accessible via voice command and also by detection
of an abnormal situation or event. The anonymity aspect of intrusiveness involves how
visible Lois and its associated devices are in the home of the elder. Other work has stud-
ied how using anthropomorphic design features mitigates the perceived intrusiveness of
smart home technology [15].

The less invasive Lois is, the more likely the elderly are to adopt the technology. The
results from the survey reported on in this paper confirmed most people want Lois to be
there all the time (present) but invisible (anonymous).

http://www.cataliahealth.com
https://jibo.com
https://www.okpria.com
https://buddytherobot.com/en/buddy-the-emotional-robot/
https://joyforall.com
http://www.parorobots.com
https://www.softbankrobotics.com/emea/en/pepper
https://ubtrobot.com/products/lynx-with-amazon-alexa?ls=en
http://aidorobot.com
https://www.dinsow.com
https://www.riken.com
http://www.amazon.com/alexa
https://store.google.com/in/category/connected_home
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Fig. 1. The synthetic elderly companion human/cog ensemble

3 The Survey and the Respondents

Prior to completing the survey, each respondent was shown a brief presentation describ-
ing Lois, the kind of technology Lois uses, the purpose of Lois, and the purpose of the
survey. The presentation explained how Lois is embedded throughout the elder’s home
and is able to communicate directly with the elder on a daily basis via spoken natural lan-
guage and various display screens. It was further explained how Lois compiled a dossier
of information about the elder by continually receiving data from numerous cameras,
microphones, and other sensors placed throughout the home. The overall purpose of Lois
was explained to assist the elder and monitor the elder’s overall well-being regarding
various aspects of the elder’s life, as shown in Fig. 2.

Fig. 2. Areas of the elder’s life Lois monitors

Following the presentation, each respondent was asked to complete the survey con-
sisting of 26 questions designed to explore each of the eight hypotheses listed earlier.
Four questions relate to H1, three questions relate to H2, four questions relate to H3,
two questions relate to H4, three questions relate to H5, four questions relate to H6,
three questions relate to H7, and three questions relate to H8. Each question describes a
feature of Lois and requires the selection of one of five different choices with the choices
depicting the range of comfort the respondent has with the subject matter of the question.
Figure 3 shows a typical question on the survey.
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How comfortable are you with Lois continually monitoring your well-being? For
example, Lois continually monitoring your heart rate, blood pressure, and blood sugar
level?

1. Very Comfortable 
2. Comfortable 
3. Neither comfortable/uncomfortable 
4. Uncomfortable 
5. Very uncomfortable 

Fig. 3. Typical question on the survey

The survey was completed by 62 respondents. We sought to query elderly who
were living independently, elderly living in assisted living situations, and also elderly
caregivers. Of the respondents, 9 (14.5%) were employed as elderly caregivers. As a
result, most of the respondents were over the age of 55 currently living in their own
home as shown in Fig. 4.

Fig. 4. Distribution of respondents by age and living arrangement

We were also interested in how comfortable the respondents were to using existing
technology such as: a smartphone, a smart home device, and one of the existing elderly
care robots. As shown in Fig. 5, almost all use smartphones, about one-half have a smart
home device, but no respondents use an elderly care robot like those described earlier.

Of the respondents, 37 (59.7%) are female and 25 (40.3%) are male, 39 (63%) are
not yet retired while 23 (37%) are retired.

4 The Results

Each of the five choices respondents could select was assigned a numerical value 1–5
with 1 corresponding to “very comfortable” and 5 corresponding to “very uncomfort-
able.” Therefore, a lower average score on a question indicates the respondents are more
comfortable with the subject matter in the question. A higher average score indicates the
respondents were more uncomfortable with the subject matter. The lowest possible aver-
age score is 1 (if all respondents answered “very comfortable”) and the highest possible
average score is 5 (if all respondents answered “very uncomfortable”).
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Fig. 5. Respondents’ use of existing technology

The average score for each questionwas tabulated and then an average of all questions
pertaining to a hypothesis was computed. The average score for each hypothesis is shown
in Fig. 6.

H1 1.98 H5 2.72
H2 1.97 H6 2.48
H3 2.73 H7 2.64
H4 1.45 H8 3.24

Fig. 6. Average score for each hypothesis

The results of the survey resoundingly confirm three of the eight hypotheses:

• H1: Elders want Lois to continually monitor their well-being, warn them, and inter-
act/intervene in case of an emergency, including notifying family members (score:
2.10).

• H2: Elders will feel safer knowing their health and well-being is being monitored
continuously (score: 1.97).

• H4: Elders want the ability to “throttle” the level of interaction overall and on a daily
basis. Elders will want the ability to “turn Lois off” at their convenience. However,
even when “off” Lois will continue to monitor the elder but just not interact with the
elder needlessly (score: 1.45).

The survey shows respondents are comfortable with Lois continually monitoring their
well-being and feel safer knowing Lois is watching out for them. Respondents were
somewhat comfortable with wearing a device allowing Lois to monitor their vital signs:

• H6: Elders will not mind wearing a ring, necklace, bracelet, pendant, watch, or some
other kind of jewelry providing a link to Lois at all times (score: 2.48).
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An interpretation of these results might be elders are willing to put up with wearing
a monitoring device if absolutely necessary because they value Lois’ ability to moni-
tor their vital signs. However, they would rather not have to wear such a device. It is
obvious respondents want to be able to control how intrusive Lois is. In fact, the ques-
tions pertaining to H4 received the lowest score of all questions. These questions asked
respondents if they would like to the ability to turn Lois’ speech off and the ability to
put Lois “to sleep” for a period of time. The survey convincingly refuted:

• H8: Elders will accept a smart-mirror as a primary interface if it appears only in the
bathroom and not in every room in the house but will accept other interface devices
throughout the house (score: 3.24).

One of the questions pertaining to H8 involved using a mirror in the elder’s bathroom
as a smart mirror user interface for Lois. The score of this question, 3.79, was the
most negative score of any question on the survey indicating respondents definitely
do not want Lois appearing in their bathroom mirrors. Similarly, respondents seemed
ambivalent about the style of Lois’ user interface:

• H7: Elders will react more positively to Lois if it uses a human-realistic face as an
avatar of their choosing (score: 2.64).

Hypotheses H3 and H5 involved questions exploring the level of intrusiveness allowed
into the elder’s personal life. The question asking about Lois continuouslymonitoring the
elder’s vital signs and alerting the elder if an out-of-bounds reading is detected received
a favorable score of 2.06 corresponding to “comfortable.”

• H3: Elders want Lois to converse with themwhen required but also interact with them
casually, socially, and informally much as they would with a human caretaker (score:
2.73).

• H5: Lois can be more intrusive than the current setting if the value of the interaction
is perceived as high (score: 2.72).

However, two other questions involving Lois engaging in unsolicited “small talk” and
randomly commenting on the elder’s likes and dislikes received scores of 3.00 and 3.10
respectively. Questions involving Lois keeping with the elder’s social media and giving
updates in an unsolicited manner scored 2.95. These scores correspond to the “neither
comfortable or uncomfortable” response. So, while not totally negative, respondents did
not seem to particularly like this more intrusive behavior by Lois.

Overall, respondents like the idea of Lois monitoring their well-being however, they
want the technology to be as invisible and unintrusive as possible and they want to be
able to control how present and intrusive Lois is.

5 Design Changes

We have long imagined a smart mirror user interface for Lois. This would involve a
two-way mirror with a computer displaying information from behind the mirror so as
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to superimpose the computer-generated information on top of the image reflected in the
mirror as shown in Fig. 7.

Fig. 7. Smart mirror user interface for Lois.

Furthermore, we thought the bathroom would be an ideal place for the smart mirror
user interface since the bathroom is a natural place to have a mirror and the elder is likely
to use the mirror in the bathroom every day. We also imagined a realistic human facial
image presented as the “face” of Lois. We thought this would anthropomorphize Lois
making the technology more desirable as indicated in other research [15]. However, the
score of the question describing this user interface received the most unfavorable score
on the survey (3.79). Perhaps respondents view the bathroom as their private space so
interpret the presence of Lois in the bathroom as an invasion of their privacy. Therefore,
going forward, we will not plan on employing the smart bathroom mirror concept.

We have always thought of Lois as being a companion to the elder able to com-
municate in natural language much as a human friend, loved one, or human caretaker
would. Furthermore, using machine learning technology, we envisioned Lois learning
the likes, dislikes, motivations, concerns, and worries of the elder and using the informa-
tion to customize dialog-based interaction with the elder. We have thought Lois would
then become a trusted confidant and friendly voice in the life of the elder. However,
the survey indicates respondents are uncomfortable with this type of intrusion into their
personal lives. Respondents like the idea of Lois keeping an eye on them and monitoring
their well-being, but they do not like the idea of Lois becoming their friend. It seems this
crosses a line and becomes intrusive in the view of the respondents [23]. Therefore, going
forward, we will focus on Lois’ well-being monitoring functions and not the “friend and
confidant” functions.

This is an interesting and concerning result for us. Every day, tens of millions of
people are using “intelligent” companion chatbot technology, based onXioAce, inChina,
Japan, India, and Indonesia [19]. XioAce is designed to be an empathetic companion
able to satisfy an emotional connection with the user. Although not yet a success in
the United States, mass adoption by millions of people elsewhere certainly indicates
humans can, and will, form emotionally significant relationship with such technology.
Since most of XioAce users are teenagers, it may be this is something a future generation
of Lois users will desire.
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A primary function for Lois is monitoring the elder’s vital signs. Since the respon-
dents are telling us they desire this ability but want the enabling technology to be invis-
ible, we must look for emerging sensor technology able to work from a distance and be
built into normal objects in the household. One such device, announced at CES 2022,
is the Sengled Smart Health Monitoring Light, a WiFi/Bluetooth enabled lightbulb with
built-in radar technology able to track sleep, heart rate, body temperature, and other vital
signs [16]. These could replace existing lightbulbs in the home without having to change
the lighting fixtures themselves and could provide coverage in every room. Any such
ubiquitous technology will be of interest to us in the future.

Also emerging are low-impact sensors like Onera Health’s Biomedical Lab-on-a-
Chip technology announced at CES 2022 [17]. Embodied as a patch worn by the elder,
this technology replaces bulky sensors and is able to monitor sleep disorders and per-
form other medical-grade experiments. Such patches do represent an intrusion but once
applied, the patch would be forgotten about. In fact, medicinal patches are used by many
patients already.We feel, this form of technologywill be tolerated easier than technology
requiring conscious and deliberative interaction on the part of the elder.

Sensory technology designed for use in hospital beds already exists [20]. This tech-
nology consists of a large number of undetectable sensors locate in an overlay for the
mattress. Ideas like this are promising for Lois, however, such technology will have to
be designed for in-home use.

There are many devices in development and in early-market stages involving med-
ical diagnosis from analyzing a person’s breath [18]. Lois could use devices like this
innocuously in the elder’s bedroom, bathroom, living room, or smartphone. For exam-
ple, we can envision breath-sniffing technology mounted invisibly near the elder’s bed
providing many hours of sensing time without the elder ever knowing it is being done.

6 Conclusion and Future Work

Presented are results of a survey exploring how intrusive a cognitive system, named
Lois, can be when tasked with monitoring the well-being of an elderly person. The
idea is by using such a system as a smart home technology, an elder can remain liv-
ing independently in their own home longer. We have always envisioned Lois to be
an “artificial caregiver.” Therefore, we sought to imbue Lois with all of the capabili-
ties a human caregiver would have including monitoring the elder’s overall well-being,
detecting departures from normal, assisting the elder with routine daily tasks, and being
a friend and confidant. However, we have worried about how accepting the elderly will
be of such technology and incursion of the technology into their homes and lives.

There is recent evidence the elderly are becoming more accepting of technology in
general with over 50% owning a tablet and 69% using them on a daily basis and spending
on technology almost tripling in the last two years. [25]. This agrees with the results of
our survey finding 90% currently own a smartphone and almost 50% owning some type
of smart-home device.

The survey consisted of 26 questions investigating eight hypotheses posited by the
research team before the survey and listed earlier. Respondents (N = 62) answered the
questions by rating their level of comfort to the subject matter in each question on a scale
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of very comfortable to very uncomfortable. Most respondents (56) currently live inde-
pendently and themajority of the respondents are of an agewhere dependent/independent
living decisions are likely 10–15 years in the future.

In general, respondents were comfortable with Lois monitoring their overall well-
being and their vital signs, even if this meant wearing a device facilitating the sensing
and monitoring. Furthermore, respondents were comfortable about Lois being able to
detect emergency situations and notifying family members and first responders.

However, itwas clear, respondentswant the technology to be invisible andunintrusive
as possible. Respondents seem to want Lois to be there when needed but they feel less
comfortable about Lois being there as an interactive entity like a friend, family member,
or human caregiver would. Therefore, going forward, we will focus on Lois’ well-being
monitoring functions and technology and not the “friend and confidant” functions and
technology.

Respondents rejected the idea of Lois having a presence in the form of a smart
mirror interface in the bathroom. Combining this with the cool response to the “friend
and confidant” functionality, leads us to think going forward, we will seek to minimize
any overt user interface or obvious presence of Lois in the home of the elder.

The immediate future for our work is clear: make Lois as invisible as possible in
the homes and lives of the elderly people Lois is watching out for. Our next task will be
to revisit each function we envision for Lois and ask ourselves how we can achieve the
result with minimally invasive technology.
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Abstract. This paper describes the design and implementation of a human-
computer interaction (HCI) and human-robot interaction (HRI) based activity
designed to foster human-human interaction (HHI) in older adults with cognitive
impairment who reside in long term care (LTC) facilities. Apathy is a major con-
dition among this population; apathy is associated with social isolation, cognitive
decline, and a reduced quality of life. Few options exist in the treatment of apathy;
multi-modal activities addressing cognitive, physical, and social domains hold the
most promise but are themost resource intensive. Given the shortage of caregivers,
use of technology such as social robots and virtual reality may be useful to com-
plement activity programs. In this paper, we present the iterative design process of
a virtual dog training activity using Unity game engine, the humanoid robot Nao,
and the puppy robot Aibo. We solicited inputs from expert stakeholders (physi-
cians, nurses, activity directors, and occupational therapists) and residents living
in LTC facilities during each step of the design process. We describe their feed-
back and corresponding changes to the activity. Initial participant testing data in
a LTC community, participants’ final thoughts, and approval rating of the various
components of the system are also presented. The participants rated the system
on six categories on a scale of one to five; the mean rating per category increased
by 0.58 after the second session.

Keywords: User centered design · Human-Computer interaction ·
Human-Robot interaction · Human-Human interaction · Social robots · Virtual
reality ·Mixed reality · Older adults · Cognitive impairment · Dementia

1 Introduction

Approximately 6.2 million Americans ages 65 and older live with Alzheimer’s disease
and related dementia (ADRD). By 2060, this number is expected to rise to 13.9 mil-
lion, representing 3.3% of the U.S. population [1, 2]. Official death certificates recorded
121,499 deaths from ADRD in 2019, making ADRD the sixth leading cause of death in
the United States and the fifth leading cause for those 65 and older [3]. Many individuals
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with ADRD experience difficulties with memory retention, problem solving, commu-
nication, and other everyday activities. One of the main symptoms exhibited by people
with dementia is apathy; it leads to indifference, lack of initiative, aversion towards social
interaction, lack of interest in daily life activities, and reduced quality of life. Apathy
results in loneliness, social isolation, and further decline in mental and physical health
[4].

Apathy is difficult to address and very few pharmacologic options are available.
Common interventions include guided physical exercise sessions, group activities, cog-
nitive games [5, 6], music, art, and reminiscence therapy [7, 8]. Multimodal intervention
techniques that combine physical and cognitive stimulus and encourage social inter-
action are most effective [7]. Physical activities slow the decline in voluntary motor
skills and cognitive activities and social interactions boost attention, mood, and overall
cognitive function [9, 10].

These multi-modal activities are resource intensive. Unfortunately, nurses and activ-
ity personnel who provide activities to older adult residents in long term care settings
are in short supply [11]. To address manpower issues in long term care, various techno-
logical interventions using Virtual Reality (VR) and Socially Assistive Robots (SAR)
have been explored [12–14]. A brief background on existing VR and SAR intervention
techniques for older adults in long term care (LTC) settings are presented in the next
section.

2 Background

Investigators have explored robotic fitness coaches to lead group physical activities
or provide feedback and encouragement [15–17]. Brian 2.1, a humanoid robot, was
designed to encourage older adults to eat meals [18]. Nao, a widely used SAR, has
been used to perform memory training activities with older adults [19]. These systems
were designed to be used by only one user at a time and provided only a single mode of
stimulation. Theywere also open loop systems, hence could not adapt to the participants’
individual capabilities and performance.

Paro, a therapeutic baby seal robot, has been one of the most widely used SARs in
LTCs, primarily to improve mood and initiate social interaction [20, 21]. Paro has been
used at the individual level where the older adult held and petted it, and at the group
level where it was passed around among a group of older adults to initiate conversation.
While Paro can engage multiple users at the same time and initiate social interaction, it
is limited in nature and dependent on the care givers and their expertise in motivating
the older adults to participate in the activity.

Several LTC SAR systems used theWizard of Oz (WoZ) paradigm [22, 23]. InWoZ-
based systems, a human operator controls the system remotely but is not visible to the
participants, who are under the impression that they are interacting with an autonomous
agent. This enables the system to be adaptive to individual performance but requires a
trained operator to manually control the system.
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Though the above studies are promising, the range of activities provided solely by
SARs is limited. To expand SAR capabilities, virtual reality systems and other game
environments have been used in conjunction with SARs. A guided exercise program
[24] used the Oculus rift head mounted display and touch controllers. The robot Tangy
was used to facilitate a Bingo game with seven residents at a LTC facility [25].

These studies demonstrate the potential of SARs paired with VR or other game
environments to engage older adults. However, the majority of these studies provided
only a single mode of stimulation with open loop control or required operators to deliver
the intervention. Research shows that multimodal interventions that involve physical,
cognitive, and social stimuli are more effective than single mode intervention techniques
[26, 27]. Research also shows that participants are likely to respond better to instructions
fromphysically embodied robots than from a virtual environment on a computer [28, 29].
Last, the system should be able to adapt to each individual’s capabilities with minimal
input from the operator.

To combine the benefits of all of the above methods and address the limitations, we
designed a virtual dog training activity using the Unity game engine (www.unity.com),
the humanoid robot Nao (SoftBank robotics) as instructor, the puppy robot Aibo (Sony)
(Fig. 1) and a custom-built human computer interaction (HCI) device, as described in
[13]. We followed the principles of user centered design [30] to ensure the acceptability
and usability of the activity by our target population.

Fig. 1. NAO humanoid robot (left), Aibo puppy robot (right)

http://www.unity.com
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3 Robot-Mediated Activity Design

3.1 Activity Objectives

The objectives of the activity are to provide physical and cognitive challenges to older
adults and to promote human-human interaction (HHI). To fulfill these objectives the
activity needs to have components that require physical movement, cognitive compo-
nents that require the participant to recognize, memorize, synchronize, sort, or compute,
and social stimuli that require multiple participants to cooperate or coordinate to achieve
a common goal. The activity should also have metrics to measure progress of each par-
ticipant and provide rewards or positive re-enforcement to encourage greater effort and
increase engagement. The participant should also be able to perform the activity alone
for practice. To accommodate participants of different abilities, the activities should pro-
vide different levels of physical and cognitive challenges. Most importantly, the activity
should be engaging and fun for the older adults. After a series of discussions with
long term care (LTC) activity directors about activities that residents of their facilities
enjoy the most, and consulting with geriatric researchers and occupational therapists
specializing in dementia intervention, a virtual dog training activity was selected.

3.2 Robot Acceptance by Target Population

To determine if older adults would find the two robots fun and engaging, we firstmet with
two residents of a long-term care facility via teleconferencing (due to COVID protocols)
and showed them videos of the two robots. Nao was programmed to introduce itself
and do a dance, Aibo was programmed to walk around and perform some tricks. Both
residents responded positively to the robots and indicated they would like to interact
with the robots.

3.3 Activity Prototype 1

The first prototype of the activity required the participants to move their “wands” in
a sequence as instructed by Nao to make Aibo do a trick. The wands are a custom-
built human computer interaction device as described in [13]. There were six possible
motions: up, down, left, right, rotate clockwise and rotate counterclockwise. A random
sequence of these movements was generated and shown on a computer screen (Fig. 2).
The number of sequential movements depended on the chosen difficulty level based
on the older adult’s level of cognition. Nao demonstrated the movements and provided
encouragement and feedback based on the participants’ performance. Once the sequence
was completed, Aibo performed a trick, such as sitting, dancing etc. This activity focused
on gross motor movements of the arm and required comprehending instructions from
Nao. We tested this activity with two pairs of nursing faculty to get their opinion on
the ability of this activity to engage older adults. They were of the opinion that the
randomized arm motions did not correspond to the tricks that Aibo performed and was
counter intuitive. In addition, the gross armmotions may not be feasible for all members
of our target population; instead, an activity that focused more on reduced arm motions
and cognitive abilities would be a better strategy.
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Fig. 2. Example movement sequence for Dog training activity prototype 1: The user has to move
their arm up, then left and then right to complete the sequence

3.4 Activity Prototype 2

The second prototype of the activity required pairs of participants to spell out a word on
the virtual environment. Figure 3 shows the user interface of this activity prototype. Each
participant used a wand to interact with the system. The twenty-six randomly colored
red and blue letters of the alphabet were displayed on the screen. Each participant was
designated one color and could only pick letters of that color. Nao acted as the instructor
for the activity. He would state a word, e.g., ‘dance’, and the participants had to spell the
word by picking their correctly colored letters through use of the wand-controlled cursor.
Once the word was completed, the puppy robot Aibo performed the corresponding trick.
Nao also provided hints or encouragement as needed. Thewandmovements provided the
physical component of the activity, memorization of the word and its spelling provided

Fig. 3. Dog training activity prototype 2: The assigned word is ‘DANCE’, the red player has to
pick the red letters and the blue player has to pick the blue letters
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the cognitive stimulus. Since the participants could only choose letters of one color, they
had to cooperatewith each other to complete the activity, providing the social component.
The activity had three difficulty levels: 1) all the letters were static; 2) letters bounced up
and down from their mean position, and 3) letters changed their positions horizontally,
which required the participants to track their position in order to select them. We started
preliminary participant testing with this prototype.

4 Experiment

4.1 Recruitment Process

Researchers contacted the administrator and medical officer at a local LTC to explain
the study and gain permission to approach older adult residents. At a time specified
by LTC staff, researchers presented the robots and explained the study to interested
residents. Potential participants were screened for study eligibility: age 70+, residing in
the LTC facility for at least three months, able to hear, speak and understand English,
sit comfortably, and move both arms. During the screening process, participants were
seated in front of the computer screen at a similar distance that they would be while
performing the activities and asked if they could see the text on the screen. Nao was also
programmed to introduce himself and state his favorite color, and the participants were
asked to repeat his name and favorite color to determine if they could hear and understand
Nao. Multiple voices were generated for Nao using an online AI speech synthesizer
(play.ht) and the participants were asked which pitch and pace they preferred. Eligible
participants provided informed consent. This study was reviewed and approved by the
Vanderbilt University Institutional Review Board.

4.2 Participant Testing

Six participants were screened and consented of whom two dropped out of the study.
Four participants each performed the activity twice in pairs. There was a total of five
sessions, three sessionswhere the participants paired upwith each other and two sessions
where one participant paired with a researcher due to scheduling conflicts with other
participants. Sessions lasted approximately 30 min. The sessions were conducted once
a week and feedback from each session was used to modify the activity and the next
iterationwas used in the following session.All sessionswere video-taped. Figure 4 shows
a session in progress.After each session, the participants completed a questionnaire about
their comfort level and confidence level with the various components of the system and
answered several open-ended questions.

4.3 Problems Observed

Over the course of the five sessions, through our observations and participant feedback,
we identified the following issues:

1. Participants had difficulty understanding the instructions of the activity and the
researchers had to provide additional instructions and reminders in addition to the
instructions Nao was programmed to provide.
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Fig. 4. Participant testing of the dog training activity at an LTC: footage showing participants’
movements (left), footage showing robot behavior (right)

2. Some participants had difficulty finding the correct letters. They mentioned that the
high number of animated letters were often overwhelming.

3. We observed that occasionally the participants did not pay attention to the feedback
Nao was providing and had difficulty understanding which feedback was meant for
which participant.

4. We also observed that occasionally the participants were too focused on the
animations on the screen and ignored Nao’s feedback.

5 Activity Redesign

5.1 Architecture

The system consists of threemajor blocks: Human-Computer Interaction (HCI), Human-
Robot Interaction (HRI), and Human-Human interaction (HHI) (Fig. 5). The VR system
is run on a Windows desktop computer. It consists of the Interaction Layer that accepts
input from the wands and translates it into the corresponding movements in the game
environment; the Communications Layer that facilitates the communication of com-
mands from the state machine to NAO and Aibo; and the Finite State Machine (FSM)
that controls the logic of the activity, adapts the difficulty level based on participant
performance, generates appropriate feedback and encouragement, and calculates the
score. The participants interact with the system using the wands. A static infrared (IR)
LED marker is used as a reference; the wands calculate the position of the on-screen
cursor based on the relative movement with respect to this IR marker. The VR system
together with the wands constitute the HCI block. The details of the wand design and
communications layer can be found in [13].

HRI is controlled by the state machine described in the next section. NAO pro-
vides instructions, feedback, and encouragement, and also demonstrates the movements
required for the activity. The movements and feedback messages are programmed into
blocks called ‘behaviors’ using the ‘Choregraphe’ software developed by Aldebaran
robotics (now SoftBank robotics). Aibo is programmed to perform tricks once each
level of the task is completed. The FSM triggers the appropriate behaviors and tricks
depending on the state of the task.
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HHI is measured using participants’ head pose data from a Kinect sensor and speech
and is verified from video.Multimodal physiological data are collected using the Empat-
ica E4 sensor (Empatica.com). The audio, video, and data from all the sensors are
synchronized using time stamps.

Fig. 5. Architecture of the system

5.2 State Machine

The interaction among the various components of the architecture is governed by the
state machine. We designed two state machines, one for the interactive tutorial level
and another for the three main levels of the activity. The tutorial level was designed to
familiarize the participants with the task. Figure 6 shows the state machine that controls
the tutorial level and Fig. 7 shows the state machine for the main levels. Both perform a
system check on start to verify all components are connected and properly functioning
before proceeding to the activity in the stable state. For the tutorial level, there is an
introduction state before the stable state where Nao introduces himself and states the
rules of the activity followed by a demonstration. Nao also points out the reference IR
LED towards which the participants have to point their wands. He then assigns a color
to each of the two participants and encourages them to pick the letter corresponding to
their color. The state machine then transitions to the stable state where it monitors the
performance of the participants. The system is capable of detecting if the participant
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is not pointing the wand towards the reference IR LED, if the participant is taking too
long to pick their letter, or if they are trying to pick the letter designated to their partner.
If any of the above situations arise, the state machine transitions to the corresponding
state where Nao addresses the particular player by name and provides individualized
feedback, then the system returns to the stable state. The state machine for the main
levels also has an encouragement state where Nao provides encouragement each time a
participant selects a correct letter. Once the entire word has been completed, the state
machine transitions to the celebration state where Aibo performs the corresponding trick
and Nao performs a celebration motion as a reward.

Fig. 6. State machine for the tutorial level

Fig. 7. State machine for the main levels
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5.3 Changes to Address the Observed Problems

The following changes were made to address the issues noted in Sect. 4.3.

1. An interactive tutorial level was createdwhereNao provided step by step instructions
and waited for the participants to complete each step. Every step had instructions
and reminders after a set interval of time. A flowchart of the control logic of the
tutorial is shown in Fig. 6.

2. A slider was created in the graphical user interface to control the number of extra
letters that are presented on the activity screen. This was done to reduce excessive
visual stimuli that led to participants being unable to find the correct letters. The
slider allows the difficulty level to be determined for each pair of participants based
on their cognitive function level.

3. Nao was programmed to address participants by name before giving them individ-
ualized feedback to draw their attention and avoid confusion.

4. The animations of the activity were suspended when Nao delivered instructions or
feedback to reduce the number of simultaneous stimuli.

6 User Centered Design Principles

We solicited inputs from expert stakeholders (physicians, nurses, activity directors, and
occupational therapists) and residents living in long term care facilities during each step
of the design process. Research shows that involving target users from an early design
stage results in products that are better suited to the needs of the stakeholders and better
received [30–33]. The following principles of user centered design were followed:

1. Prototyping: We began the design process by creating prototypes and consulting
with experts in the field as well as target users to get opinions on the concept.

2. Contextual validity: Once a prototype was selected for further development, all
testing was done ‘in the wild’. We conducted our testing sessions in a long-term care
facility, using a similar setup that will be used for the final product, to enhance the
discovery of potential obstacles.

3. Active user participation: We involved the end user from the very early stages of
development starting with activity selection and prototyping to ensure the final
product is acceptable and enjoyable.

4. Iterative design: After each testing session, we noted the feedback and the issues
faced and addressed them in subsequent iterations.

5. Multidisciplinary design team: Our research team is comprised of engineers of var-
ious disciplines, nurses specializing in geriatrics and advised by physicians, nurses,
occupational therapists, and activity directors who are all experienced in working
with older adults with cognitive impairment.

6. Research flexibility: Since the testing took place outside of the laboratory, we
designed the system to bemodular andflexible to accommodate themany unexpected
variables in the real world.
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7 Data Collection

7.1 Kinect Data

We collected head pose data using the Kinect sensor to detect non-verbal communication
between the participants. We assumed that if the yaw angle of the head exceeded 45°
towards their partner’s sitting direction, then the participant was looking at their partner.
We logged the head rotation about the X, Y, and Z axis with timestamps and then isolated
the instances with head yaw angle more than 45° for the left participant and less than
−45° for the right participant. We verified the accuracy of the head pose detection
manually from time stamped video. We also recorded audio from the sessions to detect
verbal communication. This data will be later used to automatically detect participant
interaction.

7.2 Physiological Data

We collected physiological data using the Empatica E4 wrist mounted sensors. E4 con-
tains a Photoplethysmography (PPG) sensor to measure Blood Volume Pulse (BVP)
from which heart rate variability can be derived, an Electrodermal Activity (EDA) sen-
sor that measures the fluctuating electrical properties of the skin, an infrared thermopile
to measure skin temperature, and a three-axis accelerometer to measure motion. We also
used a similar sensor, Emotibit (emotibit.com), on one of the participants to compare its
data with the E4 data to validate Emotibit as a potential alternative. The physiological
data will be later used to detect stress and engagement and inform the state machine to
further adapt the activity for the individual.

7.3 Activity Approval

After each session, participants completed a questionnaire and rated their comfort and
confidence levels with the wand, the robot, and the VR system on a scale of 1 (least) to
5 (greatest). Each participant had performed the activity twice; their responses after the
first and second sessions are summarized in the Tables 1 and 2. While the ratings are
subjective and dependent on the participants’ mood and well-being on that particular
day, we can see an increase in the total individual scores after the second session for
three out of four participants. The individual total score increased by an average of 3.5.
The mean category-wise ratings also increased for five out of the six categories after the
second session, with themean increase being 0.58. After their second session, participant
A1005 mentioned that while they liked the robot addressing them by name, the amount
of feedback was overwhelming. They also mentioned that they had difficulty seeing the
screen on that day. To address these issues, we are adjusting the feedback timing and
considering other colors to improve the visibility and contrast on the screen.
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Table 1. Participant ratings after first session

Participant Wand Robot VR system Total

Comfort Confidence Comfort Confidence Comfort Confidence

A1001 4 4 4 4 3 4 23

A1002 3 2 2 3 5 5 20

A1004 3 2 2 3 4 5 19

A1005 2 2 3 4 1 3 15

Total 12 10 11 14 13 17

Mean 3 2.5 2.75 3.5 3.25 4.25

Table 2. Participant ratings after second session

Participant Wand Robot VR system Total

Comfort Confidence Comfort Confidence Comfort Confidence

A1001 4 4 5 5 5 4 27

A1002 4 3 5 5 5 4 26

A1004 4 4 5 4 4 4 25

A1005 3 2 2 2 2 2 13

Total 15 13 17 16 16 14

Mean 3.75 3.25 4.25 4 4 3.5

8 Participant Final Thoughts

After each session, the participants were asked open-ended question: what they liked
about the task, if they would like to do the task again, what changes, if any, they would
like to see, and if the difficulty level of the activity was appropriate. All the participants
mentioned that they liked the dog training activity and enjoyed seeing Aibo perform the
tricks that they spelled out by picking the letters. Some of them wanted to play with
Aibo and pet him after the session. They mentioned that they liked the moving letters
and finding the correct ones. When asked if the instructions they received from Nao
were clear and adequate, they said some instructions required further clarification. We
made the necessary changes to Nao’s instructions and when asked the same question
again after their second session, they said that they were satisfied with the instructions.
After their first session, one of the participants commented that having too many letters
on the screen was overwhelming and they faced difficulty finding the correct ones. We
implemented a slider that can regulate the number of excess letters visible on the screen.
After the second session, the participants mentioned that they liked the task with reduced
number of letters and did not feel overwhelmed. All of them indicated that they would
like to do this activity again in the future.
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9 Discussion and Conclusion

Wedesigned this activity to keep the older adults engaged, provide physical and cognitive
stimulation, and initiate social interaction. We followed the principles of participant
centered design and involved the stakeholders in every step of the design process. We
consulted with our panel of experts consisting of physicians, nurses, activity directors,
and occupational therapists to brainstorm ideas for appropriate activities and gain an
insight into the unique challenges faced by our target population.We tested our prototype
activity design with two pairs of nursing faculty and incorporated the suggested changes.
We consulted with older adults residing in long term care facilities to see if they would
enjoy interacting with the robots and ensured that the voice of the robot and the pace of
instructions was acceptable. The activity was designed to be easily modifiable and with
a variety of difficulty levels to accommodate the abilities of a wide range of individuals.

A participant study involving four older adults residing in a long-term care facility
showed that the activity is well received by our target population. They liked the task and
the robots, especially the puppy robot Aibo. We made changes iteratively to address the
problems that they faced, and the approval rating increased after their second sessions.

A limitation of this study is the small sample size. The initial aim was to conduct
the study with twelve participants but due to difficulty in recruitment due to COVID-19,
the number of participants had to be reduced to four. A larger sample size will enable us
to test the activity on subjects with a wider range of physical and cognitive abilities and
make the activity design more robust and better adapted for our target population.

Future work includes testing the system on a larger sample size, include more ways
of customizing the task to make it more accommodating to a wider range of popu-
lation, and using the physiological data for online stress detection to enable the sys-
tem to adapt dynamically to the individual participant’s abilities. We are also working
on incorporating natural language processing to better identify and classify participant
interaction.
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Abstract. Many elderly residing in nursing homes have age-prevalent
cognitive impairment and would benefit from regular social and cog-
nitive engagements to maintain their well-being. However, manpower
and resources to cater for both healthy elderly and their cognitively
impaired co-inhabitants effectively are often inadequate in elderly care
settings; therefore, other measures must be considered. Here, we subjec-
tively and objectively evaluated the feasibility and impact of Nadine, our
humanoid social robot, conducting Bingo games for a group of cognitively
impaired elderly at a nursing home, compared to Staff-led sessions. The
elderly engaged more and sought less attention from staff during Nadine-
led Bingo games than during Staff-championed sessions. They were also
calmer, happier, more at ease, and more communicative during Nadine-led
games. These findings can guide future designs of humanoid robots that
could be extended to become mobile robots to engage with the elderly of
various functional and cognitive abilities and provide more manpower.

Keywords: Human-computer interaction · Human robot interaction ·
User studies · Usability testing · Nadine social robot · Social assistive
robotics (SAR) · Robot companions · Social robots · Social intelligence
for robots · Human-humanoid interaction · Computer vision ·
Observational scales

1 Introduction

The rising global ageing population has seen the incidence of cognitive impair-
ment in seniors rise. According to the World Health Organization’s (WHO)
predictions, 82 million seniors will suffer from these conditions by 2030 and
152 million by 20501. This progressively deteriorating condition affects the daily
activities and lifestyle of cognitively impaired persons who suffer from loss of
memory, language, problem-solving, and other thinking abilities. In addition to
the cognitive decline, a cognitively impaired individual also experiences psy-
chological changes, including personality disorders, depression, agitation, and
hallucinations.
1 https://alz.org.sg/dementia/singapore/.
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Because there is no cure for cognitive impairment at the moment, empha-
sized care interventions and efforts must be invested in promoting well-being and
improving a cognitively impaired person’s quality of life [1]. Caregiving aims to
maintain the safety and holistic well-being of cognitively impaired people through
pharmacological and non-pharmacological interventions, which often require sig-
nificant manpower and resources. Non-pharmacological approaches include inter-
ventions that promote physical, cognitive, emotional, and social well-being, for
instance, art and music therapy, socialization activities, or simulated presence
therapy. Such activities can stimulate cognitively impaired elderly at nursing
homes, promote active engagement among them, and significantly improve their
quality of life [5], and they may also provide further benefits, like reduced agi-
tation and depression, improved mood, pleasure, and interest among this group
of elderly [6].

The demand for more staff power at nursing homes has led to considerations
and tests of other forms of support, such as the use of robots in various capacities.
With the impetus to explore the feasibility of a robot as a non-pharmacological
intervention, our study focused on leveraging Nadine, our humanoid social robot,
in activities as a way to improve the stimulation and engagement of the elderly
with age-related cognitive impairment in a nursing home setting. Care staff at
nursing homes are often overwhelmed by behavioural challenges, such as agita-
tion, non-compliance to care, aggression, wandering, and persistent calling out,
from inhabitants with cognitive impairments [33]. Therefore, we also aimed to
determine the impact of using Nadine and her kind as a productivity measure
to augment manpower resources during care and support services commonly
plagued by manpower shortage, expertise, and resource limitations.

To understand the impact of humanoid-led activities on the cognitively
impaired elderly and staff at a nursing home, we observed the responses and
behaviours of this group of elderly and staff during Nadine-steered Bingo games
and compared findings from her sessions with those of Staff-conducted games.
To establish her comprehensive influence at the nursing home when hosting
Bingo games, we used objective and subjective tools for validation; objective
tools are based on computer vision techniques, while subjective tools are based
on observational tools. We used the Deep Neural Networks (DNNs) and Person-
centred Interactions Observational Tool (PCIO) to capture and evaluate cogni-
tively impaired elderly’s emotional states and quality of engagement. With our
primary aim to stimulate the cognitively impaired elderly of a nursing home
through a recreational activity, like Bingo games, and keep them engaged, we
deployed Nadine to host Bingo games for nursing home elderly with cognitive
impairment and used the human-robot interaction (HRI) technology to answer
the following questions (Fig. 1):

– What is the impact of a humanoid-led Bingo game on the emotional and
engagement states of a cognitively impaired elderly in a nursing home?

– How can a humanoid-led Bingo game be used to augment the current man-
power resource?
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Fig. 1. Nadine hosting bingo for elderly.

The rest of the paper is organized as follows: we review existing literature on
humanoid robots assisting in nursing homes in Sect. 2, explain the experimen-
tal setup and adaptation technique of Nadine at the nursing home in Sect. 3,
provide details of our data collection methods and framework to analyze the
data collected in Sect. 4, present and discuss experimental results in Sect. 5, and
conclude in Sect. 6.

2 Literature Survey

Socially Assistive Robot systems have been used to provide interventions and
companionship for older adults; these offer physical and cognitive assistance.
Social assistive-robot-based systems capable of performing activities, playing
cognitive games, and socializing can be used to stimulate the physical, cognitive,
and social conditions of older adults and arrest the deterioration of their cognitive
state [28]. The potential use of these robots to provide assistance or services
through personalizing the robots to individual participants could enable users
to live independently in their own homes and communities [19]. Research has
shown that different types of stimuli, including moderate sound levels, small
group activities, animals, tasks, puzzles, engaging music and videos, and even
robotic animals and robots have enabled participants in nursing homes to engage
more frequently and avoid agitation [12,13].

Mario, a social robot deployed in an elderly home to lead various recreational
games, such as the painting game Scopa, which is an Italian card game, and
Bingo, enhanced the quality of life of the elderly with cognitive impairments
and reduced their depression and perceived social support [3,9,27].

Tangy the robot used in a long-term care (LTC) facility to lead a multi-player
Bingo game [22,24,25,41] autonomously announced Bingo numbers, helped
check players’ cards individually, verified winnings, and alerted winners. Tangy’s
facilitation of the game was highly effective with high significantly improved lev-
els of compliance and engagement from participants noted during the sessions.
Although Tangy was humanlike, his appearance was not realistically humanoid.
Moreover, the duration of the study was short with about six 1 h sessions, and
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the population sample was considerably small, seven elderly; therefore, the find-
ings were inadequate to determine definitively whether Tangy could hold the
interest over a longer period and for a larger audience. A study with Stevie the
robot showed he cognitively stimulated the elderly when playing Bingo games
with them, and he did so while largely entertaining participants [39].

Research with Paro, a seal robot placed in nursery homes [10], and everyday
elderly care [37] revealed that the extended use of the robot led to an increase
in sociability within groups of elderly, as well as other social benefits [36]. Also
observed were a steady increase in the physical interaction between the elderly
and the robot and a growing willingness among the participants to interact with
it. Paro even positively influenced mood change, reduced loneliness, and insti-
gated a statistically significant increase in interactions in group activities. The
use of Matilda the robot in three care facilities with 70 elderly participants in
Australia to improve their emotional wellbeing [17] resulted in her engaging the
elderly and elevating their social interaction levels during games with demon-
strable efficiency. Participants’ emotional, visual, and behavioural engagement
also increased, and Matilda rewarded winners by singing and dancing due to
which some participants wanted her to participate in all the group activities.

In a two-year investigation with Silbot the robot in an elderly care facility
in Denmark [7], during which the robot hosted Bingo games as part of a brain
fitness instructor, results were hard to come by because the study was blighted by
many hardware and software problems undoubtedly associated with the length
of the research. Battery, usability, and multiple other issues were also reported.
We used the complications encountered in the Danish study as the reference
point for our test (Fig. 2).

Based on similar studies with robots conducting a recreational activity, we
classified the available state-of-the-art robots in Table 1. ‘ ’ indicates the pres-
ence and ‘X’ indicates the absence of certain characteristics.

In most studies, the robots used are not as realistic as Nadine. Nadine can
emote natural human communication with her humanlike features, as reported
in [2]. She can produce facial expressions, respond with gestures, make eye con-
tact with the elderly, and we compare these with the capabilities of other robots.
Interactions with the face and arm movements are stimulating and could arouse
curiosity and interest [19]. We have also classified robots’ ability to speak and
understand speech; if yes, are they multilingual? For functionalities, we have
addressed different aspects of the vision-based capabilities of Robots. We exam-
ined robots’ ability to understand the environment and stare at the elderly and
understand their facial emotions. We look at previously studied robots’ ability
to control and interact with devices (such as TV, speakers, temperature control,
etc.) to facilitate recreational activities. Furthermore, our classification builds on
the analysis method used for the statistical results in previous studies; specifi-
cally, if they were AI- or ML-enabled.

The above parameters are deduced from the Table 1 that has not been taken
into account in the literature so far. We believe firmly that our study could
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Fig. 2. Robots used for recreational activities for elderly

provide a step forward towards teaching Nadine, with her humanlike character-
istics in appearance and ability, to mimic human behaviour.

To evaluate the effectiveness and the impact of Nadine in conducting stim-
ulating activities, we used the PCIO observational tool (a subjective tool) and
the Deep Learning-Based methods, (objective tools) to capture the engagement
between care staff/Nadine humanoid robot and the cognitively impaired elderly
during the scrutinized Bingo games. Our study is undoubtedly a step forward
in the research and development of a humanoid social robot with a human-
like appearance, characteristics, emotion recognition, and gesture synthesis that
mimic human behaviour at an elderly home. Our combined technique using the
deep learning-based model and PCIO tool to verify and validate results obtained
in data analysis can help understand the impact of a humanoid robot on users
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Table 1. Summary of the robots for recreational activity for elderly care where (a)
Humanoid realistic appearance, (b) Cognitively impaired elderly’s information, (c)
Empathy, (d) Facial expressions, (e) Gestures, (f) Multilingual, (g) Computer Vision-
based analysis, (h) Observational tools based analysis, (i) Internet of Things and (j)
Gazing

Paper (a) (b) (c) (d) (e) (f) (g) (h) (i) (j)

Mario [3] X X X X

Mario [27] X X X

Pepper [22] X X X X

Zora [29] X X N/A N/A X X

Tangy [21] X X N/A X X

Silbot [7] X N/A X X

Zora [16] X X X X X

Zora [42] X X X X X

Stevie [39] X X X X X

Matilda [17] X X N/A X X X

Nadine

and is the first of its kind. Our evaluation method incorporates video analysis
and the use of the observational tool PCIO to determine the holistic effect of
Nadine-led Bingo sessions on the cognitively impaired elderly.

Our study is undoubtedly a step forward in the research and development of
a humanoid social robot with a human-like appearance, characteristics, emotion
recognition, and gesture synthesis that mimic human behaviour at an elderly
home. Our combined technique using the deep learning-based model and PCIO
tool to verify and validate results obtained in data analysis can help understand
the impact of a humanoid robot on users and it’s the first of its kind. Our
evaluation method incorporates video analysis and the use of the observational
tool PCIO to determine the holistic effect of Nadine-led Bingo sessions on the
elderly.

3 Experimental Setup

Nadine is a socially intelligent, realistic humanoid robot with natural skin, hair,
and appearance. She has 27 DOF, enabling her to make facial movements and
gesticulate effectively, as documented in [44] and [4]. In this research, we seated
Nadine in the activity area of a ward of the nursing home, where she hosted
Bingo games and interacted with the elderly.
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3.1 Architecture

Nadine’s architecture as per Fig. 3 is described in [35]; it consists of three layers:
perception, processing, and interaction. She receives audio and visual stimuli
from microphones, 3D cameras, and web cameras to perceive user characteristics
and her environment sent to the processing layer. The processing layer is her
core module that receives all the information about the environment from the
perception layer and acts upon them. This processing layer includes various
submodules, such as dialogue processing (chatbot), affective system (emotions,
personality, mood), and Nadine’s memory of previous encounters with users. The
action/interaction layer consists of a dedicated robot controller for actions, like
emotion expression, lip synchronization, and gaze generation.

Fig. 3. Nadine’s architecture

Nadine can recognise people she has met before and engage in a flowing
conversation. She can be considered a part of human-assistive technology [26],
as she is capable of assisting people over a continuous period without breaks;
she has previously been deployed in different places that required her to work
for long hours [30].

3.2 Adaptation

According to [32] and [20], most robots designed for the elderly do not fulfil the
needs and requirements for optimal performance. For Nadine to be at her best in
nursing homes, we updated some previous models and developed new modules
recommended previously [11] (Fig. 4).

Bingo Game. Before deploying Nadine to the nursing home, the care staff was
tasked with hosting Bingo sessions for the elderly. They announced numbers and
used a small whiteboard to display these numbers for the elderly with hearing
impairment. The new module we developed to help Nadine perform optimally
when hosting Bingo games enabled her to do the following:
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Fig. 4. Nadine hosting a Bingo game for a group of elderly

– Start each session with greetings and weather information.
– Call out Bingo numbers in English and Mandarin.
– Call out numbers in specific time duration and repetitions.
– Display the current number and four previous numbers on the TV screen.
– Accompany called out numbers with hand gestures, facial expressions, gaze,

and background music.
– Allow care staff to control and customize her Bingo sessions using an attached

touch screen.
– Verify winning players and applaud them.

Participating elderly were provided fabricated in-house buzzers to press upon
realizing they had won a game, and Nadine played a cheering sound upon con-
firming Bingo calls from the elderly.

Update in Nadine’s Existing Module. As a social humanoid robot, Nadine
has an emotion engine that controls her emotions, personality, and mood during
an interaction, enabling her to perceive the situation (user and environment)
and adjust her emotions and behaviour accordingly. As a result, she can gener-
ate different emotions, including pleasure, arousal, and dominance. For Nadine
function optimally in nursing homes, she must appear patient and show no nega-
tivity or anger; she must exhibit only a positive temperament. Therefore, we set
a configuration file to different parameters that allowed her to stay positive and
behave accordingly, even when an elderly is frustrated, angry, or upset with her.
Also crucial is endowing Nadine’s speech synthesis output with positive emo-
tions. This mainly relates to changing the pitch, tone, and speed modulations.
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We modified the speech synthesizer to adapt speech output allowing Nadine
to speak slower, louder, and in a low tone to make it easier for the elderly to
understand her.

3.3 Ethical Protocol and Participants

Our research was reviewed by the Research Integrity & Ethics office and
approved by the Institutional Review Board. Participation in our study was
entirely voluntary, with each participant choosing whether to participate or not;
they had the right to refuse to partake in or withdraw from the study, even
if they had agreed to take part in it earlier. All participants were given perti-
nent information (according to their level of understanding and in the language
they understood) to make an informed decision about participating in the study.
Those who agreed to be involved signed a consent form. For non-English speaking
participants, an interpreter fluent in both English and the participant’s spoken
language assisted in the consent process.

Twenty-nine participants participated in the research and were never left
unattended during sessions. The nursing Home took responsibility for the safety
of the elderly who were monitored by the care staff during interactions with
Nadine. The participating elderly did not engage in any form of physical inter-
action with her, only verbal and staring interactions. Overall, we recorded 24
Nadine-hosted Bingo sessions and 2 Staff-led games.

In our consideration of the ethical issues in deploying Nadine in elderly care,
we observed and emphatically implemented safety protocols and safe distancing
measures for Covid-19.

4 Data Analysis

In order to fully comprehend the impact of Nadine’s presence conducting Bingo
games at the nursing home, we used objective tools (based on computer vision
techniques, such as Deep Neural Networks (DNNs)) and subjective tools (such
as a PCIO observational tool) to scrutinize our data. Using the analytical pro-
cedures detailed below, we obtained the data for every video of Nadine-hosted
Bingo versus Staff-led games and comparatively analysed them using statistical
methods.

4.1 Computer Vision Method as an Objective Tool

We used deep neural networks (DNNs) to evaluate the emotional and physical
states of the elderly automatically focusing on the following three evaluation
metrics:

– Happiness, (the satisfaction level of elderly during Nadine-steered Bingo
games).

– Movement, (Nadine’s effect on the physical movement of the elderly during
games she championed).
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– Activity, (the overall physical movement of the care staff during Nadine-hosted
Bingo games).

To quantitatively analyse these three metrics, we exploited DNNs’ advantages
in processing videos efficiently. Specifically, we used four different networks for
this study: a face detector2, an expression recognizer, an action detector3 and
an optical flow estimator [40].

The face detector, which estimates the locations of faces in a given frame
(see Fig. 5), was particularly useful, given that all participating elderly were
in wheelchairs; their relative locations were inferred based on the location of
their faces. Additionally, the nursing care staff were all wearing medical masks
throughout their intervention in Nadine’s Bingo sessions, and their faces were,
therefore, not detected. We adopted the Dlib library with its pre-trained convo-
lutional neural network (CNN) to implement the face detector.

Fig. 5. Examples of the face detector output

The expression recognizer categorizes the expression of a detected face and is
trained on the CelebA dataset [23] until convergence. We considered two classes
of expression in our case, i.e., smiling and neutral, and constructed a CNN with
ResNet-50 [15] as the backbone.

The action detector measures the motions and actions of a detected face,
generating action proposals, which are the locations and confidences of detect-
ing an action. We implemented the action detector based on the pre-trained
temporal segment network [43] provided in the MMAction2 library; it detected
the movement of the elderly during Nadine’s run Bingo game sessions, as the
face detector detected only faces.

The optical flow estimator determines moving targets (see Fig. 6). We recom-
mend estimating dense optical flow via the recurrent all-pairs field transforma-
tion network. At this moment, for an arbitrary region in each frame, the average
magnitude of the estimated optical flow in the region can be used to measure
the intensity of movement of care staff during the Bingo game sessions.

Using these DNNs, we defined the quantitative measures of Happiness, Move-
ment and Activity.

2 http://dlib.net/.
3 https://github.com/open-mmlab/mmaction2.

http://dlib.net/
https://github.com/open-mmlab/mmaction2
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Fig. 6. Staff movement in the patch using optical flow estimator

Happiness is closely associated with smiling and laughing expressions. Hence,
given a target video of L frames, we defined group happiness h as:

h =
1
L

L∑

l=1

1
nl

nl∑

t=1

pt, (1)

where pt ∈ [0, 1] denotes the probability of the t-th detected face in the l-th frame
belonging to the smiling class, which is estimated by the expression recognizer.

We defined the Movement of the elderly using the action detector in the
following equation, where dt is the confidence of detecting an action:

b =
1
L

L∑

l=1

1
nl

nl∑

t=1

dt (2)

For the Activity of the care staff, we used the optical flow estimator in the
following equation where ol is the magnitude of optical flow per frame:

f =
1
L

L∑

l=1

ol (3)

Using these analyses (example shown in Fig. 6), we obtained the data for
every video across all sessions and scrutinized them further using statistical
methods to obtain meaningful comparisons.

4.2 An Observational Method as a Subjective Tool

The PCIO tool measures the quality of a “task” conducted and the responses
provided by the cognitively impaired elderly. Other tools can also be used to
assess these interactions. Such person-centred assessments and further necessary
care planning must be the focus in providing persons with cognitive impair-
ments with unique requirements, support, and characteristics [14]. The Quality



40 N. Mishra et al.

of Interactions Schedule (QuIS) [8,34], the CARES R© observational tool [14,38],
the Greater Cincinnati Chapter Well-Being Observation Tool c© [18], and Demen-
tia Mapping Tool [38], are such valid measures that use independent observers
to assess the quality of social interactions between staff and patients in a care
setting where the patients cannot self-report. These tools can help understand,
address, and provide better emotional and healthcare facilities [31].

Cognitive impairment primarily causes memory loss and affects the thinking
process and communication. With this in mind, we selected the PCIO observa-
tion tool to gain insight into the experiences of the elderly during Nadine’s run
of Bingo games and determine her influence during the activity.

The PCIO Tool has 2 components: the Staff Interaction Code (SIC) and
Client Reaction Code (CRC). The SIC measures the quality of the care activ-
ity conducted and the CRC evaluates the engagement state of the elderly. We
used the CRC to determine the state of engagement and participation during
the Bingo session. CRC is coded in one of 5 states, namely, Connected state,
Collaborative state, Compliant state, Alerting state, and Assertive state. The
Connected state denotes the elderly’s happiness, optimal and spontaneous par-
ticipation in tasks, and engagement in positive communications. The Collabo-
rative state refers to the elderly’s relaxed state, which enables them to attempt
to participate in tasks, show some signs of happiness, comfort, and occasional
engagement in positive communications. The Compliant state is a state at which
the elderly routinely accepts care to avoid negative consequences, displays no
notable emotion, and engages in minimal communication. In the Alerting State,
the elderly attempts to avoid and reject care delivery and shows signs of displea-
sure, discomfort, and negative communication. During the Assertive state, the
elderly strongly refuses and rejects the provision of care, are unhappy, distressed,
aggressive, angry, and communicates negatively most of the time.

Nadine’s performance when leading Bingo sessions was also of significance in
determining her potential to augment productivity. Therefore, we collected data
for the study based on 2 key observations of the elderly and staff:

– For cognitively impaired elderly: Observations of their engagement
responses during Nadine-led Bingo games versus Staff-conducted sessions.

– For staff: Observations of their work during Nadine-led Bingo games versus
their sessions.

The elderly’s level of engagement was observed through their emotional
expressions, e.g., showing signs of happiness, sadness, or flat affect and the
demonstrated behaviour, such as initiating action, communication, and coop-
eration. The observation of the elderly’s responses and behaviours were coded
with the PCIO Tool using the following client reaction codes (CRC) as the met-
rics of evaluation:

– Connected state: The elderly are happy and participate optimally and
spontaneously: shows happiness; participates in tasks as much as they can;
consistent positive communication.
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– Collaborative state: The elderly are at ease and attempt to participate
when prompted: shows some signs of happiness, comfort; attempt to partici-
pate in tasks; occasional positive communication.

– Compliant state: The elderly accept assistance routinely to avoid negativ-
ity: no obvious display of emotions; minimal communication.

– Alerting state: The elderly attempt to avoid and reject assistance: shows
signs of unhappiness and discomfort; attempts to avoid or refuse care delivery;
some signs of negative communication.

– Assertive state: The elderly strongly refuse and reject assistance: shows
unhappiness, distress, aggression, frustration, anger; forcefully stop or refuse
assistance; obvious signs of negative communication.

Staff responses and behaviours were observed using the same videos that cap-
tured Nadine-led Bingo sessions versus Staff-conducted sessions and evaluated
through observations of the following:

– Tasks: The types and number of tasks performed during Bingo games.
– Interaction approach: The approach they adopted as they interacted with

and assisted the elderly during Bingo games.

Twenty-four sessions with 29 participants were recorded, and the engagement
responses of 15 elderly and 2 staff were observed and analysed over 12 Bingo
sessions.

5 Results

5.1 Computer Vision Method as an Objective Tool

To determine Nadine’s impact on the elderly when hosting Bingo games, we
analysed the video material we obtained. We compared four aspects of the video
material (smile, neutral, body score, and optical flow) between Nadine-hosted
sessions and those hosted by staff. After cleaning the footage, we identified 24 ses-
sions hosted by Nadine with 29 participating elderly in each game and 2 sessions
hosted by the caretakers. For each session, multiple camera angles generated the
footage. We compared all the footage from each of the available cameras without
compressing them into single averages for the sessions.

For comparisons of the scores between Nadine’s hosting and the caretak-
ers’ hosting, we performed an independent samples t-test; results are shown in
Table 2. The means and standard deviations of the four variables in the two
situations are presented in Fig. 7. Before conducting the t-tests, Levene’s test of
equality of variance was performed to check for the assumption of homoscedas-
ticity. We determined that two of the variables had unequal variance (variables
smile and body score); therefore, we analysed these two variables using modified
degrees of freedom.
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Table 2. Results of the t-tests during Nadine-led sessions.

Variable t df Sig. (2-tailed) Mean difference

Smile 3.341 23.122 0.003 0.009

Neutral −0.678 63 0.500 −0.043

Body score −2.123 38.275 0.040 −0.019

Optical flow −2.211 63 0.031 −0.107

Variable Std. error difference 95% confidence interval of the difference

Lower Upper

Smile 0.003 0.004 0.015

Neutral 0.064 −0.171 0.084

Body score 0.009 −0.036 −0.001

Optical flow 0.049 −0.204 −0.010

Fig. 7. Means and 95% CI of measurements.

As shown in Fig. 7, three of the variables demonstrated significant differences
between the two circumstances: the smile variable was considerably higher dur-
ing Nadine’s sessions, while the body score and the optical flow variables were
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markedly higher in the Staff-led games. No differences were recorded in neutral
measurements between the two groups.

Table 3. Bivariate correlations the between serial numbers of sessions and the four
variables.

Variable Pearson correlation Significance

Smile 0.249 0.062

Neutral −0.241 0.071

Body score −0.069 0.609

Optical flow 0.113 0.403

To determine whether or not the reactions of the elderly changed with time,
we looked for bivariate correlations between the four variables and the serial
numbers of the sessions; the higher a serial number, the later the session; there-
fore, a correlation would imply a linear change in the variables with time. The
results of the correlational analysis are presented in Table 3.

None of the variables had a significant correlation with the serial number.
Smile and neutral did have a marginally significant correlation and perhaps could
show more significance with a larger sample of data.

5.2 Observational Methods as a Subjective Tool

Based on the PCIO Tool, our observational findings on the cognitively impaired
elderly showed positive changes in the engagement levels between Nadine-led
Bingo sessions and Staff-orchestrated games. The elderly’s engagement levels
improved significantly during Nadine-led Bingo sessions: 22% were positively
engaged during the Staff-conducted Bingo games compared to 91% during
Nadine’s sessions (Fig. 8).

That positive engagement is further exhibited in Fig. 9, with elderly being sig-
nificantly more in the Collaborative state (positive engagement) during Nadine-
hosted sessions and considerably more in the Compliance state (neutral engage-
ment) during Staff-conducted games.

Similarly, the elderly were more positively engaged (person-focused and care-
focused) during Nadine’s sessions (at 99.7% versus 25% during Staff-championed
sessions) and more neutrally engaged (task-focused) during Staff-led sessions (at
75% versus 0.3% during Nadine-championed sessions), as Fig. 10 shows.
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Fig. 8. Elderly’s engagement level during Nadine-led versus Staff-led Bingo games,
where Positive Engagement is Connected & Collaborative, Neutral Engagement is
Compliance and Negative Engagement is Alerting & Assertive

Fig. 9. Elderly’s CRC during Bingo games (Nadine-led versus Staff-led). 15 cognitively
impaired elderly/5 min/20 min interval over 40 min for 12 Bingo sessions

Nadine’s impact during Bingo games was evident in the staff members’ inter-
action approach and the changes in tasks performed (Table 4). The key findings
in comparing Staff-conducted Bingo games to Nadine-led Bingo games suggest
the following:
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Table 4. Key impact on staff during Nadine and staff conducted Bingo games

Conducted by staff Conducted by Nadine

Staff task Staff run around juggling multiple tasks Staff walks around calmly to

– Calling out loudly the numbers in English,

Mandarin, and dialects

– Assist elderly who need help to check

Bingo card and play

– Writing numbers on white board and

showing all the elderly

– Prompt elderly to hit buzzer when

they “Bingo”

– Reminding elderly to pay attention after

number has been called (E.g., Hard of

hearing, poor vision, forgetful)

– Present prizes to elderly when they hit

buzzer after the “Bingo”

– Checking all elderly to encourage

participation and assist to play game

Nadine calls the numbers

– Check elderly if they “win” and shout

“Bingo” to get “prizes”

– Numbers are projected on TV screen

and monitor for easy viewing

– All elderly (e.g., poor vision, hard of

hearing and forgetful) are conditioned to

look to TV screen and monitor to look

out for number

Staff

interaction

approach

Staff tends to be Staff observed to be

– Rushing and doing things quickly when

assisting elderly

– Calm and patient when assisting

elderly

– Giving instructions that are short and

lacks clarity

– Direct elderly to visual cues

– Doing for tasks for elderly
– Enabling and encouraging elderly to

do more for themselves

Refer to Fig. 10 Coding the SIC of the staff

with and without Nadine assisted Bingo

sessions

Refer to Fig. 10 Coding the SIC of the

staff with and without Nadine assisted

Bingo sessions

Set up – Elderly seated around table with 50% of

them back facing staff

– TV screen and monitor to flash the

numbers

– Elderly seated all facing the Nadine

and TV screen and monitor

Key outcomes – Staff are busy running around juggling

multiple tasks

–Staff provide assistance only when

elderly require therefore encouraging

greater resident’s involvement and

autonomy
– Bingo sessions can be chaotic and noisy,

affecting elderly’ engagement. As a result,

some elderly are disengaged or “switched”

off during the session. This results in staff

spending a lot of effort to encourage elderly

to participate

– Bingo sessions are calm and organised.

elderly despite their impairments are

engaged throughout whole session with

very minimal prompting from staff

– Nadine-led Bingo sessions are more organized and structured enabling elderly
to be more attentive and participative throughout the sessions and

– Nadine-led Bingo sessions require lesser staff effort and involvement to encour-
age resident participation and to provide assistance
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Fig. 10. Staff’s Interaction approach with the elderly during Nadine-led versus Staff-
led Bingo sessions. Positive Engagement is Person-focused & Care-focused, Neutral
Engagement is Task-focused and Negative Engagement is Risk-focused & Discipline-
focused

6 Conclusion and Discussion

In this study, we deployed Nadine to assist in Bingo games and assessed her
impact on the engagement of cognitively impaired elderly and her potential to
augment the productivity of the staff in a nursing home setting. Our results
show that using a humanoid robot, like Nadine, as a non-pharmacological inter-
vention that enhances conventional activities, like Bingo, to promote emotional
and engagement benefits for cognitively impaired persons was efficient. Bingo is
a widely popular activity in all nursing homes in Singapore. Because it is often
conducted in large group sizes, many elderly, particularly those with cognitive
impairment tend to be overlooked or left behind due to their difficulty partic-
ipating without extensive support. Conducting such group activities requires
significant manpower, a luxury that all nursing homes do not have, given the
manpower and resource constraints.

Our finding with objective tools revealed three significant differences between
the Nadine-led Bingo sessions and the Staff-conducted games. The elderly smiled
more, moved around less, and the optical flow, which primarily relates to how
much movement nursing home care staff have to make, was also lower during
Nadine-led sessions. It was apparent that the situation in the nursing home
was better during Nadine-steered games: elderly were also calmer and happier,
and the staff had less work to do. Past studies produced similar findings, all
showing the potential benefits of employing robotic assistance in nursing homes.
With Nadine’s humanoid appearance and her ability to communicate, read, and
make facial expressions associated with emotions, it is logical to assume that
her presence can and will simultaneously improved elderly’s state of being in
nursing homes and relieve the burden on the nursing home staff. This supposition
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is factual if we go by our findings, given that all the changes in the measured
variables between the two circumstances (Nadine-led versus Staff-led games)
point in that direction.

On the other hand, these variables did not change significantly over time,
possibly due to the nature of them: given that Nadine renders the elderly more
focused, happier, and less needy (seen through the fewer movements of the staff
– Fig. 7), it is plausible that these effects remained constant over time. Hence,
Nadine provided a significant degree of content, which would mean she was effi-
cient in maintaining a high degree of interest from the elderly. Furthermore, this
means Nadine’s positive impact is felt very early on, with no period of adapta-
tion required. Therefore, a humanoid robot’s presence can bear an immediate
positive impact in nursing homes or similar facilities.

Observational tool analyses also yielded promising results that can be used
to address these common challenges in nursing homes where there is limited sup-
port for engagement during activity due to manpower shortage. The cognitively
impaired elderly generally showed positivity, denoted by signs of happiness, com-
fort, ease, occasional positive communications, and attempts at autonomously
doing things for themselves, as shown by their significant occupation of the col-
laborative state (Fig. 8, Fig. 9, and Fig. 10). While both the connected and col-
laborative states represent positive engagement, there is a temptation to wonder
why the highest level of positivity (connected state) was not met. It is safe to
hypothetically explain this phenomenon using human elements. Perhaps, fatigue,
monotony, boredom, and memory loss, a component of cognitive impairment, can
account for this. The elderly in nursing homes are senior citizens who, unlike
younger people, do not have the same level of enthusiasm that would trigger
the degree of willingness associated with the connected state. These are citizens
who if they suffer memory loss might have to reacquaint themselves with the
environment and everything else around them. Fatigue, something these elderly
also experience frequently, can also impact their positivity, as can boredom from
monotony. Therefore, that these cognitively impaired elderly did not attain the
connected state should not deter from the fact that they retained a significant
level of positive performance during Nadine-led Bingo sessions, which is a testa-
ment of how effective her present was and can be in nursing homes and similar
institutions.

Given these findings and that humanoid robot-assisted interventions for per-
sons with cognitive impairment have shown encouraging results to benefit both
persons living with these conditions, care staff, and care organizations, we came
to the following conclusions with regards to using Nadine to lead Bingo games:

– The significant improvement in the engagement level of the elderly with cog-
nitive impairment associated with enhanced cognitive abilities, like increased
alertness and attention span, and psychosocial responses, such as improved
mood, autonomy, and sociability is a strong argument for the use of humanoid
robots in more interventions provide more autonomous, interactive, and
engaging modes of interactions with elderly.
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– Nadine’s support of the care home staff also improved their interaction app-
roach with the elderly, providing strong evidence that the staff can adopt a
more supportive and enabling approach during humanoid-led activities, like
Bingo sessions, resulting in improved the elderly participation levels. There-
fore, a boost in the staff’s role by a humanoid’s presence results in them
devoting more time and effort to encourage and support the elderly to use
their remaining cognitive abilities, which further translates into optimising
the therapeutic benefits of such activities as the Bingo session on the cogni-
tive abilities of impaired elderly.

– Also, in relation to the Nadine-provided boost to care staff, which enabled
them to invest more time and effort to enable and encourage the elderly’s
use of their remaining abilities, particularly those with cognitive impairment,
streamlining the activity sessions to review activity-related tasks that can be
simplified or automated should significantly reduce the manpower resources
required to conduct these activities. This benefit can be further expanded
if the humanoid is mobile; a mobile humanoid could engage the elderly who
require higher care support when they are predominantly in bed or isolated in
care. Such a mobile humanoid robot can address the manpower gap by aug-
menting manpower resources while providing attention and assisting elderly
of different functional abilities with their engagements.

We believe these findings to be useful for the future design of humanoids
robots that could be extended to become mobile robots and engage with the
elderly of various functional and cognitive abilities. We aim to further study the
use of such humanoid robots to potentially address current manpower challenges
in a variety of sectors.
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Abstract. Currently, the world’s population has been aging. Especially,
Japan has entered a super-aging society. We develop a listening service
using a spoken dialogue agent as a system to support self-help for the in-
home elderly in our research group. However, it is impossible to promote
self-care for physical and mental illnesses that the elderly are not aware
of. The purpose of this paper is to encourage more self-care among the
elderly. The key idea is to make the elderly aware of the need for care
by adding health data to the agent’s topics of conversation, not just the
content of past utterances. As an approach, we link wearable devices
with interactive agents. The proposed system is expected to make the
elderly aware of their physical and mental discomforts, which they are
not aware of themselves, and to promote self-care.

Keywords: Spoken dialogue agent · Wearable device · Self-care ·
Elderly support · Smart healthcare

1 Introduction

Currently, the world’s population has been aging. In particular, Japan has
entered a super-aging society, and the number of elderly people and the aging
rate are expected to continue to increase. As a result, the shortage of nursing
care facilities and human resources has become a social problem. Under such
circumstances, the government is planning to shift from conventional institu-
tional care to home care [11]. However, many people live alone, and even if they
have family members, they often lack the skills and time to provide such care.
Therefore, there are high expectations for technology support [14].

One of the assistive technologies is wearable device. A wearable device is
a general term for a computer device worn on the wrist, arm, or head. In recent
years, there has been a lot of progress in the development of these devices, and
they can be worn to easily acquire health data. It is used for smart healthcare
in various areas such as medical care, nursing care, and activity recording.
c© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
Q. Gao and J. Zhou (Eds.): HCII 2022, LNCS 13331, pp. 52–70, 2022.
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Our research group has been studying and developing a system to support
self-help and mutual-help for the elderly at home. As one of them, we are devel-
oping listening service using a spoken dialogue agent [2–4,10]. This listening
service is a “mind sensing” service in which an agent listens to the elderly and
records and analyzes their speech to obtain information about their minds that
cannot be observed by sensors. However, since the conventional listening service
for psychosensing is based on the contents of past speech, it is impossible to
analyze matters that the patient is not aware of or has not talked
about. So it is impossible to provide sufficient self-care.

The purpose of this paper is to promote self-care for what the elderly them-
selves are not aware of. Our key idea is to make the agent aware of the need for
care by adding health data as well as past speech content to the agent’s topics
of conversation. To achieve this, there are two technical challenges.

– C1: Acquisition of health data via wearable devices
– C2: Realization of personalized self-care

As an approach, we link a spoken dialogue agent with a wearable device. In order
to link them together, five steps must be taken.

– Step 1: Acquisition and storage of health data
– Step 2: Generating dialogue scenarios based on health data
– Step 3: Executing dialogue with agents
– Step 4: Obtaining and storing health status through dialogue
– Step 5: Suggesting coping strategies based on health conditions

We then implemented a system that generates and executes dialogue sce-
narios based on health data using Steps 1 through 4 of the proposed method.
By obtaining health data from wearable devices and generating and executing
corresponding dialogue scenarios, we were able to obtain data through dialogue
to explain the need for care and analyze the causes of discomfort. This shows
that the proposed method can be used to link a spoken dialogue agent with a
wearable device. On the other hand, some issues remained, such as the fact that
the acquired health status was not being used and that real-time response was
not yet implemented.

In order to verify whether the system really promotes self-care, we consider
the following four research questions.

– RQ1: Is it possible to generate and execute dialogue scenario based
on health data?

– RQ2: Is it possible to obtain health status through dialogue?
– RQ3: Is it possible to make users aware of physical and mental
illnesses that they are not aware of?

– RQ4: Is it possible to encourage self-care?

Then, as a preliminary experiment for the evaluation of the proposed system,
we conducted a usage experiment with five subjects. As a result, the proposed
system was able to promote self-care of the in this experiment. On the other
hand, there were still some issues to be solved in terms of how to execute the
scenarios and how to acquire raw health data.
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2 Preliminaries

In this section, we describe the background of this research as preparation. First,
the current situation in Japan regarding the aging of the population is described.
We also describe wearable devices as one of the assistive technologies. Then, we
describe previous studies and their issues.

2.1 Current Situation in Japan

Currently, Japan is entering a super-aging society. The number of people
aged 65 years or older is approximately 36 million, and the proportion of the
total population (aging rate) is 28.8%. Furthermore, the aging rate is expected
to exceed 30% in 2025 and 35% in 2040, and continue to increase thereafter
[7]. In addition, the shortage of nursing care facilities and human resources has
become a social problem. In light of this situation, the government is planning a
shift from conventional institutional care to in-home care. Community-based
comprehensive care system1 to support this shift is based on the four “aids”
of self-help, mutual aid, mutual assistance, and deduction. Given the declin-
ing birthrate, aging population, and financial constraints, it will be difficult to
expand mutual aid and public assistance, making it even more important to focus
on self-help and mutual aid. However, self-help and mutual aid in home care is
not an easy task. There is a limit to the amount of care that can be provided
by hand, due to the burden of care placed on family members, as well as the
problems of caring for the elderly, caring for a single person, and living alone.
In such a situation, there are high expectations for support by technology.

2.2 Assistive Technology: Wearable Devices

One of the assistive technologies is a wearable device. A wearable device is a
general term for a computer device worn on the wrist, arm, or head. In recent
years, wearable devices have been developed to measure and record heartbeat,
stress, and sleep time. These devices are often used for health management and
behavioral recording because they can easily acquire data. By utilizing these
devices, smart healthcare technology can be deployed in various areas such as
exercise, sleep, medical care, and nursing care.

Garmin2 is one of the wearable devices. Garmin is a wristwatch-type activity
tracker. We can obtain health data such as heart rate, stress, sleep quality, and
body battery by wearing the device. Then, the health data stored on the device
is sent to the cloud by using a mobile app called Garmin Connect [5].

2.3 Previous Research: Listening Services

Our research group is developing a method to support self-help and mutual-help
in home life for elderly people and dementia patients at home, and is working to
1 https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/hukushi kaigo/kaigo koureisha/

chiiki-houkatsu/.
2 https://www.garmin.com/en-US/.

https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/hukushi_kaigo/kaigo_koureisha/chiiki-houkatsu/
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/hukushi_kaigo/kaigo_koureisha/chiiki-houkatsu/
https://www.garmin.com/en-US/
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Fig. 1. Architecture of listening service

build a system that can be introduced to general households. As one of them,
we are developing a listening service using a spoken dialogue agent (MMDA-
gent [9]: Mei-chan). In this service, the agent listens to the elderly and records
and analyzes their speech in a log to obtain information about their minds that
cannot be observed by sensors. Figure 1 shows the architecture of the listening
service. A web browser, MMDAgent, and IoT sensor are placed on the client
side, and user information, dialogue scenarios, and logs of past utterances are
placed on the server side. When the sensor responds, the agent executes the
corresponding scenario, listens to the elderly person, and asks the elderly per-
son about his or her current situation. It then stores the obtained speech in a
database. In addition, we are also developing a service that not only listens to
speech, but also helps the elderly to help themselves by executing microservices
through spoken dialogue [12]. However, because this listening service provides
care based on the content of speech, it is not possible to provide care for
content that the elderly themselves do not recognize.

3 Proposed Method

In this section, we first describe the objectives and key ideas of this paper, as
well as the technical challenges and approaches needed to achieve them. Then,
we propose a method for linking a spoken dialogue agent with a wearable device.
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Fig. 2. Architecture of proposed system

3.1 Purposes and Key Ideas

The purpose of this paper is to promote self-care for the elderly regarding things
they themselves are not aware of. The key idea is to add health data as well
as past speech content to the agent’s topics of conversation, so that the agent
can recognize physical and mental illnesses and realize the need for care. The
technical challenges addressed in this paper are as follows.

– C1: Acquisition of health data via wearable devices
– C2: Realization of personalized self-care

As an approach, we link a spoken dialogue agent with a wearable device.

3.2 Proposed Method and Architecture

In order to integrate a speech dialogue agent and an wearable device, we need
to take five steps.

– Step 1: Acquisition and storage of health data
– Step 2: Generating dialogue scenarios based on health data
– Step 3: Executing dialogue with agents
– Step 4: Obtaining and storing health status through dialogue
– Step 5: Suggesting coping strategies based on health conditions

Then, Fig. 2 shows the overall architecture of the proposed system. Compared
with the conventional listening service, we added a wearable device on the client
side and a database to store health data obtained from the wearable device and
a service to manage it on the server side. The yellow dotted line corresponds to
C1, and the green dotted line corresponds to C2.
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3.3 Flow of Proposed Method

In this section, we describe the five steps of the proposed method.

Step 1: Acquisition and storage of health data
In Step 1, we acquire and store health data of the elderly from wearable devices.
For this purpose, we need to implement Health Data Management Service.
This service has the following four main functions.

– Acquisition of raw health data
Many wearable devices have services and Application Programming Interface
(API) to acquire data. We use them to acquire data.

– Analysis of health data
The average and range of change of each data vary depending on the user.
Therefore, it is necessary to analyze and manage them.

– Formatting and storage of health data
Save the health data, including the analyzed data in a database. At this time,
the acquired data should not be saved as is, but should be formatted for future
use.

– Retrieval of health data
Retrieve the health data stored in the database. The data can be searched by
user, date and time, and type of data.

Step 2: Generating dialogue scenarios based on health data
In Step 2, we generate dialogue scenarios based on the health data acquired
and stored in Step 1. The scenarios to be generated can be divided into two
categories: “Praise” and “Warning”.

– Praise
In case of the health data being normal, tell elderly people about it, and
reassure or praise. And improve the motivation for self-care.

– Warning
In case of the health data being abnormal, tell elderly people about the mal-
function. And make them aware of the need for care.

A threshold value is set for each data in advance. The system decides which
scenario to generate by comparing the threshold values with the acquired health
data.

Step 3: Executing dialogue with agents
In Step 3, we have the agent execute the dialogue scenario generated in Step 2.
The timing of the scenario execution can be divided into two categories. One
is real-time execution, which is executed when new data is sent. To use the
latest data, we can achieve timely dialogue. The other is on-time execution,
which is executed at a fixed time. To execute at a fixed time, we can achieve
calm dialogue. The timing of execution is determined by the type of wearable
device and data.
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Table 1. Settings of implementation environment

Step 4: Obtaining and storing health status through dialogue
In Step 4, we elicit the health status through dialogue after executing the
scenario in Step 3, and store the contents. Here, health status refers to the
actual situation of the elderly, including the actions they took and the feelings
they had. The agent asks the elderly person questions about his or her health
status and stores the responses in a database. Then, we use the acquired health
status to analyze the causes of health problems or to propose solutions.

Step 5: Suggesting coping strategies based on health conditions
In Step 5, the agent proposes a coping strategy based on the health status
obtained in Step 4. Therefore, it is necessary to set up a coping strategy that is
linked to the health situation. There are two ways to set it up. One is for the
developer to prepare solutions for each case in advance. This method is good if we
know how to deal with a certain problem. The other is to set up solutions based
on the contents of past dialogues. This method is good if different individuals
have different coping requirements.

4 Implementation

In this section, we implement a system that generates and executes scenarios
corresponding to health data using the proposed method shown in the previous
section. However, since this paper focuses on the integration of a spoken dialogue
agent and a wearable device, we will implement Step 1 to Step 4 and not Step 5.

4.1 Implementation Environment

The implementation environment for this paper is summarized in Table 1. As
in the conventional listening service, we use MMDAgent as the spoken dia-
logue agent and Google Chrome as the web browser. As a wearable device,
we use a Garmin v́ıvosmart 4 (Hereafter referred to as “garmin device”.) a
type of Garmin. We use MongoDB to store the health data obtained from
the Garmin device. The health management service and its API were developed
using JavaScript and Node.js.

4.2 Implementation Flow

In this section, we describe the implementation details for each step of the pro-
posed method shown in the previous section.
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Fig. 3. Health data (stress)

Table 2. APIs of Garmin data management service

Step 1
In this implementation, we obtain heart rate, stress, sleep, and steps from the
Garmin device. Then, we implement the Garmin Data Management Service
as a health data management service. First, the acquisition of raw data from the
garmin device is implemented using garmin-connect3 in Node Package Man-
ager. Next, the mean, maximum, and total values are analyzed, and comprehen-
sive data for the day is created for each data. Then, the acquired health data is for-
matted and stored in a database with comprehensive data. An example of health
data being stored is shown in Fig. 3. Then, the user can retrieve health data from
the database by specifying the email address, date, and type of data. And finally,
we will create APIs for these functions so that they can be called from the listening
service. The API we created is shown in Table 2.

Step 2
We will generate a dialogue scenario based on the data of garmin device retrieved
from MongoDB by executing the API. In the following, we will explain how to
determine whether to praise or warn, and the contents of the dialogue scenario
to be generated, for each category.
3 https://www.npmjs.com/package/garmin-connect.

https://www.npmjs.com/package/garmin-connect
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– heart rate
Praise and warning in heart rate is determined by whether the heart rate
exceeds 120 beats per minute. This is because the heart rate of an average
adult is considered to be 60–80, and a heart rate exceeding 120 is suspected
to be tachycardia due to illness [1]. When the maximum daily heart rate is
less than 120, the patient should be praised for having a normal and calm
heart rate, and the elderly person should be reassured. On the other hand,
when the maximum heart rate is over 120, the patient should be warned that
the heart rate was high and the time of the high heart rate. However, there is
a possibility that the cause of tachycardia may be other than illness, such as
exercise, so be careful about the content of the scenario, as too much anxiety
may have a negative impact.

– stress
Praise and warning in stress is determined by whether the stress level exceeds
75 or not. This is based on the index used by Garmin. When the maximum
daily stress level is less than 75, the elderly person is praised for being calm
and not too stressed, which gives them peace of mind. On the other hand,
when the maximum stress level is 75 or higher, the system warns the elderly
that they are under a lot of stress and tells them how long it took to recover.

– sleep
Praise and warning in sleep is based on whether or not the duration of sleep
exceeds 6 h. This is because it is generally believed that the ideal amount of
sleep for an adult is 6 to 8 h [6]. When the daily sleep time is more than 6 h,
it is said that the patient slept well. If the amount of time spent in deep sleep
is more than one hour, we tell them that their body was well rested. On the
other hand, if the sleep time was less than 6 h, we tell them that they did
not sleep well as a warning and tell them to rest well if possible. If they are
awake for more than one hour during sleep, they are additionally told that
they did not get much rest.

– steps
Praise or warning in terms of the number of steps taken is based on whether
or not the number of steps taken in a day exceeds 7,000. This is because it is
said that 8,000 steps or more is necessary for men and 7,000 steps or more is
necessary for women in order to prevent muscle mass loss, muscle weakness,
and physical function decline that occur with aging [13]. When the number of
steps taken in a day is 7,000 or more, the total number of steps taken is given
as praise to maintain motivation. On the other hand, when the number of
steps is less than 7,000, the total number of steps and how many more steps
are needed are given as a warning, and motivation is improved by cheering.

Step 3
In order to use the data from the garmin device, we need to start Garmin Connect
and send the data to the cloud. Therefore, it is difficult to execute the scenario
in real time, so we decided to execute it on time. In other words, the scenario
is executed once a day for each category at a fixed time. The sleep scenario
is executed after waking up (6:00–11:00), and the heart rate, stress, and steps
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Fig. 4. Sleep scenarios (Praise) Copyright 2009–2018 Nagoya Institute of Technology
(MMDAgent Model “Mei”)

scenarios are executed when the sensors respond before bedtime (21:00–23:00).
The agent asks the user to start Garmin Connect before each execution.

Step 4
An agent asks a question to obtain the health status of an elderly person. In the
case of a heart rate, if it is a warning, find out the cause. In the case of stress,
if it is praise, ask the person what he or she did that day; if it is a warning,
ask the person what caused it. In the case of sleep, ask how you felt at the time
(refreshed, sleepy, etc.) and why you slept the way you did. In the case of steps,
ask the reason for the number of steps. Then we add the user’s name, date and
time, data type, praise and warning information to the reply content, and store
it in a database.

4.3 Implementation Results

An example of a dialogue scenario when implemented as described in the pre-
vious section is shown below. Figure 4 shows a praise scenario when there is no
abnormality in the sleep data. Figure 5 shows a warning scenario when there is
an abnormality in the stress data.

4.4 Implementation Considerations

In this section, we describe the findings and the remaining issues from the imple-
mentation.
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Fig. 5. Stress scenarios (Warning) Copyright 2009–2018 Nagoya Institute of Technol-
ogy (MMDAgent Model “Mei”)

Findings. Through the implementation, we were able to obtain health data
from the wearable device and generate and execute dialogue scenarios accord-
ingly. In addition, we were able to obtain health status through dialogue. This
shows that the proposed method can integrate a spoken dialogue agent with a
wearable device.

Remaining Issues. In this implementation, two issues remain. One is to sug-
gest coping strategies based on the health situation. Although we were able to
obtain health status through the dialogue, we have not yet implemented the
function to propose a coping strategy based on health status, which corresponds
to Step 5. The other is to respond in real time. In order to use Garmin data,
it is necessary to send it from Garmin Connect to the cloud, so it is difficult to
realize real-time response.

5 Experiment

In this section, we describe the preliminary experiments for the evaluation of the
proposed system.

5.1 Experiment Purpose

The purpose of this experiment is to evaluate whether the proposed system can
function properly and improve the users’ awareness of self-care. Therefore, we
set the following four research questions.
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Table 3. List of questions in the questionnaire

– RQ1: Is it possible to generate and execute dialogue scenario based
on health data?

– RQ2: Is it possible to obtain health status through dialogue?
– RQ3: Is it possible to make users aware of physical and mental
illnesses that they are not aware of?

– RQ4: Is it possible to encourage self-care?

5.2 Experiment Description

In this experiment, we set up a laptop with a voice dialogue agent and sensors
in the subject’s house, and let the subject live with a Garmin device. Then, we
have her have two conversations about health, one in the morning and one at
night. The period is one week, from 26 January, 2022 to 1 February, 2022. The
subjects were five members of the same research group. After the experiment,
a questionnaire on this experiment is given. The questionnaire was developed
based on the international standard SQuaRE (Systems and software Quality
Requirements and Evaluation) [8]. The questions in the questionnaire are shown
in Table 3.
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Fig. 6. Heart rate of subject 1 (27 January)

Fig. 7. Stress level of subject 1 (27 January)

Fig. 8. Sleep level of subject 1 (27 January)
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Fig. 9. Total steps of subject 1 (27 January)

Table 4. Example of dialoge log of subject 1 (27 January)
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Fig. 10. Response rate for questions about health status

Table 5. Example of representative dialogue logs (Subject 1)

5.3 Experiment Results

In this section, we describe the results obtained in this experiment. Figure 6, 7, 8
and 9 respectively show the data of heart rate, stress, sleep, and steps of subject 1
on 27 January. The maximum value of the heart rate is 142 at 8:14. Stress was at
a maximum of 96 at 16:57. The total duration of sleep is 5 h and 10 min, including
3 min of deep sleep. The total number of steps is 9870. Table 4 shows a part of
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Fig. 11. Scenario execution count

Table 6. Example of survey results

the dialogue log of 27 January for Subject 1. The agent tells the subject that he
did not sleep much and did not feel physically rested. The agent tells the subject
that the stress was high at 8:14. The agent tells the subject that the heart rate
was high at 16:57. The agent tells the subject that he has walked 9,870 steps
and praises him. Figure 10 shows the response rate to questions about health
status. All subjects responded to all questions. In addition, there were only two
responses such as “I don’t know.” or “I don’t remember.” and all the rest were
about health conditions. As an example, the health status answered by subject
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1 is shown in Table 5. Table 6 shows some of the results of the questionnaire for
each subject. The results for Q1, Q2, Q3, Q4, Q7, and Q10 in Table 3 are shown.
Figure 11 shows the number of times the dialogue scenario about health was run
for each subject. The scenarios were respectively executed 19, 13, 15, 20, and 6
times for subjects 1, 2, 3, 4, and 5.

5.4 Experiment Discussion

In this section, we will discuss the results of this experiment.

RQ1
For each subject, we compared the health data with the dialogue log to verify
whether the dialogue scenarios generated and executed were based on health
data. From Fig. 6, 7, 8 and 9 and Table 4, we can say that the dialogue scenario
with subject 1 on 27 January was based on health data. For the other subjects,
as well as for the other dates, the dialogue scenarios performed were based on
health data. From Table 6, to the question “Q10. Do you think you can trust
health dialogue with Mei-chan?”, four subjects answered “Agree” and one sub-
ject “Strongly agree”. This results show that the subjects themselves felt that
the dialogue was based on health data. Therefore, we were able to generate and
execute dialogues based on health data in this experiment.

RQ2
From Fig. 10, we can see that all the questions asking about health status were
answered this time. In two of these cases, the health status could not be obtained
due to “I don’t remember” or other reasons. Other than that, health conditions
were spoken. Then, from Table 5, we can see that we were able to obtain the
spoken health status. Therefore, we were able to obtain health status through
dialogue in this experiment.

RQ3
From Table 6, to the question, “Q1. Do you think you are aware of your own
health problems?”, three subjects answered “Agree”, and two subjects answered
“Disagree”. Even if we exclude subject 5 who did not run the scenario as many
times, one subject answered “Disagree”. The main reason for answering “Agree”
is “When I looked back on my day, there were a few things that came to mind.”.
The main reason for answering “Disagree” is “When I looked back on my day,
there were few things that came to mind.”. Therefore, we could not say that we
were able to make the subjects aware of their physical and mental discomfort
that they were not aware of. However, it did provide an opportunity for the
subjects to reflect on their daily lives.

RQ4
From Table 6, to the question, “Q3. Do you think your awareness of self-care has
increased?”, four subjects answered “Agree” and one subject “Strongly agree”.
As a result of the increased awareness of self-care, the participants mentioned
that they reviewed their sleeping hours and methods, and began to exercise
more than usual. In addition, to the question “Q7. Do you think that the health
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dialogue has helped you in your self care?”, all the subjects answered “Agree”.
Therefore, it can be said that the awareness of self-care was improved by the
proposed system in this experiment.

Remaining Issues
In this section, we describe the challenges that we have encountered through
this experiment. The most important issue we found in this experiment is the
reliable execution of the dialogue scenario. Originally, the scenario would be run
28 times, once a day for each of the four health data. However, the number of
executions is low with a maximum of 20 and a minimum of 6 looking at Fig. 11.
This could be due to the fact that the sensor did not respond at that time, or
due to limitations in the API being used. Since the scenario is set to run at a
certain fixed time, the scenario may not run properly depending on the location
of the sensor or the user’s lifestyle. In addition, npm’s garmin-connect, which is
used for the API, will generate an error and fail to retrieve data if it is executed
multiple times in a certain period of time. Therefore, in the future, we will review
the timing and method of executing the scenario, and consider how to get the
raw Garmin data using methods other than garmin-connect.

6 Conclusion

In this paper, we proposed a method of integrating a spoken dialogue agent and
a wearable device in order to promote self-care for elderly people by incorporat-
ing health data into the agent’s topic of conversation. We also implemented a
system that generates and executes scenarios corresponding to the health data
obtained from the wearable device using the proposed method. The results show
that the proposed method can be used to integrate a spoken dialogue agent
with a wearable device. Furthermore, we conducted an evaluation experiment of
the system implemented based on the proposed method with five subjects. As a
result, the proposed system was able to promote self-care of the in this experi-
ment. On the other hand, there were still some issues to be solved in terms of
how to execute the scenarios and how to acquire raw health data. Due to the
effects of the new coronavirus, we were not able to conduct the experiment with
the in-home elderly that we had originally planned. Therefore, it has not yet
been verified whether the proposed system is also effective for the elderly. In the
future, we plan to improve the issues left over from this preliminary experiment.
And we will conduct evaluation experiments with in-home elderly as soon as the
spread of the infection calms down.
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Abstract. Smart homedevices, likeAmazonEchoDot, allowusers to connect and
control in-home technologies (e.g., lights, Wi-Fi, TV) by voice control or through
a smartphone application. These devices are primarily marketed toward young
adults, yet many of the device set-up instructions can be difficult to follow, even
for digital natives. Poor instructions may represent a greater barrier to older adults
who often have less experience with the new technologies, but may also benefit the
most from using them. Smart home devices are perceived to positively impact the
quality of life of older adults that have visual impairment or restricted mobility;
it also promotes virtual connectivity with friends and family [1]. The utility of
smart home devices is diminished by the challenges of setting up and connecting
them. This presents a barrier to the adoption and use of the technologies across
multiple generations. The goal of this study was to evaluate the set-up process
for two connected smart home devices: an Amazon Echo Dot and an Amazon
Smart Plug with older adults using either the original equipment manufacturer
(OEM) instructions or a set of the instructions redesigned to accommodate older
adults. The results from this study suggest that there is opportunity to improve
instructions of smart home devices for older adult populations.

Keywords: Out-of-box experience · Older adult · Smart home devices ·
Instruction design

1 Introduction

The use of technology is becomingmore commonwith older adults, ranging from smart-
phones to smart home devices. In a 2017 Pew Research Center study [2], approximately
42% of survey respondents aged 65 or older reported owning a smartphone and 32%
reported owning a tablet, up from 1% in 2010. Additionally, in less than 20 years, 67% of
older adults use the internet and 51% now have a home broadband connection. The same
study [2] also showed that 58% of adults 65 years of age or older say “technology has
had a mostly positive impact on society.” In a survey by Harris, Blocker, and Rogers [3],
older adult respondents reported that their smartphones and smart home devices were
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easy to use and entertaining. Given that technology is becoming more popular among
older adults, it is important to understand how they learn about use, and how accepting
they are of new technologies.

The Pew Research Center study [2] provides data on older adults’ ability to learn
about new technology. In this study, just 26%of those aged 65or olderwho reported using
the internet felt confident when they used technology such as computers, smartphones,
or other devices to complete tasks online. Approximately one third of those 65 or older
said they felt “only a little” (23%) or “not at all” (11%) confident when using devices for
online activities [2]. Those 65 and older also reported that the statement, “When I get
a new electronic device, I usually need someone to set it up or show me how to use it,”
characterizes them very (48%) or somewhat (25%) well [2]. These findings are further
supported by Harris and colleagues [3], where half (35 people) of older adult survey
respondents found initial set-up of smartphones “difficult” and that the instructions were
confusing.

In addition, a Pew Research Center report [4] stated that, when compared to those
under 65, older adults represent a larger proportion of those considered “digitally unpre-
pared.” Given that older adults did not grow up with these devices and may have only
recently been introduced to technologies like the internet or smartphones, their familiar-
ity with the devices is most likely lower than that of younger age groups. Older adults
may also have age-related physical or cognitive difficulties, making acclimation to new
devices more challenging. Taken together, the results suggest these age differences man-
ifested in the way older adults use technology, as well as, their own confidence in their
ability to use technology. This may affect an older adult’s attitudes toward technology,
especially depending upon how positive or negative their experience was with it.

Regarding perceptions and attitudes older adults have toward smart home technolo-
gies, a pilot study reported an overall positive attitude toward devices in their homes [1].
This study used focus group sessions to ask 15 older adults their perceptions of tech-
nology and how they think technology could help them in their daily lives. The group
sessions discussed topics such as usefulness, health-related sensors, improving mobil-
ity, reducing isolation, managing medications, and monitoring physiological markers.
Across all topics, older adults had a favorable view of technology and could see how it
might benefit them. Similar findings were reported in a survey of older adults in 2020,
over half (35 people) of survey respondents found smartphones and smart home devices
useful in daily lives [3]. However, older adults consistently preferred the assistance of
family and friends without attempting on their own with instructions for set-up [3].
Effective instructions may also guide older adults and help them think creatively about
how smart devices, for example, could assist them in their daily lives.

1.1 Out-of-Box Experience

Out-of-box experience (OOBE) is a method that assesses the unpacking, the configura-
tion, and the first use of a new product. OOBE plays an important role in the adoption
and utilization of a product because it should be fairly intuitive for users. A good OOBE
creates an enjoyable and productive first experience [5].

During the unpacking stage, it is very important to clarify what the user needs
to do at each step and ensure the packaging is easy to open and minimizes waste.
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During configuration or set-up, the importance shifts to clear instructions, managing
transitions between mediums, and time. This phase should be direct and simple. The
need to troubleshoot an installation or set-up can result in a negative OOBE. Lastly,
the user’s first use of the new product should be engaging with an appropriate balance
of structure and flexibility. It is crucial to guide the user through the capabilities in an
intuitive and enjoyable manner.

The OOBE is important for all users of a product, but it may be even more critical
for older adults. Technology, like smart home devices, have become prevalent in the past
decade, so it is critical to consider the needs of potential users that are not as familiar
with this technology.

There is an interesting dilemma when it comes to the use of technology among older
adults. Many developers of smart devices do not always consider the needs of older
adults, yet older adults may benefit the most from the use of smart devices. Research has
shown that older adults are less likely to use technology due to “complexity and jargon,
rather than physical difficulties” [6].

It is common for most older adults, even those reporting “high computer anxiety and
low self-efficacy,” to adopt new technology because of recommendation and motivation
by younger family and friends [5]. Less than a third of older adults that owned computers
actually chose the specific product and model themselves [7].

When it comes to the OOBE of newer technologies, it is common for older adults
to avoid it entirely. Burrows [6] found that 14 out of 24 participants preferred to have
someone else complete the set-up for them because it would be faster andmore effective.
If an older adult was left to learn to use a new technology on their own, it is common
for them to report that the product functions were not clear and could not use it to the
full potential [6].

It is in a developer and manufacturer’s interest to ensure a positive OOBE for older
adults as they are the users that can benefit from smart home devices, whether it is for
productivity or socialization. As a first step, it is extremely important to simplify OOBE
instructions for the older adult and include them into the target market.

1.2 Instruction Effectiveness

While most products or devices come with some form of instructions for set-up or
device manual, it has been determined that older adults usually take a different approach
to learning a device than younger adults. Though it may be assumed that younger or
middle-aged individualswill be a device’s primary users, older adults represent a growing
portion of smart device users.

With device instructions, it is important to outline the main functions of a device
in a manner that most users can understand. With an aging population, it is becoming
even more important to ensure that older adults are able to effectively set up and use
various devices. The usability of instructions for a device also may significantly impact
the user’s first impression of the device as well as their mental model of the device’s
functions.

It has been found that younger users tend to employ a “trial and error” method for
learning a device and prefer to figure out device functions themselves; however, older
adults tend to prefer using a device’s instruction manual but report difficulty using it [8].
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In addition, when troubleshooting due to trial and error, younger and middle-aged users
may seek additional information from the internet or someone of their own generation,
whereas, older users tend to seek help through the devicemanual or someone in a younger
generation, such as a child or grandchild. Leung and colleagues [8] observed that younger
users prefer to use the internet to learn a device’s functions, whereas older adults prefer
to use the device’s “help” feature. Older adults also prefer demonstrations and having the
chance to practice using a device, through device assistance, beforemoving to unassisted
use [8].

It is also important to account for users who may not previously have accounts
set-up with the various brands and devices. Instructions should be informative even
for the most novice users. While many younger users may have accounts set-up with
various companies like Amazon and Google, older adults may not have these established
accounts and device instructions may need to make it clear when such accounts are
necessary in order to set up a device.

With an aging population, it is important to ensure that older adults feel confident
using a technological product and being able to understand the instructions without
significant intervention from outside sources. Understanding instructions is important
since older adults rely on instructions to familiarize themselves with products but find
them overwhelming and filled with jargon [9].

1.3 Purpose

The goal of this study was to evaluate the set-up process for two connected smart home
devices: an Echo Dot (Echo Dot) and a Smart Plug (Smart Plug) with older adults using
either the original equipmentmanufacturer (OEM) instructions or a set of the instructions
redesigned to accommodate older adults.

2 Method

2.1 Participants

The participants for this study consisted of 11 subjects (6 male and 5 female) ranging
from the ages of 53–65 years of age (M = 59, SD = 2.72). The predominant ethnicity
of participants was Caucasian. Seven out of 10 participants worked full-time, three were
retired, and one was unemployed. Majority of the participants (7/10) rated their daily
technology use either 4–5 or 6+ h each day, and the majority (6/10) own or have owned
smart home devices. No participants in this study had previous experience with Echo
Dot or Smart Plug.

2.2 Experimental Design

Participants were asked to conduct an OOBE, including unpacking, configuration, and
first use of the Echo Dot and the Smart Plug. They were asked to think aloud throughout
the OOBE process. This study used a between-subjects design; five participants com-
pleted the OOBE using the OEM instructions, while six performed the OOBE using the
revised instructions made by the researchers.
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2.3 Measures

During the think-aloud, participants’ positive and negative perceptions of the devicewere
recorded. To assess product usability, the Microsoft Product- Relation Cards (MPRC)
and the Post-Study System Usability Questionnaire (PSSUQ) were used. The MPRC
measures the participants’ attitudes towards the device using a controlled vocabulary
test from the researchers [10]. The PSSUQ is a 16-item standardized questionnaire that
was used to measure the users’ perceived satisfaction with the devices at the end of
the study. Each item is a positive statement which participants are asked to rate on a
scale of 1–7 (1 being strongly agree and 7 being strongly disagree). The questionnaire
addressed three overarching usability metrics: system usefulness, information quality,
and interface quality. Ease of use rating measured how the participants were to rate their
perceived level of ease when using the device and was based on a scale of 1–10 (1 being
very difficult and 10 being very easy) [11]. Lastly, points of delight and frustration were
assessed, and a demographics survey was given to the participants in the beginning of
the study.

2.4 Materials

The materials used in this study were the Echo Dot, Smart Plug, and a smartphone (see
Fig. 1). An electric fanwas also provided to be usedwith the Smart Plug once configured.
The participant was given either the OEM instructions or the redesigned instructions.

Amazon Echo Dot Amazon Smart Plug

Fig. 1. OOBE device packaging and documentation

2.5 Instruction Design

The researchers conducted an expert review of the OEM instructions taking into account
older adult design heuristics involving visual, auditory, and cognitive capabilities. This
resulted in the creation of a new instructional setwith changes to text size, clarity/contrast
of images, clarification of steps, and inclusion of smartphone mobile application (or
simply, app) images (see Table 1).
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Table 1. OEM Instructions vs redesigned instructions.

2.6 Procedure

Participants were recruited via email and word of mouth for this study. Upon arrival, the
participant was given a brief welcome introduction, which was followed by a consent
form. Upon consent, the facilitator proceeded to read a scenario to start the study and the
Echo Dot packaging would be placed in front of the participant. A series of first impres-
sion questions were asked regarding the outer appearances of the box. The researcher
then asked the participant to open the box and vocalize any feelings or opinions about
the initial layout of the interior of the box.

The participant was then asked to unpack the Echo Dot fully, answer post-unpacking
questions, and provide five adjectives from the MPRC about their impressions of the
device. Afterward, information was given to the participant, which included the smart-
phone passcode and Amazon login information. Then, the participant was asked to set
up the Echo Dot using either the instructions provided by Amazon or the redesigned
instructions created by the researchers. Once the device was set-up, they were asked
a series of questions about their experience setting up the Echo Dot. Participants were
asked to complete three tasks using verbal commands with the Echo Dot: (1) find the
nearest restaurant, (2) set a timer for five minutes, and (3) turn off the timer. After
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completing all tasks, participants were asked about their impressions and answered the
PSSUQ.

The participant repeated the same procedure for the Smart Plug set-up. Once the
Smart Plug was set-up with the electric fan plugged into it, the participant was tasked to
turn on and off a fan using voice controls with the Echo Dot (see Fig. 2). The participants
completed a demographic survey at the end of the study.

Fig. 2. Schematic of Echo Dot to desk fan functionality

3 Results

3.1 Packaging and First Impressions

First impressions of the packaging and unboxing process were very similar for both
the Echo Dot and the Smart Plug. When asked to choose words from the MPRC that
best described their first impression of the products, participants most often described
the products as convenient, clean, and attractive (see Fig. 3). There was consensus
amongst all participants that the packaging for both devices were of good quality, well-
constructed, and organized. The product was also easy to unbox because no special tools
were required. However, participants were surprised by the large size of the Smart Plug
and expected it to be smaller. Some had concerns about the amount of space it required
when plugged into an outlet. Additionally, participants expressed that the devices’ target
audience were younger to middle-aged adults or those who are “more tech-savvy” and
not targeted to their age group.
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Fig. 3. MPRC first impressions results; adjectives participants used to describe their first
impressions (larger font adjectives indicate greater frequency of use)

3.2 Set-Up Configuration

Four key barriers (see Table 2) were identified that impacted the usability of smart
home device set-up and usage in both instruction conditions. These included assumed
technology literacy, poor information placement, insufficient time allotted by the device
programming to accomplish tasks during the setup process, and lack of feedback.

• Assumed technology literacy: set-up instructions lacked sufficient detail for users
novice to understand

• Information placement: key information was in locations that were difficult to find
• Insufficient time: several steps of the process required participants to complete them
in a time frame smaller than the device is programmed to wait

• Lack of feedback: little to no feedbackwas provided upon user error or task completion

Assumed Technology Literacy

Echo Dot. Frustrations occurred with the Echo Dot OEM instructions due to unclear
terminology during the lengthy set-up process. The design of the set-up process and the
OEM instructions function under the assumption that all users of the device have a certain
base level of technology literacy. This was not the case for the older adults. Participants
did not have a general understanding of the processes needed to set-up a smart home
device, including tasks, such as downloading an app, connecting devices to Wi-Fi, and
using voice commands. For example, frustrations arose when participants needed to
download an app on the smartphone. Many of the participants did not know how to
download an app, or that an app is a requirement in the set-up process and tried to proceed
without it. With the redesigned instructions, participants found the images, shown for
each step, beneficial to reference when completing actions they were unfamiliar with
but some technical jargon sill needed to be simplified for better understanding.
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Table 2. Four key barriers impacting smart home device usability.

Smart Plug. During the set-up of the Smart Plug, participants who did not have prior
knowledge or experience of scanning QR codes and bluetooth pairing, found the OEM
instructions lacking in information to aid them through the set-up process. Steps on the
OEM instruction pamphlet ended after users opened the mobile app and did not provide
any aid when participants referred back when in need of help completing the in-app
set-up. The redesigned instructions, which included all steps from start to end of set-up
and troubleshooting tips, lessened the frustration during events of confusion.

Information Placement

Echo Dot. Using the OEM instructions, participants reported points of frustration when
they were unable to find detailed information regarding the steps to complete. With
the OEM instructions, participants saw the two-step instruction pamphlet and expected
the set-up to be simple, whereas participants who received the redesigned instructions
expected the set-up to be harder due to the number of steps. But after the set-up process
was complete, those who received the redesigned instructions perceived the set-up to be
easier than expected (see Fig. 4).

Within the PSSUQ, participants are asked to state their level of agreement with
this statement: “It was easy to find the information I needed.” Five out of six partic-
ipants reported that it was easy to find the information they needed in the redesigned
in-structions, while only two out of five participants reported the same for the OEM
instructions. Overall, participants reported higher satisfaction with information quality
for the redesigned instructions than for the OEM instruction as seen in Fig. 6 (lower
scores indicate a higher level of satisfaction). Scores associated with poor information
quality were related to switching attention between the paper instructions, the smart-
phone app, and the auditory information from the smart home device. Some participants
withOEMinstructions stated that they expected thewhole process to be outlined onpaper
instructions so that they could refer to one location during the entire set-up process.
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Fig. 4. Echo Dot Ease of Set-Up (nOEM = 5; nRedesign = 6). Error bars represent ±1 standard
error. (1being very difficult and10being very easy;higher score indicates higher levels of perceived
ease of set-up)

Smart Plug. Overall, after setting up the Echo Dot, participants expected the set-up
process for the Smart Plug would be easier in comparison to the Echo Dot. Participants
who received the OEM instructions, which included two steps, rated the set-up more
difficult than expected. However, participants who received the redesigned instructions
found the set-up process to be easier than their initial expectation (see Fig. 5).

Within the PSSUQ, when participants were asked to state their level of agreement
with this statement: “It was easy to find the information I needed.” All six partici-
pants reported that it was easy to find the information they needed in the redesigned
instructions, while only two out of five participants reported the same for the OEM
instructions. Overall, participants reported higher satisfaction with information quality
with the redesigned instructions than with the OEM instructions as seen in Fig. 7.

Participants with the OEM instructions indicated that the QR code was placed incon-
veniently on the OEM instructions. The QR code was located on the back of the instruc-
tion booklet and causedmany participants to scan the wrong item (e.g., universal product
code). TheQRcode placementwithin the instruction steps of the redesignmitigated these
issues. Participants reported no frustration with the set-up process using the redesigned
instructions and were delighted by how quickly and easy it was to set up the Smart Plug.

Insufficient Time

Echo Dot. A prevalent issue for the users was that the amount of time they needed
to complete the steps in the set-up process exceeded the time allotted by the device.
Participants would often take longer to download, open the mobile app, and connect to
a network than the smart home device would allow in set-up mode. By the time these
steps were completed, the device would have disengaged from set-up mode, and the
participant would have to restart the process resulting in additional confusion.

Smart Plug. Time constraints were not a barrier for Smart Plug set-up.
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Fig. 5. Smart Plug Ease of Set-Up (nOEM = 5; nRedesign = 6). Error bars represent ±1 standard
error. (1being very difficult and10being very easy;higher score indicates higher levels of perceived
ease of set-up)

Lack of Feedback
Echo Dot. The lack of feedback during the EchoDot set-up processwas a barrier regard-
less of instruction. For instance, when participants were unable to complete set-up steps
in the allotted amount of time, the Echo Dot would disengage set-up mode due to inac-
tivity. The device does not give feedback (e.g., auditory prompts) to notify the user that
it will be turning off set-up mode. This caused frustration when participants finished
downloading and setting up the app because they were unaware Echo Dot disengaged.
Participants were unable tomove forward in the set-up since theOEM instructions do not
provide any information on how to re-engage set-up mode. This required the researcher
to intervene to complete the re-engage step to allow participants to continue the study.

Smart Plug. Participants expressed frustration with the feedback from the Smart Plug.
The LED light on the Smart Plug that indicates the status of the device (e.g., device
on, pairing mode). Both instruction sets provided information on the meaning of the
indicator light, but were too small to see or interpret.

3.3 First Use of Device

Echo Dot. Participants reported higher satisfaction with usability on the PSSUQ for the
redesigned instructions than for the OEM instructions, across all dimensions, as seen in
Fig. 6 (lower scores indicate a higher level of satisfaction).

Although the Echo Dot provided a few practice commands during part of the set-up
process, participants had some difficulty adapting to the command phrasing required to
interact with the Echo Dot when completing tasks. Participants would commonly forget
to say “Alexa” at the start of each command, or often state incorrect name variations,
such as “Alexis” or “Alex,” in which the device would not respond. But once participants
were able to successfully carry out tasks using the Echo Dot, they were immediately
delighted with using the device.
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Fig. 6. PSSUQ Satisfaction Scores for Echo Dot (nOEM = 5; nRedesign = 6). Error bars repre-
sent ±1 standard error. (1 being strongly agree and 7 being strongly disagreeing with positive
statements; lower scores indicate a higher level of satisfaction)

Smart Plug. Participants were pleasantly surprised with how easy the Smart Plug was
to use to turn on the small fan, once set-up was complete. Most participants reported
marginally higher overall satisfaction with usability for the redesigned instructions
than for the OEM instructions (see Fig. 7). None of the participants reported points
of frustration or confusion when using the Smart Plug.

Fig. 7. PSSUQ Satisfaction Scores: Smart Plug (nOEM = 5; nRedesign = 6). Error bars repre-
sent ±1 standard error. (1 being strongly agree and 7 being strongly disagreeing with positive
statements; lower scores indicate a higher level of satisfaction)
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4 Discussion

Smart home devices can be a useful aid to many older adults. Older adults are a growing
consumer group of technology, such as smart home devices. However, this realm of
technology presents a number of barriers to adoption by older adults as evidenced by
our findings.

4.1 Packaging and First Impressions

The packaging for both the Echo Dot and the Smart Plug were found to be organized and
easy to unbox by all of the participants in this study. Using the MPRC, adjectives such
as convenient, clean, attractive were frequently used to describe the packaging of both
devices. The minimal packaging and no additional tools necessary to set up the devices
were rated positively by the participants. However, many perceived that these devices
were marketed toward the younger generation due to the perception that younger digital
natives are more comfortable with technology, speaking to devices, and enjoy wireless
connectivity.

4.2 Set-Up Configuration

There are many instances of how the four key barriers overlap during the completion of
a single set-up task (see Table 2).

Assumed Technological Literacy, Poor Information Placement, and Lack of
Feedback

OEM Instructions. As instructed by the Smart Plug OEM instructions, scanning a QR
codewas one task that encompassed three out of the four key barriers for the participants:
assumed technological literacy, poor information placement, and lack of feedback.

First, the on-screen mobile app instruction asks the user to “Scan barcode.” This
primed participants to look for a universal product code (UPC) rather than a QR code
and frustrated participantswhen scanning did notwork.Users need enough technological
literacy to associate the message with scanning a QR code and feedback to notify them
when they are performing an incorrect action. Second, participants were unfamiliar with
QR codes and were unaware of what to look for and how to scan it. Third, the QR code
was located on the back of the OEM instruction pamphlet. This is an example of poor
information placement which caused frustration for the user when trying to locate what
to scan.

Redesigned Instructions. The participants using the redesigned instructions did not have
frustrations with locating or scanning the QR code due to its placement within the
instructions. The improved information placement also helped with technological lit-
eracy because participants who were unfamiliar with QR codes knew to scan it based
on the context of when it appeared in the instruction steps. Though feedback through
the mobile app when an incorrect code is scanned is beneficial regardless of instruction
design.
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Insufficient Time
OEM Instructions and Redesigned Instructions. Insufficient time was an overarching
issue regardless of the set of instructions that were given to the participant. For a user
to successfully connect their smartphone to the Echo Dot they must download a mobile
app, login to their Amazon account, verify personal information, go through permissions
(i.e., allowing notifications, locations, etc.), and set up a voice profile. All these steps
are required prior to even setting up the Echo Dot itself. While the participant is com-
pleting this in the mobile app, the Echo Dot is plugged in and waiting in set-up mode for
an unknown amount of time before ultimately disengaging set-up mode. Importantly,
neither the instructions nor the device alerts the user to the existence of an input time
constraint. This left participants either confused as to why the EchoDot was not respond-
ing or frustrated in trying to re-engage set-up mode when they unknowingly surpassed
the underlying time limit. This also required participants to restart parts of the set-up
process. When asked if they would use external resources, such as Google, Youtube, or
friends and family to help in solving the issue, many participants state they would not.
Some went on to state that the set-up was so frustrating that they would return the item
entirely.

It is important to note that participants in this study were readily provided informa-
tion, such as Amazon account login and W-Fi information. Therefore, this study did not
take into account the additional time necessary for users needing to either make a new
Amazon account or recall their account or Wi-Fi credentials. This further exemplifies
the insufficient time duration programmed for the Echo Dot set-up mode.

OEM Instructions vs. Redesigned Instructions
Did the redesigned instructions make a difference? Per our results, participants provided
with the redesigned instructions rated set-up easier than those who received the OEM
instructions for both the Echo Dot and Smart Plug (Fig. 4, Fig. 5) Additionally, after
use of the redesigned instructions, participants’ satisfaction scores (Fig. 6, Fig. 7) with
device set-up improved across all dimensions detailed by the PSSUQ (e.g., overall,
system usefulness, information quality, interface quality).

What was learned?
• The redesigned instructions can be further improved to simplify technical jargon that
may be unfamiliar to novice users

• Older adults rely on instructions when they confront problems with technology and
are less likely to seek information elsewhere

• Participantswould rather return a device at the first sign of confusion than troubleshoot
• Users refer to instructions to gauge where they are in the set-up process

4.3 First Use

Echo Dot. Once set-up was complete, participants went through three tasks using the
Echo Dot. Participants found it difficult to alter their natural speech to effectively com-
municate the device. The word choice for commands and necessary speech rate did not
feel natural to the older adults. Many felt the need to slow their speech rate for the
device to acknowledge and reply to the command. Participants also often had difficulty
remembering to use the command, “Alexa” or “Hey Alexa,” before each use.
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Smart Plug. After successfully connecting the Smart Plug to the Echo Dot, all partic-
ipants found it simple to command the smart home devices to toggle an electric fan
on/off. Participants, who initially felt frustrated after the set-up processes of the Ama-
zon devices, were delighted when using the Smart Plug and Echo Dot was “smooth and
easy” to use to control the fan. Participants valued the capabilities the Echo Dot and
Smart Plug can provide after using the devices, but it is important to note that many of
them would have returned the devices before experiencing the use of the products due
to a complicated set-up process without referring to other external sources for help.

4.4 Recommendations to Improve Instruction

Based on the findings of this study, Table 1 highlights the key barriers that should be
avoided when designing set-up instructions. Below are our recommendations to combat
each barrier.

1. Assumed technology literacy

• Provide sufficient information that allows novice technology users to successfully
set-up the device
– Downloading mobile apps, connecting devices to Wi-Fi, and scanning QR codes
are examples of technology literacy novice users often lack

2. Poor Information Placement

• Avoid placing instructions inmultiple formats (visual, auditory) andmultiple locations
(e.g. pamphlet, smartphone app)
– This prevents the user fromhaving to switch attention betweenphysical instructions,
on-screen mobile app instructions, and auditory device instructions

3. Lack of Feedback

• Feedback should be provided to inform users of their status in the set-up process,
along with successes or errors when moving through steps

• Feedback should also be descriptive to aid users in the event of errors and
troubleshooting

• Modality of feedback (e.g., visual, auditory) should be designed to accommodate
older adults

4. Time Outs

• Underlying time constraints for user input should reflect consideration of older adults
who may take longer to accomplish the tasks.

4.5 Limitations and Future Research

This study was limited to 11 participants between 53–65 years of age. Researching a
wider age range of older adults could encompass other difficulties that may appear with
people over 65. Another limitation of this study were the frequent updates that would
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change the mobile app interface. These updates made it difficult to keep the redesigned
instructions up-to-date and consistent with the latest software. Some of the updates
changed the order of the actions the user had to complete. This study did not address
problems associated with updates to the mobile app interface.

Future research should investigate the set-up and use of smart home devices such as
Echo Dot in conjunction with other smart home devices (e.g., smart lights, smart TVs).
Also, further research is needed to better understand the timing and duration of user
input that are typically found for a broader range of users including older adults and
other special populations. Finally, it is important to understand how older adults adapt
to the use of technology over time and understand the learning curve for this form of
knowledge.

5 Conclusion

Current instructions for the Echo Dot, Smart Plug, and other smart home devices need to
take into account limitations and abilities of older adult users. These instructions can be
improved to aid older adults to set up and use the devices independently. The perceived
ease of set-up can make or break the OOBE for many older adults. If they perceive the
device will be difficult to set-up, they might not purchase the device from a store shelf
or order it online. Also, it is important to note that if the actual set-up becomes difficult
or frustrating and requires the user to troubleshoot, some older adults are not likely to
look for outside information, such as Google or YouTube, or call customer support.
Instead, they would simply return the device. Smart home device instructions and set-up
processes should not deter older adults from using the products. The results from this
study indicate that there is much room to improve in adapting set-up instructions.
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Abstract. This paper investigates robots as Welfare Technologies (WT), in Nor-
way. Previous studies show that Norway follows the demographic trends around
the world regarding the aging of the population, the shortage of nurses, and thus,
increased costs due to co-morbidity and multiple chronic diseases. The research
question addressed is: Is the notion of WT challenged by the adoption of intelligent
robots within home care, and if yes, how? To explore robots as WT, we focused
specifically on the case of robots as safety alarms for fall prevention, detection,
and prediction as part of the Vulnerability in Robot Society research project, and
by drawing on the previous research project, namely Multimodal Elderly Care
Systems project. At the basis of our theoretical framework, the paper is anchored
into the Scandinavian notion of welfare technology. To achieve this, we analyzed
data from different research activities (n = 10, hs = 25) through thematic anal-
ysis. Findings show that current WT for fall detection has design and technical
limitations, whereas robots as advanced Artificial Intelligence (AI) systems could
potentially be a solution. We then discuss the findings in the light of the welfare
concept. Finally, we conclude that robots as WT does not differ from other tech-
nologies, with one exception: they differ from the traditional way of providing
(home-)care, bringing in both challenges related to privacy and safety, but also
opportunities for reduced costs, personalized, adapted, and higher quality care in
the heart of the home.

Keywords: Welfare Technology (WT) · Robots · Robot as WT · Elderly care ·
Home care · Fall · Norway

1 Introduction

The increasing aging population across the world [1, 2] seems to be a key aspect in the
development and adoption of robots [3]. Thus, many countries recognize a demographic
change in terms of an increased life expectancy but also societal needs due to an increased
prevalence of co-morbidity,multiple chronic conditions, and the patient in focus [4]. This
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also implies increased expenses on healthcare services [4]. Therefore, robotics seems
to be a potential means for reducing healthcare costs, but not at the cost of a decreased
healthcare service quality.

However, many studies regarding Human-Robot Interaction for the aged population
in supporting their Activities of Daily Living (ADL) are currently available, but not often
under the umbrella term ofWT. For instance, the study from [5] reviews recent literature
regarding the tasks that the robots are able to carry out and the elderly’s views, needs,
acceptance, and values regarding robots. Similarly, [6–8] present the elderly’s views on
the use of robots in the home, the articulation work needed to be performed by the human
users in order to make the domestic robot work, and the division of work tasks between
humans and robots. Other studies focused on the concept of care and which activities
should be delegated to robots and which should not [9, 10, 11]. In addition, others have
focused on identifying potential challenges with so-called care robots and opportunities
with such robots [12].

Similarly, [13] points out future ethical perspectives of robotics and Artificial Intel-
ligence (AI). However, fewer studies on robots seen through the lens of WT as a Nordic
or Scandinavian concept are available. For example, we found only one study from
[4], which presents the case of using robots in the Danish health service. The authors
argue that “the welfare, and health sector will undergo significant changes in the coming
20 years and the robots will play an important role in that change” [4] (p. 198). At the
same time, there are some barriers in using robots, such as “adaptation to user needs and
lacking evident on the effect of applying robots” [4] (pp. 197–198). This indicates that
there is a current need for more research with in this area.

Thus, the notion ofWTmight be challenged. This occurs when advanced technology,
such as social assistive care robots, is introduced as a part of the home- and healthcare
services due to the advancements of the technical equipment (e.g., sensors, cameras
of the robot) that may afford advanced AI and Machine Learning (ML) techniques
for collecting, predicting, and detecting different states or health condition of the care
receiver. Thus, this may compromise the privacy, safety, and security of the elderly but
may also bring in some new opportunities.

Hence, this paper aims to investigate the concept of WT, a well-established concept
within the Nordic countries, in relation to social assistive care robots used within home
care. Thus, our research question that we explore in this paper is: Is the notion of WT
challenged by the adoption of intelligent robots within home care, and if yes, how?

In order to explore our question, we draw on our findings from two different research
projects, Multimodal Elderly Care Systems (MECS) and Vulnerability in Robot Society
(VIROS). MECS (2015–2021, 16MNOK) and VIROS (2019–2024, 25.1 MNOK) are
two research projects fundedby theResearchCouncil ofNorway (RCN), by the IKTPluss
Program (MECS grant agreement #247697, VIROS grant agreement #288285). Finally,
to explore the research question, we continue first by presenting the background to
this paper and then the theoretical concept. Thereafter, we briefly present our method,
followed by our findings. Finally, we end with a discussion, followed by the conclusions.
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2 Background

To investigate robots as WT, we look at the case of robots as safety alarms for falls. Falls
are defined as an event that results “in a person coming to rest inadvertently on the ground
or floor or other lower level.” [14], or as “an unexpected event in which the participants
come to rest on the ground, floor, or lower level.” [15]. It seems that the meaning of a
fall varies across cultures, e.g., there is no literal translation of the English term “fall”
in German [15]. However, in the Norwegian Patient Safety Program, a fall is defined
as “an unintended event that causes a person to end up on the ground, floor or another
lower level, regardless of the cause and whether there is damage as a result of the fall.“
[16]. At the same time, falls can be lethal or non-lethal [14]. It seems that 37.3 million
non-lethal falls per year occur every year across the whole population, whereas almost
700 000 lethal falls occur almost every year [14]. This makes falls placing second after
road traffic accidents [14]. However, regardless of their outcome, falls are a significant
public health issue, which results in major financial and non-financial costs for the states.

Special attention with regard to falls is placed on the aging population, which present
different risk factors related to falls. An older person suffering a fall may result in hip
fracture, head traumas, or bruises, which may have, in worst cases, fatal consequences,
or long-term consequences, contributing to a decreased quality of life [14]. Similarly,
the elderly that have experienced falls are also often afraid of falling again, limiting
their physical activity and isolating themselves. Thus, falls also have a psychological
consequence [15]. In Norway, there are over 170 000 falls per year [17], with 70% of
those who fall hurting themselves. Hip fractures, neck fractures, head injuries, long-term
disability, and fear of falling again and lost independence occur following a fall. There
are around 9000 hip fractures per year in Norway due to falls [18]. 9000 hip fractures
cost the Norwegian state around 1.5 billion NOK. One hip fracture cost the state around
500 000 NOK within health and rehabilitation during the first year of recovery, in 2014
[19], but since then, the costs have increased. So, it is also a question of economic
consequences on the welfare state. At the same time, around 80% of all injuries and
accidents amongst the elderly are due to falls, while 10% of all falls lead to serious
injuries. Further, according to Statistics Norway [17], in 2020, 29% of all elderly over
80 years old use homecare services. Specifically, 197 738 people are currently using the
home care services in Norway, whereas almost 90 000 are over 80 years old. Each year,
half of those over 80 years old fall, and one-third over 65 years old fall. Of those who
fall, around 50% are likely to fall again. Moreover, 80% of the falls occur when elderlies
are alone.

Falls are, therefore, an interesting research area to be addressed when it comes
to intelligent robots because current technologies for detecting falls still have some
shortcomings.

3 Theoretical Framework: The Notion of Welfare Technology
(WT)

The concept of Welfare Technology (WT) originates from Denmark (2007) as a term
describing technology that supports the everyday life of the users, often used in wel-
fare societies [20]. It can either compensate due to a disability or support it [21]. It
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is anchored within the notion of “welfare,” which means that something is doing or
being well [22]. [23] defines it as “the common Nordic term for technology used for
environmental control, safety and well-being in particular for elderly and disabled peo-
ple.” (p. 335), whereas in other countries outside of Scandinavia, it is mostly known as
Ambient Assisted Living (AAL).

Studies show that the concept of WT has several application areas, such as: 1)
communication support, such as monitoring applications for elderly people, or telecom-
munication solutions; 2) assistive technology, sometimes known as compensatory tech-
nology, such as safety alarm systems, fall detectors, advanced wheelchairs or staircases,
exoskeletons, or GPS; 3) consumer services or products, such as practical help with
everyday tasks, such as vacuum cleaning robots, automatic pill dispenser, or wash-
ing automates; 4) disease monitoring, such as monitoring of vital signs and alarms; 5)
remote treatment, such as check-ups, robot technology, VR, and telepresence; 6) reha-
bilitation technology, such as exercise guidance, actuation of movement, or electrome-
chanical training; 7) entertainment applications for leisure and pleasure; and 8) social
and emotional support and stimulation, such as robot companions, or conversational
agents [24].

WT has often been seen as single entity devices, such as smart- or connected systems,
and as simple technologies used in isolation (e.g., sensors, wheelchairs, lifts). However,
the notion ofWT is challengedwith the development and integration of intelligent robots
as part of the home- and healthcare services. A robot is defined by the International
Standard Organization (ISO) as an “actuated mechanism programmable in two or more
axes with a degree of autonomy, moving within its environment to perform intended
tasks.” However, a service robot is defined as a “robot that performs useful tasks for
humans or equipment excluding industrial automation application.” In this paper, we
refer to robots as part of professional and personal service robots, as defined by [25].
The service, in our case, refers to homecare. Further, robots as WT are intelligent care
robots, i.e., complex systems often equipped with a series of other simple WT that
should work well and in symbiosis with the rest of the systems. However, robots as WT
should not make the users, e.g., elderly or other care receivers, even more, vulnerable
by compromising in any way their privacy, dignity, security, or safety.

Thus, if intelligent robotswere earlier considered as theWTof the future [6], it is time
to explore whether robots as WT challenge the notion of WT or offer opportunities for
development andwhether these kinds of intelligentWTmay raise fundamental questions
about what is “the good life” and “being human” [24].

4 Method

A summary of the data collection is presented in this section. The data collection can be
summarized in two phases.

In Phase I, we have collected qualitative and quantitative data on behalf of theMECS
research project (Fig. 1 and Fig. 2). In phase II, part of the VIROS research project, we
have conducted interviews with legal experts, HRI experts, and user group representa-
tives.We have also participated in and organized several activities complementary to our
data collection. In this paper, we draw upon our findings from Phase I. We are currently
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in the progress of analyzing the data from Phase II. The current data collected in Phase
II are presented elsewhere [26].

In this paper, we, therefore, limit our focus on presenting some of the findings from
Phase I to better understand the problem investigated, along with the complementary
activities, in Phase II, as part of a sense-making stage. Data collection and analysis from
Phase I was presented in several publications [6–8, 27–36]. In terms of complementary
activities within the frame of Phase II, more than 25 h were spent in these field activ-
ities. The complementary activities or sources (n = 10) were documented through the
researchers’ log reports acting as researchers’ diary or ethnographic notes, other offi-
cial or non-official documents, and photos (n = 347). The data generated from these
various activities were analyzed using thematic analysis [37]. The analysis was done in
several steps. First, we have familiarized ourselves with the data. Second, initial codes
were generated (n > 500). These were then transferred to the miro software tool based
on their source. In the third step, we searched for collating the codes, i.e., the codes
were organized in sub-categories (n = 63) illustrated through an affinity diagram in
miro software. These sub-categories were then organized into categories (n = 10). The
categories included: robots, WT, methods, innovation, rehabilitation, user groups, other
technologies, problem definition/gap. The initial themes (n= 5) were reviewed a couple
of times. At the end, we arrived at the main theme: about safety alarms as WT in the
elderly’s home. Finally, the last step, was to produce the report of the findings. This is
presented in the next section.

Fig. 1. Images from data collection with the elderly (Permission to use the images was obtained)
[6, 51, 52]

Fig. 2. Images fromMECS experiments using Depth Camera Images and OpenPose (Permission
was obtained to use these images) [31]

Both MECS and VIROS projects were approved by the Norwegian Center for
Research Data (NSD) (MECS ref. nr. 50689, VIROS ref. nr. 381736). For each of
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the projects, the data was stored safely on the Services for Sensitive Data (Tjenster for
Sensitive Data) at the University of Oslo, provided by the IT Department, USIT (MECS
TSD #p260 and p400, VIROS TSD #p1582). The data reported in this paper does not
contain any personal or sensitive data.

5 Findings: About Safety Alarms as Welfare Technologies
in Elderly’s Homes

It seems that a lot of focus has been put until nowonwearable technologies, such as safety
alarms for fall detection. However, less focus has been on fall prevention and prediction.
There are several issues with WT, such as wearables for fall detection, e.g., bracelets or
necklaces safety alarms. We describe some of them that have been emphasized during
the activities carried out and how the elderly see robots as WT.

5.1 How Today’s Fall Safety Alarms as WTWork in Practice

Elderly Encountering Falls. The elderly are exposed to serious injuries due to falls as
they age. The experts mentioned that the elderly encountering a fall often remain on the
floor for a long time after a fall, while 4 out of 5 elderlies usually need assistance to get
up. In addition, after a fall, the elderly usually get a reduced quality of life, at least for
a while. Moreover, it seems, according to the experts, that there is a high mortality rate
within the first year after a fall. At the same time, as a person ages, s/he is more exposed
to falls due to problems with balance, intake of medications that affect their balance,
lowered sensing perception, impairment from previous falls, other diagnoses such as
epilepsy, but also due to the arrangement of the physical environment such as carpets
or cables. Also, many elderly sleep badly during the night because they are afraid of
falling. This leads, in its turn to that they are usually tired during the day, and they do
not have the energy to eat. Thus, they often get nutrition problems and are more exposed
to falling again.

In MECS, our partner organization, an accommodation facility for the independent
living elderly, calledOmsorgKampen+ (OK+), therewere experienced 305 falls amongst
the elderly between 2015–2017 [6], whilemany of those interviewed as part of theMECS
project experienced balance problems [6].

Safety WT for Fall Detection Gives False Impression of Safety. The focus within
the VIROS projects is on assistive home- and healthcare robots and not necessarily on
falls. However, during our complementary research activities within VIROS, we found
out that safety in relation to falls needs to be further investigated. Safety is also a central
notion within the VIROS project.

Some of our findings show that the Norwegian municipalities responsible for dis-
tributing and following-up users that receive fall alarms wish to deliver “safety,” but,
as the experts mentioned in one of the activities, “today’s technology does not live up
to the requirements.”, as it was also explained in the earlier subsections. Further, their
concern is that they cannot distribute “safety alarms that do not work in practice.” The
experts mentioned that the technology does not work in practice, often giving the false



94 D. Saplacan and J. Tørresen

impression of safety, although this type of technology has been used for more than ten
years now.

One of the issues is that the technology is hypersensitive, being triggered when it
is not the case of a fall, hence resulting in false-positive alarms. Another issue is that it
does not detect different types of falls. Similarly, another problem is that the technology
uses sensors that seem to do not always work in practice or have low accuracy. For
instance, many fall alarms use acceleration sensors for falls, but they cannot detect when
the person falls from a sitting state, for instance, while sitting on a chair. For instance,
a usual situation that was described as when the technology triggers and gives false
positive when a nurse comes in during the morning round and helps out an elder person
with compression socks: the technology often detects it is one body and is a fall; thus,
resulting in a false alarm.

Another issue is that a fall situation can be illustrated in different ways, such as
soft falls, falls where the user collapses, controlled falls where the user falls towards
a wall or chair, etc. However, the current fall technology does not allow analysis and
interpretation of different types of falls. Similarly, a constellation of sensors that work in
symbiosis shall be used for detecting: if the person has fallen, if the person has left the
bed, if s/he was too long in the bathroom if s/he is sitting upraised in the bed, if leaving
a chair, leaving or entering a room, if s/he makes high noises due to a fall, or if there is
any lack of movement in bed.

5.2 Shortcomings of Today’s Fall Safety Alarms as WT: Cost, Design,
and Technical Aspects

Costs Related to the WT for Fall Detection. Our study shows that there are currently
huge expenses with regard to fall detection technology. According to the informants,
there is a need for “both cheap technology and technology that works; [this] did not
happen yet.” Similarly, testbeds are needed where the technology is tested in real-life
use. Some suggested that the data collected should be open source, and the software use
should help the researchers to advance and innovate fall technology, e.g., technology
that both works in practice and is cheap.

Limitations in Terms of Design of the WT for Falls. Amongst the issues with the
current wearable technology for fall detection are: its aesthetics, elderly considering
it as a stigmatizing technology showing that “they are old and vulnerable,” according
to the elderly themselves. Similarly, another limitation is the number of false-positive
alarms it gives. Many elderly think that the wearable fall alarms are not user-friendly,
uncomfortable to wear and that their battery does not last for long.

Moreover, the elderly argued that they should be able to press the alarm button when
a fall occurs – which often is not the case. For example, when a person falls, if the alarm
is a necklace-type of fall alarm, it may end up on the side or the back of the person,
s/he not being able to reach the alarm button after the fall. Wearables are also often
misplaced or forgotten, according to the participants. In addition, at the alarm response
center, the responders cannot see the user, only hear him or her, since this type of WT
is often not provided with a camera. Also, while cameras would help the responders
get a better overview of the fall and eventual injuries of the elderly, the elderly do not
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wish camera technologies in their homes since they perceive it as too intrusive. Finally,
when using this type of technology, the user/patient often gets irritated over the many
questions asked by the responders at the alarm center after a fall. Overall, the experts
concluded that there is a need for mass research on safety alarms – a solution that may
collect data over the years, and that small studies investigating safety alarms in isolation
are no anymore interesting.

Another aspect that emerged from these different activities was the personalization
and customization of the WT. The technology should be designed to give personalized
recommendations for that specific user. In addition, the interaction of the technology
should be likewise personalized and adapted to the specific user. The technology should
learn over time by monitoring the user’s activities and recommending a personalized
behavior specific to that user. This means that the current technology used for fall detec-
tion is not adapted for the specific needs of each older individual using it. Similarly,
not all wearable fall alarms can be used with people with reduced cognitive abilities, or
some users may not understand how to use them. According to the experts, the design
and aesthetics should also be customizable, accessible, and usable for different types of
users. Similarly, many fall alarms do not allow the user to use the WT outside of the
home.

In addition, some agreed that the technology should be camera-based, whereas others
agreed that it should not include any camera-based techniques due to privacy issues. At
the same time, a consensus was made that it is important to detect what happened before
the fall.

Finally, to create a future WT for falls, advanced technical capacities of the
technology are needed. This is indicated in the next sub-section.

Technical Limitations of the Current WT for Falls that can be Further Improved.
There are currently several technical solutions for detecting falls, but these do not satisfy
today’s needs. This type of technology currently presents someweaknesses. For instance,
one aspect discussed was the different standard procedures for fall alarms calls and its
limitation. One such example is when the response center has to follow the standard
pre-determined procedures when they receive an alarm: if the person can breathe, how is
the circulation, whether he or she is warm or cold; whether the person has any injuries,
and, if yes, where and what kind of injury has occurred; whether the person has any
fracture, whether it is an opened or closed oned, and where the person is located (indoor
or outdoor). Next, it is also important to know the cause of the fall: what happened, why
did the person fall, whether it’s about the person fainting, stumbling in something, or
losing the balance. They also need to know how many persons the elderly need to go
there and help her/him. Moreover, after the fall, they will look at whether the person
has been able to get up him or herself and whether there is a need for following up for
additional injuries or fractures.

However, this kind of information is hard to be retrievedwhen the older adult encoun-
tering a fall is highly injured. This information could be retrieved and provided instead
by more advanced technology. For instance, the experts indicated that Artificial Intelli-
gence (AI) andMachine Learning (ML) techniques should be used to improve the current
technology or create new innovative solutions for preventing and predicting falls rather
than detecting falls. In this way, the probability, risk, and consequences of falls will
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be reduced, detecting and predicting potentially dangerous situations. These techniques
should be applied to improve the accuracy of falls prevention and prediction and should
be implemented in combination with different types of sensor data, including vital signs
monitoring and fall risk prediction.

Amongst the aspects to be improved with the fall alarms are: for instance, the embed-
ding of fall alarm technology into assistive and companion robots, technology that can
also be used outside of the home (e.g., shoes or sensors on shoes, foot bend, sensors that
are connected to an indoor robot system), or something that is not directly body-worn
or attached to the body and can be used while showering, e.g., robots. This leads us to
the next type of welfare technology, namely robots.

5.3 Future Fall Safety Alarms: Robots as WT and the Need for New Standards,
Regulations, and Legislation

Robots as WT for Fall Detection, Prevention, and Prediction: Elderly Expect that
the Robots as WT also Have Social and Assistive Properties or Affordances. Within
the framework of the MECS project, while researchers wished to talk about robots
as potential safety alarms that shall be used by the elderly, the elderly had a hard time
understanding the concept of a robot. Instead, theywere familiarwith industrial robots, or
robots that have been seen on TV, such as AV1 telerobot fromNoIsolation, lawnmowers,
or vacuum cleaner robots [6].

However, they seemed to do not wish robots that monitor and surveil their health
state, often not wishing to see themselves as vulnerable. Instead, they wished for robots
that could assist them in everyday tasks or chores, such as picking up items and bringing
those to them, cleaning the home, or as companions, interacting with them through
speech [6]. In other words, our main findings from the MECS project showed that the
elderly were interested in social and assistive or servant robots rather than in safety
alarm robots for detecting, predicting, and preventing falls. They were also often not
using their alarm wearable, either because they forgot to wear it or did not wish to use
it while showering, because they did not want the wearable safety alarm to get broken.

Similarly, the elderly were also concerned about the ethical aspects of the robot as a
safety alarm, such as privacy, e.g., whether the robot “could see through walls” [7], what
kind of data it was collecting, or safety issues, i.e., they were afraid of getting stumble
into the robot while it was navigating their indoor environment. In addition, the elderly
indicated challenges in interacting with the robot through visual display, preferring that
the robot interacts through speech. Specifically, the elderly wished the robot to interact
through their mother tongue. They also expressed that they were very afraid of”doing
something wrong.” On the positive side, they developed social relationships with the
robot, giving it names and talking to it, such as Frida or Robot King [7].

TheNeedof Standards,Regulations andPolicyWorkAroundWTforElderlyHome
Care. The elderly in MECS was concerned about the regulations not being adapted to
the current technological advancements, arguing that the laws are not ready yet, and that
“the authorities do not allow for their retirement and resignation [6] (p. 264). Similarly,
some additional aspects that emerged from the activities carried out within the frame
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of the VIROS research project show that policy work, such as health policy, health
legislation, and social legislation needs to be taken into consideration. These policies
and legislations should be updated and allow researchers, municipalities, and the public
sector to undergo agreements for developing the technology further and collecting health
data. Lack of national standards and routines on how to procure technology, along with
different agreements that sometimes the municipality does not have with those on the
market and therefore cannot buy it, makes it difficult for the municipalities to take those
WT into use. In addition, the legislation should both provide opportunities and facilitate
more partnerships among the various organizations so that these technologies can be
tested safely and securely.

6 Discussion

Robots as Welfare Technologies (WT) are introduced in the elderly’s homes in order to
increase their Quality of Life (QoL) and prolong their independent living [38] as part
of the home- and healthcare services. For instance, until now, several studies focused
on different Information Communication Technologies (ICT) as WTs (see [39–44]. On
the other hand, only a few studies focused on robots seen through the conceptual lens of
WT [4].

However, the notion of welfare is challenged with the integration of care robots in
the home. Thus, in this paper, we address the following research question: Is the notion
of WT challenged by the adoption of intelligent robots within home care, and if yes,
how? Our findings are twofold. First, municipalities delivering home care services and
user representatives receiving home care argue that current wearable technologies used
as safety alarms do not perform at a good level, even after more than ten years of use.
For instance, these do not detect all types of falls, often give false-positive alarms, and
are inaesthetic and stigmatizing. They recommend more powerful solutions that include
AI and ML techniques. In this case, robots could be considered as WT. However, these
solutions might be costly if not designed and integrated well within the home care
service. Second, our research in MECS shows that the elderly were not interested in
robots as safety alarms but wished for safety alarm robots as WT that also embed social
and assistive properties. In other words, the elderly wished the robots as WT to help
them with house chores and be social companions. However, the elderly still did not
actively use other kinds of safety alarms, such as wearables.

At the same time, in Sect. 3, we defined our theoretical lens, namely the concept of
WT. [24] has structured WT into eight (8) categories, earlier described in Sect. 3. Thus,
our findings seen through the lens of the WT as the theoretical framework gives us a
multi-folded answer to the initial stated research question. First, different stakeholders
have different needs to be addressed. For instance, elderly as care receivers understand
robots as WT for fall detection through the lenses of WT consumer services (#3 in [24]),
as a form of entertainment used for leisure and pleasure (#7 in [24]), and as social and
emotional support or stimulation (#8 in [24]). However, caregivers have seen the WT
for fall detection rather as assistive or compensatory technology (#2 in [24]) in case of
elder’s falls, as a monitoring device (#4 in [24]), and as a remote form of monitoring the
elderlies’ falls (#5 in [24]).
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In other words, our findings show that the elderly do not see themselves as vulner-
able users and would rather prefer social and assistive robots than safety alarm robots.
However, they agree that the current safety alarm solutions are not extensively used. At
the same time, municipalities need better solutions for preventing, detecting, and pre-
dicting falls – advanced solutions that also involve AI and ML techniques. Since robots
as WT may be regarded from many angles by different stakeholders, we choose to limit
our discussion next to the elderly’s attitudes towards WT for falls and to some ethical
robots as WT for fall prevention, detection, and prediction, and to the eventual ethical
challenges and opportunities that may arise with robots as WT.

6.1 From Wearables to Robots as WT for Fall Prevention, Detection and,
Prediction

Elderly’s Attitudes Towards WT for Falls. It seems that WT is a means in addressing
the challenge of the increased elderly population [24]. WT can facilitate sustainable
healthcare that is able to respond to societal demands and changes with regard to a
shortage of healthcare personnel and an increased elderly population [45]. A white
paper from the Ministry of Health and Care Services in Norway confirms that the most
common problems encountered in the healthcare services were: falls, loneliness, and
cognitive decline (ibid, p. 11). Falls may lead to fear of falling again, withdrawal and
social isolation, and (physical) inactivity [45] (p. 28). “Experiencing a fall may, however,
impede safe and active living.” [40] (p. 11). Similarly, one of the critical factors in falls
is its severity and the time spent on the ground right after the fall, where one hour or
more spent lying on the floor correlates with higher mortality rates and hospitalization
due to severe injuries [40]. This is also confirmed in our findings.

Similarly, [40] confirms our findings that a high number of WT for fall detection
amongst older people were adopted so far. However, it seems that many of theseWTs are
either improperly or infrequently used [40]. For instance, the elderly take them off when
showering or sleeping. Some of these are also not used because they require manual
activation after a fall, which sometimes is difficult to do right after a fall, i.e., because
the device is worn on an arm that cannot bemoved after the fall. Our study also confirmed
these findings, as shown in Sect. 5.

In addition, other studies confirm that the elderly prefer not to use these devices due
to the elderly’s preferences not being considered when designing and developing such
devices [40]. Similarly, our study shows that the design ofWT for falls is often lacking in
terms of aesthetics and how they are worn, leading to feelings of stigmatization amongst
the elderly.

Elderly’s Attitudes Towards Robots as WT. In our study, the elderly’s attitudes
towards robots as WT acting as safety alarms were less positive, being oriented towards
robots as servants rather than robots as safety alarms. It seems, however, that in general,
the attitudes amongst the elderly people towards the use ofWT in their homes is positive,
with regard to changes in their behavior and detection of their daily routine [41] (p. 846).
At the same time, many of our participants were afraid of falling while showering but
preferred robots as WT to do not enter their bathrooms, considering these as private and
intimate rooms. Similar findings are also confirmed in other studies, but in those cases
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elderly had “replaced their bath tubes with shower stalls” to reduce the fall risk instead
[41] (p. 846). In addition, in other studies, the elderly indicated various design solutions
for wearing a wearable safety alarm while showering, such as: expressing that a water-
proof fall alarm would be preferred or that the safety alarm should be attached to the
body, a small and comfortable device, that can be worn as a bracelet, watch, or jewellery,
and that it will also indicate the GPS location, so their exact location can easily be sent to
the emergency response center (ibid). However, in our study, the elderly stated that they
did not wish to use wearables as safety alarms while showering because they wished
to protect the WT from getting wet and broken. Our argument is that elderly should
actively be involved in the design process of the robot as WT for the elderly to use these
WT. Similarly, Thilo and colleagues involved the elderly in designing and developing
WT for fall detection, although in that case, the WT was wearable [40]. The color, size
and shape, weight, material, body location, duration of wearing, fixation on the body,
and use from feasible and practical aspects of the WT for fall detection are essential
to design properties to be taken into account [40]. Also, the study shows that some of
the elderly preferred the WT to be transparent, while others wished for strong colors
that easily make the WT detectable in case of loss. The shape of the WT was preferred
to be “round, oval or the shape of a blossom” [40] (p. 16). The prototypes presented
were waterproof, weighed only 10 g, and could be bendable and rigid. Furthermore, the
prototypes’ materials were considered to be compatible with sensitive skin. Thus, the
prototypes were tested with the elderly from a visual and tactile point of view. Similarly,
these design properties are also important in designing a robot as WT. We, therefore,
suggest that Universal Design’s principles could act as guidelines or ethical charter for
the future design of social and assistive care robots, robots as WT, to be used within the
home- and healthcare [46].

From Wearables to Robots as WT for Fall Detection, Prevention, and Prediction.
In general, it seems that the elderly’s attitudes towards WT and robots as WT need to be
consideredwhen developing advancedAI andML technologies, with the elderly as target
users. Therefore, the elderly should actively be involved in the design, development, and
testing process of WT through, for instance, participatory design [47]. This will ensure
avoiding ageism and the risk of bias in the development of advanced technology, but
will also ensure an inclusive design considering the elderly as a diverse user group, with
all their differences, health conditions, and abilities, as indicated by [47]. This leads us
to our next point of discussion, namely addressing eventual ethical challenges but also
opportunities with robots as WT.

6.2 Some Ethical Challenges and Opportunities with Robots as WT

The robot technology is among the identified WT for falls and remote treatment [24].
Robots as WT bring in new advantages but also challenges. WT can improve the care-
receiver’s daily life, but it can also introduce new ethical questions and risks and change
their practices and relationships [41] (p. 842).

The Challenge of Responsibility with Robots asWT. Another issue is the problem of
responsibility – who is responsible for the elderly’s care – is that responsibility delegated
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to the robot? In other words, the notion of care is challenged when introducing intelli-
gent robots as part of the care services [9, 11] When new stakeholders or third parties
responsible for the technical infrastructure maintenance of the WT or service come into
place, confidentiality and privacy of the user are challenged [24]. For instance, someWT
turns out to be more useful for the care provider and the society than the individual care
receiver, e.g., the end-user, the elder [24]. Moreover, trust and relationships between the
end-user, the elder, and different professions, such as healthcare and technical profes-
sionals, are challenged [24]. Healthcare services are no longer independent professions,
but they depend on technical competence. According to [24], the delimitation of respon-
sibility amongst different professions may be ethically and legally challenging. This
might raise ethical challenges and a social dilemma, whether technical professionals
should be licensed professions, such that the developers are better equipped with ethical
competencies relevant to the care domains [48]. A question is also addressed whether
developers should have a similar oath to the Hippocrates one from the medical field.

Robots as WT May Challenge the Notion of Home as a Safe and Private Envi-
ronment. Home is an intimate, private, safe, and secure place that should be treated as
such. However, introducing advanced technologies in this settingmay challenge the core
concepts of what a home means with a privacy-invading technology. It may also make
the user feel vulnerable and monitored in its own home. In a way, technology redirects
the attention from human values, such as vulnerability and dignity, thus welfare, towards
instrumental values, such as functionality, efficiency, and productivity [24]. Thus, with
so many challenges around the penetration of advanced technologies such as robots in
private homes, the notion of welfare is also challenged.

Privacy, Safety, and Security Aspects Regarding Robots as WT to be Used
in theHome. Bymoving some of the treatment to the home, some other challenges may
arise: physical safety of using the robot in a private environment, or privacy aspects that
may arise with the integration of the robot in the home [24], or psycho-social aspects
that may arise with long-term use of a robot in the home, while being isolated from
other social contacts. Our study showed that the elderly were concerned about their pri-
vacy, if “the robot can see through walls,” but not about sharing their data. Amongst the
challenges of using robots as WT within healthcare services, the issue of safety is indi-
cated, not only as physical safety but also as eventual safety risks due to long cognitive
interaction [4] (p. 198).

The Elderly’s Understanding of Robots as a ComplexWT. Another challenge could
be that the elderly decline to use the robot. They might fear that they have a limited
understanding of the technology, avoid using the robot from the fear of “doing something
wrong” due to their unfamiliarity or lack of experience with the advanced technology
[49], or the fear of stumbling on it. At the same time, robots may not be as stigmatizing as
wearables and provide additional features, such as companionship and help with various
assistive tasks in the home.

Robots as WT and the Basic Rights, such as the Right to Healthcare Services,
Autonomy, and Dignity. At the same time, WT can also challenge the Right to Health
[50], creating inequalities amongst the care receivers.WTcan be discriminating, increase
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differences in the access to healthcare and the WT, or enhance other inequalities [24].
For instance, WTmay contribute to discrimination based on who is prioritized receiving
a service containing a WT. It can also create discrimination based on age or gender and
may also create a burden for the relatives of the care receiver [24]. Both the right to
health and eventual inequalities across a wide span of the diversity of users will be seen
in the future of healthcare if robots as welfare technologies are not treated with care.
This also applies to robots as WT.

In addition, WT used for tracking daily habits and routines, monitoring, detecting,
preventing, and predicting events, such as falls, may challenge basic rights such as
autonomy, confidentiality, and privacy [24]. Therefore, balancing the risks and benefits
of suchWT is challenging [24].One example given is diabeteswhich requires continuous
monitoring, indicating an increase in self-care and the individual’s (lack of) self-control
[24]. However, with the integration of robots as part of healthcare services, this becomes
even more challenging.

Another concern covered aspects of loss of personal autonomy and who will con-
trol the WT [41]. At the same time, simple WT is easier for the elderly to comprehend
compared to robots as WT and to give their consent for using it, but with more advanced
technologies, such as robots, the issue of consent is raised [24]. When the elderly do not
understand the technology they are going to use, this can also decrease their autonomy
and dis-empower them [24]. In addition, when intelligent robots shall be used in the
home, other people may also be around (grandchildren, other family members, acquain-
tances, etc.) who may not have given their consent to the intelligent robot to collect data
about them. A similar view is presented in another study, whereWT in the form of sensor
monitoring in the homes of the older people as a preventive healthcare measure and as
a watchdog, i.e., to monitor their daily activities [42]. The authors argue that although
WT can provide increased safety for elderly people, this type of technology may also
introduce new privacy and security issues. This type ofWT acted as a safetymeasure and
allowed elderly people to live independently and longer in their homes. Neither in this
study did the elderly participants’ present concerns regarding their privacy. For them,
safety was more important than privacy. Although the elderly did not feel “watched,”
they were concerned about sharing their daily activities and routines with others – how-
ever, they were willing to use the welfare technology anyway [42] (p. 489). However, it
seems that the majority of the elderly were not concerned about the privacy challenges
that the welfare technology may introduce. In general, they were willing to share private
information with doctors and family members. However, some were concerned about
their privacy and did not know how to address it. Feelings of being surveilled, use of
cameras and video recordings, were OK if this were shared only with their healthcare
providers, and the aim was to get help when falling and keep living in their own homes
[41]. This is in line with the findings from our study.

The Cost and Ownership of the Robot as WT. Other concerns regarding the WT for
fall detection regarded its cost, its ownership, and whether the elderly themselves have
to purchase it or the healthcare services providers can provide it. Similarly, the elderly
in our study were concerned about who will pay for the WT. Potentially, a robot as WT
for fall detection, prevention, and prediction, can come at a much higher cost than other
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wearables technologies, and this may lead to questions of whowill be able to have access
to this type of technology.

Development of Policies and Regulations of Robots as WT. Older people need to be
actively involved in formulating regulatory guidelines for advanced technologies such
asWT robots using AI orML techniques to ensure that these are designed, implemented,
and deployed appropriately on their behalf [47].

Opportunities with Robots as WT. At the same time, robots as WT may also bring in
a set of opportunities with each challenge they present. They may also free up resources,
as seen in this study. Other studies confirm this finding. It is said that WT can both be
able to free resources while reducing the state’s healthcare costs and providing help to
those in need [24]. At the same time, a WT for fall detection may provide peace of
mind for the elderly themselves, but also their family members [41]. In addition, robots
as WT may provide social interaction, remote telecommunication, access to remote
health care services, better health monitoring, and in general, increased quality of life.
Similarly, WT is said to both rehabilitate and enhance people’s autonomy, empowering
them [24]. The authors also argue that, for instance, autonomy, safety, and independence
were important aspects for the elderly (Sánchez et al. 2019). They also saw WT as an
empowerment tool for achieving autonomy, independence and keeping their dignity.
Nevertheless, the current assessment of a clinical fall risk evaluation is very long and
time-consuming. The elderly often have to be referred by a General Practitioner (GP)
to a specialized fall clinique to be assessed. The process often takes several months,
while the elderly’s health state can worsen and encounter several falls during this time.
With new innovative technical solutions, using AI/ML techniques, a fall or the risk for
falling could be easily evaluated, prevented, predicted, and detected in the heart of the
elderly’s home. This could be done either through an already existing WT robot, such
as a off-the-shelf consumer product, that the elderly have already in their homes, by
attaching more advanced sensors to these, or through other technical solutions.

Limitations of the Study. In terms of limitations of this study, the current study does
not look at how robots as WT look in other countries in general, nor other Scandinavian
countries, besides the Norwegian context. For instance, institutional, social, or political
factors might impact how robots as WT are adopted within elderly home care. At the
same time, in less developed countries, robots such as WT are far from being adopted,
e.g., countries in the Global South, where technology, in general, and gerontechnology
are not yet highly adopted.

7 Conclusion

This paper discusses the concept of a robot as a WT focusing on the case of fall tech-
nology. The paper shows that although a range of WT is available for falls as wearables
technologies, they do not work in practice due to their technical and design limitations.
However, falls are a great problem in public health in Norway, following trends world-
wide. Therefore, advancedWT for falls should focus on prevention and prediction, rather
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than only detection as previous technologies did. This may have a huge potential in pre-
venting falls, improving access to healthcare right from the heart of the home, and highly
reducing financial costs associated with falls, enabling the elderly to live in their homes
longer. In addition, robot asWT, andWT in general, does not differ from other technolo-
gies, with one exception: they differ from the traditional way of providing healthcare
(Hofmann 2013), may provide great opportunities, but it may also have some ethical and
legal implications. This, of course, raises a series of ethical questions, but likewise lots
of opportunities with every challenge. Finally, the paper concludes that more studies are
needed shedding light on robots as WT, especially in the welfare countries.

Future studies should address how advanced technology, including robots as WT,
shall be accessible and inclusive and do not create a greater digital divide and focus on
the long-term study interaction with these types of AI and ML technologies, including
intelligent robots [47]. Similarly, future studies should actively involve elderly people in
the design, testing, and use of robots as WT, or in general gerontechnology, technology
destined to be used by the elderly people as the main target group [47]. This is, in other
words, designed for and with elderly people, rather than focusing only on designing
them for elderly people [47].
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Abstract. We present the results of a survey with 87 senior citizens
aged 62 to 90 years to gain insight into their use of technological devices
such as smartphones and smart home devices, into common issues they
encounter when using such devices, and into their preferences when inter-
acting with a smart home system, e.g., the form of control such as touch
control, voice control, gesture control or activity control. We found that
a big part of the target group uses smartphones daily and regularly uses
other touch devices such as tablets and navigation systems. We also
detected that the use of smart home devices is less common. Although
most of the respondents have heard about smart homes, only a very small
part has devices in their homes.

The results show that senior citizens are open to receiving support
from technical systems if help from other people can not be sufficiently
provided. They show great interest but also require help in how to select,
set up and use devices. The survey showed that the elderly are worried
about their privacy, initial and running costs and the actual benefits pro-
vided by smart home systems. We noticed that respondents with limita-
tions in vision, hearing, or mobility seem to be more open about technical
support in general and more intuitive forms of interaction in particular.

Keywords: Human aspects of IT for the aged population ·
Accommodations for aging-in-place · Daily living activity support ·
Generational differences in IT use · Smart home and IoT

1 Introduction

It is a widespread assumption that the elderly can highly benefit from smart
home devices, e.g. to pursue a self-determined life at home instead of having to
move to an assisted living facility. But currently, mostly younger men are the
main adopters of smart home technology. About one-third of all smart home
users are between the age of 25 and 34 years old, while only 10% are above 55
years old [24]. It can be assumed that senior citizens with an age above 65 years
are even less commonly using smart home devices.

Therefore, we conducted a survey with senior citizens to gain insight into
the following questions: To what extent do senior citizens already know and
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use technological devices such as smartphones or smart home devices? What
are common issues when using such devices, especially regarding limitations in
vision, hearing, or mobility? How do they want to interact with a smart home
system and how high or low is the acceptance of such systems, with the main
focus on the interaction techniques touch control, voice control, gesture control,
and activity control? Why do the elderly not use technical devices, especially
smart home systems, more frequently although a lot of research is done on how
to develop technical systems adapted to the needs of senior citizens? Another
goal of the survey is to gain an insight into the status quo of the usage of technical
devices and smart home systems by senior citizens in the rural area around the
university.

Touch control describes the very common way of interacting with a touch
device, e.g. a smartphone or tablet, by touching the display with one or more
fingers at predefined interactive areas (graphical control elements) or performing
predefined gestures on the screen.

Voice control means interacting with a device by spoken voice commands.
Examples are smart assistants like Siri or Cortana, or smart speakers like Ama-
zon Echo or Google Assistant.

Gesture control relies on freehand gestures to interact with a device with-
out direct physical contact. Today, this technique is, e.g., used in cars to allow
interaction with the cars infotainment system without having to touch any but-
tons or a screen, therefore supporting the driver to keep their focus on the road.
An example is BMW Gesture Control [2].

Activity control describes a system consisting of multiple sensors installed
in a smart home environment that monitor daily living activities, classify and
predict them to trigger actions accordingly, e.g. turning on the lights if the
resident is going to read. Such a system is available only in research yet, and
not on the market. Similar functionality can be observed in smartwatches, which
can recognize and record activities like Sleep or Workout.

2 Related Work

Smart home systems for the elderly are a growing subject of academic and indus-
trial research and thus play an important role in the area of human-computer
interaction. A thorough overview of this research field was given by D. Marikyan
et al. [16]. Related areas of our research project are smart homes for the elderly,
as well as different forms of human-computer interaction, e.g. touch control, voice
control, gesture control, and activity control, with a focus on senior citizens.

The survey conducted by Chernbumroong et al. [1] explores the perception
of smart home technologies such as an automatic lighting system, activity mon-
itoring, or oven safety control to assist elderly people. Their approach is based
on the fact that the elderly population has increased dramatically. Thus, costs
for healthcare and assistance for the elderly will rise significantly. To face these
issues, they propose that smart home technologies can be used in elderly care,
but therefore the needs and concerns of the elderly must be thoroughly assessed
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and understood, which is also explored by Visutsak and Daoudi [25]. They find
that smart home technologies have to be adapted specifically for the elderly. The
stakeholders raised the concerns that the devices have to be easy-to-use and the
need for learning how to use the new technology has to be low, which is why we
research intuitive forms of interaction that do not require extensive training.

The research conducted by Bejanaro et al. [7] goes even further by focusing
on what the home can do automatically rather than expecting the user to control
it. Besides examining the technology itself they assess user interfaces, especially
the key factor of intuitiveness. They state that “as long as mobile devices are
required [...], they will continue to be the preferred interface by many users”.
This is the starting point for our research as we intend to prove this hypothesis to
be correct and that senior citizens would rather adopt other forms of interaction
if they were broadly available.

According to Pal et al. [17] there is a lack of research that focuses on the
intention and needs of senior citizens to use smart homes that assist them in their
daily life, which to our knowledge still holds true to this day. They assert that
most of today’s research concentrates on the underlying technology and services
rather than the acceptance by the elderly population, which is also confirmed by
Alaa et al. [3]. Besides using an acceptance-based approach, like we also do in our
work, it is possible to identify the main barriers by using a negative perception-
based approach [18]. Holzinger et al. [12] also state that older adults actually are
motivated to use touch devices when they are aware of the resulting benefits,
but a lack of understanding and reluctance or fear to learn something new can
alleviate their motivation.

A major part of the elderly prefers to live at their home instead of having to
move into institutional care [8]. Although some of the senior citizens already use
smart technologies, the lack of adaption to people with impairments is preventing
a larger group from adopting such devices into their daily life [21]. As stated by
Williams et al. [28], useful human-computer interfaces need to take into account
the abilities of the user and adapt to the difficulties the user may face, which can
be clustered into the following categories: cognition, auditory, haptic, visual and
motor-based troubles. Touch devices are prone to causing difficulties in multiple
of the aforementioned categories, and therefore other forms of interaction might
be better suited.

Most research regarding human-computer interaction tailored to the elderly
has been conducted in the area of touch control. Kobayashi et al. [14] evaluate
how the elderly interact with a touch device and which problems they face. They
found that basic gestures such as taps, drags and pinching motions are generally
easy to use for the elderly, but that they need experience and repetitions to
fully master them. They did not take possible impairments into account, such
as limitations in vision or motion, which certainly reduce the acceptance of
touch devices. This issue has been only partially addressed by Bara et al. [6],
who suggest user interaction concepts in smart homes specially designed for the
elderly with chronic conditions, but they focus more on how to notify the user
in case of events than on how the user can interact with the system and control
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the devices. The special needs of users with impairments are not addressed here,
which leaves room for further research including our own work.

There has also been extensive research on voice control for the elderly. Jakob
et al. [13] state that over a third of the elderly do not use touch devices because
they experience difficulties in operating them. They suggest using speech to inter-
act with devices since it is more natural and familiar, as also stated by Sahlab
et al. [19]. They surveyed elderly people to assess the reservations senior citizens
might have about using voice-controlled devices. Their respondents mentioned
reservations such as no known benefit, safety and security concerns, and insecu-
rities about how to use such devices. This indicates that voice control might not
be the desired form of interaction for the elderly despite the benefits it has over
touch control.

Also, a widely researched area is gesture control for senior citizens. Most work
is done on the technical aspect, e.g. Vorwerg et al. [26] as well as Ayubi et al. [5]
who suggest an intuitive form of interaction using a gesture-controlled device
that can be used to control smart home devices. They assessed the requirements
of elderly people with and without impairments in mobility. Using an interview
as well as a questionnaire, they found that seniors see a benefit for themselves
and voiced clear expectations regarding the needed functionality. They also prove
that it is technically possible to design a gesture control interface in such a way
that it can be used by people with mobility impairments without major limita-
tions in the user experience. The same conclusion is drawn by Wang et al. [27].
Their developed gesture-controlled smart home system can effectively be oper-
ated by people with impairments in motion, hearing, or speaking.

Recent publications show that human activity recognition, abnormal behav-
ior detection, and activity control – which are all related areas – are of increasing
interest in the scientific community, as shown by Lentzas and Vrakas [15]. Com-
pared to the other forms of interaction it is not yet as present, although it holds
many advantages over other forms of interaction. Thakur and Han [23] state
that their suggested system can analyze and predict the behavior of the elderly
in their homes and can therefore improve the user experience of senior citizens
in smart homes by anticipating activities to assist with everyday tasks and to
adapt to the users’ current needs, without the need of conscious interaction. The
focus of activity control in current research is on fall detection for the elderly,
for example as presented in Alazrai et al. [4]. They propose a system for effective
fall detection to provide immediate support by notifying health care services or
relatives, thus reducing the risks for the life and health of the elderly person.
Sucerquia et al. [22] suggest a similar approach for fall detection for the elderly
by using an accelerometer and conducting real-life validations with senior cit-
izens in their everyday life. Another benefit of activity control is the constant
monitoring of the users’ activity pattern, as stated by Chernbumroong et al. [9],
which can be used to detect behavioral changes that can be an early sign of
long-term health damage.

Our approach fills gaps in current research by addressing the wishes and
needs of senior citizens as the future user group. We do not present a system
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with predefined functionality for them to assess, but rather focus on how they
prefer to interact with such a system to support them in their everyday life, as
well as determining their openness towards such a system in general and what
functionality they see as useful and helpful. We follow the methodology of a vast
majority of other recent studies by utilizing a survey.

3 Methodology

We sent a postal survey to 425 people aged 62 years or older stemming from a
senior citizens panel from a rural German region (including a smaller city with
approximately 70,000 residents). All of them had signed up for the panel to
participate in research about health, nutrition, and care for the elderly [11] and
we selected our participants solely on their age without any further knowledge
about their living situation or experiences with technical devices.

Questions prompted their demographic data, their experiences and knowl-
edge with technical devices, and how to interact with them. We asked about
their experiences with touch control, voice control, gesture control, and activity
control, and how they feel about them. To make the questions understandable
for the elderly, we used easy-to-understand language and avoided technical terms
whenever possible. All other terms were thoroughly explained in the survey, e.g.
smart home, activity control, and the difference between touch control and ges-
ture control.

Overall, the questionnaire featured 18 questions, with five of them being sin-
gle choice questions, four open-ended, and the remaining nine questions consti-
tuting a mixture of single choice combined with a request for further explanation.

To evaluate the responses we accumulated all given responses. The responses
on the open-ended question were clustered into different categories depending
on the main message of the response. The single choice questions as well as
the mixed questions were quantitatively evaluated. For the single choice and
mixed questions, we calculated if differences between people with and without
impairments as well as people of different age groups are statistically significant
using the chi-square test.

3.1 Demographic Data

The first part of the survey prompted the participants for their demographic
data to enable us to find out if conclusions can be drawn about relation between
demographic data and certain opinions or experiences.

At first, we asked for their age and sex to determine if there is a difference
between age groups or males and females. Then, we asked if there are any exist-
ing impairments in their vision, hearing, or mobility. Participants were able to
indicate if they have an impairment in vision, hearing, or mobility separately and
we asked them to describe their limitations if present. Our motivation for these
questions was the hypothesis that impairments influence the user experience
more than age does.
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3.2 Technical Devices

In the next section of the questionnaire, we asked about the participants’ knowl-
edge and usage of technical devices. In the first question, their level of experience
with technical devices such as PCs, laptops, or smartphones had to be assessed.
The participants were given five possible options to pick from, ranging from very
high to very low:

– Very high. The respondent is familiar with basic and advanced functionality
and does not need help when using technical devices.

– High. The respondent is familiar with basic and advanced functionality, but
sometimes needs help when using technical devices.

– Intermediate. The respondent is familiar with basic functionality but often
needs help with advanced functionality.

– Low. The respondent is familiar with some basic functionality but always
needs help with advanced functionality.

– Very low. The respondent always needs help when using technical devices.

Basic functionality means for example sending and receiving emails or visiting
websites. Advanced functionality means editing documents, changing settings,
or setting up new devices.

The second question of this section prompted how often the participants
use certain devices. They had to rate their usage habits between daily, weekly,
monthly, less often, or never. The devices asked about were smartphones, tablet
computers, other devices with touch control like navigation systems, smart
speakers or voice assistants like Google Alexa, Siri or Cortana, video game con-
soles using gesture control like Microsoft Kinect, Nintendo Wii or PS Move, and
other devices using gesture control.

3.3 Smart Home and Forms of Interaction

In the last section of the survey, we asked the participants for their opinion
on and experience with smart home devices and the four given basic forms of
interaction.

The first question of this section explained the term activity control and asked
if the respondents have heard of it before. Secondly, we asked the participants to
rate their level of experience with smart home devices, e.g. smart temperature
control devices, roller shutter control devices, or smart light control. They were
given the following five options:

– The participant has not heard of smart homes before.
– The participant has heard of smart homes before but has not seen or used

any smart home device.
– The participant knows someone who owns smart home devices and has

observed how to use them.
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– The participant owns smart home devices but barely uses them or does not
use them at all.

– The participant owns smart home devices and uses them regularly.

If the respondents indicated that they own smart home devices, we also asked
them to list them.

In the next question, we asked the respondents to imagine themselves in a
specific situation and then tell us how they feel about it. The given scenario
was their neighbor showing them a new smart home device that automatically
controls the lights in the living room depending on what daily living activity the
system recognizes. E.g. when the person is reading, the light is bright, when he
is watching TV, it reduces the brightness, and if no one is present, the light is
turned off.

Afterward, we asked the participants about their opinion on touch control,
voice control, gesture control, and activity control. To classify their stance on the
given forms of interaction, participants were supposed to rate their position on
an inacceptance-acceptance-scale. The original scale proposed by Sauer et al. [20]
consists of eight levels. To reduce complexity and due to resemblance in content,
we combined the original levels three (Indifference) and four (Ignorance) to our
level three (Indifference/Ignorance) and the original levels five (Compulsion)
and six (Conditional Acceptance) to our level four (Compulsion/Conditional
Acceptance). Therefore, the inacceptance-acceptance scale we use differentiates
between the six levels shown in Fig. 1:

– Active opposition. The respondent consequently rejects the given form of
interaction and actively advises others against it.

– Rejection. The respondent rejects the given form of interaction, but only
shares their opinion if asked about it.

– Indifference/Ignorance. The respondent does not know or care enough
about the given form of interaction to have an opinion.

– Compulsion/Conditional Acceptance. The respondent only uses the
given form of interaction if they have to or if there is no alternative.

– Approval. The respondent is in favor of the given form of interaction, but
only shares their opinion if asked about it.

– Commitment. The respondent is committed to the given form of interaction
and tries to persuade others to use it too.

We also asked the participants to justify their selection.
Afterward, we asked the participants to share problems they have encoun-

tered when using technical devices irrespective of the form of interaction. Also,
we asked them to prioritize the four forms of interaction from 1 to 4, with 1
being the option they prefer the most and 4 being the option they prefer the
least.

Lastly, the survey allowed some space for the respondents to make suggestions
on how else smart home devices could be controlled or to add anything they
wanted that was not part of the survey.
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Fig. 1. Inacceptance-Acceptance scale based on [20] used to rate the respondents stance
on the four given forms of interaction.

4 Findings

In total, we received 87 surveys of 47 men (54%) and 40 women (46%) aged
62 to 90 years with an average age of 75.2 years. Figure 2(a) shows the age
distribution for men and women respectively, while Fig. 2(b) shows the number
of people with and without impairments of vision, hearing, and mobility.

(a) Age distribution of the participants
for men and women.

(b) Occurence of impairments among the
participants.

Fig. 2. Demographic data (a) and occurence of impairments (b) in the group of par-
ticipants.

Due to the COVID pandemic, the last contact with the members of the
utilized senior citizens panel was over a year before we conducted our survey.
Therefore, since then, part of the recipients possibly lost interest in participating,
moved, passed away or was not able to respond anymore for other reasons, which
could explain the small share of senior citizens who responded to our survey.

4.1 Technical Devices

As shown in Fig. 3, over a third of the respondents (37.93%) indicate a high or
very high level of experience with technical devices. Only 22.99% of the respon-
dents ranked their level of experience low or very low. Section 3.2 describes



Smart Home for the Elderly - A Survey of Desires, Needs, and Problems 115

Fig. 3. Level of experience with technical devices as reported by the participants.

how each level of experience is defined and was explained to the participants.
There was no statistically significant difference between people with and without
hearing impairments. Respondents with vision impairments expressed that they
rather use voice control than touch control. People without mobility impairments
stated more often that they had a high level of experience with technical devices
than people with mobility impairments. Men usually assess their abilities higher
than women. The latter more often indicate an intermediate level of experience.
Meanwhile, there are no statistically significant differences between both genders
at low and very low levels.

Only 14 participants (16%) stated that they do not use smartphones, while
66 participants (76%) use their smartphones daily. Regular or occasional use of
tablets (54%), other devices with touch control like navigation systems or car
multimedia systems (59%), or voice assistants (28%) is also not unusual in our
target group. Figure 4 shows an overview of the usage of various devices and
forms of interaction as indicated by the participants.

4.2 Smart Home and Forms of Interaction

Smart home devices, on the other hand, showed to be far less common. Although
93% of the respondents stated that they had already heard about smart homes,
only 8% own smart home devices of their own. The devices that the participants
listed as having them installed in their homes are e.g. vacuum or lawn mowing
robots, smart plugs, smart smoke detectors, security systems as well as roller
shutter and light control devices.

In general, the consensus among the respondents is that required support
in everyday life should primarily be provided by other people and not technical
systems. However, where this is not possible, a large part of the participants
agreed that technology can be a good way of receiving support. For example, if
they have disabilities or restrictions that no longer allow for a self-determined
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Fig. 4. Shows the usage of smartphones, tablet computers, other touch devices, voice
assistants or smart speakers, video games using gesture control, and other devices with
gesture control as indicated by the participants.

life at home and moving to a nursing home or assisted living facility would
be necessary, they would prefer and accept technical support. Although many
senior citizens acknowledge the benefit of technical systems in a smart home,
the responses given in open-ended questions show that their openness is mainly
directed towards other – older, more limited or disabled – people using such
devices, not themselves. They do not want to see themselves as limited or in
need of help. (cf. [10]).

The participants showed great interest in the topic. However, it is obvious
that proper education, easy-to-use devices, and support in how to select and set
up certain devices are necessary but currently not available. Also, some respon-
dents were not able to see the benefit technical devices can add to their daily
life and reported to fear losing their self-determination.

In addition, the participants critically questioned technology. Many of them
asked about the actual benefits for their situation, about initial costs as well as
running costs for maintenance and repairs. Further questions were asked about
the life span of devices, the effects on the environment, and who can offer support
in case of an emergency. Some of them questioned whether the cost of learning
how to use such devices outweighs the benefit of additional support provided by
technical devices.

It can be stated that people with impaired vision are reluctant to use devices
with touch control, such as smartphones or tablets, or only use them if there
are no alternatives. This is probably because a specific area on the screen has
to be touched to trigger an action, and therefore, people who cannot recognize
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this area easily face difficulties when using touch control. We noticed, that, in
general, senior citizens with limitations seem to be more open to learning about
more “innate” forms of interaction like activity control.

Figure 5 shows how the respondents classified their stance on the given forms
of interaction on the inacceptance-acceptance scale described in Sect. 3.3. Unsur-
prisingly, a great part of them chose level 3 (Indifference or Ignorance) for gesture
control and activity control since those two forms of interaction are not com-
monly used yet.

Fig. 5. The respondents stance on the four given forms of interaction according to the
inacceptance-acceptance scale. Level 1 = Active opposition, Level 2 = Rejection, Level
3 = Indifference or Ignorance, Level 4 = Compulsion or Conditional Acceptance, Level
5 = Approval, Level 6 = Commitment.

The reasons given for active opposition were fear of hackers or excessive
surveillance, but also a lack of trust in the technical devices. Especially with
gesture control, some respondents noted that the rate of recognition is currently
still very imprecise, and using these devices can therefore be complicated and
frustrating. Other participants who showed active opposition indicated that they
feel disturbed by being overly observed by technical devices.

Various reasons were given as justification for the rejection of the given
forms of interaction. First, the respondents noted that increased exposure to
radiation results from using these technical devices, since many of today’s devices
need to be connected to the internet to function properly. Furthermore, the fear
of misuse of data or the devices themselves was mentioned by several partici-
pants. Others brought up that they disapprove of the usage of technical devices
in their homes for themselves, but realize the positive impact it can have on
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people with impairments or disabilities. It was also mentioned that the elderly
find it difficult to learn how to use unknown and new forms of interaction at
their age and that they, therefore, would rather stick to what they already know
and use.

Participants who showed indifference or ignorance often mentioned that
technology is too complicated and that they do not know what advantages the
technical devices can offer them. It was also noted that the respondents have
lived the past sixty to eighty years without the support of technical devices and
therefore see no personal benefit in using them now.

The justifications most often given for conditional acceptance of tech-
nical devices was that the elderly currently see no benefit for themselves, but
believe that technical devices can offer support in case of future impairments
or disabilities. It was also mentioned that the help of real people is preferred.
On the other hand, some respondents believe that technical devices that can be
operated intuitively, e.g. by talking to them, can help with loneliness.

Senior citizens that approve of or are committed to the use of technical
devices state that they are open to innovations and therefore would not reject
anything before having tried. The positive impact of learning something new and
solving problems was also mentioned. Some of the respondents see a benefit in
using technical devices, e.g., in supporting their everyday life task or by reducing
energy consumption. Some participants noted that they would only use devices
that function flawlessly and are easy to use. Another group of respondents stated
to enjoy learning, to be curious, and to like to experience something new.

When asked about problems experienced with technical devices almost all
of the participants had something to share. The problems can be clustered into
five different categories:
– Readability. Some respondents stated that they encountered problems with

the readability of the text displayed on technical devices. Either the text was
too small so they could not read it properly or when text was readable they
had difficulties understanding the meaning.

– Malfunction. Many participants described situations in which technical
devices do not work as expected. Examples are voice control that does not
properly understand voice commands when several people are present or there
is a lot of background noise, or if the user expects different functionality
behind buttons than what is actually the case.

– Security concerns. Some of the respondents are worried about being spied
on, for example by their vacuum robot which uploads images and the floor
plan of their apartment to the Internet, or by voice assistants that listen to
every conversation.

– Insecurities. Some senior citizens describe that they feel insecure when using
technical devices because they do not know exactly what consequences an
action can have or they are not sufficiently familiar with their devices. They
mention that they often need help with using or setting up devices or when
they encounter new functionality.

– Technical problems. Another problem, which has been mentioned sev-
eral times, was incomprehensible problems with technical devices, e.g. if the
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connection to the Internet is lost or if the device freezes and needs to be
restarted, for no apparent reason.

When participants were asked to prioritize the given forms of interaction,
touch control was chosen as the most favorable form of interaction by many
respondents. Voice control was chosen as the second option, while gesture control
and activity control share the third place. We think this result can be explained
by the fact that both touch and voice control are commonly used, while there
are only a few devices with which you can interact via gesture control or activity
control. We believe that these two more intuitive forms of interaction would be
chosen more often if the senior citizens could try them out and get to know them.
Therefore, in further research, we plan to present all forms of interaction to a
group of participants and let them try out for themselves. We hypothesize that
the prioritization will then be different and plan to verify this through further
research.

5 Conclusion and Future Work

In summary, our gathered data shows that the elderly can benefit from smart
home devices and are open-minded towards this topic. But, it is necessary to
educate and support senior citizens accordingly. In addition, it still holds true
that devices for the elderly must become easier and more intuitive to use.

The technical devices must be easy-to-use and must not offer too much func-
tionality to not unnecessarily complicate the learning process. It is important
that the elderly get support, both in choosing the right equipment and setting
it up, as well as offering support for the case of problems arising.

Many participants are curious and would be willing to get support from tech-
nical devices in their households. For some, however, it was important to mention
that they can currently still live independently and are afraid of losing that inde-
pendence through the increased use of technical devices. The participants agree
that in the event of physical limitations like impairments of vision, hearing, and
mobility, and if adequate help from other people cannot be guaranteed, support
from smart home devices could help to be able to live independently at home
for an extended period of time.

Our further research will focus primarily on gesture control and activity con-
trol. The following aspects are particularly important to us: Are these more
intuitive forms of interaction easier to learn for the elderly? What role do limita-
tions of vision, hearing, or mobility play? Is our assumption correct that gesture
control and activity control would be preferred by the target group if they were
available in the same way as touch control and voice control?
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Abstract. With the increasing digitalization of society, we need to use a wide
range of digitalized services in our daily activities such as searching for events in a
calendar, checking theweather forecast, receiving guidance for completing certain
tasks or recommendations for certain topics. Assistance for digital services is often
needed, and particularly in the ageing stages, support for these tasks from a coach
can become valuable. We introduce our work on a dialogue system that is part of a
digital coach providing interactive support for elder adults in their daily activities.
The work centers on using knowledge graphs to improve coaching interventions
and is part of a larger project that focuses on supporting elder people and their
healthy active living. Knowledge graphs aremodels of the domain content, defined
by the domain experts, and they are used in the dialogue system to understand the
content of the user utterances and to generate appropriate system responses. The
dialogue coach can thus personalize conversations with the elder users and provide
empathic and informative responses.

Keywords: Dialogue system · Knowledge graph ·Machine learning · Natural
language processing

1 Introduction

In daily life, with the increasing digitalization of society, we need to use a wide range
of digitalized services such as searching for events in a calendar, checking the weather
forecast, receiving guidance for completing certain tasks or recommendations for certain
topics. Assistance for digital services is often needed, and particularly in the ageing
stages, support for these tasks from a coach can become valuable. A digital coach can
provide the needed help by enabling natural interaction and thus support elder adults in
their daily activities. By analysing the conversations, it is also possible to learn more
about the user concerns and needs, and offer more personalized support.

However, current conversational AI systems often ignore the semantic knowledge
underlying the utterance content, or they use domain knowledge hardcoded in the sys-
tem’s conversational flow. Consequently, porting of the system to new task-specific
domains or customizing dialogue interactions to different users can be difficult. If the
expert knowledge can be modelled for the processing of the conversations, it is possible
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to improve the system’s capability to understand what the user needs, which can result
in better assistance, recommendations, and flow in the conversations in general.

Knowledge Graph (KG) [1] has become an effective mechanism of representation
that provides explainability, explicit definition of entities and relations, semantic inter-
pretation, and it can contain fine-grained descriptions of the domain. Big advances in
AI, NLP, and database technologies have enabled development of knowledge graphs and
databases on multiple domains [2]. We have especially explored knowledge graphs as
labeled property graphs (LPG) in the Neo4j graph database system [3].

In this paper, we propose a knowledge-based approach that tackles the acquisition of
expert knowledge and its integration in KG, to be used in dialogue processing. The work
centers the work on a semantic approach and exploitation of large knowledge bases, and
their integration in conversational AI aiming to provide coaching for the users in daily
living tasks. In the implementation, we can personalize the conversation considering the
domain knowledge located in knowledge graphs related to the user profiles as well as the
content in the sentences. We use the Rasa Open-Source Conversational AI framework
[4] for dialogue modelling and present a dialogue system that supports elderly people
in several tasks related to their daily living.

The novelty of the presented work is the conceptual-semantic handling of user utter-
ances and conversations using knowledge graphs. An advantage of our approach is that
the design of dialogue systems allows different domains to be included as knowledge
graphs,which also adds on theflexibility of the systemover hardcodeddialogue strategies
by updates of the knowledge base.

The paper is structured as follows. We first give a short overview of the background
and related research in Sect. 2. We then briefly describe the system and use cases in
Sect. 3, while Sect. 4 focuses on knowledge graph and dialogue modelling, and the
integration of the two in the dialogue system. Section 5 provides examples of the system
function and finally Sect. 6 provides conclusions and future work.

2 Related Work

Many significant improvements have been achieved recently in dialogue systems using
knowledge graphs. The inclusion of prior knowledge in the conversation has led to a
better user response and interaction. The most promising use of KG has been in lan-
guage generation. For instance, Yi-Lin Tuan et al. [5] implemented dynamic knowledge
graphs in knowledge-grounded dialogue generation. The goal was to facilitate neural
conversation models to learn zero-shot adaptation to updated, unseen knowledge graphs,
by exploiting user data related to dialogues, speakers, and scenes. For this task, they pre-
sented a TV series conversation corpus (DyKgChat) with facts of the fictitious life of
characters, and corresponding knowledge graphs including explicit information such as
the relations friend-of , enemy-of , and residence-of as well as the linked entities.

Similarly, Houyu Zhang et al. [6] presented a conversation generation model Con-
ceptFlow (Conversation generation with Concept Flow), that leverages commonsense
knowledge graphs to explicitly model conversation flows. The model could gener-
ate semantically appropriate and informative responses. while using graph attention
mechanism with few parameters. The work experimented with Reddit conversations.
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In spoken dialogue understanding, Yi Ma et al. [7] proposed an inference knowledge
graph that used semantic knowledge graphs and remapping usingMarkovRandomFields
to create user goal tracking models that could form part of a spoken dialogue system. In
their experiments, the authors demonstrated that their model could return more relevant
entities to the user than the database lookup baseline. In dialogue generation, Sixing
Wu et al. [8] proposed a method that uses a knowledge graph to alleviate the issue of
generating boring responses. The commonsense knowledge-aware dialogue generation
model (ConKADI) focuses on the knowledge facts that are highly relevant to the context.
Themain contributionwas the use of knowledge graphs in learningmodels to add context
and generate dialogues.

Tackling conversational context, Jaehun Jung et al. [9] proposed a dialogue-
conditioned path traversal model called AttnIO that uses knowledge graphs based on
attention flows. The authors claimed that they implemented a full use of structural infor-
mation in the KG. Their method is capable of exploring a broad range of multi-hop
knowledge paths, and also flexibly adjusting the varying range of plausible nodes and
edges to attend depending on the dialogue context. Moreover, the system can intuitively
model knowledge exploration depending on the dialogue characteristics.

In the area of human-robot interaction, Wilcock and Jokinen [10] describe an inte-
gration of Neo4j KGs with the Rasa dialogue framework and demonstrate it on the
Furhat robot [11]. The generic framework aims to support a variety of social robots
to provide high-quality information to users by accessing semantically rich knowledge
about multiple different domains.

3 System Overview and Use Cases

We focus on using the knowledge graph to enable a coaching dialogue system that could
provide useful information and empathic responses to the user. The research is conducted
in the context of the project e-VITA (https://www.e-vita.coach/) a large collaboration
project between EU and Japan, which aims to develop a virtual coaching system to
support older adult’s wellbeing in a smart living environment, promote their active
healthy living, and provide personalized recommendations and trustworthy interaction
(see background and more details in [12]). Some inspiration is found in Diogo Martinho
et al. [13] who proposed a conceptual approach for improving the well-being of elderly
people which used social networks to analyze user preferences, detected affective states,
and evaluated cognitive capabilities. Similarly, Paulo Menezes et al. [14] proposed a
multi-agent system designed to promote physical activity in elderly users.

The general overview of the system is depicted in Fig. 1. In the diagram, our contribu-
tion is marked in green dashes. The red dash box represents the Rasa [4] conversational
AI framework. The process starts when the user shares a sentence and the module of
natural language understanding (NLU) tries to interpret the user intention and extract
relevant entities. The dialoguemanagementmodule (DM) interactswith the action server
to interpret the user input with respect to domain knowledge, provided by the domain
experts and stored in the knowledge graphs. This process is referred to as “semantic
processing” in Fig. 1, and it is carried out by computing queries on a knowledge graph.
The result of the KG query is used as the basis of the system response, and the DM

https://www.e-vita.coach/
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module enables interaction by generating a corresponding natural language sentence
and sending it to the user.

Fig. 1. Overview of the system.

3.1 Examples of Use Cases and Dialogue Design

The full e-VITA coach is envisaged to provide support in awide variety of use cases rang-
ing from exercise recommendations to daily reminders, providing information on news
and weather reports, and emotional support in stressful situations. We have chosen two
cases to exemplify the system functionality: the user experiences certain emotion and the
user asks for information about exercises. The dialogues were designed in collaboration
with the domain experts.

In the first case, the system is expected to take the user’s affective state into account
when providing its responses. For instance, if the user expresses sadness, the coach aims
to provide empathic and consoling companionship. The action is triggered if the user
explicitly informs about their emotional state, or if the system infers such a state from
the user’s voice. In the current version of the system, the emotion recognition is not fully
integrated, so the example focuses on conversations where the users explicit express
certain sentiment in their verbal utterances. Recognizing the user’s intent to convey their
mood, the system then responds by providing an appropriate feedback or suggestion
that accords with the user’s feelings. In the example case, the user’s sad mood causes
the system to accompany its message by a song that is assumed to improve the mood
(Sakura-Sakura is a popular song in Japan), while in a happy case, the system joins the
user’s experience by providing an encouraging message and a happy song.

Table 1 shows an example dialogue when the user expresses sadness. The coach asks
the reason and provides a song that may help. Finally, the coach confirms if the song
improved the user’s mood, and two paths, depending on the user response, are shown.
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In the second case, the system enables factual information providing dialogues, and
provides the user with relevant information. For instance, if the system recognizes the
user’s intention to find out more about exercises and physical training, the system will
tell about the exercises and training programs that are stored in its knowledge graphs.

Since the knowledge graphs also allow reasoning about the types and properties of
stored knowledge, the system can provide recommendations according to user specifica-
tions and available information. If the intent of an elderly user is recognized to solicit a
recommendation of physical exercises as a part of their daily routine, the system provide
examples of the available training possibilities, and the user can ask for further details
or filter suitable particular exercises by their difficulty level.

Table 2 shows the system recommending exercises for the user. The left column
shows how the dialogue system lists some training options stored in the knowledge
graph, while the right column shows how the user can specify the exercises according
to their difficulty.

Table 1. Sample dialogue for empathic responses.

Actor Message
User I feel sad
Coach are you OK?. what is the reason you are sad ?
User I feel lonely
Coach You look sad, would you like me to put on your favorite music?
User ok
Coach I'll go to play a song that can make you to feel better. Please let me 

know when to stop the music.
[plays the song Sakura Sakura]

User please stop
Coach Do you feel a bit better now?
User Yes No
Coach I wish you keep feeling al-

right ...
Is there anything else I can 
help you with?

I am sorry, I hope I could help you.
Is there anything else I can help you 
with?

4 Modeling

4.1 Knowledge Graph Models

Figure 2 presents a knowledge graph for the actions that the system can perform when
it recognizes that the user experiences a certain emotion. The emotion is linked to a
particular countermeasure, which can have a property describing recommendation as
text or URL. Similarly, Fig. 3 presents an excerpt of a knowledge graph that represents
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Table 2. Dialogues for exercises recommendations.

Story listing all exercises Story filtering exercises by difficulty
egasseMegasseMrotcA

User can you recommend me an
exercise

can you recommend me an easy 
exercise

Coach I know three exercises. 
According to my knowledge, you can 
practice Walking, Dancing, or Yoga.

Sure, an exercise with easy diffi-
culty is: Walking

exercises, their level of difficulty, recommended poses, and other indicators that a user
can perform. The knowledge graphs are modelled as Neo4j type labeled property graphs
[3] and they can be queried using the Cypher query language [19].

Fig. 2. Excerpt of a LPG representing emotional states and possible countermeasures.

4.2 Dialogue Model

The Rasa-based dialogue modelling [4] requires that example utterances representing
the user intents are designed, together with the suitable system responses. Also sample
dialogue flows, called stories can be defined. These are used in the training of Rasa’s
dialogue policy to decide on the suitable dialogue action after the recognition of the user
intent.

Table 3 shows some user sentences corresponding to the user intent related to asking
for exercises. The examples sentences are also labeled with respect to the important
entities that describe the content of the intents. For instance, the word “easy” is labeled
as a type of entity “difficulty”. Labels are used for Name Entity Extraction (NER).
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Fig. 3. Excerpt of a LPG representing physical exercises and their properties.

Table 3. Intent classification and entities.

intent: exercise_knowledge_base
-what exercise can you recommend with [low](intensity) intensity?
-can you name some exercise please?
-can you tell me a [easy](difficulty) exercise?

Table 4. Story for listing exercises.

story: Exercise KG list exercise story: Exercise KG using difficulty
steps:

- intent: exercise_knowledge_base
- action: action_exercise_KB

steps:
- intent: exercise_knowledge_base
entities:
- difficulty: hard

- slot_was_set:
- difficulty: hard

- action: action_exercise_ KB_difficulty

The story that the dialogue can follow deals with the ‘happy path’ case where the
system successfully lists all the exercises (Table 4 left column) or the case when the
user wants exercises filtered by a level of difficulty (Table 4 right column). The story
is defined as a dialogue flow of user intents and system actions, and it also speci-
fies the entities required to complete the path. The system actions are the so called
knowledgebaseActions, which retrieve data from the KG referred to by its name.
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4.3 Knowledge Graph Integration in the Dialogue System

The overall view of the dialogue system modules is presented in Fig. 4. The modules
are based on the Rasa architecture and modified according to the project needs. The
user interacts with the coach through the coaching device (in our case Nao robot [21]).
The user’s utterances will be analyzed by the speech recognizer (not shown in Fig. 4),
and the text transcription will be the input to Natural Language Understanding (NLU)
pipeline which consists of a series of modules that are needed for the preprocessing,
entity extraction, and intent classification, and transforms the user input into a vector
format. The user input then goes through the “knowledge processing” where the content
is analysed with respect to the system’s domain knowledge, and semantic inferences are
performed. The important part concerns querying the knowledgebase, which in our case
uses Cypher queries based on the extracted entities in the graph database. The query
results are inserted in the suitable system response form, which is determined by the
dialogue model using the learnt state tracking policy. The text sentence thus augmented
is sent further to the text-to-speech synthesizer by the dialogue manager, to be ultimately
uttered by the coaching agent to the user.

Fig. 4. Content-based processing of user utterances.

We use the Rasa Open-Source Conversational AI [4] to enable the above dialogue
processing. We customised Rasa’s NLU pipeline by the spaCy [15] tokenizer, entity
extractor (NER), and featurizer, together with other featurizers available in Rasa. To
extract the intent and relevant entities from the user message, Rasa’s Dual Intent and
Entity Transformer (DIET) [16] is used. Table 5 shows the NLU pipeline.

To determine the system response, the dialoguemanager predicts the best next action
using a dialogue policy. We used the Transformer Embedding Dialogue (TED) policy
implemented in Rasa [17] (Table 6). The max history was set to 3. We experimented
with different context lengths for the policy performance, and the length 3 produced the
best performance for our example conversations.
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Table 5. The NLU Pipeline used in the study.

pipeline:
- name: SpacyNLP

model: "en_core_web_md"
- name: SpacyTokenizer
- name: "SpacyEntityExtractor"
- name: SpacyFeaturizer
- name: RegexEntityExtractor
- name: LexicalSyntacticFeaturizer
- name: CountVectorsFeaturizer
- name: DIETClassifier

Table 6. Rasa’s dialogue policy for best next action in the study.

policies:
- name: TEDPolicy

max_history: 3

The domain knowledge is stored in a Neo4j graph database [18] and retrieved using
Cypher querying language [19]. As a simple example, Table 7 shows a Cypher query
that retrieves all hard exercises which are of type guideline. The MATCH command
searches for nodes which are Exercises such that they have a link to a node Difficulty
with the title ‘hard’, and moreover, have type ‘guide-line’.

Table 7. Example Cypher query.

Query that retrieves hard exercises
MATCH (e:Exercise)
WHERE exists ((e)-[*..3]->(:Difficulty{title: 'hard'}))
and e.type = 'guide_line'
RETURN e.title

5 Rasa X Examples

Some examples of the interaction between a user and the e-VITA coach are shown in the
screenshots below. The dialogues are conducted through text on a web-based extension
Rasa X [20].
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Figure 5 depicts a dialogue where the system gives recommendations to the user
according to a level of difficulty. Figure 6 presents the case when the user experiences
sadness, and receives consolation with a song.

Fig. 5. A dialogue that recommends an exercise by difficulty.

Fig. 6. A fragment of conversation that alleviates sadness.

6 Conclusions and Future Work

In this paper, we discussed a knowledgebase approach that integrates domain knowl-
edge stored in knowledge graphs into system responses and actions. The work constructs
knowledge graphs that describe the domain and use cases selected for the e-VITA project
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which aims to develop a coach to support elder people’s active healthy living and daily
activities. The system integrates content from the KG to process user utterances and
to provide suitable recommendations and information to the user based on the domain
knowledge, and the dialogues can be conducted using a web-based interface or by inter-
acting with an embodied coach, the NAO robot. The e-VITA coach aims to cover several
use cases, and we exemplified two example scenarios in this paper: first, the coach
tries to provide a sympathetic response when it recognizes the user experiencing an
emotional state, and the second one, where the coach provides information and recom-
mendation to the user when it recognized the user wants to receive particular training
recommendations.

The future work deals with sophisticating and extending knowledge graphs and their
content with respect to the demands for natural and trustworthy dialogues. In particular,
we will study solutions related to graph embedding to integrate knowledge graph rea-
soning into dialogue management. Important aspects also concern dialogue strategies
and dialogue management so as to support friendly, contextually appropriate dialogues
between the user and the coach. Subtle issues in emotional and empathic interaction
need to be studied and discussed further for appropriate interaction design, and in order
to take cultural and individual differences into account. Moreover, integration of several
other domains in the system is important in order to increase the system functionality.
Wewill also closely look at the technical of knowledge base construction and integration
of heterogenous sensor data in the system, given availability of various environmental
sensors in the smart home environment. Finally, ethical and privacy issues are important,
and they will be studied and taken into account in the project as a whole.

Extensive user studies in living lab condition are planned to take place in the project
context, with the dialogue system being integrated into various interface agents. Such
evaluations have been problematic due to the Covid pandemic, but preliminary exper-
iments with the first system version could be conducted, resulting in useful feedback
on the dialogue strategies and technical implementation, showing that the system has
potential to be developed into a useful application.
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Abstract. As the aging population continues to increase globally, the develop-
ment of methods to support the independent living of the elderly is becoming
increasingly essential. Although smart home technology is expected to be used
to support independent living in the homes of the elderly, the barriers to intro-
ducing this technology into the homes of elderly people are high. To support
the continuation of independent living tailored to each elderly person, we aim to
realize a system that can be composed and adjusted by the elderly themselves to
turn their homes into smart homes using an easy-to-understand framework and
an age-friendly interface that visualizes the framework. In this study, we devel-
oped a simple system described by a combination of trigger and action and a
straightforward iPad configuration application. To evaluate the usability of the
developed system, we performed an experiment in which young people experi-
enced the configuration and adjustment of the system in a simulated environment.
The results showed that the average time required for setting up the system was
approximately 2 min, and the average of the system usability scale to evaluate the
configuration system was 78.5, which was sufficiently high, indicating that the
system was acceptable. In the future, we will verify whether this system can be
accepted by the elderly as well.
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1 Introduction

As the aging population continues to increase globally,methods to support the lives of the
elderly become paramount. In Japan, where the aging rate and average life expectancy
are particularly high [1], support for independent living by the elderly is attracting
attention, not only because of the shortage of nursing staff but also due to the desire
of the elderly to continue living at home [2]. Although smart home technology (SHT)
[3] using various sensors and Internet of things (IoT) devices are expected to be used
to support independent living in the homes of the elderly [4–6], barriers to introducing
SHT into the homes of elderly people who are unfamiliar with information technology
and devices such as smartphones are high [7–9]; thus, in many cases, SHT is introduced
and operated by caregivers when nursing care becomes necessary, and their practical
applications are limited. In addition, the elderly who have established their lifestyles
prefer to be supported in various manners, and it is necessary to change the support
according to the changes in the state of aging, thereby making it difficult to support the
elderly with SHT.

Because of the above expectations and difficulties, there have been many studies on
how to support the lives of the elderly using SHT. However, in previous research, the
target elderly is generally very old or dementia patients with high care needs, and they are
always monitored and assisted by SHT, which are managed and operated by caregivers,
mainly to detect emergencies or manage physical conditions [4–6]. Moreover, SHT is
useful for elderly people who need a little physical care and patients with mild dementia
to enhance convenience in their life [3, 10, 11].

End-user development (EUD) approaches are ideally suited to the necessity of allow-
ing users to customize their environments to support personal situational needs [12].
Therefore, the EUD of smart homes (SHs) or DIY (do it yourself) SHs is researched
extensively, and it has been shown that nontechnical end users can compose and cus-
tomize their environment usingwell-designed systems and user interfaces (UIs) [13–17].
These results suggested that the improvement of EUD makes more people able to cus-
tomize their smart environment. The further improvement for the EUD will allow the
younger elderly who need a little physical care and patients with mild dementia to man-
age and operate systems themselves, in addition to being monitored and supported. If
the younger elderly can customize a smart environment for their life as the young in ref.
[17], it is expected that they can tailor their environment to fit their state of aging.

Therefore, to support the continuation of independent living and individualize the
support for each elderly person, we aim to realize a system that can be composed and
adjusted by the elderly themselves, turning their homes into SHs, using an easy frame-
work and an age-friendly interface. In this system, the elderly is assisted by themselves.
In this study, we have three working hypotheses.

• Elderly people with no programming experience can learn and understand sensor-
feedback systems and implement the functions necessary for their own lives.
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• With an age-friendly interface, elderly people with little experience in using IoT
devices can manage and operate an SH system (SHS).

• Through the operation of the SHS by the elderly themselves, new techniques of using
the system will be discovered, and it will become possible to support the continuation
of independent living for each elderly person.

Regarding the first point, we reported in a previous study [18] that a sensor feedback
system described as a simple trigger–action rule is easy for the elderly to understand,
and they can devise a system with functions necessary for their own lives. In this study,
we present a system developed to verify the second point and the evaluation by young
people. This study aims to develop an SHS that can be operated by elderly people
with little experience in using IoT devices, but it can also be used by elderly people with
adequate experience, middle-aged people who will become elderly, and family members
of the elderly. In other words, the design should be universal. Therefore, we performed
a preliminary verification against young people, although it does not have to be optimal.

2 Related Works

2.1 SH Environment and Components for the Elderly

Owing to the aging of the global population, various approaches for SH have been
developed for elderly people’s quality of life [19]. The aspects of managing healthcare
quality led to a focus on the SHs for health monitoring as elderly people need continuous
care and medical services at home [20]. Advanced data analytic technology in health
monitoring could provide an alerting system by gathering data from various sensors
in homes and hospitals [21]. Further, considering the user’s independent lifestyle with
various activities, wireless technology is adopted to IoT system architecture [22]. Not
onlymedical services but also other support systems have tried helping the elderly living,
such as encouraging social interaction [23]. However, satisfying the needs of the elderly
is challenging, and considering the subjects and environments is necessary [4, 19].

Tomeet the personal requirement in IoT products, efforts for a user-center design that
integrates a specific user’s need with the process of designing IoT products have been
made [24]. Designing a house with consideration for the specific users using various
sensors and platforms brought satisfaction for people, such as self-sufficient elderly and
non-self-sufficient elderly with their respective caregivers [25].

The person-specific setting is crucial to satisfy personal needs, assistance dynamics,
and care solutions, indicating the necessity of giving control of such systems to end-users,
allowing them to specify how their SH interacts with the elderly [26]. The idea about
accessing data and selecting the personal essential parameter by the elderly themselves
could bring a better health-related quality of life [6, 27]. Self-engagement in IoT systems
can bring more interaction between users and medical services than only using alerting
systems [28]. A method for IoT setting needs to be more user-friendly to be adopted
by elderly people. Because of the difference with young users who are used to using
the devices and controlling the data process, a system for automated data processing is
required to date for the elderly [29]. Providing IoT systems that can improve end-users’
acceptability in IoT is crucial for elderlies’ self-engagement [30]. However, further
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studies are required to discover the techniques to enrich the elderlies’ acceptance of IoT
and encourage them to build a do-it-yourself IoT environment.

2.2 Self-engagement in SH and IoT Setting Methods

IoT systems have difficulty in heterogeneous distribution due to the various systems from
different brands and products [31]. Thus, integrating into a single platform and providing
user access efficiently has been considered [32]. Based on this platform, a previous study
confirmed the users’ demand toward IoTdata visualization byproviding participantswith
customizable IoT data visualization systems [33]. The Trigger-action programming has
shown easiness for learning programming in automated house [34]. The installation of
an IoT system using several wireless products by users has been examined, and the study
confirmed that application for device connections is required for easy DIY bymeasuring
latency [16]. Previous research has pointed out that the trigger-action programming is
only sufficient for simple automated tasks and users might desire relatively complex
automated system by using process-oriented configuration [17]. Thus, confirming the
user’s usability in IoT system for self-engagement is important for every age group to
prevent the restricted feeling.

To provide a flexible and easier device connection, providing a programmingmethod
for the end-users has been discussed extensively [35, 36]. Various UIs that could enhance
the end-users’ acceptability have been developed based on trigger–action programming
[37]. The trigger–action programming has shown easiness for simple tasks in auto-
mated houses compared with other methods such as process-oriented notation [38].
Friendly visualization methods for trigger–action programming have also been devel-
oped to encourage the user’s self-engagement [39, 40]. In addition, a supporting method
for self-engagement in IoT systems has been developed by providing attachable and
detachable sensors and actuators [13]. Further, the users’ guideline of reflecting their
lifestyle into IoT systems has been presented [41].

3 Methods

In this section, we introduce the developed SH environment, SHS, and UI design for
user evaluation of SHS management and construction systems.

3.1 Concept of the SHS

Figure 1 shows the concept of the proposed system for elderly people to turn their homes
into SHs by themselves. Residents themselves place wireless sensor devices in their
houses, and by combining them, they can add arbitrary functions to their houses. Elderly
people often do not have internet equipment; however, in urban areas, it is possible to
easily install the equipment using a mobile router. We constructed a system that makes
a home smart by simply placing and setting a set of connected sensors, devices, local
servers, and mobile routers. We named this system the “Shitara-suru system.”

The SH environment was implemented in a residence simulating an elderly person’s
house (Fig. 2(a)). In our evaluation experiment, the subjects who became residents were
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Fig. 1. Conceptional image of DIY SHS for the elderly, “Shitara-suru system”.

asked to place and set the connected sensors and devices (Fig. 2(b)), and the simulated
residence was made into an SH. Intel NUC (BOXNUC7i7BNH, Intel) was employed as
the local server, and the router (GL-MT1300, GL-iNET) was used because the optical
internet could be used for the simulated residence. The sensors and devices will be
described in later sections.

Fig. 2. (a) Simulated residence for the elderly. (b) Sensors, devices, a tablet PC, and a manual for
the experiment.

Figure 3(a) shows the configuration of the proposed system. The system comprises
a tablet PC operated by the user and a local server that communicates with the sensors
and devices related to IoT. The user registers and manages the settings from the web
application running on the tablet. The sequence diagram for registering a new setting on
the web application is shown in Fig. 3(b). The setting information in the web application
is input to the sheet (Google spreadsheet) on the cloud. When the sheet on the cloud
is updated, a notification arrives at the local server via the MQTT (Message Queueing
Telemetry Transport) server (Beebotte). The notification triggers the local server to
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acquire the setting information on the cloud. As such, the setting information in the
local server is always updated to the latest one.

The SH application using Node-RED (IBM Inc.) is running in the local server,
and each IoT device is operated according to the input settings. The local server and
sensors communicate directly, and the SH application judges the sent sensor information
according to the settings and makes a request. By sending a request to the external
application programming interface of each IoT device, the devices are operated. Apart
from the abovementioned operation as the SH application, the sensor data are overwritten
and saved in the sheet on the cloud, and the current sensor status can be confirmed from
the web application on the tablet.

Fig. 3. (a) System configuration diagram. (b) Sequence diagram of registering a new setting.

3.2 System Components

Now, we describe the sensors and devices in Fig. 3(a). Five types of sensors were used:
button switches (PTM210J, ROHM co.), passive infrared motion sensors (ETC-PIR,
iTec co.), door open/close sensors (ETB-OCS, iTec co.), temperature/humidity sensors
(ETB-RHT, iTec co.), brightness sensors (ETB-ILL, iTec co.). All sensors sent data to
the local server located approximately in the center of the house by EnOcean in the
928.35-MHz frequency band. No matter where the sensor was placed in the living
environment assuming living alone, the local server received the data sufficiently stably.
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As the IoT devices, smart light bulbs (Kasa Smart Light Bulb KL110, TP-Link
Inc.), smart plugs (Plug, SwitchBot Inc.), switch-pushing machines, switch bots (Bot,
SwitchBot Inc.), smart speaker (Google Home, Google Inc.), a tablet PC (A1893 32 GB
Gold, Apple Inc.) for receiving emails, and a home appliance controller (Nature Remo
mini 2, Nature Inc.) were employed. In the residence simulating an elderly person’s
house shown in Fig. 2(a), there is a refrigerator, microwave oven, washing machine,
circulator, air purifier, air conditioner, ventilation fan, and various types of lighting;
switch bots and smart plugs were able to be placed anywhere.

However, because the only machine that could be controlled by infrared signals
was the air conditioner, the home appliance controller was used only to control the
air conditioner. All devices other than the switch bot were connected to the router via
2.4-GHz Wifi, and communication was stable enough in this house. In addition, the
switch bot was directly connected to the local server via Bluetooth.

3.3 User Interface

In this subsection, we describe the implemented web application. In the experiment, this
web application works on a tablet PC.We developed a UI that implements functions that
users want through an SH management application. The system described by “Trigger”
and “Action” developed in many research for EUD of smart home well accepted by the
non-technical people with a well-designed user interface [15, 35–37, 39, 40, 42]. It has
been reported that even elderly people who have little or no programming experience can
easily understand the system described by “Trigger” and “Action,” and can describe the
functions necessary for each individual’s life [18]. The function is described in the form
of “Trigger” and “Action” and is implemented by the straightforward correspondence
that “Trigger” is one condition by sensor information and “Action” is one operation by
the IoT device. This UI can be controlled by touching considering the elderly is not good
at the dragging and pinching tasks [43] but good at touching [44]. For simplicity, the
proposed system cannot set advanced and complicated conditions usingmultiple sensors
and devices. The user creates, deletes, and modifies any “Trigger” and “Action” with
the management application on the web application and builds and manages the SHS
by freely putting the positions of the sensors and devices. The management application
was constructed as a web application so that the user can operate it on the touch panel
of the tablet and easily identify all settings implemented by the user.

Figure 4(a) shows the initial screen of the setting application on the web application.
When the user adds a new setting, i.e., when implementing a new “Trigger” and “Action”
setting, the user goes to the setting screen (Fig. 4(b)). The user selects the sensor and
condition settings as “Trigger” and the device and operation as “Action.” First, when
setting “Trigger,” touch the empty square on the upper left of Fig. 4(b) to proceed to the
sensor setting screen. On the sensor selection screen (Fig. 4(c)), a list of sensor types
is displayed by icon and name and can be selected. The icon corresponds to the sticker
attached to the actual sensor (Fig. 4(l)). After deciding the type of sensor, the page for
selecting the number of the sensor is displayed. When there are multiple sensors of the
same type, the sensors are numbered serially (Fig. 4(l)), and the sensor used is selected
by the number (Fig. 4(d)). The icon and number can also be identified by a sticker on the
device (Fig. 4(m)). After selectingwhich sensor and number to use, the screen transitions
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to a different condition setting screen for each sensor type, and the conditions are set
(Fig. 4(e)). When the last setting of the sensor for “Trigger” is completed, the screen
returns to the setting screen in which what type of “Trigger” was set is entered (Fig. 4(f)).
If you touch the empty square at the top right of the screen (Fig. 4(f)), the user can set
the device type (Fig. 4(g)), number, and operation type similarly as for “Trigger.” When
the user finishes inputting “Action” to the end, the user will get a setting screen in which
both “Trigger” and “Action” are input (Fig. 4(h)). Notably, it does not matter which of
“Trigger” or “Action” is set first. Table 1 shows a list of condition setting types for each
sensor as “Trigger” and a list of operation types for each device as “Action.”Aftermaking
the final confirmation on this screen, by pressing the enter button at the bottom right, this
setting is read into the local server through the flow shown in Fig. 3(b), and the setting
is implemented (Fig. 4(i)). As shown above, this web application is straightforward and
makes it easy to grasp which type of setting a user will make.

When the user confirms or corrects the setting contents, he/she can go to confirm
the setting list from the initial screen (Fig. 4(a)). The setting list is displayed as shown
in Fig. 4(j), and it is possible to temporarily turn it off and delete the settings. If the
user wants to modify the settings, he/she can move to the detail confirmation screen
(Fig. 4(k)) from the detail button and modify it.

After putting the local server in the residence, the user basically touches only the
tablet, sensors, devices, and manuals that operate the setting application. Because this
system aims to be age-friendly, the manual is printed and details the functions of each
sensor and device, so that the user can check it freely.

3.4 Evaluation Experiment

To evaluate the developed management web application and the entire SHS, a 120-min
hands-on workshop was conducted for 10 subjects [5 men and 5 women, average age
26.6± 2.1 (SD)]. Theworkshop comprised greetings and introduction (15min), scenario
experience (10 min), questionnaire 1 (5 min), room tour (5 min), freely experience the
developed system (45 min), questionnaire 2 (10 min), and interview (30 min). The
subjects participated individually.

First, the experimenter (“facilitator”) explained the outline of the SHS in about
15 min (Fig. 5(a)) for the subjects, and then the implementation experiences of two
to three prepared scenarios were performed in 10 min. For example, after the subjects
added new settings for “when you press a button” and “the smart light bulb turns on,”
they actually pressed the specified button to experience the smart light bulb turning on.
This scenario experience was performed not only for the subjects to become accustomed
to the setting UI but also for evaluating the usability of the setting of the SHS. Therefore,
to evaluate the setting system itself without considering whether the functions required
by the user can be implemented, questionnaire 1 using the system usability scale (SUS)
was conducted after the scenario experience.
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Fig. 4. (a)–(k) Screens in the web application. (l) Button switch. (m) Switch bot.

After experiencing the scenario, the subjects were asked to assume that they lived in
this residence and to experience the implementation of functions they wanted. First, the
facilitator took a room tour with the subjects to introduce the floor plan for about 5 min
so that they could assume living in this house. The subjects were asked to imagine life
in the simulated residence by having them walk along the flow lines from when they got
up to when they went out, and when they came back from outsides.

Based on the situations, the subjects engaged in a 45-min implementation experience
(Fig. 5(b)). The facilitator who conducted the room tour observed the implementation
experience of the subjects and helped with the installation of the sensors at the request of
the subjects. Because this system aims to allow elderly people to operate on their own,
the facilitator encouraged the subject to refer to the manual when asking questions about
themanual contents and triedminimizing the assistance to the subject. The subjects were
free to place sensors and devices in a simulated residence using double-sided tapes, tapes,
and power extension cables (Figs. 5(c) and (d)).
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Table 1. Lists of sensors and triggers, and devices and actions.

Fig. 5. Sceneries of the evaluation experiment.
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After the 45-min experience, the subjects changed places and responded to ques-
tionnaire 2 (10 min) and a 30-min interview. In the questionnaire, the subjects evaluated
the SHS using SUS and the experience in the workshop using the short user experience
questionnaire (Short UEQ) based on the 45-min implementation experience.

4 Results

The SUS scores after the scenario and free experiences are shown in Fig. 6 as SUS1 and
SUS2, respectively. The mean± SD of the SUS scores are 78.5± 18.4 and 72.3± 16.4,
respectively, indicating that the system is sufficiently acceptable. In particular, the SUS
score after the scenario experience was large enough to exceed 75, indicating that the
usability of this smart management systemwas good. Figure 7 shows the average setting
time for each subject during the free experience. Although there was a large variation
in the time taken to complete a new setting, it took an average of 115 s. However, there
was one case in which the subject took more than 20 min from the start of the setting to
complete it due to reexamination of the setting during the setting process. This setting
time was excluded from the statistics as an outlier. In one case, the measurement of
the setting time failed, so that value was also excluded. The average number of new
settings was 8.8, and the average number of modifications was 2.2 during the 45 min
of free time per person. Table 2 shows the combinations of sensors and devices set
by all subjects. The total number of combinations is 92, which is larger than the total
number of new settings because when the type of sensor or device was changed by
modification, the modified settings were also recorded as different combinations. The
results showed that the combination of the temperature sensor as a trigger to control
the home appliance controller was tested the most, followed by the button switch and
smart plug, the door sensor and smart bulb, and the humidity sensor and home appliance
controller. The most frequently used sensor and device were the button sensor and home
appliance controller, respectively. Figure 8 shows the results of the Short UEQ evaluation
of the free experience. It was confirmed that the inconsistency of each subject was not
high in Short UEQ, and the data are reliable. In general, the workshop was evaluated
as a positive experience. The individual items—attractiveness and stimulation—were
rated excellent, whereas perspicuity and efficiency were rated above average. Figure 9
shows the results of a questionnaire survey of the entire system (Table 3) using a Likert
scale. Figure 9 shows the results of the questionnaire about the entire system using a
Likert scale. The results showed that the value of perceived ease of use (PEOU) was
relatively low, whereas the values of behavioral intention to use (BIU) and likelihood
to recommend (LTR) were relatively high. The names of scores are listed in Table 3;
PEOU2 represents the average of PEOU2-1 and PEOU2-2.
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Fig. 6. SUS scores of each participant.

Fig. 7. Setting time in the web application of each participant (error bar means SD).

Table 2. Implemented setting in the free experience of the system.

Fig. 8. Short UEQ result (error bar means 95% confidence interval).
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Table 3. List of questionnaires. The score is measured 5-point Likert scale.

Fig. 9. Box-and-whisker diagram of the scores of questionnaires.

5 Discussion

Correlation coefficients are shown in Table 4 for SUS scores (SUS1, SUS2), an average
setting time during the free experience, Short UEQ, BIU after the scenario experience
(BIU1), PEU (PEU2), perceived usefulness (PU) (PU2), LTR (LTR2), and BIU (BIU2)
after the free experience. For the SUS scores, the correlation coefficient calculated by
excluding the score of one subject who rated very low is shown in parentheses in the
table. As shown in Fig. 9, the distribution of scores of the questionnaires does not follow
a normal distribution because of the small numbers of participants and scales. The
analysis was performed assuming that the distribution followed a normal distribution
when the number of people was increased. However, the scale should be increased
for better analysis. The correlation coefficients of the score of the questionnaires are
supplementary data.

From Fig. 6, the SUS score that evaluated the management system after the scenario
experience (SUS1) shows a positive correlation with the SUS score that evaluated the
SHS itself after the free experience (SUS2). Naturally, it can be said that people who
highly evaluate anSHSusing a touch panel aremore likely to feel that the SHS itself using
the touch panel is acceptable. SUS1 also correlates positively with the score (BIU1) of
“Would you like to install thismanagement system in your home?”This is because people
who want to install the system are more likely to accept the configuration management
system, and the more they accept the configuration management system, the more they
intend to use the system. In previous studies of acceptance models examined in SHs
[45–48], the perceived value, PU and PEOU increase the attitude toward using and thus
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the intention to use. Notably, the technology acceptance model (TAM) model assumed
in these previous studies does not evaluate the actual use of the systems, but rather
evaluates how subjects’ expectations, such as PU and PEOU, affect their intention to use
the systems. However, with the actual use, the tendency is expected to be similar, and it
can be thought that the perceived control increases the PU and finally affect the intention
to use. Pal and Vanijja [49] attempted to use SUS for postusage evaluation of an actual
system and reported that the structure of PU and especially PEOU in the SUS and TAM
models are similar and can be substituted when explaining other evaluation criteria, such
as LTR. Therefore, it is natural that the higher the SUS score of the setting management
system, the higher the BIU score tended to be. When introducing this system to the
elderly, they need to accept the setting management system before moving on to the
actual verification of its practicality. An input method using a touch panel similar to our
UI was accepted by the elderly as an IoT setting method [50], but whether it will be
accepted as an SH management system in combination with actual sensors and devices
needs to be verified in the future.

The SUS evaluation of the entire system after the free experience showed strong
positive correlations with the perspicuity and dependability in the Short UEQ evaluation
of the free experience as well as the SUS1 score, and some positive correlations with the
efficiency of the experience. Although there was a difference between SUS and Short
UEQ in that SUS evaluated the system, whereas Short UEQ evaluated the experience of
the system, the perspicuity and dependability of the experience meant that the system
was easy to understand and trust. Of course, SUS evaluates overall usability and not
only perspicuity and dependability, but perspicuity and dependability are important in
system evaluation, and this is reflected in the SUS score. There is also a relatively weak
correlation between the effectiveness of the experience and the SUS score, but this is
because people who were more familiar with the system felt that the experience was
more efficient. As mentioned above, SUS2 shows a correlation with SUS2, but they
are not the same. Although the correlation between SUS1 and Short UEQ ratings is
not meaningful, SUS2 has a higher correlation with three Short UEQ scores compared
with SUS1. This result supports that the dependability and ease of understanding of the
SHS, which were not measured by the usability of the setting system itself, appeared in
the evaluation of SUS2. In fact, in the interviews, we received comments such as “The
motion sensor did not work properly,” “The sensor did not respond (as expected) and the
number of errors is large,” and “There was a time lag (in operation).” We believe that
the failure of the SHS to operate as expected at the time of setup reduced the reliability
of the SHS and lowered the SUS rating of the SHS as a whole.

An interesting result in terms of whether the system worked as expected was the cor-
relation between the response score (PU2) to the question of whether they thought the
necessary functions would be implemented and the attractiveness of the experience and
the number of revisions. It is easy to understand that the more necessary functions are
implemented, the more attractive the experience of the system is. From the results of the
questionnaire and interview, we can conclude that the score of the question whether the
required function was implemented depends on whether the required function worked
as expected by setting and adjusting the sensors and devices, whether there was a device
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Table 4. The heatmap of the correlations.

that could achieve the required function, and whether there was a system to imple-
ment the required function. As for the first point, because the necessary functions were
implemented by making adjustments and modifications, it is thought that there was a
correlation between the PU2 score and number of modifications. Regarding the second
point, in the interviews, there were requests for additional types and functions of sensors
and devices, such as a pressure sensor, a device to open curtains, and a function to play
music. Regarding the third point, in the interview survey, there were four major requests:
intelligent judgment of condition settings, multiple conditions and actions, the addition
of the day of the week and time to condition settings, and the ability to check a list of
sensor information and event logs. The second and third requirements were basically to
implement the first requirement, so the first requirement was essential. Notably, there
were also opinions such as “It would be convenient if AI (artificial Intelligence) (etc.)
could do everything (understanding my intentions), but it would be scary” and “Condi-
tioning (by oneself) might be a little inconvenient (but preferable).” To satisfy the first
requirement, function of context awareness [50] is necessary. This is also important for
the elderly [51]. Context awareness technology in home has been developed rapidly [52,
53] and some researchers developed context awareness home application for EUD to
some degree to each extent [15, 54, 55]. These contexts are installed by the experts and
set by the users in these researches.

In an experiment of the Living Lab of an actual SH [17], it was essential to visualize
changes in sensor data over a time range in which repetitive patterns could be observed
to understand the context of daily life in relation to sensor timeseries data. They also
reported that it was necessary to provide sensor data as events. That is context awareness
in EUD of SHS. From this, it can be said that it is necessary to add three functions in
accordance with the previous study [17] when introducing this system into actual living.
The first is the ability to display a timeseries of sensor or event data and the system’s
behavior on various time scales. The second is to cluster multiple sensor responses as
a single event and set it as a trigger, and the third is to set multiple device actions as a
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single action. In this experiment, we used a straightforward configuration system and
obtained a relatively high SUS evaluation because the experiment was performed in a
simulated residence for a short time. Moreover, if the second and third functions were
simply implemented, the configuration UI would become more complicated, which is
undesirablewhen considering the application to elderly people. Therefore, it is necessary
to study a method to realize complex settings while maintaining the simplicity of the
input method, which is a future issue. In this experiment, we installed the sensors after
the subjects had decided what they would be used for, but in real life, it is necessary to
place the sensors first and have the users understand the connection between the sensors
and their own lives. However, it is difficult to combine flexible sensor placement with
the ability to link sensor data to daily life. Therefore, to save data as different data when
sensor placement is changed, it is necessary to allow users to change sensor names and
manage data by sensor name.

This also confirms the challenges in implementing an SH. To use the sensor data as
conveniently as possible, it is necessary to install sensors and connect sensor datawith our
own lives,meaning that the economic and time costs of installing sensorswill be required
before the maximum benefits of the SH are expected by the user. In this experiment, the
BIU and LTR of a simple SHSwere high, and the experience was evaluated as favorable.
Therefore, it can be said that this system will play a role as an entrance for people to
implement more advanced functions in their daily lives. It is necessary to build a system
and a learning method to enable the use of advanced sensor information sequentially to
implement a smarter life at home using this system, especially when the system is used
by the elderly. First, it is necessary to verify whether a simple system can be accepted
by the elderly as an introduction to an SHS, and what steps are necessary to expand the
system to a more advanced SHS. As the next step, we will examine whether the elderly
can construct a simple system with sensor feedback in the same experiment, how to
evaluate usability, and how to evaluate the experience.

Now, we describe the limitation of this research. In this experiment, the subjects
who pretended to be the resident of the simulated house and imagined their life in the
house had 50 min to implement and check the operation of the SHS. As an SH is used
for a long period, it becomes a part of the living environment, and continuous use makes
their main interest errors and maintenance [17]. Therefore, although the configuration
is only the first step in an actual SHS, in this experiment, the evaluation focuses on the
configuration of the SHS. Of course, the participant goes through a series of experiences,
such as setting, checking the operation, adjusting, and checking the operation, but the
setting part is evaluated as a factor that occupies a larger part than the actual one.
Because the configuration part is a task that users must perform at an early stage in DIY
SH, having sufficiently high usability of this part is a prerequisite for SH DIY; thus,
the evaluation in this study is relevant. Moreover, if the usability of the configuration
system shown in the SUS is high enough (not the highest), there will be no problem
with the subsequent SH use. The scores of BIU2 do not show a correlation with SUS or
Short UEQ. We cannot conclude from this study whether any SUS or Short UEQ scores
can be used as a guide for the adoption of SHSs. In addition, it is imperative to tailor
more advanced settings and adjustments to make better use of SHSs, and this requires
continuous use and adjustment. Therefore, it is necessary to continue to investigate not
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only the initial introduction but also what factors encourage continuous use and whether
there is a standard value that can be used as a guide for the young and elderly.

6 Conclusion

In this study, we developed aDIYSHS for the elderlywith a simple framework described
by a combination of trigger and action and a straightforward iPad configuration appli-
cation. To first evaluate the usability of the developed system, we implemented the
system in a simulated dwelling and performed an experiment in which young people
experienced the configuration and adjustment of the system. The results showed that
the average SUS score to evaluate the configuration system was 78.5 and the SUS score
to evaluate the entire SHS was 72.3, which was sufficiently high to indicate that the
system was acceptable. In addition, Short UEQ showed that our conducted workshop
was evaluated as a positive experience. These results imply that the proposed simple
system will play a sufficient role as an entrance for people to implement more advanced
SH tailored to their daily living. In the future, we will verify whether this system can be
accepted by the elderly as well.
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Abstract. Many family caregivers and Alzheimer’s patients suffer from the lack
of appropriate dementia management products. In this study, to explore the situ-
ation of Alzheimer’s patients and find potential solutions to improve the issue of
sleep disturbances, this project attached great importance to the user research. The
main barriers for managing Alzheimer’s disease were analyzed by observing and
interviewing a number of Alzheimer’s patients and family caregivers. In addition,
a workshop was organized with doctors and experts to explore design solutions for
solving the issues. Furthermore, the market research was conducted to compare
the different current products, and then predict the potential trend and solutions.
Based on the results of the research and the feedback from the interviewee and the
experts, a design concept of a smart lamp employing a light treatment has been
proposed to offer assistance and support for Alzheimer’s patients.

Keywords: Product design · Interaction design · Alzheimer’s disease ·
Wellbeing

1 Introduction

Nowadays, the number of Alzheimer’s patients increased dramatically around the world.
According to Dowling et al. [1], Alzheimer’s disease is the most common factor to
cause dementia among the elderly. It is also reported by Prince et al. [2], because of
the increasing ageing population, the predicted number of people with dementia will be
more than 132 million by 2050. For the country with a big population, such as China,
a large number of Alzheimer’s patients can bring a significant burden on their families
and society. According to Zhang, Li and Ma [3], China has the largest population of
Alzheimer’s patients, but the rates of diagnosis and treatment remains low level. As a
result of it, the number of Alzheimer’s patients in China would increase dramatically,
and the economy and development of the society would face a huge challenge.

In this study, themain issues ofAlzheimer’s patients livingwith family caregiverswill
be defined as sleep disturbances and sundown syndrome according to UCLA Health’s
categories [4] and results of user studies. Based on the interview with two doctors
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and literature review, light treatment could be a possible solution to these two issues.
Therefore, a smart lamp design is proposed to provide light treatment in the morning, the
hint of the current time during a day and a dim light at night to improve these issues for
Alzheimer’s patients and an APP to help caregivers take care of patients and themselves.
Based on the observation of target users, the size of the final design could be more
personalized according to patients’ different heights and habits. Although this concept
received doctors’ and users’ positive feedback, due to the limit of time and technology,
the ease of implementation needs to be further tested.

2 Problem Definition

To further investigate and classify the issues related to Alzheimer’s patients, the UCLA
Health’s classifications [4] was used as a reference and, over 333 family caregivers
on a public platform (a WeChat group) were observed to define their problems with
Alzheimer’s patients.

Methods: UCLA Health [4] classified the common issues of Alzheimer’s patients into
14 categories (see Fig. 1). To find the most common issues the patients’ families have,
the authors joined aWeChat public platform, which is for the family caregivers to discuss
the problems they have in taking care of Alzheimer’s patients. By observing 333 family
caregivers for amonth, the authors anonymously recorded the issues raised and a number
of frequencies discussed (see Fig. 2).

Fig. 1. The main issues of Alzheimer’s patients

Findings: According to Fig. 2, the result shows that most of patients are suffering from
the issue of sleep disturbances and sundown syndrome. This result is also supported
by McCurry et al. [5] that 44% of Alzheimer’s patients are affected by sleep disorders.
They state that the sleep disturbances of the patients not only make their physical con-
dition worse but also will bring huge physical and psychological pressure on the family
caregivers. For family caregivers of Alzheimer’s patients, because they need to take care
of the patients at night, sleep disturbances, anxiety and depression are their main issues
[6]. Therefore, improving the issue of sleep disturbances of Alzheimer’s patients living
at home become the focus of this design project.
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Fig. 2. The number of times different questions were asked by family caregivers

3 User Studies

Methods:To gain an initial understanding of the patients and explore potential solutions,
field studies were conducted with four Alzheimer’s patients who live at home with their
family and caregivers and four family members living with normal elderly who do not
have Alzheimer’s Disease. According to Ekman’s facial-expression research [7], the
authors gave participants six basic emotions, which are anger, disgust, fear, happiness,
sadness and surprise, and invite them to attach the patient’s emotion to a different time.
By using card sorting, participants were asked to attach different emotions and daily
activities to a different period of time.

To further understand the patients’ needs in-depth, we also studied their cognitive,
self-care, and motor abilities over field observations in two local hospitals and four nurs-
ing homes and face-to-face interviews. Their caregivers were also interviewed regarding
the problems in the daily care of the patients. And because of the COVID-19 pandemic
and private issues, the author observed patients’ activities in one day by watching 10
documentaries. The data collected by these assessments were analyzed with an empathy
map (see Fig. 3).

Findings: Through these empathy maps, authors found the common behaviours of
patients when they wake up at midnight. They tended to walk at home at a fast speed
or sit in the living room in a dark environment, which was dangerous for them and easy
to fall. The authors also noticed that when patients woke up, they needed caregivers to
come to calm them down and tell them it was the time to sleep so that they would go back
to sleep. The results from the user study further proved that many Alzheimer’s patients
have sleep disturbances and sundown syndrome. Figures 4 and 5 show themood changes
of four Alzheimer’s patients and four normal elderly people in a day. Compared with
normal elderly people, the results show the moodiness of four Alzheimer’s patients. It
can be seen from the graph that three patients are in the bad mood at night, especially
from time 18:00 to 24:00. According to the questionnaires, there are several factors
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Fig. 3. The empathy maps

leading to this change. The first reason is that the patients do not go to sleep and they
feel nervous and unsafe at home. According to the family caregivers, sometimes the
patients will repeat going to bed and getting up for a walk. The second possible factor is
sundown syndrome. The interviewees mentioned that patients are easy to feel anxious
when the sun goes down. And this issue will get worse in Spring andWinter. This finding
was supported by Figueiro et al. [8], because there is less daylight availability in Winter,
the circadian disruption is more pronounced.

Fig. 4. The mood of Alzheimer’s patients in a day

By summarizing the data from the questionnaire, the following graph (Fig. 6) intro-
duces the daily activities of an Alzheimer’s patient. Compared with the normal elderly’s
routines, the daily activities of Alzheimer’s patients are simple and unitary. The first
finding is that compared with normal elderly, the Alzheimer’s patients seldom go out.
Because they would forget the way back home, family caregivers tend to let them stay
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Fig. 5. The mood of normal elderly in a day

at home. The second finding is that most of the patients mainly spend their time in the
living room and bedroom. In addition, the results also show that the patients who have
sleep disturbances always have excessive napping in the daytime.

Fig. 6. The timetable of an Alzheimer’s patient

According to the observation of patients and feedback from caregivers, patients tend
to feel confused, anxious or become aggressive in the time of sunset, in the evening or
at night which was described as the characteristics of sundown syndrome. And at night,
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they are energetic. It seems that they do not know it is the time to sleep. They will repeat
getting up and going to bed many times, and the dark environment is dangerous for
them to walk. The behaviours and moods of patients varied at different times slots were
described in a user journey map (see Fig. 7).

Fig. 7. The user journey map of the Alzheimer’s patients in China

4 Current Solutions

Sleep disturbances ofAlzheimer’s patients include sleep-wake alteration, nocturnal sleep
fragmentation, decrease in nocturnal sleep duration, diurnal napping and sundown syn-
drome [9]. And the characteristic of sundown syndrome is that the patients will more
easily feel confused, anxious or become aggressive in the time of sunset, in the evening
or at night [10].

The current solutions with a physical product to the sleep disturbances include light
treatment, encouraging the patients to do some exercise, joining some activities, and not
having medicines or coffee at night. According to Hanford and Figueiro [11], the 24-h
light/dark pattern incident on the retina is a powerful non-pharmacological method to
improve sleep quality. Being exposed in a morning bright light can make the circadian
rhythms more robust [12]. It was improved by Fetveit et al. [14] that bright light expo-
sure (>1000 lx) in the morning can increase the daytime wakefulness and reduce the
evening agitation behavior. In addition, UCLA Health [4] also points out that the lack of
daytime activities, excessive napping, no exposure to sunlight and caffeine can disrupt
the sleep/wake cycles. And according to the interview with two doctors, having light
treatment was further proved that it would help reduce sundown syndrome and sleep
disturbances.

5 Market Research

Taking the various psychological and physical difficulties into consideration, when
designing products or built environment for the eldering is an important and future
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trend. Like normal elderly, most Alzheimer’s patients are also suffering from visual dis-
eases, like cataracts and glaucoma, which cause a reduction in visual performance [13].
Chronic disease, mental decline, restricted mobility and ultimately loss of independence
are the crucial issues that badly influence the elderly’s quality of life. Therefore, when
designing lighting systems for the elderly, physiological changes in their eyes and opti-
cal system need careful consideration. Authors firstly went to IKEA to do the market
research, recording the colour, wattage, luminous flux of every lamp. Figure 9 is the
table of information about the current lights in the market, especially for the nightlight
and the living room. According to Fetveit et al. [14], when the light intensity is over
1000 lx, the light can help reduce sleep disturbances and sundown syndrome. Through
analysis of the current products shown in Fig. 8 and Fig. 9, the majority of the current
lights are not suitable for Alzheimer’s patients.

Fig. 8. The research of the lamps in IKEA

Fig. 9. The evaluation of different kinds of lamps in the market

The current mainstream of the market is the desk lampwith different lighting modes,
the light uses the magnet to fix on the wall and the light which can be moved along the
trails. The followingfigure shows the comparison between the two popular kinds of lights
in the market. Among these products, because the lamps using the magnet is wireless,
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which has small volume and can be moved along the trails, they are popular in indoor
lighting. Therefore, when designing a lamp for Alzheimer’s patients, the advantages of
the mainstream products were taken into consideration (see Fig. 10).

Fig. 10. The advantages and disadvantages of mainstream products

6 Proposed Design Solution

Context of Use. According to the findings in user research, Alzheimer’s patients spend
most of their time in the bedroom and living room, which are the places the design can
be used. The product is designed to be placed by the family caregivers according to their
needs. It has two light sources. Because many patients with sleep disturbances do not
sleep at night, the nightlight is for the patients who will wake up and walk around at
midnight, to make sure of their safety. The other light is for the Alzheimer’s patients to
have enough daily light. And according to the solutions of sundown syndrome, when the
sun goes down, the lamp will also increase automatically to make sure there is enough
light indoors.

Designing the Light Control System. Because the lamp will offer light to make sure
the indoor environment is bright enough for the patients at dusk or on a cloudy day. The
photoconductive resistance was used to make the lamp adjust its brightness according
to the lighting condition (see Fig. 11). And the night-light needs to offer light when
detecting people’s movement in a dark environment, the photosensitive resistor elements
and infrared sensor were used (see Fig. 12). To achieve these functions, Arduino was
applied to the product prototypes andthe Fig. 13 show the code to control the LED (see
Fig. 11).

Size Restrictions. According to the literature review and the feedback from a doctor,
the current methods to receive the daily light are having a ceiling light or having the light
in front of the patients, which need to make the light go into the patient’s eyes. Because
the product is supposed to be used in the living room, when the patients are sitting in
the sofa and watching TV, this lamp is designed to be put on the side table near the sofa.
According to Fetveit et al. [14], the light treatment is currently improved to have no bad
effect. However, when having the light treatment, the bright light should prevent from
going into the users’ eyes straightly. To design for the majority of elderly people, the
95th percentile of users should be considered. To make sure the light is working, the
sitting eye height (see Fig. 14) should be attached with great importance.
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Fig. 11. Making prototypes to adjust its brightness according to lighting condition

Fig. 12. Making prototypes to offer a dim light when detecting movement in a dark environment

Fig. 13. The code for the night-light design

Fig. 14. The ergonomic data of elderly people [15]
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Iteration Through Sketches and Prototypes in Product Development. The initial
concept idea is using the changeable shapes and structures to interact with target users
when changing the brightness, to attract their attention to avoid being nervous or anxious.
However, the doctor held an adverse opinion and suggested that using the simple shape
is better. Because the patients are sensitive and are very easy to feel nervous and unsafe,
the dramatic changes in the structure might have bad influences. After the first round
of ideation through sketches (Fig. 15), according to the feedback from the doctor, the
structure of the product needs not be much creative and changed quickly, because the
patients are very easy to feel nervous. Therefore, the second round of sketching is to find
the shape and material which can make people feel safe and comfortable.

Fig. 15. Ideation through sketches

To get an intuitive sense of changing structures, many physical models were made by
using hard cardboard, laser cutting and disassembling existing products. After making
these physical models, the author had a deeper understanding of the way to interact with
users. However, due to the difficulty of finding a proper material to meet the need of
changing shapes and the structures that are not suggested by the doctors, more prototypes
need to be explored. Then the author tried the round shape and more structures. Because
the author designed to use the LED bulb in the initial stage, the round shape needs to
cover the bulb. To simulate the real size of the bulb and the material, paper lanterns and
insulation material were used to test the strength of the light and the user’s feeling. After
doing these 1:1 physical models, the author found the real size is not suitable for the
side table. The size is much bigger than a normal lamp, because of the round shapes and
the big bulb. Therefore, to decrease the size of the design, the cylinder shape was used.
What’s more, to make the whole design look more balanced, the basement changed from
a simple cylinder to a set of irregular shapes. And to make the basement, the CAD file
was converted into the AI files to do the laser cutting (see Fig. 16).

Thinking about the function and the lights, this initial idea wanted to use the situation
of two round shapes and a straight line to imply about the current time, and the big one
was for the daily light and improving the sundown syndrome, the small one was for the
night light. The round shapewas a soft design language, and it is could also be the symbol
of the sun and moon. However, doctors and tutors thought this structure was unbalanced,
which need to be considered. Therefore, based on the trend of modern Chinese style and
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Fig. 16. Making prototypes to explore the interactive structure

the Chinese elderly target users, the author considered to add Chinese elements to the
basement. What’s more, considering the height and the width of this lamp, the sphere
shape changed into the cylinder (see Fig. 17).

Fig. 17. Developing the CAD model

Considering the preference of the Chinese elderly, the author got inspiration from
traditional Chinese paintings. And to visualize the passage of time, different physical
structures and patterns were tested. The round shape and mountain shape were chosen
because they combined the elderly’s preference and visualized the passage of time best.

The Movement of the Light. Because the idea of this design is to simulate the sunrise
and the sunset, to make the light move along the trail, the mechanical construction
inside need to be designed. In the initial stage, gears, bearings and belts were taken into
consideration. However, the shape of the lamp is a big circle, if the cogs do not mesh
correctly, the gears will keep slipping. Due to the big curve of the structure and the
accurate back and forth movement, it is difficult to use the gears or belt.

Through the market research, considering the structure of magnetic led track lights,
which can be moved along the track freely, the magnet is tried to be used in the solution.

The Fig. 18 shows the principle of the propulsion, levitation, and guidance of the
Maglev train. According to Song and Fujino [16], when the electrical current is generated
in the coils installed in the trails, the electrical fields of pole-N and pole-S are formed
in the coils. The maglev train uses the attractive and repulsive force between different
poles to do the movement. Because the trails of the lamp will warp the LED’s basement,
which is as same as the structure of the maglev train, the principle of propulsion and
guidance can be used to guide the movement of the lamp. What’s more, the principle
of the maglev train has been used in the design of electric toothbrushes, clock and the
production line, which proves the feasibility of this idea.

Therefore, the movement of the lamp is designed to be controlled by the principle of
maglev, because of the small volume, low noise, and suitable for complex movement. In
addition, because magnetic charging is easy to recharge, all of the chargers are designed
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Fig. 18. The principle of the maglev train [16]

to use the magnet, considering the elderly’s bad eyesight and bad ability to grab objects
(see Fig. 19).

Fig. 19. The details of the ‘LIGHT’ design

Prototype Evaluation. Because this product needs to simulate the sunlight, the illumi-
nance detector and user testing (Fig. 20) were used to ensure that this design meets the
need of the light and the light is friendly to users’ eyes.

Based on the market research, the common height of desk lamps are around 40 cm.
According to the testing of illuminance with different heights, the need for illuminance
and the market research, the height of the design was decided to be 440 cm. And to make
the strong light gentler, the surface of the cover is rough, which can effectively prevent
the straight light.

To conclude, the prototypes make sure that the design can gradually offer a gentle
light when detecting the surroundings is dark. And the function of the nightlight was
also proved to be feasible. Because of the limited time and materials, the application of
the working principle of electromagnetic induction has no prototypes. However, because
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Fig. 20. Illuminance testing

electromagnetic induction has been applied to toothbrushes, clocks and transportation,
which shows the feasibility of this technology.

Finalization of Product Design. Based on the feedback fromdoctors and caregivers,we
developed ‘LIGHT,’ a smart lamp to offer light treatment intuitively. This lamp consists
of two parts, the main light and night light, which are connected by using magnetic
suction charging. The main light offers the light treatment in the morning and moves
along the trail during the day to simulate the sun’s movement. It also adjusts brightness
according to the changes of the environment light condition (see Fig. 21). The night
light offers comfortable dim light when detecting the patients waking up at midnight
and sending a notification to the caregivers through an APP.

Fig. 21. Concept visualizations of the ‘LIGHT’
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For the design of the nightlight, through user research, target users are likely to spend
their time in two places, so the nightlight is portable. The round shape uses the same
design language as the big lamp. And Considering the bad eyesight of elderly people
and the weak ability to grab objects the way to turn on/off the nightlight is sliding a
big button with a rough surface. To make the difference between “ON” and “OFF”, the
bright orange and blue are used to show the situation of the switch (see Fig. 22).

Fig. 22. The details of the night-light design

APP Design. Because the night-light can detect the patient’s time in bed, it is designed
to be connected to an APP to offer family caregivers notifications when detecting the
patient is waking up and reports of patient’s and caregiver’s sleep quality.

To make the information architecture, the author ranked the information that care-
givers want to see on the APP after interviewing 4 caregivers. Based on the feedback
from caregivers, it was surprised to find that they also want to see their sleep quality.
They find themselves lacking sleep because they need to take care of patients at night
and work in the daytime. They also mentioned that if there would be a platform for them
to discuss their issues or share their experiences with other caregivers, the APP might
be more helpful. After talking with a doctor and 4 caregivers, the author iterated the
information architecture (see Fig. 23) and designed five crucial user flows (see Fig. 24)
to do the user testing (see Fig. 25).

Fig. 23. The information architecture of the APP design
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Fig. 24. The crucial user flow of the APP design

Fig. 25. User testing

7 Conclusion and Future Work

Due to the growing ageing society, Alzheimer’s patients need to get more attention.
In this study, the characteristics and needs of the patients were investigated. Based on
the collected data and analysis, a design concept named ‘LIGHT’ was generated. A
prototype of the ‘LIGHT’ using, 3D printing, laser cutting and Arduino techniques was
built to gain insights from experts. Two neurologists and three industrial design experts
were invited for the preliminary evaluation study. Based on their feedback, the shape and
function of ‘LIGHT’ were reviewed and iterated. The early-stage study indicated that
the smart lamp design could provide a promising solution for the sleep disturbances and
sundown syndrome ofAlzheimer’s patients. However, though electromagnetic induction
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has been applied to many existing products, the feasibility and implementation of this
technology need further experiment. In addition, the size of the design can be more
personalized due to the different hobbies of patients and living environment.
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Abstract. Branches provide bank services and play an essential role in main-
taining the normal operation of banks. Emerging technology impacts the design
of branches. This study designed a smart banking system based on the system-
atic thinking of Service Design. The smart banking design reformed the smart
branch space distribution, improved the business process, designed the self-service
section, queuing section, and information-displaying section. In addition, this
study adds the business-auxiliary section and evaluation-lottery section targeted
at smart banking. The design plan can effectively improve customers’ business
experience in the smart branch, and provide a reference for the branch facing trans-
formation. This study encourages the intelligent transformation of the traditional
branch, and thus promotes the construction and development of “Smart City”.

Keywords: Smart branch · Service system · Service design · Systematic thinking

1 Introduction

Bank is an important social tool to realize the coordinated development of the economy
and society. As important supporters for banks to provide business services, branches
have a complete business system and manual services, which play an important role in
finance. The service in traditional branches is mainly manual, focusing on the standard-
ization of business and the qualification of service facilities. However, with the change
of people’s lifestyle brought by the development of technology, people are looking for-
ward to convenient, efficient, and intelligent business management mode. As a result, the
service mode of traditional branches cannot fully meet the needs of customers, showing
a series of problems such as long queuing time, low efficiency of business handling, and
great pressure of staff. The smart service mode makes up for the deficiency of traditional
service mode, relying on artificial intelligence, the Internet of Things, and other tech-
nologies. It not only satisfies the new requirements of costumers under the new social
background but also reduces the working pressure of staff. At present, the traditional
bank branch has entered the stage of smart transformation. The research of smart bank-
ing takes extensive attention. Banks began to focus on the construction of smart banking
to retain offline users.
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Smart banking is the advanced stage of traditional banking and e-banking. With the
cohesion of products, services, and processes, it helps banks build a new generation
of full-function and full-intelligent financial intelligent service systems through some
innovative technology like Internet, big data, AI, and IoT. Smart branches provide finan-
cial services at anytime, anywhere, which satisfies or even exceeds customers’ demands
and creates the best experience [1, 2]. In recent years, branches have transformed from
traditional counter mode to customer self-service mode mainly by adding intelligent
devices. However, due to the lack of intelligence, the information architecture is com-
plex, the interface is unfriendly, and the actual self-service handling has not been fully
realized. It is limited in improving the efficiency and eliminating the working pressure
of staff [3]. This “intelligence” is superficially, and the service orientation and business
model of branches have not changed fundamentally. Some banks took the lead in build-
ing smart branches and started trial operations, but the feedback from customers was
unexpected. In general, there are two problems in existing smart branches: (1) scattered
intelligent services with few customers, lacking systematism; (2) the form is more like
an exhibition, displaying but impractical.

Service design systematically solves problems and innovates by designing service
touchpoints between service providers and recipients [4]. Service design focuses on cus-
tomers’ behaviors and situations and integrates key factors such as products, processes,
and so on. The basic process is divided into seven steps: insight, definition, design, pro-
totype, test, iteration, implementation. The bank has a huge organizational system. The
business types are complex, involving a wide range of customer groups. Branches inte-
grate business and services. Using service design to build the smart branches will help
the traditional branches to better transform and fully satisfy the new needs of customers
in the intelligent scenario.

Product-Service System (PSS) covers tangible products and intangible services.
There are three key elements in the PSS: product (designing tangible products that are
sold and satisfy the needs of customers); service (activities that provide economic ben-
efit to others in the business); system (set of all related elements and relationships) [5].
System thinking considers a system by understanding each entity element in the system
and the relationship and interaction between each element. Branches are equipped with
business products, hardware, information, interpersonal interaction, and other elements
of the service system. Using PSS and system thinking to analyze each element as a whole
can guarantee the integrity of the branch and improve the service comprehensively.

Based on the systematic thinking of service design, this study focuses on services
in smart branches and aims to design an integrated product-service system of smart
branches that enables customers to complete business transactions clearly, efficiently
and joyfully. Through preliminary investigation and analysis, the research summarized
the pain points and expectations of service providers and service recipients. And then,
the study designed the smart branches from three aspects: space distribution, business
process, and part of products. Finally, this study shows the smart branch of an overall 3D
model. Specifically. This study focuses on five areas involving the Business-Auxiliary
Area, Leisure-Entertainment Area_(queueing section), Self-Service Area, Information-
Displaying Area, and Evaluation-Lottery Area in the smart branch. A comprehensive
smart coffee table that can be used for leisure and entertainment is designed to reduce the
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customer’s perception ofwaiting time. In addition, this study added the evaluation-lottery
section, and developed the queue number bar, aiming to enrich customers’ processing
journey and obtain effective feedback to provide references for future improvement of
the smart branch. The results of this study provide a case reference for the transformation
from traditional branch to smart branch and promote the intelligent transformation of
traditional banking, thus promoting the development of the smart city.

2 What Kind of Smart Branch Should Be Designed?

User-centered is the basic requirement of service design [6]. First, this study conducted
multi-layered customer research.

2.1 Customer Research

This study selected four nearby traditional bank branches for field observation research.
The spatial layout of traditional branches is mainly divided into Advisory Area, Counter
Management Area, CustomerWaiting Area, Self-Service Area, Electronic Banking Area,
Financial Services Area, VIP Center, and Officing area. The main process of cus-
tomer business is service classification, number pick-up, queuing, waiting, business
processing. The field observation found three major problems for traditional branches,
namely serious queuing, unfriendly service facilities, and inefficient bank information
displaying.

To further understand customers’ opinions, this study performed an online question-
naire survey. People with bank accounts were selected, including students (n = 134),
office workers (n = 55), freelancers (n = 7), retired workers (n = 2), and other occupa-
tions (n= 3). A total of 216 questionnaires were distributed and 201 valid answers were
collected. 79.85% of the customers said that the long queuing time is a serious problem
for the bank branch. A lot of customers hoped that the business management could be
more convenient and reduce the waiting time in line. If the queuing is inevitable, people
expect to get feedback on the queue situation, know in advance that how many people
there are in front of them and have a certain estimate of their queue time; second, they
hope to open more counters to refine the needs of customers so as to reduce the queuing
time. In addition, some participants hope to strengthen the addition of auxiliary facilities
as much as possible. And some hope that branches can provide personalized services.

Finally, this study performed a small-scale customer interview. The questions in
this interview mainly involve customers’ experiences in dealing with business in the
branches, problems related to queuing and their expectations for dealing with business in
the future. Eight interviewees were interviewed, including six customers (service recip-
ients) who had been to branches for business and two staff of banks (service providers).
In the interview, customers showed their acceptance and expectation of intelligent ser-
vices. The bank staff expressed that they had work pressure due to marketing tasks and
social pressure in daily communication with customers. In the previous questionnaire
survey, some participants also reported that they would be distressed because of financial
products being recommended when they handle business at the branches. It can be seen
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that the improper promotion of financial products has caused pressure to both service
recipients and service providers.

In summary, the main findings of the customer research on traditional bank branches
are as follows:

(1) Long waiting time in queues.
(2) Unfriendly service facilities.
(3) Poor promotion effect of information and financial products.
(4) Low usage of intelligent service.

2.2 Design Objectives

The design objective of the current study are as follows:

(1) Redesign space distribution. The rational distribution of space can improve the
environment of the whole branch, and enhance customers’ service experience. The
study aimed to rearrange the Self-Service Area, Business Auxiliary Area, Advisory
Area, Financial Services Area and Customer Waiting Area.

(2) Fit the business and enrich the process.A rich business process can give customers
a pleasant experience and enhance the competitiveness of banks in the industry.
This study decided to optimize the business management process. Attention should
be taken to the design to fit the business processing process.

(3) Develop key products. Service design is mainly carried out by designing Ser-
vice Touchpoints in the system. Service touchpoints are the points where service
parties substantially interact, including interpersonal touchpoints, physical touch-
points, and information touchpoints. Products, as physical touchpoints in the ser-
vice system, have an important role in influencing the overall service experience of
customers. This study plans to select several key products to design.

3 Systematic Design of Service System for Smart Bank Branches

According to the field survey of traditional branches, the main functional areas in the
branches include the Advisory Area, Counter Management Area, Customer Waiting
Area, Self-Service Area, Electronic Banking Area, Financial Services Area, VIP Center,
and Officing Area. Due to the professionalism and complexity of banking business, this
study mainly focuses on the design of additional services of smart branches. Therefore,
the study retains the basic areas of the traditional branch and adds the Business-Auxiliary
Area, Evaluation-Lottery Area, and Information-Display Area based on the preliminary
research.

Finally, the main areas of the smart branch designed in this study include Advisory
Area (Entrance), Business-Auxiliary Area, Self-Service Area, Leisure-Entertainment
Area, Electronic Banking Area, Countering Area, Financial Service Area, VIP Cen-
ter, Evaluation-Lottery Area, and Information-Displaying Area (combined with Exit).
Depending on the branch space area, this study systematically optimizes the business
processing and draws the service blueprint (Fig. 1). The main steps of customers from
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entering the branch to leaving are welcoming (Q&A diversion), preparation, leisure
(queuing), business management, service evaluation, and information acquisition. The
main touchpoints between customers and the branch service system include staff, queu-
ing number bar, forms, auxiliary tools, leisure service facilities, intelligent device, lot-
tery machine and information interaction screen. The systems supporting the service
of the whole smart branch are the Ranking System, Auxiliary System, Information
Management System, Business System, and Lottery System.

The following is the description of key areas for design:

Fig. 1. The service blueprint

3.1 Business-Auxiliary Area

The provision of business auxiliary services can greatly facilitate customers. This area
provides customers with office equipment such as printers, copiers, shredders, and also
sets up “Support Sites”. This machine is similar to a locker, with some assistive tools
placed in the compartment (Fig. 2). Customers can click on the small screen on the
cabinet to select, swipe the ID card to get the tools. After use, customers need to return
to the corresponding compartment of the cabinet. The filling desk and consultation desk
were combined and placed in the Business-Auxiliary Area to reduce the work pressure
of lobby managers. The effect of this area is shown in Fig. 3.
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Fig. 2. Support Sites Fig. 3. Business-Auxiliary Area

3.2 Leisure-entertainment Area

At the present stage, the service facilities in the customer waiting area are conventional,
monotonous, and boring. The existing smart branches set various seats in the waiting
area, and add leisure and entertainment facilities such as health experience machines
and game interactive screens. But the effect is not satisfactory. The main reason is that
the function distribution is too scattered and lacks systematicness.

Donald A. Norman mentions: in addition to the most basic fairness, (1) uncertainty
and anxiety should be eliminated when queueing; (2) meet or even exceed customers’
expectations, give the expected length of the queue, which is usually higher than the
actual waiting time; (3) keep customers busy and reduce their perceived waiting time;
(4) start and end on a positive note [8]. In this study, the Customer Waiting Area is
designed as the Leisure-Entertainment Area, customers can have some leisure and enter-
tainment activities while waiting, so as to reduce the perceived waiting time to improve
the experience. A comprehensive smart coffee table is designed to improve the scattered
distribution with three main functions: (1) Providing drinking water at two temperatures
by the two storage bins on both sides of the coffee table. Customers can open or close
the storage bins to take water by touching the sensing areas on the side (Fig. 4). The
two side storage bins are supported by lifting rod support, both can be lifted indepen-
dently. (2) Providing power supply to charge mobile devices by sliding power track; (3)
setting leisure and entertainment items around the smart table screen, which includes
financial recommendation, announcement information, queuing process, peak prompt,
some entertainment items (games, shopping, reading). The screen can be tilted to facil-
itate customer operation and browsing. Tap the screen anywhere with knuckles twice
to activate the screen tilt (Fig. 5). Based on the needs of financial recommendation,
shopping and other functions, cameras are provided on both sides to Face Recognition
in certification. The dimensions of the comprehensive smart coffee table are shown in
Fig. 6.

Fig. 4. Switching water storage bins Fig. 5. Screen tilting
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Fig. 6. The comprehensive smart coffee table three views (unit: centimeters)

3.3 Self-service Area

Since the design of self-service devices depends on the professional banking business,
this study mainly carries out regional design for the Self-Service Area. Customers’
privacy and information security are involved when operating the intelligent device,
the study sets partitions for each intelligent self-service device to separate semi-private
spaces (Fig. 7). At the same time, aiming at the problem that there are various types of
devices and customers are not clear about the scope of each device, the names and the
business scope of each machine are displayed on the partition board. The effect of the
Self-Service Area is shown in Fig. 8.

Fig. 7. Partition Fig. 8. Self-Service Area

3.4 Information-Displaying Area

In the traditional branch, information is mainly displayed in the form of wallboards,
small screens, and printed papers. Customers are passive to receive information, and the
publicity effect is poor. Therefore, this study sets up the Information-Display Area and
adopts a large interactive screen, which will actively interact with customers to attract
attention.
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The information to be displayed in the smart branch includes publicity informa-
tion, recommendation information and notification information. Publicity information,
including bank brand and image, is mainly aimed at showing and popularizing, so it
can be displayed scrolling through two interactive screens in the Leisure-Entertainment
Area and the exit. Recommendation information, including part of the marketing tasks
of the staff, is displayed on the two interactive screens on the one hand. On the other
hand, as a leisure project, the smart coffee table is used to recommend customers when
they are waiting to improve the purchase rate of products. Notification information is
about some recent matters about banks needing attention, which may generally have an
impact on customers’ business management. Customers need to be informed earlier in
the whole process, so this type of information is mainly displayed on the screen in the
Leisure-Entertainment Area.

3.5 Evaluation-Lottery Area

Donald A. Norman, in Living with Complexity [8], refers to the “Serial Position Effect”:
when everything is relatively consistent, feelings in memory rank in order of importance
as end> beginning> intermediate. If some pleasant elements are added at the end of the
process, even though the whole process is still unpleasant, the user’s overall experience
of the process will even become more positive [8]. Based on this theory, this study relies
on the queuing number bar to set up an evaluation-lottery section at the end of the bank
business process. Customers can take a prize by evaluating the service in the queue
number bar, which can not only enrich customers’ business journey but also enable the
branch to obtain effective service feedback from customers. Therefore, this study set up
the Evaluation-Lottery Area close to the exit in the smart branch. The area is composed
of two lottery machines. The combination of service evaluation and queuing number bar
can make effective use of the queuing number bar.

In traditional branches, the queuingnumber bar is simple in form,whichonly contains
the bank name, the customer’s queuing number, and warm tips. Its function is limited to
maintaining the order of queuing. After completing the business, customers generally
throw it away unconcernedly. However, the number bar is the item that the customer will
always carry and keep before handling the business, so it has great use-value. Therefore,
in addition to combining it with service evaluation, the number bar can also be used for
product promotion. The form of the number bar is based on tickets. On the front side,
product advertising is placed on the left side, and queuing information is placed on the
right side. Queuing information includes the queue number, number of people waiting,
the number taking time, and warm tips. The service evaluation content is set on the
back, customers can score various aspects of the branch service. Set the barcode on the
top, the lottery machine will scan this barcode to identify the customer information and
automatically enter the evaluation content. When entering the smart branch, the lobby
manager will swipe the customer’s ID card to get the queue number bar, so each customer
has a bar code corresponding to his identity to ensure that the evaluation content matches
with the evaluator (Fig. 9).

In addition, a simple design of the lotterymachinewas carried out, and its appearance
was similar to that of Autonomous VendingMachines (see Fig. 10). When evaluators fill
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in the queue number bar with the evaluation, the lottery machine will input the content
by the barcode and start drawing. The prize will pop out from under the machine.

Fig. 9. The queuing number bar Fig. 10. The lottery machine

The software Autodesk 3dMax2016 is finally used to conduct 3D modeling for the
designed smart branch, and the overall effect is shown in Fig. 11.

Fig. 11. The overall effect of the smart branch (3D model)

4 Discussion

Based on the systematic thinking of service design, this study analyzes the stakeholders
of the smart branch, focuses on the needs and expectations of both service recipients and
service providers, and designs the service system of the smart branch from three aspects:
space distribution, business process optimization, and products design. The final result
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of this study is a 3Dmodel of the smart branch that can effectively enhance the customer
experience.

In the intelligent scenario, convenience and efficiency are the basic requirements
of smart devices. Customers further expect a better service experience. Therefore, it is
necessary to put customer experience in the first place in the construction of a smart
branch. In the context of big data, customers’ behavioral data is easier to collect, but
customers’ private data is also exposed to the risk [9]. Information insecurity incidents
have been common. In the smart bank branch, although the bank itself is a security
organization psychologically, many people still have doubts about the intelligent self-
service device. Funds are the part that people are highly concerned about. Consequently,
the protection of customers’ funds and information security is an important topic in the
construction of smart branches. In the customer survey conducted in this study, some
participants indicated that they were more inclined to go to manual counters compared
with self-service devices. On the one hand, the business is complex, they don’t operate
on the intelligent machine, on the other hand, they feel that the teller will be safer and
more assured. This phenomenon is particularly notable among the elderly, who are very
concerned about the security of their funds and often prefer to handle their business at
manual counters. Even some elderly people will show extreme distrust of self-service
machines, and although the staff says they will assist them, the elderly will still refuse.
Therefore, the manual counter should be retained in the smart branch. Bank staff can
guide elderly customers to experience smart devices to improve their trust in intelligent
business processing.

Compared with young people, older adults’ cognitive ability has declined, and their
acceptance of intelligence is generally low. The elderly will encounter more difficulties
in operating smart devices. Therefore, when building smart branches, there should be
dedicated staff to provide timely assistance to the elderly. In addition, banks should sim-
plify the operation interface of smart devices, set the elderly mode as much as possible,
and provide clear operating guidelines. The elderly generally has a more fixed source
of funds (social security payments, retirement wages, etc.), the time to visit the branch
is more regular. At the same time, the elderly usually has more time and will accept
waiting. In this regard, the smart branch can set up the “green channel” for the elderly
and open a special service area during a certain period of time. Smart bank branches can
build caring service stations for the elderly in the Leisure-Entertainment Area by using
intelligent technologies.

At the present stage, intelligent self-service devices in branches are directly placed
in the hall, and there is no independent business handling space. Considering the particu-
larity of banks, in order to ensure safety in banks, branches should not set up completely
closed spaces for customers. Although t this study only aims at the additional services in
the branch, the construction of the security environment in the branch is also considered
in the physical layer. For example, the partition board of the Self-Service Area is set
up to construct a semi-private space, which not only ensures the security of the bank
environment but also ensures the security of the customer’s information.

In this study, there is no in-depth design for areas involving specific businesses, such
as the High or Low Countering Area, Financial Service Area, Intelligent Self-Service
Machine, and the related processes are not optimized. Therefore, the final results of this
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study can only provide a reference for the design of additional services in the transition
from traditional branch to smart branch. In the future, it is necessary to systematically
improve the overall business systemof banks. In addition, this study did notmake focused
exploration of related technologies, such as Artificial Intelligence and Internet of Things,
and did not set too many application scenarios in this study, but reserved design space
for these technologies. The lack of in-depth study of the elderly as a special group has
also limited the construction of this smart branch. Nevertheless, the results of this study
have important implications. (1) The results are based on real customer data, which can
effectively improve the business processing experience. (2) it is conducive tomaintaining
the competitiveness of banks and getting better development in the new era. (3) It can
also provide a pleasant working environment for branch staff, reduce work pressure
and increase their enthusiasm. (4) It can also provide a reference for branches that are
transforming, and the study promotes the smart change of traditional branches, thus
promoting the development of smart cities.
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Abstract. To serve the elderly population with mild cognitive impairment, this
study applied a service design approach to enhance the friendliness and effective-
ness of training activities in cognitive intervention service organizations, practic-
ing four processes of exploration, definition, development, and implementation.
Based on the desktop study, a field visit was made to the Shanghai cognitive disor-
der charity for in-depth research. To understand the agency’s profile and analyze
its environment, a semi-structured interview was conducted to derive a user pro-
file and preliminary pain point needs of elderly with mild cognitive impairment.
The user journey was mapped through non-participant observation to summarize
the hierarchy of advanced needs, define key issues, and guide the design practice.
The final output is a service system map, service blueprint and product contact
point wall module design for cognitive intervention organizations in implementing
training activities, and summarizes the service design strategies for mild cognitive
impairment in terms of environmental and physical contact content, stakeholder
services and emotional care to explore more possibilities for design interventions
in mild cognitive impairment training interventions.

Keywords: Service design ·Mild cognitive impairment · Alzheimer’s disease
(AD) · Cognitive intervention · Design for the elderly

1 Introduction

TheWorld Alzheimer’s Disease Report released by the International Alzheimer’s Asso-
ciation (ADI) in 2018 shows that the number of people with dementia (Dementia) world-
wide is about 50 million, and according to the World Health Organization (WHO), the
number of patients is expected to reach 152 million in 30 years [1]. China accounts for a
quarter of these patients, and is the country with the largest number of patients [2]. Along
with the trend of deep aging of China’s population and the increased pressure of life,
work and health of the younger generation [3], the prevalence of dementia is increasing
significantly with age on the one hand, and the trend of younger people suffering from
dementia is also on the rise.

According to global statistics, one person develops the disease every three seconds.
In the face of this major chronic disease, which is the only disease that cannot be cured
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and is the fifth leading cause of death in the world [4], society has a long way to go in
understanding and preventing Cognitive Disorder (CD), the most serious manifestation
of Alzheimer’s Disease (AD). Early screening and assessment and preventive interven-
tions for high-risk groups are the best means to control and delay the onset of the disease.
Among the seven stages of cognitive impairment proposed by Dr. Barry Reisberg et al.
[5], Mild Cognitive Impairment (MCI) and previous stages, i.e., pre-dementia, are the
most valuable interventions [6], and cognitive intervention training for MCI patients can
largely reduce the probability of conversion to AD [7].

In its World Alzheimer’s Report 2020, ADI emphasized design as a crucial non-
pharmacological intervention [8], and looked at design cases in architecture and envi-
ronment, also pointed out that cognitive impairment design lags behind physical impair-
ment design by 30 years, and called for social change. At the same time, domestic and
international research in the field of design has been conducted on the topic of cognitive
impairment care, especially overseas has made many useful practices on the use of par-
ticipatory design methods in the pre-design stage [9], however, there is less research on
service design for cognitive intervention activities in the MCI stage.

2 Research Background and Methodology

2.1 Current Status of Mild Cognitive Impairment and Cognitive Intervention

Cognitive impairment is a collective term for symptoms of impairment of cognitive
functions such as perception, memory, thinking or reasoning due to localized tissue
lesions or damage to the brain, and there are no uniform criteria for patients’ symptoms,
triggers, therapies and development. The vast majority of cognitive disorders typified
by AD are irreversible progressive brain disorders that progressively disrupt memory
and thinking abilities, resulting in a decrease or even loss of the patient’s ability to
perform actions of daily living. Mild cognitive impairment belongs to the high-risk
group of Alzheimer’s disease, which has not yet developed abnormal effects, but has
shown some degree of detectable cognitive decline. Research statistics show that the
annual conversion rate of MCI patients developing AD is about 7.5 to 10 times higher
than that of normal people [10].

According to the scholars’ combing of existing domestic and international research
findings on non-pharmacological interventions for MCI, interventions such as reaching
a certain intensity of aerobic exercise, multi-domain combined cognitive function train-
ing, diet and emotional psychotherapy can produce significant improvements [11–13].
Specific cognitive training methods include language, memory, computation, perceptual
attention, time, and orientation [14]. The common recommendation of research schol-
ars for future cognitive intervention training is to tailor systematic and individualized
intervention programs based on different states and performance of patients with MCI
through in-depth and detailed observation, interview and continuous evaluation of the
training process, forming assessment-oriented training approaches and levels, and then
judging the match between the programs and patients during the training process, so as
to continuously update more suitable The interventions are then judged to be a good
match for the patient during the training process, so that more appropriate interventions
can be updated.
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2.2 Feasibility and Positive Implications of Service Design Interventions for MCI
Cognition

With the increased attention of the state and society, international experience has been
gradually introduced across the country to establish cognitive disorder-related services
in community-based nodes, which provides a very favorable basis for service design
interventions for mild cognitive impairment.

Using the service design approach, the design process can be made more compre-
hensive and ultimately more friendly and effective by focusing on the elderly MCI
patients, taking into account the experience of the organizations and other stakeholders
and the overall environment of the service, researching the needs in real-life scenarios,
discussing with the service providers and service recipients, and systematically planning
and designing tangible products and intangible services during the process, iterating until
implementation. For example, Taiwan’s social design platform 5% Design Action uses
design thinking as a tool to solve social problems and drive social innovation through
design interventions. In its “Positive Aging” project, it uses the strategy of “design
activism” to enable designers to communicate with senior citizens, communities and
other stakeholders to create solutions [15].

A cognitive disorder charity in Shanghai is a 4A-level social organization focusing
on brain health education and risk management, and is committed to the “2030 Brain
Health Plan” in 2020, building a three-level (prevention, intervention and care) service
system for cognitive disorders in the community and promoting a full service model
and project-based management. In this study, we conducted research and practice on the
service design of this public service organization as an example.

2.3 MCI Cognitive Intervention Activity Service Design Research Process

Service design is an approach that helps organizations review services from the cus-
tomer’s perspective, using research and visualization design tools to reshape problem
thinking and propose appropriate solutions to meet stakeholder needs. The process of
service design is based on the double diamondmodel, which contains four stages: explo-
ration, definition, development and implementation [16]. And the specific type of double
diamond process used is determined by the focused goals of the project, including four
different focuses on constructing the problem, solving the problem, functionality and
usability, and aesthetics [17]. This study focuses on the real problems that exist in theMCI
cognitive intervention activities, and therefore focuses on the exploration and definition
phases.

The research starts from the topics of “inclusive design” and “design for aging”, and
narrows down the topics to cognitive barriers through background research.

In the exploratory research phase, firstly, a systematic literature study on cognitive
impairment was done to confirm the importance of design in theMCI stage and the exist-
ing non-pharmacological treatment solutions; secondly, field research was conducted in
public welfare organizations to understand the organization and its environment profile,
focus on MCI activity service scenarios, conduct semi-structured interviews with the
organization, users and other stakeholders to derive user profiles and preliminary needs,
and through non-participatory observation of activity scenarios to derive user journey



186 X. Chen and Z. Zhang

maps and advanced needs. The user journey map and advanced needs were derived from
non-participatory observation of the activity scenarios, and finally the hierarchy of needs
was summarized.

In the definition and integration phase, key issues are identified based on the research
results.

Service design and interior space product design practice in the conceptualization
phase of development. Produce service systems and service blueprints focusing on “MCI
cognitive intervention” scenarios, as well as wall module designs for demand-driven
service scenarios.

During the delivery implementation phase, the prototype is designed to obtain
user and institutional feedback, validate the requirements hierarchy, and iterate accord-
ingly. The process is iteratively optimized in the actual landing output, which will be
implemented in subsequent studies, leading to the final design results (see Fig. 1).

Fig. 1. MCI cognitive intervention activity service design research process and methodological
framework

3 Research Exploration and Integration Definition - Focus
on Scenarios and Needs

3.1 Institutional Overview

The study targeted the second level of the institutional service system, the intervention
module, by visiting the elderly body-brain activation center in the cognitive-friendly
community program, observing and interviewing the participants of the program’s body-
brain activation course activities while inviting them to participate in the discussion of
needs and design opinions together. The participants included 14 elderly people with
MCI/SCI (subjective cognitive impairment) (aged 66–84, 10 females and 4 males), 2
institutional program managers, 1 brain-body activation and emotional counselor, 2
trainees, 2 social workers, and 2 volunteers.

The facility is located in a service center at the entrance of the community, with meal
service points and day care centers nearby, and the interior of the facility is designed
in a warm “living room at home” style. The main activity area is heated, so there are
physical activities touching the ground in winter to ensure a clean environment. To the
left of the entrance is the front office area with a seat to observe the whole interior; to
the right is the living room sofa area; to the left of the center is the kitchen, equipped
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with Mediterranean diet therapy, and the activity time is used as an observation area; to
the right is the largest area, the main activity area; to the upper left is the office area and
temporary storage area, and the innermost is a meditation room (see Fig. 2).

The main activity area as the target scene, due to the overall environment is not
spacious, during and after the activity period, often according to the need to maneuver
to configure tables and chairs or vacate the site, when switching institutional staff and
the elderly will take the initiative to help carry, resulting in a certain degree of crowding
inconvenience and safety risks.

Fig. 2. Institutional environment

3.2 User Research in Activity Scenarios

After combing one-on-one interviews with the elderly and preliminary literature re-
search, a typical user profile of MCI seniors was derived. The physiological status was
some stumbling of speech, some slow reaction andmovement, in retirement status, living
in a community near the institution, and core demands were training intervention and
companionship socialization (Fig. 3).

A research-based, product-oriented, and detailed user journey map of the service
process of cognitive training activities was developed based on user characteristics and
through non-participant observation. The content of the institutional training activities
was divided into two parts, namely, homework intervention and somatic brain activation.
The homework intervention included Boone guitar music therapy, cognitive games (e.g.,
“you tell me, I guess”, associative memory, Schulte table, reading words and saying
colors, etc.) therapy; the somatic brain activation was based on motor exercises assisted
by apparatus such as Dantian ring, elastic rope, and induction ball.
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Fig. 3. Mild cognitive impairment elderly user profile

The problems and needs reflected are: (see Fig. 4)

1. The contradiction of changing slippers in and out of the institution, wearing the
original shoes when exercising did not achieve the purpose of neatness, can be
prepared for the elderly sports shoes in the indoor special.

2. Slight psychological burden when measuring blood pressure, need to weaken the
medical sense.

3. Some elderly people have difficulty concentrating during meditation activation and
need to improve the sustained attraction of the activity.

4. Some restraint in completing single person tasks for homework intervention,
training needs to be more targeted and pay attention to the self-esteem of the
elderly.

5. The frequency of the same activity in a course is low, which affects the effectiveness
of training, and the content and frequency of activities can be adjusted through
observation and feedback.

6. Carry items placed in space is variable, need to move in the middle, can set a fixed
storage space.

7. Moving tables and chairs during the event causes crowding and potential hazards
and can be avoided or made more spacious.

8. The scale interview needs to pay attention to the words, try to keep the elderly
relaxed and happy in a chatty way, and hide the form of recording.

9. Social participation needs, more activities can be created for the elderly to
participate together.

10. Older people’s rejection of cognitive disorders and lack of confidence in the effec-
tiveness of activities, the need to improve persuasion and emotional care, timely
communication and guidance to service providers.

11. Post-activity continuity is weak, social attention needs to be enhanced, and the
institution tries to maintain long-term case visits and training services.
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Fig. 4. Cognitive training course activity user journey map

3.3 Hierarchy of Needs

Comprehensive literature research section of MCI cognitive training and senior product
needs [18–20], universal design requirements [21], and field research results, including
interviews with stakeholders for service enhancement co-creation, with key issues as
the target layer to derive the hierarchy of needs [22]. The sub-criteria layer of user
needs is divided into user and institutional needs, and the sub-criteria layer of user
needs is divided into physiological, safety, social, respect, cognitive, aesthetic and self-
actualization needs using Maslow’s hierarchy of needs as a framework [23]; the sub-
criteria layer of institutional needs is divided into promotion and service needs, and
the sub-criteria layer corresponds to the corresponding solution layer. The product and
service needs are thus summarized, and provisions are made for the size, material,
shape, color, vocalization, functional ease of use, fair and flexible use, methodological
science, safety, cooperative completion, autonomy, no right and wrong criteria as much
as possible, beauty, accomplishment and portability of the training products.

The improvement strategies for the service are: (see Fig. 5)

1. Moderate length of training.
2. Training methods and effects vary from person to person.
3. Promote trust and persuasion.
4. A sense of surprise and attraction.
5. Increasing the number of people and their effectiveness.
6. Continuity of service.
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7. Content is as comprehensive and rich as possible, tailored to each case.
8. Reduce the cost of learning and using service activities and products.

Fig. 5. MCI cognitive training activity demand hierarchy chart

3.4 Defining Key Issues

In summary, the problem and the goal of the solution were identified as “to design a
friendly experience and good results for elderly people with mild cognitive impairment
to participate in cognitive intervention training activities”. In the process of arriving at
the requirement, it was analyzed that the training products are the key link to the elderly,
and the small space of the institution has a greater impact on the safety of the elderly and
the efficiency of the training, so the large wall in the main activity area can be used to
place some of the products. Therefore, the practical part was developed from the service
blueprint, and the wall module products were selected to improve the physical contact
point design.

4 Service Design Practice - An Example of a Cognitive Disorder
Charity in Shanghai

4.1 Service System and Service Blueprint

In the service system, the value network diagram is divided into three layers, from inside
to outside: MCI users, internal stakeholders and external stakeholders. Internal stake-
holders include family members and service organization-focused staff, social workers,
volunteers, and senior partners who are also involved in training. External stakeholders
include government agencies, communities, hospitals and other members of the commu-
nity. Agencies, social workers and volunteers provide comprehensive services, training
products and emotional care to users, information about their condition is recorded and
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evaluated, and they become emotionally attached to service staff. Government, service
agencies, communities, hospitals, and users are the aggregators of funding, services,
and information delivery. Agencies need to put effort into attracting the attention of the
community, and stakeholders are critical to the emotional help of MCI (see Fig. 6).

Fig. 6. Stakeholder value network diagram of MCI cognitive training activities in service system

The service blueprint optimizes the front and back-end processes of the institution’s
existing MCI cognitive intervention activity service, and the effectiveness of the service
design is demonstrated by comparing the evaluation of the before and after experience
curves.

Pre-services: Government funding and support to guide the implementation of the
agency’s program, the user or his family detects a cognitive problem, the community
assessor does a brain health assessment for him using the simplified MoCA-B scale at
the time of the physical examination and collects preliminary information, and then goes
to the hospital for professional scale and medical (blood draw, MRI, use of some of the
PET/CT free testing slots supported by state funding, etc.) examinations The assessment
is determined to be a service recipient and information is collected.

In service: The agency does scientific and ideological work with MCI seniors and
the community, prepares supplies, recruits service users, joins the intervention team,
and prepares social workers and volunteers as well as pilot tests of the activity prod-
ucts beforehand. At each activity, the agency turns on soothing background music in
advance, users arrive at the agency, change into special sneakers and place their per-
sonal belongings in lockers, and weaken medical traces in products or behaviors when
measuring blood pressure. At the beginning of the activity, the social worker leads the
homework intervention. Because the number of props needed for training is large and
different for each session, in order to improve the social interaction of joint participa-
tion, the change of table and chair space is reduced and the wall of the institution space
is used to add modular product design to assist the activity intervention. During the
whole process of service, social workers or volunteers are dedicated to observe, mark
and assist MCI elderly. After the activity, staff review, analyze and summarize, make
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timely adjustments and arrange the next work content, and strengthen the communica-
tion and guidance between counselors and service users to find better ways to dissipate
their confusion, frustration and powerlessness and maintain their motivation.

After the service: In addition to participating in other activities organized by the
agency, seniors with less severe symptoms ofMCI or SCI can apply to join the volunteers
on their own and recruit the same senior partners in their familiar communities. The
agency also needs to return to the participating seniors regularly to record their files and
continue the service (see Fig. 7).

Fig. 7. MCI cognitive intervention services blueprint

4.2 Wall Module Design

Due to the constraint of the activity space plane, the opportunity point of using the
wall to place training products was explored, and the modular hole board wall design
was conceived according to the demand hierarchy diagram, which helps to meet the
needs of MCI elderly for physiology, safety, socialization, respect, cognitive training
and self-actualization: the size, material, color and shape are suitable for the elderly; the
training length is moderate; it can be used flexibly; only agency personnel are needed
when switching activities The training can be done cooperatively to achieve the purpose
of social interaction; the functions are simple and easy to learn and use. Each functional
module can be installed and disassembled as needed, and this form can also be used in
small spaces in community activation centers, and can alsomeet the needs of institutional
outreach services.

During the product design practice phase, we also co-creatively worked with agency
staff and the elderly to obtain feedback and iterate during the program conceptualization,
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and finally produced a wall module design plan, which received good evaluations from
the agency and the elderly about the service and product (see Fig. 8).

Examples of the modules shown in the design rendering are: Schulte Scale physical
training blocks, which can be cycled through moving numerical positions to exercise
attention; darts and flying chess games, which exercise executive, attention, orientation,
and calculation skills, and serve as entertaining interactive icebreakers; colorful music
pipes, with simple music scores, which exercise executive, attention, and memory skills,
and serve as music therapy and emotional relief; blackboard and puzzles, free interactive
creation, can also be used as institutional teaching activities content prompts; and shelf
space, etc., subsequent to the need to add different modules (see Fig. 9).

Fig. 8. Exploring co-creation with institutions and the elderly

Fig. 9. MCI cognitive intervention wall module design
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4.3 Design Summary

To summarize the service design strategies for MCI cognitive intervention activities are
as follows:

The physical contact content of the activity environment and products meet the needs
of MCI elderly. In the intervention context, the physiology, safety and cognition of the
elderly are fully taken care of, warm feelings are given, and danger is avoided.

To improve the precision and information symmetry of stakeholders. TheMCI cogni-
tive intervention scenario involves the government, hospitals, communities and institu-
tions, and involves important information sharing and determination in the early stage of
active search and testing to identify service recipients, themiddle stage of communication
and optimization of the service process, and the later stage of follow-up.

Enhance the emotional care of patients by society, institutions and family and friends.
For the elderly with MCI, what they desire most is to have company. The purpose of the
service is to help the elderly relieve loneliness and helplessness, correctly under-stand
cognitive disorders and adjust pessimistic mentality from the psychological point of
view; and to help the elderly improve cognitive functions and reduce transitions from
the physiological point of view. The service needs to be well publicized and appealed
to the general public as an important emotional connection to expand the scope of the
service and lead more people to become good friends of cognitive disorders.

5 Concluding Remarks

In mild cognitive impairment intervention contexts, research has found that for MCI
seniors, the greatest needs are socialization and training. For institutional services, the
most important thing is to enhance the psycho-emotional care for MCI people, which
needs to be done in an appropriate way to make the elderly accept the intervention and
have a good state of mind and trust. To enhance the effectiveness of training on this
basis, careful observation and case marking, paying attention to each elderly person and
adjusting accordingly, has practical implications for the role of intervention. At the same
time, working with stakeholders and emotional adjustment is also essential.

The article focuses on qualitative research, and the field research section requires
longer-term research on the breadth and depth of sample selection, the foresight of
design output results, and the verification of design feasibility in the implementation
phase. The social concern for cognitively impaired groups is gradually increasing, and
the study hopes to provide a kind of help for them in the field of service design. With
the development of information technology and the progress of humanistic care, it is
believed that in the future, more humane services will be created for the disadvantaged
groups and for us in the future.
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Abstract. As the aging population around the world, figuring out the
reason for changes in the health status of elderly adults at home is
pressing. In our research group, to comprehend the scientific self-care
of elderly adults at home, a core concept called “mind externalization”
that retrieves the elders’ thoughts as much as possible using spoken dia-
logue agent technology has developed swiftly. The purpose of this paper
is to consider an approach to elucidating reasons for health changes in
the elderly at home. Our key idea is to merge the results of health sta-
tus, dialogue logs, and emotional values (recognized from images and
audio during the spoken dialogue) into a time series. More specifically,
we describe an approach for extracting the features of changes in health
data (i.e., heart rate, stress, sleep quality, step, and activity level from
the wearable device). It intends to add health data retrieved from a wear-
able device and unite heterogeneous data (i.e., health data and dialogue
data). Based on the integration between health data and dialogue data
(i.e., text logs, audio, and images), we discuss an approach to estimating
the reasoning context before and after the period. In this way, assist-
ing elderly adults at home by grasping their daily living in detail can
be appreciated. Meanwhile, executing personalized self-management is
promising.

Keywords: Elderly at home · Mind externalization · Spoken
dialogue · Wearable device · Smart healthcare

1 Introduction

Population aging is currently a big issue in Japan, Germany, and Italy. Specifi-
cally, the number of people aged 65 years has reached 28.4% in Japan. It exceeds
21% of the national total, and the country is confronting a super-aging soci-
ety1. As the population and disease structure change, the demand for nursing
1 https://www8.cao.go.jp/kourei/english/annualreport/2020/pdf/2020.pdf.
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care is expanding year by year. In particular, many chronic diseases (e.g., mild
cognitive impairment, disease syndrome) require long-term care. However, the
shortage of facilities and humans for medical welfare and nursing care is becom-
ing more severe. As the trend toward conversion from institutional care to
home care continues, the number of elderly adults (requiring nursing care) at
home is expanding more swiftly. Furthermore, the number of individual cases is
also expanding, such as one elderly adult caring for another, and elder adults
living alone.

Encouraging self-care among elderly adults within differences between
households is a big challenge. For example, the degree of completion of activities
of daily living (ADL), the degree of achieving a regular rhythm of life, and the
degree of physical and mental health are important indicators. In recent years,
research on assistive technology applying engineering technology to support the
lives of the elderly has been spreading around the world. A representative tech-
nology is to monitor elderly adults at home. It mainly utilizes the internet of
things (IoT) and information and communication technology (ICT). A machine
monitors the situation (called context) of the elderly adult instead of the family
caregiver and communicates with the family caregiver only when required. In
this way, enhancing the quality of life (QoL) of the elderly and decreasing the
burden on their families is promising.

Our research group is studying various systems and services from two per-
spectives: the “environment” and “humans” in houses. Related research from
the perspective of the environment includes environmental sensing [20], behavior
estimation [21], and context recognition [5]. On the other hand, related research
from the perspective of the elderly includes facial expression recognition [10],
health monitoring [19], and mental externalization through a virtual agent (VA)
listening service [14]. However, in the VA listening service conducted in previous
research, various kinds of heterogeneous data (e.g., text, image, and voice data
in a time series) that acquired and accumulated remain. We have not yet been
able to conduct an integrated analysis of the health status (e.g., heart
rate, stress) and the “mental state” of the elderly.

The purpose of this paper is to consider a method to elucidate the reasons for
causing changes in the health status of elderly adults at home. Figure 2 shows
an image diagram of integration analysis of health data and dialogue data for
elderly people at home. As an approach, we add health data retrieved from a
wearable health device (i.e., an activity meter worn on the arm) and consider
an integrated analysis of heterogeneous data (health data and dialogue data) in
a time series. Our key idea is to merge the results of health status, dialogue logs,
and emotional values in a time series. In our approach, we consider the following
five concrete steps:

– Step 1: VA Listening Service and Wearable Health Installation
– Step 2: Acquisition and Storage of Heterogeneous Data
– Step 3: Extraction of Health Feature Changes in Time Series
– Step 4: Analysis of Interrelationships Among Changing Features
– Step 5: Context Estimation Based on Past Feature Analysis
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Fig. 1. Integration analysis of health data and dialogue data for elderly people at home.

In the discussion, the advantage of the research approach is that it provides
a more multifaceted analysis of the elderly at home by utilizing heterogeneous
data. The abundance of available data has likewise improved, allowing for a
more granular understanding of the daily living conditions of the elderly at
home. As for a limitation of the research approach, we have not yet resolved the
problem of dealing with missing data in time series. Furthermore, we anticipate
the interrelationships among different types of data. They have not evaluated
for individual elderly adults. In particular, the correctness of the acquired data
requires investigation. It also requires checking the effects of these data in case
studies.

2 Previous Study: Monitoring Assistance for Elderly
People at Home

This section depicts the background surrounding the current situation of the
elderly at home. It presents previous studies aimed at understanding the mind
of elderly adults.

2.1 Mental Externalization of the Elderly at Home

The “externalization of the mind” of the elderly refers to the act of blurting
out to the outside world as much as possible of what is on the “mind” of the
elderly. In recent years, with the aging of the world’s population, the shortage
of nursing care facilities and human resources [16] has become a social
problem. In Japan, which is confronting a super-aging society, the number of
elderly people at home is expanding every year as the structure of the population
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and diseases alter in line with the shift from conventional institutional care
to home care2. The number of elderly people living at home is expanding year
by year. While caring for the elderly in their own homes is habituated, it places
a heavy burden on family members, and the problems of “elderly couple care
each other,” “people with dementia care each other,” and elderly people living
alone at home are becoming more severe.

The implementation of independent living for the elderly at home is not an
easy task. The decline of physical and psychological functions, nursing care, and
long-term medical treatment have limitations on self-care, and assistive technolo-
gies are required. One of the typical technologies is to monitor elderly people
at home. In the previous study, we studied the two aspects of “physical” and
“psychological” monitoring. For monitoring the physical aspects, we estimated
daily life behaviors [21], recognized contexts [5], and measured and analyzed
physical activities [6]. On the other hand, for observing mental aspects, there
are virtual agent listening services, microservice execution by voice dialogue, and
multimodal diary services [4]. In this paper, we focus mostly on psychological
monitoring and support technologies.

2.2 Virtual Agent Listening Service

Virtual Agent (VA) technology refers to a technology that is equipped with a
software (i.e., virtual) interface. It acts as an intermediary to promote smooth
interactions between machines and humans. In our previous study, we proposed
a VA listening service with voice interaction function to listen to the “feelings”
of elderly people in their daily lives. Figure 2 shows the components of the VA
listening service in the edge and cloud environments.

In the VA listening service, the components are described in detail from two
aspects: hardware and software. The hardware component consists of IoT sen-
sors (i.e., Phidgets3 motion and pressure sensor modules) and a general-purpose
computer (i.e., including built-in speakers, cameras, and microphones). On the
other hand, we explain the details of the software components from two perspec-
tives: local and cloud. First, the local component consists of a sensor driver, a
VA (i.e., MMDAgent [13]: including speech synthesis and character materials), a
local server (i.e., Apache Tomcat [15]), and a Web browser (i.e., including speech
recognition by Web Speech API [1] and display of dialogue contents by Web user
interface). Next, the cloud-side component consists of a cloud server (i.e., Web-
Socket and Pub/Sub [12]) and a database (i.e., dialogue scenarios (including
gestures, time periods, and questions) and dialogue logs).

By linking the IoT sensor with a general-purpose computer, it is possible to
drive the VA Listening Service in two modes: “passive mode” and “active mode”.
In the “passive mode,” the VA listening service is automatically activated when
an elderly person at home approaches the motion sensor. Based on the user-
defined time of day and the questions to be asked, the VA listening service can
2 https://www.mhlw.go.jp/english/policy/care-welfare/care-welfare-elderly/dl/

establish e.pdf.
3 https://www.phidgets.com/?tier=0&catid=3&pcid=8.

https://www.mhlw.go.jp/english/policy/care-welfare/care-welfare-elderly/dl/establish_e.pdf
https://www.mhlw.go.jp/english/policy/care-welfare/care-welfare-elderly/dl/establish_e.pdf
https://www.phidgets.com/?tier=0&catid=3&pcid=8
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Fig. 2. Component structure of virtual agent listening service

ask about the person’s mood, physical condition, eating and drinking status, etc.
In the “active mode,” the VA listening service is automatically activated when
the elderly person at home presses the pressure sensor. When the elderly person
tells the VA any tale by voice, the VA can give a random response (e.g., “Is that
so?”, “Yes”, etc.) by voice. Through interaction between the VA listening service
and the elderly person at home, thoughts and concepts in daily life, as well as
answers to specific questions, can be extracted, recorded, and stored externally
(i.e., externalization of the elderly adult at home).

2.3 Microservice Execution Through Voice Interaction

The use of various microservices, such as contents and services on the Web, as
well as the externalization of the mind through voice dialogue between elderly
people at home and VA is also promising. In our previous study, we aimed to help
elderly people who are not accustomed to operating smart devices (e.g., comput-
ers, smartphones, etc.) to smoothly use Web services and information based on
the spoken dialogue function described in Sect. 2.2. The key idea is to apply the
application programming interface (API) to microservices in Web services (e.g.,
calendar, video watching, to-do management, etc.) and incorporate the appro-
priate content into the VA dialogue scenario. The approach includes two parts:
(1) User information and microservice management. (2) Configuring VA behav-
ior at API runtime. To demonstrate the effectiveness of the proposed framework,
we linked the “ToDo management service” and the “YouTube watching service”
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with user information. This allows the elderly to control the execution and stop-
ping of microservices through voice interaction.

2.4 Multi-modal Diary Service

Although VA listening services have made it possible to record and accumulate
dialogue data, the diversity of dialogue data and the lack of analysis and reuse
still pose challenges. In a previous study, we proposed a multimodal diary service
that records and analyzes dialogue data from a variety of perspectives. The key
idea is to retrieve not only text logs, but also audio and images during the dia-
logue as dialogue data, and to perform multimodal visualization. In the proposed
method, we executed heterogeneous data extraction, Web API development,
multimodal diary generation, and heterogeneous data analysis. To extend the
heterogeneous data, we also considered text-based negative judgment, speech-
based emotion detection, and image-based emotion estimation approaches. Using
the proposed method, the elderly can better recall the past for themselves. Hence,
a more precise improvement in self-care and health management of individual
elderly adults is promising.

3 Development of Advancing Technology: Wearable
Health

This section describes the challenges and measurement items for wearable health
devices for the elderly at home, based on smart healthcare technology.

3.1 Smart Healthcare of Elderly People at Home

The use of information and communication technology (ICT), internet of things
(IoT), and artificial intelligence (AI) technologies to support the traditional
healthcare of the elderly at home (e.g., visiting hospitals, managing health,
receiving care from family members, etc.) has been accelerating. The introduc-
tion of smart sensors (i.e., environmental sensors, opening/closing sensors, etc.),
smart speakers, and 360-degree cameras to make the homes of the elderly into an
environment similar to that of a facility has enabled safety confirmation [11], sta-
tus confirmation [17], and automatic operation of home appliances [2]. However,
these smart devices and approaches are only capable of sensing external envi-
ronmental conditions, including the externalization of the elderly as described
in Secti. 2, and are not capable of monitoring the health of individual elderly
people, including changes in heart rate and stress, distance traveled, and number
of steps taken.
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3.2 Emergence of Wearable Health Devices

Wearable health devices are emerging to monitor the health of the elderly at
home. Smart apparel (i.e., clothing-type devices) include Xenoma4 and Hamon5.
On the other hand, arm-worn smart watches (i.e., activity meters) include
Garmin6 and Fitbit7. Through the use of these devices, smart healthcare tech-
nology can be deployed in various areas such as fitness, sleep, and nursing care.
By collaborating with local facilities and hospitals, it is possible to provide pre-
ventive medicine or telemedicine by utilizing health data. However, wearable
health devices may not be suitable for bedridden elderly people and may be
invasive to their daily lives. In the case of clothing-type devices, the user has
to change and wash the related clothing regularly, which increases the burden
of daily life.

3.3 Collection of Health Data by Activity Tracker

In order to minimize the existing challenges, we focus on the collection
of health data by arm-worn activity tracker. Specifically, here is an example of
handling health data from the following six items:

– Number of Steps: Measuring the number of steps and the intensity of
exercise leads to the prevention of lifestyle-related diseases and the extension
of healthy life span.

– Sleep Quality: The quality of sleep (i.e., REM/non-REM sleep) is expressed
by analyzing heart rate, heart rate variability (i.e., HRV, the change in the
length of the heartbeat with each beat), and activity level data.

– Stress: Estimates the factors that influence stress, such as training and phys-
ical activity, by measuring heart rate variability.

– Heart Rate: The heart rate is measured continuously for 24 hours using an
optical heart rate monitor.

– Calories burned: The total number of calories burned during exercise/rest.
– Body Battery: This unique Garmin feature measures remaining physical

energy by analyzing heart rate variability, stress levels, sleep quality, and
activity levels.

4 Considering Approach: Integration Analysis
of Heterogeneous Data

4.1 Technical Challenges

We are considering the following two technical challenges to elucidate the factors
that cause changes in the health status of the elderly at home.
4 https://xenoma.com/products/eskin-sleep-lounge/.
5 https://www.mitsufuji.co.jp/en/service/.
6 https://www.garmin.co.jp/minisite/health/guide/ (in Japanese).
7 https://healthsolutions.fitbit.com/.

https://xenoma.com/products/eskin-sleep-lounge/
https://www.mitsufuji.co.jp/en/service/
https://www.garmin.co.jp/minisite/health/guide/
https://healthsolutions.fitbit.com/
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The first is the lack of richness in data types. In our research on support
systems for elderly people living at home, we have studied the extraction of
biometric data (e.g., heart rate, blood pressure, amount of activity, etc.) using
sensor devices and dedicated devices, the collection of multimedia data (e.g.,
text, voice, images, etc.) using IoT devices, and the collection of environmental
data (e.g., temperature, illumination, humidity, etc.). Sensing of environmental
data (e.g., temperature, illumination, humidity). However, many studies have
been conducted using each of these methods independently, and there have been
few studies using different types of data together.

Second, there is a lack of integration analysis among the data used. In
order to elucidate the factors that contribute to changes in the health of the
elderly at home, it is not enough to collect and analyze each piece of data, but
an integrated analysis (meta-analysis) among the data is necessary. Integration
analysis refers to the integration of the results of multiple studies and analysis
from a higher perspective, or methods and statistical analysis for this purpose8.
In particular, by supplementing and verifying the results obtained from hetero-
geneous data, multifaceted relationships can be clarified. For example, heart rate
variability in the elderly may be related to temperature.

4.2 Goal and Key Idea

The purpose of this study is to examine methods to elucidate the factors that
cause changes in the health status of elderly people at home, based on the previ-
ous studies described in Sect. 2. The key idea is to integrate and analyze health
data, dialogue data, and the results of further analysis of dialogue data in a time
series.

4.3 Overall Architecture

Figure 3 shows the overall architecture of the study approach, which consists
of five steps: In Step 1, the elderly person wears a wearable health device and
the VA listening service with voice interaction is set up. In Step 2, health data
and interaction data are acquired and stored through the wearable health device
and the VA listening service. In Step 3, we extract the typical changes in health
data over time. In Step 4, we focus on dialogue data during health changes
and analyze the interrelationships among different features. In Step 5, we search
for personal rhythms from the previous feature analysis and consider context
estimation from the latest data. More specifically, each step is described below.

4.4 Flows of Considering Approach

Step 1: VA Listening Service and Wearable Health Installation
In Step 1, we first deploy the VA listening service to the homes of the elderly
based on previous studies. In addition, the elderly will wear a wearable health
8 https://en.wikipedia.org/wiki/Meta-analysis.

https://en.wikipedia.org/wiki/Meta-analysis
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Fig. 3. Overall architecture of considering approach.

device on their arms. In this research, we chiefly focus on arm-worn activity
meters (e.g., Garmin vivosmart 49).

Step 2: Acquisition and Storage of Heterogeneous Data
In Step 2, we first acquire voice data, text data recognized from the voice,
and image data taken at one-second intervals during the voice dialogue process
between the elderly person and the agent based on the VA Listening Service,
and send them to the cloud database. AI techniques such as emotion analysis
are applied to these data, and the recognized results are also sent to the cloud
database. With regard to health data, activity meters are generally linked to a
dedicated smartphone application via Bluetooth, and by manually opening the
dedicated application, health data is transmitted and sent to a cloud database.
In order to transmit health data to the cloud database on a regular basis, we
also introduce a dialogue scenario that reminds the user to open the dedicated
application, and the agent asks the user to do so once a day.

Step 3: Extraction of Health Feature Changes in Time Series
In Step 3, we first develop a Web Application Programming Interface (API)
that can retrieve health data for each item (see Sect. 3.3) to the computer local
(edge). GET or POST/date={yyyy-MM-dd}/data={data} in the format of REST
API [3] to retrieve the relevant health data by specifying the date and data item.
Although each health data has a different measurement interval, the following
five measures of feature change are defined to create a feature extraction program
from past health data.

– Maximum value: m1 = max{x1, x2, · · · , xn} (n = count(xi))
– Minimum value: m2 = min{x1, x2, · · · , xn}

9 https://www.garmin.co.jp/products/wearables/vivosmart-4-gray-r/.

https://www.garmin.co.jp/products/wearables/vivosmart-4-gray-r/
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– Difference value: di = |(xi − xi+1)| (1 ≤ i ≤ n)
– Average value: x̄ = 1

n (x1 + x2 + x3 + · · · + xn) = 1
n

∑n
i=1 xi

– Variance value: s2 = 1
n (x1 − x̄)2 + (x2 − x̄)2 + · · · + (xn − x̄)2 =

1
n

∑n
i=1(xi − x̄)2

Step 4: Analysis of Interrelationships Among Changing Features
In Step 4, we utilize the following three computational approaches to evalu-
ate the interrelationship between the values of the health change features and
the dialogue recognition results. For example, we consider whether the negative
score of the dialogue content rises or not when the stress increases swiftly. We
likewise examine the change in the score of emotion analysis using facial expres-
sion and voice during the dialogue. Unlike real-time health data acquisition, it
is challenging to cope with missing dialogue data.

– Correlation coefficients: rxy = sxy

sxsy
=

∑n
i=1(xi−x̄)(yi−ȳ)√∑n

i=1(xi−x̄)2
√∑n

i=1(yi−ȳ)2
=

1
n

∑n
i=1

xi−x̄
sx

· yi−ȳ
sy

– Partial correlation coefficient: rxy·z = rxy−rxzryz√
1−r2xz

√
1−r2yz

– Covariance: sxy = 1
n

∑n
i=1(xi − x̄)(yi − ȳ)

Step 5: Context Estimation Based on Past Feature Analysis
In Step 5, we first consider the interrelated feature data from the past as training
data. Next, we estimate the context by applying lightweight machine learning
(e.g., supervised learning) to them. Context refers to an individual’s emotional
state and negative/positive changes. Through context estimation, we expect to
understand the individual’s emotional state and negative/positive changes by
analyzing and estimating the health change characteristics obtained from the
wearable health device even during the time when the VA listening service is
not used.

5 Discussion

This section summarizes each of the main points regarding the advantages and
limitations of the approaches considered in Sect. 4, and discusses the specifics.

5.1 Advantage

The following two advantages of the research approach are considered:

– Utilization of heterogeneous data: Unlike previous related research, we
will utilize different devices and approaches to collect and warehouse data.
This allows us to enhance the richness of the data types utilized. It can also
be used to enhance the scalability of existing systems.

– Expansion of multifaceted analysis: In addition to the utilization of het-
erogeneous data, the analysis of interrelationships can be anticipated to infer
the factors behind changes in the health status of the elderly at home from a
more multifaceted perspective. Furthermore, it can promote and enhance the
implementation of self-care for the elderly at home.
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5.2 Limitation

We examine the following two limitations of the research approach:

– Trouble in dealing with missing data: There are times when the wearer
is not wearing the wearable health device (e.g., recharging, taking a bath,
etc.), and there are times when the wearer is not utilizing the VA listening
service. During these times, data acquisition is not feasible, and it is hard to
deal with missing data.

– Problems with data acquisition accuracy: Depending on the tightness
of the wearable health device’s belt, there are subtle differences in the data
values such as heart rate attained. There are also occasional problems with
mis-recognition of dialogue text gained by speech recognition, negative judg-
ments, and emotion analysis.

6 Related Work

Two researches related to the approach considered in this study are described
below. Research [7] proposed a web-based medical data integration and man-
agement platform that collects heterogeneous types of health-related medical
records and real-time lifelog data. Unlike the wearable health used in this study,
the proposed platform in this study provides the ability to manage real-time
data such as heart rate, blood pressure, and activity information extracted from
medical devices and send them to a server. It also applies machine learning
tools to analyze risks based on domain knowledge and individual differences,
and dynamically visualizes the results to patients and doctors based on how the
information is simplified.

Research [8] described all these important aspects of smart healthcare wear-
able sensors, body domain sensors, advanced pervasive healthcare systems, and
new IoT technologies for big data analytics. Unlike the focus of this work on inte-
grated analysis in heterogeneous data, we identify new perspectives and focus
on issues such as scalability, interoperability, device-network-human interface,
and security. We also present the results of an evaluation of the applicability
of knowledge in the field of CAD, such as large-scale analysis and optimization
methods, to key eHealth problems.

7 Conclusion

In this paper, we focused on the self-help of the elderly at home in the super-aged
society, and we organized and discussed the flow of considering the approach of
integrating and analyzing heterogeneous data in order to elucidate the factors
of health status change.

However, in order to obtain health data, the wearable health device to be used
still has the challenge of being invasive to daily life. The wearable remote health
monitoring device [9] is expected to provide a portable health care system and
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facilitate the provision of decentralized health care, as opposed to the traditional
centralized clinical care. The correlation between non-verbal data (e.g., facial
expression, posture, etc.) and health status of the elderly also needs to be verified
in evaluation experiments. In research [18], facial features that convey a sense of
familiarity were associated with a decrease in patients’ pain perception.

As future work, we will conduct case studies and evaluation experiments
using the study approach to clarify the correlation between actual interaction
data and health data of elderly people at home. In addition, we will utilize data
on daily behavior, daily rhythms, and environmental conditions to examine the
correlation with changes in health status.
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1 Introduction

1.1 Background

Hematologic malignancies, including leukemia, lymphoma, and myeloma, account for
approximately 10% of cancer cases each year and nearly 57,000 deaths [1]. These can-
cers predominantly affect older adults over the age of 60. Treatment decision-making
is complex for many patients. Chemotherapy causes substantial side effects and offers
uncertain benefits. Oncologists and patients can engage in shared decision-making to
clarify patient values and preferences to guide chemotherapy decisions. Multiple stake-
holders have called for using validated methods to elicit patients’ values and preferences
to inform shared decision-making [2–7].

Quantitative methods using conjoint analysis to elicit patient preferences and values
are increasingly used in healthcare to elicit patient preferences for treatment outcomes
[8]. A recent systematic review and meta-analysis demonstrated that the use of these
methods can improve values-congruent care [9]. We previously developed two distinct
versions of a discrete choice experiment (DCE) (a multi-profile case and an object case)
to elicit the preferences of patients with acute myeloid leukemia [10–12]. An electronic
health tool (EHT) may facilitate the use of these instruments to improve shared decision-
making and allow for real-time reporting of results to patients and clinicians. To the best
of our knowledge, DCEs have not been designed and developed as electronic health
tools for older patients with hematologic malignancies.

The utilization of EHTs has been shown to increase knowledge of treatment options,
improve risk perception, and improve communication between providers and patients,
including those diagnosed with hematologic malignancies [13, 14]. Some older adults
lack confidence in using technology or have diminished physical abilities, which may
present challengeswhen they try to utilize EHTs inwhich their specific needs are not con-
sidered in the design [15]. A recent systematic review found that older adults recommend
that EHTs are designed with detailed instructions, intuitive user interfaces, and attention
to the accessibility of the text and layout [15]. Further, for an EHT to be beneficial for
newly-diagnosed older patients with hematologic malignancies, it must be understand-
able, usable, functional and optimize the cognitive workload (CWL) associated with
treatment decisions.

2 Methods

2.1 Participants

We recruited healthy volunteers, aged 21 years of age and older, between August and
September 2021. This development study enrolled 15 healthy volunteers, chosen both
for ease of recruitment, and for the potential to identify approximately 90% of usability
issues before testing with our target patient population (older adults with hematologic
malignancies) [16]. Before enrollment, each participant was asked to review and sign an
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online consent form. Participants received a $25 gift card upon completion of the study.
We obtained approval from the Institutional Review Board at the University of North
Carolina for this study.

2.2 Baseline Characteristics of Participants

After being enrolled in the study, participants self-reported demographics including
gender, race, ethnicity, education level, employment status, and comfort level with
technology through REDCap, a secure online database.

2.3 Study Design

We designed a mixed-methods study using an iterative co-design approach [17, 18]
including 3 cohorts of participants (total n = 15) in the evaluation of medium-fidelity
prototypes (developed in AdobeXD-v.40.0.22). Participants were scheduled to attend a
usability session, which was held in the Human Factors Laboratory housed within the
Department of Radiation Oncology at the University of North Carolina at Chapel Hill.
Recruitment efforts stopped after we reached a point of thematic saturation, in which
our final testing sessions were not producing new data to evaluate [19].

Discrete Choice Experiments. Patients were asked to complete choice tasks within
DCEs to elicit their preferences for treatment outcomes. Prototypes of anEHTcontaining
three alternative DCEs were used: object case, profile case, and multi-profile case. Each
EHT prototype contained two DCE versions. Cohort 1 completed the profile case and
multi-profile case and cohorts 2–3 completed the object case and multi-profile case. The
order of cases presented to each participant was randomly assigned to account for the
effect of order and to ensure information from one case type was not transferred across
cases [20].

Object Case: The choice tasks within this version of the DCE, also referred to as a
best-worst scaling instrument, were adapted from our prior study to identify which out-
comes aremost important and least important to participants (see Fig. 1).Our initial study
used an object case DCE to identify which outcomes patients with leukemia were most
worried about.We altered the object case in order to allow for direct comparison between
DCEs and to better inform shared decision-making. The following seven attributes were
included: maintain day-to-day activities, avoid long-term side effects, avoid short-term
side effects, living longer, avoid hospitalizations, avoid becoming dependent on oth-
ers, and avoid high financial costs. These attributes are condensed from the prior study
that included 10 attributes. Each choice task included 4 of the 7 attributes. Participants
completed 7 choice tasks.
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Fig. 1. Example object case discrete choice
experiment

Fig. 2. Example profile case discrete choice
experiment

Profile Case: The choice tasks within this version of the DCE followed the same
logic as the object case where participants chose the most important and least important
items among a series of options (see Fig. 2). In this version, however, participants were

Fig. 3. Example multi-profile case
discrete choice experiment

presented with an attribute at a specific level
that varied throughout the choice tasks (e.g.,
avoid mild short-term side effects, avoid mod-
erate short-term side effects, or avoid severe
short-term side effects). Each choice task in
this DCE included 5 attributes, with each
attribute represented at 3 distinct levels. Par-
ticipants completed 10 choice tasks. Attributes
and levels were identical to those in the multi-
profile case.

Multi-ProfileCase: The choice tasks in this
DCE differ from the object case and the profile
case. Each choice task required participants to
choose which of two profiles they preferred
each with 5 attributes at varying levels (see
Fig. 3).

This DCE is unchanged from our prior
work [11]. Each choice task included 5
attributes (event-free survival, complete remis-
sion, time in hospital, short-term side effects,
and long-term side effects) each with three levels. Participants completed 10 choice
tasks.
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The choice tasks within each DCE were designed in a linear fashion that provided
a “back” and “continue” button to progress through the pages. The initial pages of the
prototype contained a set of definitions for the terms that would be used as well as a
static example on how to complete the choice tasks.

Think-Aloud Sessions and Semi-structured Interviews. Participants were prompted
to think aloud as they evaluated the prototype. Each session was audio-recorded and
transcribed. Semi-structured interviewswere conducted after completing each version of
the DCE to elicit feedback on participants’ (1) understanding of the provided definitions
of the attributes, (2) ability to distinguish between the levels of attributes as presented,
(3) preference for DCE version, and (4) perspective on whether patients and family
caregivers would utilize and/or trust this tool. Our interview guide was developed in
consultation with a qualitative research expert (see Appendix A).

Subjective Usability and Cognitive Workload Assessments. After completing each
assigned version of the DCE, participants evaluated the usability by completing the
post-study system usability questionnaire (PSSUQ), consisting of 16 questions divided
into three sub-constructs: system usefulness, information quality, and interface quality
[21]. Each question within the PSSUQ is rated on a 7-point Likert Scale, with overall
scores calculated by averaging all sub-constructs. Benchmark scores derived from Sauro
and Lewis provide the means depicted in Table 2 to interpret overall and subconstruct
PSSUQ scores, with better performance and satisfaction reflected in a lower PSSUQ
score [22].

Following completion of each assigned DCE, participants also assessed the CWL,
quantified subjectively using the National Aeronautical and Space administration’s Task
Load Index (NASA-TLX) questionnaire. The NASA-TLX measures six dimensions of
CWL (mental, physical, and temporal demands, frustration, effort, and performance)
with scores ≥55 associated with reduced performance in numerous settings including
oncology [23].

2.4 Data Analysis

Descriptive statistics were reported for the demographic information.

Think-Aloud Sessions and Semi-structured Interviews. Qualitative data from both
think-aloud sessions and semi-structured interviews were coded by four members of our
study team (AC, AK, KA, DRR) in brainstorming sessions to create an affinity diagram.
An affinity diagram uses inductive reasoning to gain insight into the key requirements of
a system, including reliability and performance [24]. A recent analysis described the use
of modified affinity diagramming techniques that were originally developed from from
Holtzblatt’s methodology and have since been used for prototype evaluation in Human
Computer Interaction and interaction design [25].Holtzblatt’s classic approach to affinity
diagramming is intended to gain insight during the discovery stages of design and focuses
on contextual inquiries, work modeling, consolidation and affinity diagram building,
storyboarding and paper prototyping. Lucero’s analysis suggests that once interactive
prototypes are established, contextual inquiries, work modeling and paper prototyping
are no longer relevant [25]. Aswe had createdmedium-fidelity prototypes based on paper
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versions from previous studies, we chose to use a modified approach that uses affinity
diagramming for prototype evaluations. This approach includes four stages, including
creating notes, clustering notes, walking the wall, and documentation. Data gathered
during usability testing was consolidated, and team members were invited to group
the user feedback into themes. Team members began placing their suggested themes
on the wall, inviting others to “walk the wall”, by creating additional subgroups and
relocating cards, until all final themes had emerged. Upon completion, the diagramming
was converted into an electronic format.We evaluated these findings by selecting relevant
quotes within the themes and translated them into specific design recommendations.

Subjective Usability and Workload Assessments. Descriptive statistics for subjec-
tive assessments of usability and CWL were calculated using Microsoft Excel. Descrip-
tive statistics established for the subjective assessments (PSSUQ and NASA-TLX) were
broken down by case type and cohort.

We compared the obtained usability to existing standards to assess if each case type
met acceptable usability levels. PSSUQ scores recorded from each cohort, by assigned
case type, were compared to existing standards to assess overall usability, system use-
fulness, information quality, and interface quality. Paired t-tests were performed, using
JMP 15 Pro, to examine differences in overall usability scores between assigned case
types within cohorts, and between case types across cohorts. We considered P values of
less than .05 to have statistical significance.

We compared the obtained CWL scores to existing CWL standards to assess if the
cases met acceptable levels of user interactions with EHTs. The six dimensions of CWL
(mental, physical, and temporal demands, frustration, effort, and performance) were
compared for each case type and broken down by cohort. Paired t-tests were performed,
using JMP 15 Pro, to examine differences between versions of the DCE.

3 Results

3.1 Participant Characteristics

15 participants divided into 3 cohorts were enrolled in the study and completed all assess-
ments. Table 1 summarizes demographic information and comfort level with technology
assessments. The median age of all participants was 29 years (range: 21–50). Most par-
ticipants were female (78.6%) (Table 1). Participants identified as Caucasian (53.3%),
Asian (26.7%), African American (13.3%), and Black/White (6.7%). Most participants
identified as not Hispanic/Latino (86.7%). All participants were college-educated, with
most having completed a bachelor’s degree or higher (93.3%). The median household
income was $50,000 to $74,999. Most participants indicated they are very comfortable
with technology (93.3%).

3.2 Participant Preference for Version of the DCE

When asked to specify the preferred version of the DCE, 80% (n = 4) of participants in
cohort 1 preferred the multi-profile case, with 20% (n = 1) equally preferring the profile
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Table 1. Baseline characteristics of participants

Characteristic Cohort 1(n = 5) Cohort 2 (n = 5) Cohort 3 (n = 5)

Age, y

Mean (SD) 29.8 (11.4) 25.4 (2.9) 30.8 (11.6)

Range 23–50 23–30 21–50

Sex

Male 2 1 0

Female 3 4 4

Chose not to specify 1

Race

Caucasian 2 3 3

African American 1 1

Asian 1 1 2

Other 1 (Black/white)

Ethnicity

Hispanic/Latino 2

Not Hispanic/Latino 5 5 3

Education

Some college, no degree 1

Bachelor’s degree 3 4 2

Graduate or professional degree 1 1 3

Household income

Less than $25,000 1 2 2

$25,000 to $34,999 1

$35,000 to $49,999 2 1

$50,000 to $74,999 2 2 2

Prefer to not answer 1

Employment status

35 h a week or more 3 3 1

Less than 35 h a week 3

Unemployed 2

Other (please specify) 2 (Student) 1 (Student)

Comfort level with technology

I am very comfortable using
technology with little or no help
from others

5 5 4

(continued)
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Table 1. (continued)

Characteristic Cohort 1(n = 5) Cohort 2 (n = 5) Cohort 3 (n = 5)

I am somewhat comfortable using
technology, but need help getting
started

1

case and multi-profile case. In cohort 2, 80% (n = 4) preferred the multi-profile case,
with 20% (n = 1) equally preferring the object case and multi-profile case. In cohort 3,
60% (n = 3) preferred the multi-profile case, with 40% (n = 2) preferring the object
case.

3.3 Thematic Analysis

Overall, 14 themes emerged during our affinity diagramming sessions (Fig. 4). The
themes and subgroupings associated with usability and CWL, and that led to specific

1
4
6
6
10
12
14
14
16

27
29

40
70

105

Lack of User Support
Trust

Language
Miscellaneous

Information Overload
Setting

Examples
Instructions
Ease of Use

Design
Navigation
Definitions

Visualizations
Cognitive Process

Fig. 4. Affinity diagramming themes

design improvements are presented
in (Fig. 5). Additional themes
emerged that focused on trust for
using the tool and appropriate set-
tings (e.g., clinical setting with
assistance from a provider) for
completing the prototypes. Data
from these additional themes will
be analyzed when evaluating this
tool for clinical implementation.

All participants indicated that
the prototypes were not challeng-
ing to complete. Some participants
indicated that while the user inter-
face made it easy to select their
answers, cognitive challenges arose
when asked to complete the DCEs.
These challenges were most often
reported with the profile cases,
especially the single profile case.

Overall, 4 of the 14 themes that emerged, led to most of the key design change
decisions, and are focused on definitions, instructions, information overload, and
navigation.

Theme 1: Definitions. All participants (n = 15) reported understanding the attribute
definitions well enough to complete the choice tasks, however, 33% needed to reference
the definitions. Many participants commented on the need for clarity and having easy
access to definitions of the attributes and levels. Study participants mentioned that hav-
ing the definitions presented before answering the questions was helpful, however, by
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Fig. 5. Affinity diagram

the time they were asked to complete the questions, many were uncertain they could
accurately recall how a term was defined. Participants suggested adding the ability to
review the definitions while answering the questions.

“If there is a way to add a feature where if you could click on like complete
remission or something, it could show that definition again” (Female, Age 31)

“Maybe when they start actually going through like the quiz part, having like
you know how you can like hover over something and the definition pops up, a
reminder of maybe what it means.” (Female, Age 26)

Participants also emphasized the need to clarify the definitions, as terms such as
event-free survival and complete remission were unfamiliar to them. Participants indi-
cated that emphasizing the importance of understanding the definitions would improve
the prototype.Many suggested that the terms usedwith side effects, such asmild, moder-
ate, and severe, can have differentmeanings for different people, and providing examples
would make it easier to distinguish between the varying levels of side effects.

“What is event free survival?” (Male, Age 23).

“People without medical background may not know what this meant.” (Female,
Age 25)

“It’s like after reading the top paragraph, I think I understand event free survival,
but yeah, I don’t know, I’ve never heard that term before. At first, I was like oh,
remission, and then it says it does not mean you are in remission. And I feel like
understanding what event free survival is important for the next questions I’m
going to have to respond to, and like I understand the definition, but it’s just not
really intuitive what event free survival means.” (Female, Age 31)

“What is moderate, what is severe, that was the lingering question.” (Female, Age
30)
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A disease related event, could that also be any other health thing such as acute
respiratory disease or some other complication from the drug? Does that count
as an event? I need clarification. (Female, Age 50)

“What does a moderate long term side effect mean right? Does that mean? Oh, I
may not be able to have kids.” (Female, age 27)

Design Changes: After completing user testing sessions with cohort 1, we added
an “information icon” to each choice task page. Within the object case, the icon was
located above the attributes and provided definitions of all attributes when selected.
For the multi-profile case, the information icon (“i”) was located on the left side of
each attribute. Cohort 2 noted the icon resembled a bullet point, and that its function
was unclear. In response, it was changed to a question mark, relocated to the right side
of the attribute, and enlarged by 50% to make it more visible. Text was added to the
multi-profile case to state users can “click on any word to display the definition.”

With the support of a health literacy expert, we modified the terminology used to
define each attribute by removingmedical jargon to not exceed a sixth-grade reading level
as recommended by the American Medical Association and the Agency for Healthcare
Research and Quality [26, 27].

We also simplified the language for attribute levels and incorporated graphs for visual
representation. For example, we utilized anthropomorphic representations to indicate
the chance of achieving complete remission, and we utilized bullet charts to indicate
differences between mild, moderate, and severe (as shown in Figs. 6 and 7 respectively).

We also removed the static “text-based” definition pages and replaced these with
audio/video overviews of the simplified definition. Participants can pause or replay the
videos if desired.

Theme 2: Instructions. One common preference among participants was the need
to have clearer instructions at the onset of the prototype. Participants indicated that
providing an overview page or table of contents for the surveys would improve the
prototype.

“An overview to see everything that is available on the prototype on one page
first might be good because it’s when you start going through those continued
questions it is not immediately clear what is going to come next. So, it’s not clear
how much information you are missing. For example, the page that said benefits
and risks, it would have been nice to know this would be elaborated on a different
page.” (Female, Age 25)

“It would be nice if there were a Table of Contents. Let them know the number of
questions at the beginning.” (Male, Age 23)

“Maybe in the beginning, more of a title to the slides because the title was kind of
small up there and I had to sometimes say, like, what am I doing again?” (Female,
Age 50)
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Fig. 6. Multi-profile case with 50% chance of
complete remission selected to show pop-up
definition.

Fig. 7. Multi-profile case with mild short term
side effects select to show pop-up definition.

Many felt that the instructions did not provide a clear direction on what they were
expected to do, nor howmany questions were included. Participants commented that the
instructions did not make them aware of the importance of thoroughly understanding
the definitions.

“Maybe the survey should reference earlier on, I didn’t know this is like a survey.
It might have been a little confusing.” (Female, Age 27)

“It’s kind of the way that the mind works if I know this is something that I have
to retain until the very end of all of this stuff, then my mind is going to process it
differently.” (Female, Age 50)

“I don’t really understand those directions. I couldn’t imagine like older person
doing that like that was kind of confusing.” (Female, Age 26)

Participants felt examples of the DCE choice tasks were very helpful. However, for many
participants, the static examples contained too much text and caused confusion rather
than clarification.

“The first example is very confusing. I didn’t know what it was asking me to do.”
(Male, Age 23)

“Oh, this is his choice, not my choice in this example. I did not read that properly.”
(Male, Age 23)
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DesignChanges:We added awelcome video that provided an overviewof each prototype
for participants to view before interacting with the prototypes. A title page was added
to each prototype, as well as an introductory page that provides information about the
assigned prototype. The welcome video includes a statement about the importance of
understanding the definitions for completing the prototypes.

We also replaced the “text-based” examples with short example videos that walk the
participant through the choice tasks and provide them information about how to access
definitions, if needed.

Theme 3: Information Overload. Participants stated they felt a sense of information
overload and noted that there was too much content on each page. Recommendations
were made to simplify the information presented. Although these statements referred to
the appearance of the prototype generally, participants noted that the information over-
loadmadeunderstandingdefinitions and answering choice taskswithin theDCEdifficult.
Many participants found it challenging to comprehend and retain the information due to
the amount of text and the terminology used.

“A lot of information, it was an overload. That made it hard especially when it is
something difficult to think about. It was so much. People have different ways of
taking in information. There was a lot of text.” (Female, Age 27)

“A couple of the screens were a bit too wordy. There was just too much information
on the screen and they just needed to be broken up so I can process. I think fit into
multiple pages.” (Female, Age 50)

“It felt long and time consuming. It felt like it was a lot for one sitting.” (Male,
Age 24)

“OK, now I got to read all this. I thought it was just going to be pictures.” (Female,
Age 30)

“I think this could be streamlined into more like one or two sentences. This page
looks complicated on first glance.” (Female, Age 32)

Design Changes: We simplified the terminology, focusing primarily on improving the
attribute definitions. This resulted in a reducedword count on eachpage, thereby reducing
the clutter and improving the overall appearance.

Theme 4: Navigation. Some parts of the initial prototype contained a navigation bar
at the top of the screen. Many commented it was not necessary and oftentimes caused
confusion as to its purpose.

“I like that there’s not the thing on the top there because I was wondering if I need
to do something up there.” (Reference to the navigation bar) (Female, Age 50)

“I noticed this survey doesn’t have the buttons on top, which I think makes it look
cleaner because I didn’t really need it for them in the last one.” (Reference to the
navigation bar) (Male, Age 24)
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Each prototype was initially designed with an overall progress bar, located at the top of
the screen, and an additional numerical bar located at the bottom of each choice task
page to indicate which choice task they were on, as seen displayed in (Figs. 1, 2 and 3).
Participants indicated that having two progress bars was confusing.

“So the progress bar thing or the advancement thing has changed and that’s maybe
a little bit jarring.” (Referencing the addition of the numerical choice task progress
bar) (Female, Age 31)

“When I see this, I feel like I can like choose which question.” (Referencing the
numerical choice task progress bar) (Age 23)

Design Changes: We removed the top navigation bar. We also removed the choice task
progress bar located at bottom of all DCEs. We added text to the top of each choice task
page indicating which question participants were on (e.g. Question 1 of 10).

3.4 Usability

Usability was reported as acceptable for all DCEs, with mean PSSUQ scores below
the validated mean scores presented by Sauro and Lewis. [22] Table 2 includes detailed
PSSUQ results broken down by DCE type and cohort. When examining the subscales by
case type, the best subscale scores for all case typeswere systemusefulness. Therewas no
difference in overall PSSUQ scores between assigned case types within cohorts. When
evaluating between case types across cohorts, cohort 1 reported lower mean usability
scores for themulti-profile case compared to cohort 2 (−2.8, p= 0.02). Themulti-profile
case was the only case presented to each cohort, of which we saw an improved overall
mean score from 2.13 (SD 0.59) to 1.66 (SD 0.30) as well as improved scores in each
subscale.

3.5 Cognitive Workload

Global NASA-TLX scores for each DCE case type were all below 55, indicating accept-
able cognitive workload. Table 3 includes detailed NASA-TLX results broken down by
case type and cohort. There was no difference in global NASA-TLX scores between
assigned case types within cohorts. There was a significant difference in the frustration
rating between the profile case and object case (cohort 2) (−2.23, p = 0.04) and the
profile case and object case (cohort 3) (−2.33, p = 0.04).
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Table 2. Usability scores

Type of DCE
(Cohort)

System 
Usefulness 
(SYSUSE)

Information 
Quality 

(INFOQUAL)

Interface 
Quality 

(INTERQUAL)
Overall 
PSSUQ

Multi-Profile Mean (SD)

Cohort 1 1.57 (0.40) 2.35 (0.81) 2.05 (0.51) 2.13 (0.59)

Cohort 2 1.10 (0.08) 1.28 (0.47) 1.25 (0.32) 1.25 (0.39)

Cohort 3 1.49 (0.44) 1.46 (0.43) 1.85 (0.30) 1.66 (0.30)
Profile 
Cohort 1 1.63 (0.53) 2.43 (0.98) 2.25 (0.47) 2.26 (0.60)

Object 
Cohort 2 1.27 (0.53) 1.32 (0.64) 1.20 (0.40) 1.30 (0.60)
Cohort 3 1.24 (0.31) 1.45 (0.39) 1.50 (0.57) 1.45 (0.44)

*Sauro & Lewis [22] 2.80 3.02 2.49 2.82
*Recommended means provided by Sauro and Lewis to interpret PSSUQ scores. Better per-

formance and satisfaction are reflected in lower PSSUQ scores [22].

Table 3. Cognitive workload scores

Type of 
DCE Global Mental Physi-

cal 
Tem-
poral 

Perfor-
mance Effort Frus-

tration 
Multi-
Profile  

Mean 
(SD) 

 Cohort 1 12.32 
(3.93) 

55.00 
(18.71)

0.00 
(0.00)

9.00 
(13.57)

48.00 
(40.82)

40.00 
(17.61)

16.00 
(11.58) 

 Cohort 2 6.03 
(3.93) 

22.00 
(25.81) 

2.00 
(4.00) 

2.00 
(4.00) 

42.00 
(47.39) 

5.00 
(7.75) 

2.00 
(4.00) 

Cohort 3 14.73 
(4.83) 

69.00 
(22.23) 

0.00 
(0.00) 

7.00 
(7.48) 

85.00 
14.14 

35.00 
(32.71) 

10.00 
(20.00) 

Profile 
Cohort 1

16.13 
(6.21) 

58.0 
(17.94) 

2.0 
(2.24) 

31.0 
(21.29) 

50.0 
(32.53) 

37.0 
(25.43) 

49.0 
(29.50) 

Object  
 Cohort 2 7.27 

(2.91) 
26.00 

(10.20) 
2.00 

(2.45) 
1.00 

(2.00) 
41.00 

(48.21) 
13.00 

(12.08) 
11.00 

(22.00) 
 Cohort 3 14.67 

(5.82) 
67.00 

(26.94) 
0.00 

(0.00) 
14.00 

(15.94) 
78.00 

(34.29) 
36.00 

(32.77) 
10.00 

(12.65) 
* Global Scores ≥ 55 are associated with reduced performance [23]. 

4 Discussion

4.1 Principal Findings

The objective of this study was to evaluate and compare standards on the perceived
usability and cognitive workload of healthy volunteers interacting with a prototype EHT
containing three distinct versions of a DCE: multi-profile case, profile case, and object
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case. We found similarities between case types, mainly from the results of the PSSUQ
and NASA-TLX assessments that suggest usability and the mental workload levels
were acceptable. Overall, the qualitative feedback received was positive, with most
participants indicating the EHT prototypes containing the DCEs were straightforward,
user-friendly, and easy to use.

Utilizing a modified affinity diagramming process for evaluating our prototypes was
an effective approach to gain insight from usability testing. Consolidating the qualitative
data and creating groupings led to the discovery of usability issues as common themes
began to emerge during the diagramming process, including definitions, instructions,
information overload, and navigation. Specific design improvements were made to the
prototypes based on the discovery of these usability issues. This is consistent with pre-
vious studies that indicated this modified approach helped the study team prioritize the
issues that needed to be addressed and ultimately led to improved prototypes [25, 28,
29].

Data fromDCEs are derived from individual choice tasks where participants indicate
their preference for one attribute over another. Poor understanding of attributes funda-
mentally undermines the validity of results from DCEs. Participants in our study had
difficulty recalling the definitions of the attribute terms used in the DCEs. We found
that participants desired the option to reference definitions in real-time. Similar to other
studies evaluating EHTs, we also found that the terminology used to define each attribute
included some medical jargon that was challenging for participants to comprehend [30–
32]. We simplified definitions, eliminated medical jargon, and added an information
icon to allow for easy reference to definitions. These changes were essential to maintain
the validity of the choice tasks by ensuring that participants clearly understood each
attribute.

We saw high levels of frustration (NASA-TLX subscale) with the profile case DCE.
Participants also reported that they disregarded several attributes in this DCE in order
to simplify the process. Previous studies have demonstrated that this strategy, termed
attribute non-attendance, is frequently employed by participants in complex DCE choice
tasks andmay undermine the validity of results [33]. Therefore, we decided to remove the
profile case from the prototype and replace it with the object case. This change resulted
in decreased levels of frustration and should result in higher levels of confidence about
the validity of future results.

Although prototypes were not directly compared by individual participants, usability
improved for the multi-profile case in each prototype suggesting that prototypes were
progressively more usable. These findings are supported by interviews with participants
who indicated that improvements, such as adding the ability to review definitions made
the tool more usable.

Published recommendations for developing DCEs for use in healthcare do not cur-
rently include a recommendation to evaluateCWL, nor is it a standard practice to evaluate
the usability of DCEs embedded in EHTs [34, 35]. This study demonstrates that these
methods are useful at identifying potential challenges to the validity of DCE results.
Participants universally reported on questionnaires that the DCEs were easy to under-
stand; however, it was clear that many participants did not understand the definitions of
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attributes and felt frustrated completing choice tasks. These findings suggest that sub-
jective reporting may not be a reliable metric of participant understanding. As we intend
to use this EHT to inform shared decision-making regarding chemotherapy, ensuring
participant understanding of attributes is critical.

4.2 Limitations

Participants in this study were all healthy volunteers. These participants were younger
and likely have different life-experience to our target population of older adults with
hematologic malignancies. Our target population will likely experience the EHT dif-
ferently than these volunteers. Although we attempted to make versions of the DCE
similar by containing similar attributes, our study was not designed to directly compare
versions of the DCE. For example, the number of choice tasks varied for each DCE.
Also, the profile case was only presented to one cohort of patients and was replaced by
the object case due to high levels of frustration and subjective report. This reduced the
number of participants that completed the profile case. In addition to our small sample
size, these considerationsmake definitive conclusions regarding preference for DCE ver-
sions impossible. While our sample size was small, this was adequate for informing the
design recommendation of the prototypes, as we were able to identify common themes
and achieve thematic saturation. Previous studies using healthy volunteers, and similar
sample sizes have shown to be an effective method to resolving usability problems prior
to definitive work in our target population [32, 36].

4.3 Conclusion

Shared decision-making in oncology requires a clear understanding ofwhatmattersmost
to each patient. Methods to reliably capture patient preferences at the point-of-care have
not been fully developed. We used an innovative approach with healthy volunteers to
design efforts that would leverage insights on completing choice tasks within iteratively
refined prototypes and improve the processes involved in capturing patient preferences.
When implemented, an EHT to elicit patient preferences has the potential to improve
shared decision-making and patient-centered care across oncology.

Acknowledgments. We would like to thank UNC Health for their ongoing support devoted to
our research efforts. We thank Paul Mihas for his help in preparing an interview guide for use in
soliciting participants’ comments and feedback about the prototypes. We thank Terri Ottosen for
assisting with assessing and providing reports on the terminology used within the prototypes.

Appendix A

Semi-structured Interview Guide (asked after completing each prototype):

1. What is your overall impression of the prototype?

a. What did you like about the prototype?
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b. What did you not like about it?
c. What additional features would you like?

2. Did you find the prototype challenging to complete?

a. Can you tell me more about that?

3. [Multi-Profile Case] You were presented with 10 questions that asked you to choose
between drug a and drug b. Can you walk me through how you made a decision
regarding treatment preferences in the prototype?

4. [Profile Case/Object Case] You were asked to think about what was most important
and least important. Can you walk me through how you made a decision regarding
treatment preferences in this prototype.

Semi-structured Interview Guide (asked after completing both prototypes):

5. Did the definitions of the attributes make sense to you as they were presented?
6. Did you feel that you understood the definitions of the attributes well enough to

complete the prototype?
7. Could you distinguish between the levels of each attribute as they were presented

in the prototype? For example, the levels presented for remission were 40%, 50%,
or 60%.

a. Can you tell me more about that?

8. When you read the words mild, moderate, and severe, what kinds of things came
to mind?

9. You were asked 10 questions about drug a and drug b. You were also asked 7
questions about what was most important and least important.

a. Which of these question series, if either, would help you have a more informed
discussion with your providers?

10. Do you think patients with newly diagnosed cancer and their family caregivers will
use this? If they do use this, do you think they will trust it?

a. Can you tell me more about that? (What are the barriers and facilitators?)
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Abstract. This research aims to investigate the main factors that affect the selec-
tion of different somatosensory games for the elderly. The research uses literature
research, questionnaire survey and interviewmethod to summarize ten main influ-
encing factors, then combines the Decision-Making Trial and Evaluation Labo-
ratory method (DEMATEL) to evaluate the interaction and degree of interaction
among the main influencing factors.

The result shows that the factors of ‘Happiness perception’, ‘Exercise behav-
ior’ and ‘Self-worth’ are the three core factors that affect the somatosensory
game theme preference among the elderly. ‘Exercise behavior’, ‘Health status’
and ‘Altruistic behavior’ have the greatest influence on other factors, as well as
‘Happiness perception’, ‘Self-worth’ and ‘Friendly relations’ are more likely to
be affected by other factors. The purpose of this research is to analyze the inter-
action of factors which influencing the somatosensory game preferences among
the elderly. It is hoped that this research can provide theoretical references for
the design of somatosensory games for the elderly in the future, to improve
the elderly’s exercise experience, and to promote the application of emerging
technologies in the elderly.

Keywords: The elderly · Somatosensory games preferences · User
decision-making · Decision-making Trial and Evaluation Laboratory
(DEMATEL)

1 Introduction

1.1 Background

According to the World Health Organization (WHO) [1], the proportion of the global
population over the age of 60will increase from 12% to 22% from 2015 to 2050.With the
development of the global aging trend, the quality of life and medical care of the elderly
has become one of the most important global issues [2]. Faced with substantial social
and economic problems produced by population aging, the concept of “Active Aging”
has received more widespread recognition and attention. A large number of domestic
and foreign studies have shown that exercise is a key factor in achieving ‘Active Aging’
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goals. Regular exercise has positive effect on the healthy development of both the brain
system and nervous system [3].

With the improvement of technology and people’s consumption level, the forms
of fitness activities are constantly being updated. Compared with traditional sports,
somatosensorygameshave receivedmore andmorewidespread recognition and attention
due to their entertainment, freedom and interactivity.

In addition to its application in daily exercise, somatosensory games have gradually
become an emerging medical method, allowing users to penetrate from the young to the
elderly. Some studies also have shown that exercise can be used to encourage physical
and mental activity in the elderly and delay their disease attack.

However, although regular exercise has many benefits for the elderly, their actual
participation in exercise is still low due to their limitations of movement and accustomed
living habits [4]. Meanwhile, although somatosensory games have become more and
more widely accepted, most of them are not designed for the elderly, which makes them
unable to enjoy the benefits. Facing the huge market of products suitable for the elderly,
it is necessary to combine their special physical and psychological conditions to design
somatosensory games which can make them more willing to exercise.

1.2 Literature Review

The literature research is conducted through databases and search engines, primarily
initiated through the Web of Science, CNKI, Google Scholar, and ScienceDirect. This
research starts from the database collection research, based on the keywords ‘Exercise
suitable for aging’, ‘Somatosensory games’, ‘Exercise willingness’, ‘User experience’,
etc., and the publication year ranges from 2000 to 2021. The authors sort out and the
research on the aging of somatosensory games and the factors influencing the exercise
decision-making of the elderly.

ScholarsMandryk [5] and others have summarized the factors obstructingmovement
from three aspects, including psychological barriers, physical barriers, and time barriers.
Psychological barriers include lack of exercise awareness and exercise interest, lack
of confidence, etc. Physical barriers include weather conditions and site restrictions.
Amado [6] pointed out that the aging process of the elderly will be accompanied with
the decline of physical function, which will result in the decline of exercise ability and
self-control ability. Further, it will result in negative emotions and weakened willingness
to exercise. On the other hand, the characteristics of exercise (such as boring, single-
person participation, etc.), will also lead to the decrease in the exercise willingness and
the reduction in the exercise duration.

Some research [7] show that, compared with traditional video games, somatosen-
sory games have higher intensity and can induce more energy consumption. Therefore,
somatosensory games can be used as an effective daily exercise tool. A three-year-long
study [8] have showed that the elderly in the case of somatosensory game interven-
tion showed higher willingness and participation than those under traditional exercise
intervention. The study by Kappen [9] et al. also reached the same conclusion.

Somatosensory games can also provide positive emotional experience for the elderly.
Li X et al. [10] found that somatosensory games have significant relieving effect on
anxiety in the elderly. The experiments of Chao [11] et al. also verified this point of view,
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and further pointed out that such positive effects may originate from the cooperation and
interaction of peers during games. The research of Bandura [12] et al. showed that
the goal setting, progress display, role building, support and encouragement during the
somatosensory games can improve the participation willingness and completion of the
elderly. Also, the research by Jung [11] and others showed that the loneliness of the
elderly in the experimental group using Nintendo Wii was much lower than that in the
control group using traditional board games, which indicating that somatosensory games
can effectively reduce the negative emotions of the elderly.

Research by Skjæret et al. [13] showed that the quality of somatosensory games is
determined by both the action features and the game design. They studied the game
elements and the movement characteristics of the elderly in the step-by-step movement.
The game elements include game graphics, sound, game mechanics, game narrative,
etc. The movement characteristics include step change, movement direction, and center
of gravity movement. In terms of promoting exercise motivation, somatosensory games
which support multiplayer modes are becoming more and more widely used. ‘Competi-
tion’ and ‘cooperation’ are themost commonmultiplayer interactionmode. The research
of Woohyeok [14] et al. integrated the competition mechanism and cooperation mech-
anism into swimming sports games. In the competition mode, the players’ respective
points are determined by the ranking of the stroke frequency of all players in the team;
In the cooperation mode, all the players are in the same lane and need to control their
frequency to avoid collisions with each other and deduct points. The study showed that
besides achieving group goals, this game also effectively promoted group friendly rela-
tions. It introduced a rich social experience, and enhanced user experience. Seungmin
Lee [15] pointed out that social interaction and feedback (including visual and sound)
in somatosensory games will have an impact on players’ psychology. At the same time,
the study also pointed out that there is a relationship between energy consumption and
psychological emotions during the games. Scholar Zhao [16] pointed out that personal-
ized game content and gradually unlocking & releasing game mechanics can effectively
improve players’ participation and completion, then improve the user experience during
the game.

However, most studies only analyze from one certain perspective, which cannot
comprehensively analyze the users’ decision-making. Therefore, this research aimes
to use the DEMATEL method to conduct a comprehensive analysis of the influencing
factors of elderly users’ somatosensory game themes preference.

1.3 Research Purposes

This study focuses on the somatosensory games for the elderly, explores the factors that
affect their preferences and the interrelationships between the factors. Through literature
search and questionnaire survey, ten main factors affecting users’ choice behavior were
summarized. It is hoped that by using the Decision-making and Evaluation Laboratory
method (DEMATEL), the research can evaluate these influencing factors to determine
the correlation between them. Furthermore, providing theoretical models and scientific
references for the somatosensory games design for the elderly, so as to improve their user
experience, investigate the direction of related products and service systems to promote
the application of emerging technologies among the elderly.
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2 Analysis of Factors Influencing the Theme Preferences
of Somatosensory Games Among the Elderly

2.1 Summary of Factors Influencing the Theme Preferences of Somatosensory
Games Among the Elderly

Based on literature search, 50 high-frequency keywords related to ‘Aging exercise’,
‘Somatosensory game experience’ and ‘Exercise willingness’ in relevant literature were
extracted, as shown in Table 1.

Table 1. Topics related high frequency keywords.

Number Keywords Number Keywords

1 Age 26 Keep a clear mind

2 Gender 27 Self-achievement

3 Educational level 28 Future hope

4 Monthly income 29 Decision making

5 Medical insurance 30 Depend on

6 Living habit 31 Interest in life

7 Diet 32 Emotional management

8 Medication 33 Degree of fatigue

9 Sleep quality and duration 34 Depressive condition

10 Urinating and defecation 35 Hearing & vision

11 Living environment 36 Age perception

12 Family company 37 Quality of life

13 Peer communication 38 Independence

14 Privacy respect 39 Confidence

15 Self-determination 40 Chronic disease severity

16 Verbal respect 41 Family and friends contact

17 Self-management 42 Personality growth

18 Act respectfully 43 Psychological well-being

19 Hobby 44 Self-worth

20 Learning attitude 45 Altruistic behavior

21 Specialty 46 Vitality

22 Social support 47 Friendly relations

23 Family support 48 Family structure

24 Health status 49 Memory capacity

25 Self-care ability 50 Balance ability
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2.2 Classify the Factors Influencing the Theme Preferences of Somatosensory
Games Among the Elderly

Since the excessive number of keywords (50) and some duplication of internal factors
will lead to the difficulty of subsequent data collection and low accuracy, this research
adopts qualitative analysis and further literature review. The elements are extracted,
classified and summarized, as the main influencing factors (MIF). The specific contents
are shown in Table 2.

Table 2. Main factors influencing the elderly to choose somatosensory games with different
themes.

Number Influencing factors Specific items

1 Health status Balance ability, muscle strength, disease prevention, disease
treatment, psychological condition

2 Nutritional behavior Eating habits, nutritional science, dietary taboos, dietary
recommendations

3 Living habit Vitality, hobbies, medication habits

4 Exercise behavior Energy expenditure, strength training, desire to exercise,
fatigue level

5 Self-domination Self-care ability, daily independence, activity restriction,
learning attitude, self-determination

6 Happiness perception Life quality, vitality, hope of life, source of income, medical
security, living environment, social support, family support,
teamwork, familiarity

7 Self-worth Education level, self-management, age perception,
personality growth, specialty

8 Altruistic behavior Family decision-making, degree of dependence,
self-influence on others

9 Friendly relations Marital status, family structure, family accompaniment,
privacy and verbal respect, social relations

10 Stress management Health distress, emotional management, depression, and
heart-to-heart talks

2.3 DEMATEL Procedure

The Decision-Making Trial and Evaluation Laboratory (DEMATEL) technique was first
employed by Fontela between 1972 and 1976 by the Scientific and Human Affairs
Program of the Battle Memorial Institute in Geneva [17]. DEMATEL is a structural
modeling method that helps to analyze the relationship between system components,
confirm whether there is a relationship or interdependence between components, and
can also reflect the relative relationship between components level [18]. It has been
widely used in many fields such as hospital management [19], car sharing services [20],
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as well as intelligent product service system [21] and management system for Small and
medium-sized enterprises [22].

The DEMATEL procedure in this research is carried out according to the following
steps (see Fig. 1.). (1) Determine the 10 main influencing factors that affect the selection
of somatosensorygamesof different themes for the elderly users; (2)Design aDeMATEL
scale to establish the relationship between each factor. Go to the community to collect the
target users’ opinions through face-to-face interviews and questionnaires. Then sort the
data and establish the direct relationshipmatrix Z; (3)Normalize the original relationship
matrix to obtain the normalized direct influence matrix; (4) Calculate the direct/indirect
relationship matrix T, and obtain the influence degree (D), influenced degree (R), the
corresponding Prominence value (D+R), andRelation value (D−R) of each factor, and
observe the relationship structure among the factors; (5) Draw the Influential Relation
Diagram (IRD); (6) Determine the interaction degree among the factors and provide
scientific references and suggestions for the design of somatosensory games for the
elderly.

Fig. 1. Research process of Decision-Making Trial and Evaluation Laboratory method (DEMA-
TEL)

Questionnaire Distribution and Data Analysis. The above 10 main influencing fac-
tors (MIF) are made into a 10 * 10 matrix of rows and columns, as shown in Table 3. The
author went to Hongqi Community, Minhang District, Shanghai to collect questionnaire
data (the interview scene is shown in Fig. 2), and explored the influence relationship
between each two factors through the DEMATEL questionnaire. The users can score
the influence degree by their own subjective judgment. The degree is divided into four
levels, where “0” represents “No influence”, “1” represents “Very low influence”, and
“2” represents “Low influence”, “3” stands for “High influence”.

After selected according to the restriction of age (65 ± 5 years old), a total of 31
questionnaire data were obtained, and the 31 data were calculated according to the
following Eq. (1).

Z = 1

n

∑n

m=1

[
Zm
ij

]
, ij = 1, 2, 3, . . . , k. (1)



Analysis of the Influencing Factors of the Elderly User’s Somatosensory Game 235

Table 3. DEMATEL questionnaire.

Health
status

Nutritional
behavior

Living
habit

Exercise
behavior

Self-domination Happiness
perception

Self-
worth

Altruistic
behavior

Friendly
relations

Stress
management

Health status 0

Nutritional
behavior

0

Living habit 0

Exercise
behavior

0

Self-domination 0

Happiness
perception

0

Self-worth 0

Altruistic
behavior

0

Friendly
relations

0

Stress
management

0

Fig. 2. DEMATEL questionnaire collection site (Hongqi Community, Minhang District, Shang-
hai)
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The averaged Direct-relation matrix Z was obtained, such as shown in Table 4.

Table 4. The averaged Direct-relation matrix Z.

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10

F1 0.000 1.839 1.935 2.226 2.194 2.323 1.903 1.548 1.742 2.065

F2 2.129 0.000 1.742 1.355 1.484 1.677 1.355 0.903 1.290 1.548

F3 2.065 1.806 0.000 1.903 1.645 1.968 1.742 1.419 1.548 1.419

F4 2.194 1.871 2.226 0.000 2.355 1.935 2.194 1.935 1.935 2.219

F5 1.645 1.194 1.645 2.129 0.000 2.484 2.323 1.290 1.355 1.710

F6 1.935 1.000 1.774 1.903 1.839 0.000 1.935 1.935 2.032 2.290

F7 1.452 0.774 1.677 1.871 1.839 2.129 0.000 1.968 1.839 2.226

F8 1.419 1.000 1.452 1.452 1.355 2.355 2.677 0.000 2.194 1.613

F9 1.484 1.000 1.516 1.710 1.194 2.323 2.290 2.032 0.000 1.774

F10 2.355 1.645 1.581 1.839 1.613 2.516 2.129 1.613 1.806 0.000

Next, standardize the averaged direct relationship matrix, and calculate the direct
and indirect influence relationship matrix T as shown in Table 5, by using Eqs. (2)–(4).

X = [xij]k×k = sZ (2)

s = min

⎛

⎜⎜⎜⎝
1

max
1 � j � k

∑k
i=1zij

,
1

max
1 � j � k

∑k
i=1zij

⎞

⎟⎟⎟⎠ (3)

T = lim
m→∞(X + X 2 + ... + Xm) = X(1 − X )−1 (4)

Value D is called the degree of influential impact, as well as Value R is called
the degree of influenced impact. Value Di of each factor is the sum of the values of
the corresponding row, and the value Ri is the sum of the values of the corresponding
columns of each factor. Calculate the D and R values of each of the ten factors, using
Eqs. (5)–(6).

Di =
∑n

j=1
tij, (i = 1, 2, 3, . . . , n) (5)

Ri =
∑n

j=1
tij, (i = 1, 2, 3, . . . , n) (6)

Calculate the quartile in the matrix, and get the threshold value of 0.698. Delete the
factor ‘Nutrition behavio’ in the matrix whose Di value and Ri value are both lower
than the threshold value. This factor will not be analyzed and discussed in this research.
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Table 5. The direct/indirect relation matrix T.

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10

F1 0.629 0.556 0.685 0.731 0.700 *0.845 *0.788 0.644 0.687 0.740

F2 0.591 0.364 0.545 0.553 0.535 0.652 0.606 0.487 0.531 0.574

F3 0.654 0.500 0.522 0.643 0.606 0.743 0.698 0.571 0.607 0.636

F4 0.763 0.580 0.726 0.655 0.734 *0.864 *0.834 0.688 0.724 *0.773

F5 0.647 0.480 0.614 0.666 0.537 *0.780 0.738 0.578 0.611 0.663

F6 0.687 0.492 0.645 0.683 0.651 0.696 0.753 0.632 0.668 0.715

F7 0.637 0.460 0.614 0.653 0.624 *0.765 0.629 0.608 0.633 0.684

F8 0.622 0.459 0.592 0.622 0.590 0.760 0.741 0.503 0.638 0.645

F9 0.622 0.457 0.592 0.629 0.580 0.754 0.719 0.597 0.529 0.648

F10 0.719 0.531 0.650 0.693 0.654 *0.829 *0.774 0.629 0.670 0.620

Underlinerepresents all values in the row and the column that correspond to a factor in the matrix
T are below the threshold value of 0.698
Bold italics type represents general influences, which is above the threshold of 0.698
*represents strong influences, which is above 0.764

Taking 2/3 of the value greater than the threshold value in the matrix, the result is 0.764.
This value will be used as the criterion for distinguishing the influence strength between
factors. Greater than 0.764 means strong influence.

Calculate the Prominence (D + R), which represents the importance, and the Net
effect (D−R), which represents the influence degree of this factor or the affected degree
of other factors (see Table 6).

Table 6. Prominence (D + R) and Net effect (D − R) values.

D + R D − R

F6 Happiness perception 14.310 F4 Exercise behavior 0.812

F4 Exercise behavior 13.869 F1 Health status 0.434

F7 Self-worth 13.587 F8 Altruistic behavior 0.237

F1 Health status 13.576 F5 Self-domination 0.102

F10 Stress management 13.468 F10 Stress management 0.072

F5 Self-domination 12.524 F3 Living habit −0.005

F9 Friendly relations 12.424 F9 Friendly relations −0.173

F3 Living habit 12.366 F7 Self-worth −0.970

F8 Altruistic behavior 12.111 F6 Happiness perception −1.068

Average value 13.137
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The larger the (D + R) value, the higher the importance of the influencing factor in
the overall evaluation system. In this research, factors with higher (D + R) value than
the average level are ‘Happiness perception’, ‘Exercise behavior’, ‘Self-worth’, ‘Health
status’ and ‘stress management’. These above factors are the core factors which affect
the preferences of different somatosensory games for elderly users.

When (D− R) is positive, it indicates that the factor can directly affect other factors.
The larger the value is, the stronger it can influence; when (D−R) is negative, it indicates
that the factor is more likely to be affected by other factors, and the bigger the absolute
value is, the easier it can be affected. The above results show that ‘Exercise behavior’,
‘Health status’, ‘Altruistic behavior’, ‘Self-domination’ and ‘Stress management’ have
an impact on other factors (causal factors); ‘Living habits’, ‘Friendly relations’, ‘Self-
worth’ and ‘Happiness perception’ were the main influenced factors (outcome factors).

The Influential Relation Diagram (IRD). The influential relation diagram can visu-
alize the interaction between factors and quickly identify factors that have a significant
impact on others or are easily affected by others. According to the data in Table 6
above, it showed the coordinate position of the 9 main influencing factors (excluding
the factor T2- ‘Nutritional behavior’) in the diagram. The horizontal axis represents the
Prominence (D + R), and the vertical axis represents the Net effect (D − R). In the
Influential Relation Diagram, the solid line represents a strong influence relationship
between factors (values greater than or equal to 0.764), and the dotted line represents
a weak influence relationship between factors (0.698 ≤ X < 0.764). The influencing
strength value lower than 0.698 will not be drawn in the in the diagram. The arrow
points from “influence” to “influenced” factors. The specific location of each factor is
shown in Fig. 3.

Fig. 3. DEMATEL questionnaire collection site (Hongqi Community, Minhang District, Shang-
hai)



Analysis of the Influencing Factors of the Elderly User’s Somatosensory Game 239

2.4 Discussion

Key Factors for the Elderly Users to Choose Somatosensory Games with Different
Themes. Table 7 lists the top three items and the last three items of Prominence (D+ R)
and Net-effect (D − R). The top three factors of (D + R) are ‘Perception of happiness’,
‘Exercise behavior’ and ‘Self-worth’. These are the most critical factors that affect the
theme preference of somatosensory games for elderly users. Among them, ‘Happiness
perception’ with the highest (D + R) is the most critical factor, and it is necessary to
focus on intervention. The (D + R) value of ‘Friendly relationship’, ‘Living habits’ and
‘Altruistic behavior’ is the smallest, which are the least influential factor. The top three of
(D − R) values are ‘Exercise behavior’, ‘Health status’ and ‘Altruistic behavior’, which
have strong impact on other factors and are the main driving factors. The last three of (D
− R) values are ‘Happiness perception’, ‘Self-worth” and ‘Friendly relations’, which
are more susceptible to other factors (outcome factors).

Table 7. Key factors for the elderly users to choose different somatosensory games.

The top three factors in (D + R) The last three factors in (D + R)

F6 Happiness perception F9 Friendly relations

F4 Exercise behavior F3 Living habit

F7 Self-worth F8 Altruistic behavior

The top three factors in (D − R > 0) The last three factors in (D − R < 0)

F4 Exercise behavior F6 Happiness perception

F1 Health status F7 Self-worth

F8 Altruistic behavior F9 Friendly relations

Analysis and Discussion. The influential relation diagram (IRD) visualizes the rela-
tionship between the influencing factors of elderly users choosing different somatosen-
sory games. As shown in the figure, ‘Happiness perception’ is the most critical factor
affecting the preference, and it also has strong effect on others,which is a crucial interven-
tion point. ‘Exercise behavior’, ‘Health status’ and ‘Altruistic behavior’ have significant
influence on other factors such as ‘Perception of happiness’. By improving these aspects,
the preference of the elderly users for somatosensory games can be positively affected.

Based on the above, the following analysis and suggestions are put forward for the
design of somatosensory games for the elderly in the future:

The elderly prefer game themes that can gain a sense of happiness, and hope to get
sufficient exercise in the game. It can be seen from the influential relation diagram that
‘Happiness perception’ and ‘Exercise behavior’ have the highest (D + R) value among
the nine factors. ‘Exercise behavior’ also has a strong impact on other factors, which
plays an important role in the theme preference of somatosensory games for the elderly.

It is recommended to learn from the traditional sports that the elderly are familiar
with and good at, such as Tai Chi, square dance, etc. It is a possible design scheme which
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integrate their core movements into the somatosensory game to effectively reduce the
sense of strangeness and resistance.Also, it is recommended to give users enoughpositive
and encouraging feedback when the goal is achieved, and avoid negative feedback with
blame, so that the elderly can get enough happiness and pride.

At the same time, the visual design of the game interface can consider warm and
positive colors, use the elements which the elderly are familiar to, and use soft and
comfortable background music to create a warm and happy activity atmosphere.

The elderly prefer the game themes which can promote their health. It is suggested
that let them get their own exercise process and physical condition to promote exer-
cise through positive physical data. The influential relation diagram shows that ‘Exer-
cise behavior’, ‘Health status’ and’ Altruistic behavior’ have strong effects on others.
Promoting these three aspects can promote the improvement of other factors together.

In terms of exercise action design, the exercise intensity and duration suitable for the
elderly should be carefully formulated, so that they can get sufficient exercise under the
premise of ensuring safety. It is recommended to set staged game goals, record the user’s
exercise performance and game progress, which can help the elderly users to grasp their
personal conditions, choose a suitable exercise plan, compare the data before and after
exercise, and gain a sense of happiness and self-control.

Adding multiplayer cooperative/competitive mode in the Game mechanism. Com-
petitive and cooperative are the two most common modes of multiplayer interaction.
The competition mechanism can effectively motivate users’ participation and comple-
tion. But it is also necessary to avoid excessive competition mode which can cause
users’ fear. The cooperation mechanism can effectively enrich the online social experi-
ence, promote ‘Altruistic behavior’ and ‘Friendly relationship’, thereby enhancing the
elderly’s degree of preference for somatosensory games, exercise actively, promoting
health, and forming a positive closed loop.

3 Conclusion

This research identified ten main influencing factors of elderly users’ preference for
different somatosensory game themes, and used the DEMATEL method to calculate the
interaction degree between the factors. Based on the influential relation diagram, the key
factors were used as entry points to put forward the suggestions and references for the
design of somatosensory games for the elderly in the future. It is hoped to acquire the
preferences of the elderly more accurately, so as to improve their participation and com-
pletion of exercise, which can effectively improve the physical and psychological state
of the elderly. And then, the elderly can really feel the benefits of emerging technologies.
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Abstract. The ageing population is a global issue. In an ageing society, it is
important to support the independent living of older adults at home. Each older
adult is in a different physical, mental, and environmental situation, and has dif-
ferent needs. Therefore, it is necessary to assess the situation of each older adult
and provide personalized advice. To address this issue, the e-VITA consortium has
been organized. The consortium aims to (a) build a virtual coaching system that
interacts with users, assesses their situation, and provides personalized advice; (b)
confirm the effectiveness of the system through demonstration tests. The target
users of the system are older adults who are living independent and healthy lives
in the community. The goal of the project is to slow their functional decline and
extend their independent lives. Safety is always an important issue for devices that
interact with people. This paper identifies and discusses safety hazards related to
a virtual coaching system, based on possible-use cases.

Keywords: Virtual coaching system · Active healthy ageing · Hazard
identification

1 Introduction

The ageing population is a global issue. In 2019, 9.1% of the world’s population was
65 years or older, and this is expected to increase to 15.9% in 2050 [1]. In 2005, WHO
adopted the resolution, “Strengthening active and healthy ageing” [2]. Although the
concept of active and healthy ageing (AHA) is not clearly defined in the resolution per
se, it is described there as “remaining in good health and maintaining their many vital
contributions to the well-being of their families, communities and societies”.

In an ageing society, it is important to support the independent living of older adults
at home. In particular, supporting social participation is important for maintaining the
well-being of such older adults, and this becomes even more important as the effects of
the COVID-19 pandemic become more prolonged.

According to the “International Comparison Study on Life and Attitude of the Elder-
ly”, published by the Cabinet Office of Japan in 2020 [3], of respondents aged 60 and
over, 36.9% in Japan, 24.8% in the U.S., 30.5% in Germany, and 27.9% in Sweden
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answered that they have income-generating occupations; and the percentage of respon-
dents who wanted to work (or continue to work) with an income was 40.2% in Japan,
29.9% in the U.S., 28.1% in Germany, and 26.6% in Sweden.

Regarding participation in social activities other than working, the percentage of
those who participated in such activities (e.g., community events or volunteering) was
39.9% in Japan, 63.7% in the U.S., 33.1% in Germany, and 39.5% in Sweden. The most
common reasons for not participating in such social activities, among those who had
never participated in such activities or had participated in them in the past but not now,
were “health reasons, lack of confidence in physical strength” in Japan, “lack of interest”
in the U.S. and Germany, and “have other things to do” in Sweden. Those who answered,
“I can’t find an activity I want to do” amounted to 14.5% in Japan, 17.6% in the U.S.,
17.1% in Germany, and 18.7% in Sweden; those who answered, “I can’t find a suitable
place nearby”, accounted for 10.0% in Japan, 9.9% in the U.S., 9.3% in Germany, and
7.5% in Sweden; and those who answered, “I can’t find anyone to do it with”, accounted
for 11.1% in Japan, 10.2% in the U.S., 4.2% in Germany, and 4.0% in Sweden. These
figures suggest that providing appropriate information on social activities is useful for
encouraging such people to participate in these activities.

However, each older adult is in a different physical, mental, and environmental
situation, and has different needs. Thus, while it is important to provide support to active
older adults living in the community, it is necessary to tailor the support to the individual,
because the needs and environment of older adults are highly individualized. Therefore,
it is necessary to assess the situation of each older adult and provide personalized advice.

To address this issue, an international collaboration project, the “European-Japanese
Virtual Coach for Smart Ageing (e-VITA)”, was launched in 2021 [4]. The e-VITA
consortium, which is composed of technical, academic, industrial, and social partners
from four EU countries (Germany, Belgium, France, Italy) and Japan, aims to construct
a virtual coaching system that interacts with users, assesses their situation, and provides
personalized advice; and to confirm the effectiveness of the system through demonstra-
tion tests. The target users of the system are older adults who are living independent and
healthy lives in the community, and the goal of this project is to slow their functional
decline and extend their independent lives.

The e-VITA project takes the following approaches to achieve this goal:

• Participatory design: ICT tools will be designed, together with the end-users and
stakeholders, which will empower older adults in deciding how technology should
support them in their daily activities.

• Development of an intercultural virtual coach: smart-living technologies, advanced
AI, and tailored dialogue interaction will be integrated seamlessly to realize an
advanced intercultural virtual coach.

• Provision of a new concept: a new conceptwill be introduced regardingwellbeing sup-
port, smart-health conditionmonitoring, and companionship for community-dwelling
older adults in Europe and Japan.

• Improvement ofQOL: the quality of life of older adultswill be improved, by increasing
subjective wellbeing, individual health, and social connectedness, with the aid of the
virtual coach.
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Safety is one of the highly important issues in this project, as the older adults will
interact with robots and ICT devices on a daily basis. However, it is not clear what
kinds of hazards can be identified, because the virtual coaching system is a highly
complex system consisting of many components. In this paper, we assume specific-use
cases involving a virtual coaching system, identify the hazards, and describe the risk
reduction process based on ISO 12100 [5].

In Sect. 2, we outline the virtual coaching system that we intend to implement.
In Sect. 3, we define the use cases and conduct hazard identification. In Sect. 4, the
subsequent risk reduction process is discussed. Section 5 concludes the paper.

2 System Outline

Thevirtual coaching systemwhich the e-VITAproject is developing aims to support older
adults in maintaining their intrinsic capacity. According to the “World report on ageing
and health”, published by WHO in 2015 [6], ‘intrinsic capacity’ is the composite of all
the physical and mental capacities of an individual. e-VITA will address the following
domains of intrinsic capacity: cognition, emotion, mobility, sensory, and vitality.

Figure 1 shows a schematic outline of the virtual coaching system under develop-
ment. The system conducts speech interaction with the user through an interface device
such as a communication robot (Fig. 2). The system acquires data on the status of the
physical activity of the user and environmental conditions via sensors mounted on the
robot or embedded in the environment. These data are analyzed using natural language
processing and emotion estimation. Based on the results of the analysis, personalized
advice is generated with the aid of a knowledge graph. The advice is then presented to
the user through the interface device. In addition, the obtained data are accumulated as
knowledge contributing to the active healthy living of older adults. As a basis for the
above-mentioned processes, a platform based on FIWARE will be used. FIWARE is an
open platform for data management, developed in Europe [7].

3 Hazard Identification

3.1 Purpose of Hazard Identification

In this section, we conduct hazard identification for the proposed system. The purpose of
hazard identification is to evaluate the risk of each hazard and take appropriate protective
measures, as well as to provide information about the risks with stakeholders such as
experimental subjects, their family members, and researchers from different research
areas. Since the expected system is quite complex and still under development, our
present efforts are focused on hazard identification, which is the initial step in the risk
reduction process.

3.2 Use Case

As explained in the previous section, the e-VITA system aims to cover several domains
of intrinsic capacity [8]. In this paper, we focus on the physical exercise application
(Fig. 3).
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Fig. 1. Outline of the virtual coaching system.

Fig. 2. Examples of interface devices.

The intended user is a healthy younger older adult who lives alone independently.
To prevent physical decline and maintain mobility, an exercise program using existing
video contents is provided, and the robot encourages the user to do the exercise program
through speech interaction. The exercise program is personalized based on the user’s
preferences and the feedback from the user after each exercise.
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For hazard identification, we use the following use-case scenario (Fig. 4).

Fig. 3. Use case of physical exercise coaching

1. The robot reminds the user that it is time for exercise, and asks him/her whether
he/she would like to start the exercise.

2. When the user agrees to start the exercise program, the robot encourages him/her to
wear the actimeter and to start the exercise video.

3. The user exercises with the video.
(When the user completes the exercise successfully).

4. After the end of the exercise, the robot asks the user whether he/she feels satisfied
with the exercise program.

5. The feedback from the user is recorded for further personalization, and the robot
tells the user that the exercise program is over.
(When the user experiences a health problem during the exercise).

6. If abnormal vital data are detected during the exercise, the robot asks the user to take
a rest.

7. If the user does not recover after the rest, the robot asks the user tomake an emergency
call.

3.3 Methodology and Results

For the use-case scenario shown in Sect. 3.2, we extracted the hazards by brainstorm-
ing using the HAZOP guidewords [9], and classified the extracted hazards into four
categories: mechanical, electrical, clinical, and information security.
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Tables 1, 2, 3, 4, 5, 6 and 7 show the hazards identified for each task in the scenario. In
practice, it is necessary to evaluate a series of processes, including delivery, installation,
storage, and disposal of the equipment; but in this case, only the specific use-case scenario
is covered.

Fig. 4. Use case scenario.

4 Subsequent Steps in the Risk Reduction Process

4.1 Risk Estimation and Evaluation

According to ISO 12100, the subsequent steps in the risk reduction process are risk
estimation, risk evaluation, and taking protective measures. However, since the e-VITA
system is still in the process of being designed, we cannot specify every component
and estimate its risk. Nevertheless, it is important to evaluate the risk. Thus, we here
considered critical hazards to be those which may result in serious harm to the health
of the experimental subjects. This determination was based on the severity of possible
harm, not on the probability of the occurrence of harm. In Tables 1, 2, 3, 4, 5, 6 and 7,
the critical hazards are marked as “◆”.
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Table 1. Envisaged hazards for Task 1.

4.2 Protective Measures

It is necessary to take protective measures that are reasonably practicable and based on
the hazard categories.

1. Mechanical hazards: The adoption of inherently safe design measures is the first
priority. In the case of the hazard of the interface device falling, for example, the
device should be designed so that its center of gravity is as lowas possible tominimize
the risk of falling; and in the case of the hazard of injury due to contact between
the inter-face device and user, the former should be designed without sharp edges,
corners, or protruding parts. In addition, information for use should be provided,
such as a warning not to exercise near the interface device, and a verbal warning
from the device when the user is too close to the device.

2. Electrical hazards: In the case of electric shock hazards, the interface device should,
for example, be designed to operate at extra-low voltages to minimize the risk of
electric shock when the user makes contact with it.

3. Clinical hazards: To reduce the risk caused by clinical hazards, protective measures
should be taken, such as carefully selecting the users for the system, using sensors to



250 K. Homma and Y. Matsumoto

Table 2. Envisaged hazards for Task 2.

monitor the user’s physical condition and environment, and warning the user when
the physical risk is increasing.

4. Information security hazards: In this regard, it is necessary to complywith the laws
and regulations regarding the protection of personal information; specifically, the
EU’s General Data Protection Regulation (GDPR) and Japan’s Act on the Protection
of Personal Information.

5. Other kinds of hazards: There are also risks posed by psychological hazards such
as dependence on or excessive trust in the virtual coach [10], as well as hazards
related to artificial intelligence due to inappropriate machine learning.
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Table 3. Envisaged hazards for Task 3.

Table 4. Envisaged hazards for Task 4A.
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Table 5. Envisaged hazards for Task 4B.

Table 6. Envisaged hazards for Task 5A.
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Table 7. Envisaged hazards for Task 5B

It is expected that a safe virtual coaching system will be realized by appropriately
addressing the various hazards described above.

5 Conclusion

In this paper, we conducted hazard identification based on possible-use cases involving
a virtual coaching device. The hazards were identified using the HAZOP guidewords,
and classified into four categories. The subsequent steps in the risk reduction process
were also described.

In the next phase of the study,wewill conduct risk evaluation and propose appropriate
protective measures for the various types of hazards with respect to the virtual coaching
system and stakeholders.
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Abstract. To promote creative aging, this study designed an interactive device
(called FEEL2) and a complementary activity for older adults to experience the
synesthesia of color and music. We implemented two iterations of a four-stage
approach according to action research methodology. Through this approach, the
design of FEEL2 and the accompanying activity was refined on the basis of the
feedback and experiences of older adult participants.According to the participants,
FEEL2 and the complementary activity enabled them to experience the synesthesia
of color and music, apply new media, work both individually and in groups, in
addition to being user-friendly, thus developing their potential in artistic creation.
Furthermore, this activity allowed them to view their later life more positively, and
increase contact with their friends and family. Accordingly, FEEL2 is a suitable
tool for helping older adults to experience synesthesia and thus age creatively.
Artistic activities are seen as effective ways to promote creative aging, this study
provided empirical support for the intervention of the design profession in this
field.

Keywords: Artistic interactive device · Artistic activity for older adults ·
Synesthesia of color and music · Creative aging

1 Introduction

In recent years, advancements in medical and health-care technology have engendered
increases in average life expectancy and the older adult populationhas become the fastest-
growing population group [1]. According to demographic statistics and projections pre-
sented by National Development Council [2], older adults are expected to constitute
more than 20% of the Taiwanese population by 2025, placing Taiwan on the precipice of
a super-aged society and engendering challenges in social development. Furthermore,
older adults face unique aging-related challenges, and their needs cannot be met through
the health-care system alone [3]. Therefore, addressing challenges related to an aging
society is imperative. Taiwan’s executive organization published the “White Paper on
Aging Society” in 2015; according to the white paper, older adults should be socially
engaged and lead an active lifestyle to age healthily (both mentally and physically) [4].
This is consistent with the suggestion of Cohen [5] who emphasized the need for older
adults to stimulate their potential (creativity) through continual social engagement.
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Moreover, the suggestions are consistent with the concept of creative aging [6].
Cohen [7] stated that artistic activities provide invaluable sensory stimulation for older
adults; they could enhance their physical, mental, and social well-being [8, 9]. Further-
more, synesthesia is an emerging, multifaceted research area that has attracted increas-
ing attention [10]. Synesthesia is a phenomenon in which the stimulation of one sense
engages the other senses, which produces diverse and complex experiences [11]. Among
the various synesthesia, the synesthesia of visual and aural is more common [12], which
can also be referred to as color and music synesthesia [13]. Thus, artistic activities that
provide older adults with synesthetic experiences (especially between color and music)
are likely to be highly beneficial.

Accordingly, the objective of this study was to develop an interactive device and
an accompanying activity to enable older adults to experience color and music synes-
thesia and to promote creative aging. This device (called FEEL2) and complementary
activity were developed iteratively, where the prototype was refined through the feed-
back and experiences of older adult participants. This study also proposes a few design
recommendations as a reference for future research.

The remainder of this paper is structured as follows. In Sect. 2, we present a review
of the literature on creative aging, artistic activities for older adults, and color and music
synesthesia. Section 3 details the methodology of this study. Section 4 describes how
we implemented action research methodology to refine the design of our device and
accompanying activity through the experiences and feedback of older adult participants.
Finally, in Sect. 5, we discuss our findings and provide several recommendations.

2 Literature Review

2.1 Creative Aging and Artistic Activities

Cohen [6] introduced the concept of creative aging, which entails helping older adults
to age healthily by encouraging them to participate in a variety of artistic activities.
Furthermore, according to Cohen [7], the most significant factor in awakening one’s
potential in the second half of life is to stimulate creativity. By its creative nature, artistic
activities are a crucial variable and could establish an authentic and meaningful connec-
tion between older adults and society [14]. Hanna [15] also stated that artistic activities
allow older adults to share their wisdom. In addition, Hannemann [16] presented evi-
dence for the benefits of artistic activities among older adults, including greater social
engagement, lower depression and isolation, improved physical and mental health, and
a keener aesthetic sense. Overall, it is shown that older adult participation in artistic
activities positively impacts the aging process and social development [17].

Currently, artistic activities for older adults involve art, music, handicraft, dance, and
theater, etc. Fraser et al. [18], reviewed studies on healthy aging activities for older adults
during the period between 1972 and 2012 and found that 40% and 17.8% of the studies
(57.8% in total) involved activities that focused on music and artistic creation, respec-
tively. It demonstrates the increasing popularity of these two activities; this increasing
popularity is particularly evinced by the fact that most of the reviewed studies were pub-
lished after 2000. Additionally, Giraudeau and Bailly [19] reported an increasing focus
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on artistic and musical activities for older adults among researchers in Asia. Considering
these trends in the literature, the present empirical study focused on Taiwan.

2.2 Activities Centered on Artistic Creation and Music

Activities that are centered on artistic creation and music are not only beneficial for the
older adults but also cost-effective [20, 21]; such activities also enable older adults to
share their feelings, thoughts, and meaningful life experiences through their creations
[22, 23]. In a study on activities that are centered on artistic creation and music, Poulos
et al. [24] conducted a quantitative analysis and demonstrated that the activities boosted
creativity and encourage participation; they also performed a qualitative analysis and
demonstrated that the activities promoted a sense of accomplishment and helped older
adults foster meaningful social bonds. It demonstrated the benefits from an empirical
perspective.

As suggested by Sandak et al. [25], activities that could combine artistic creation
with musical exercises; enrich the experiences of older adults through color and music
synesthesia [13], thereby increasing their interest in social engagement and guiding the
development of future activities.

2.3 Synesthesia of Color and Music

Synesthesia is a conditioned reflex that automatically and continuously triggers the
production of other sensations when stimulated by one particular sensation [26]. Li
et al. [27] reported that stimuli in the form of light and sound could trigger people’s
synesthetic experiences; thus, aural stimuli (particularly music) can trigger sensations
of color, texture, or shape. On the other hand, Hu [28] pointed out that the languages
of color and music share some properties that can be visualized through art to produce
melodic music.

Considering the findings and suggestions of the aforementioned studies, we posited
that activities that incorporate color andmusic synesthesiawould especially be beneficial
for older adults. Specifically, we posited that activities centered on artistic creation and
music could inspire synesthetic experiences and promote creative aging. Accordingly,
we designed an interactive device and corresponding activity involving artistic creation
and music to inspire color and music synesthesia among older adults and to enable them
to age creatively.

3 Research Methods

This study adopted an iterative four-stage (planning–action–observation–reflection) app-
roach according to action research methodology. It could help investigate the problems
encountered in conducting the activities and find ways and strategies to solve the issues
from them [29]. Specifically, we invited older adult participants to use the designed
device and participate in the corresponding activity, and then provide experience and
feedback; on the basis of their feedback and experiences, we then improved the device
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and corresponding activity. The investigation involved two iterations of the four-stage
approach, as shown in Fig. 1.

Specifically, in the first iteration, in the planning stage, we understood the needs
of older adults with regard to participation in artistic activities through communication
with stakeholders; subsequently, we designed our interactive device and accompanying
activity. In the action stage, we invited older adults in the community to use our device
and participate in our activity. In the observation stage, we observed how the participants
used the device and engaged in the activity, andwe sought their experience and feedback.
Finally, in the reflection stage, we improved the device and corresponding activity on
the basis of the observation stage. In the second iteration, the steps from the previous
iteration were continued and the activity was reflected on as a whole at the end.

Fig. 1. Two iterations of the four-stage

4 Design and Implementation of FEEL2 and Its Corresponding
Activity

4.1 First Iteration

Planning. The research team first observed the everyday activities of older adults in
the community and interviewed stakeholders to understand the needs of older adults
with regard to participation in artistic activities. Subsequently, group meetings were
conducted. Thereafter, the research team designed FEEL2 interactive device (Fig. 2.),
which allows the user to transform colors andmusical notes for a synesthetic experience.
The device resembles a vinyl record player and uses colored inserts to transform a record
into a series of notes.
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Fig. 2. Schematic of the FEEL2 interactive device

In the device, the color-to-note conversion principle (see Table 1 for details) con-
verts the sensed color into the digital form of the target signal through the charge-
coupled device (containing the RGBmodel) in the color identifier. Then the audio-video
processing module converts the digital format of the target signal into the target note.

Table 1. Rule for color-to-note conversion.

Color Red Yellow Green Blue Black White

Target signal 001 002 003 004 005 006

Target note Do/1 Re/2 Mi/3 Fa/4 So/5 La/6

The operation process is shown in Fig. 3. The user could observe everyday scenes
through the round holes on a cardboard. Colored inserts corresponding to the scenes
are placed into the turntable of FEEL2 to create a mosaic collage. Subsequently, the
turntable is placed into the FEEL2 device. When the “play” button is pressed to activate
the device, a unique melody is produced. The user could feel the synesthesia of color
and music.

Finally, the research team designed the accompanying activity. We selected four
masterpieces with different palettes that the user could choose from. These masterpieces
were The Kiss (by Klimt), Haystacks (by Monet), A Sunday on La Grande Jatte (by
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Fig. 3. Schematic of the operation process of FEEL2

Seurat), and The Starry Night (by Van Gogh), as depicted in Fig. 4. The user could then
observe the masterpieces through the round holes on the cardboard and make a mosaic
collage with the colored inserts. A melody composed of notes corresponding to the parts
of the collage would then be played.

Fig. 4. Four masterpieces with different palettes

Action. To ensure that a high-quality experience was provided, we invited 20 older
adults—18 of whom participated—who were aged between 50 and 90 years to use
the device and participate in the corresponding activity. In terms of basic statistics,
for gender, females constituted the highest percentage of 83.3% (n = 15). In terms of
age, the highest rate of participants was in the 61–80 age groups, at 77.8% (n = 14).
Regarding educational attainment, older adults who participated in the program had a
higher educational background, with 44.4% (n= 8) having high school/vocational high
school and higher education. Living with family members was the most prevalent mode
of residence at 88.9% (n = 16).

We conducted the activity at a community center inXinzhuangDistrict inNewTaipei
City, Taiwan, on October 7, 2020, from 1:30 to 3:30 pm. The participants were divided
into four groups of four or five persons (Fig. 5), and each group chose amasterpiece. Each
participant was assigned a cardboard with round holes to observe the masterpiece and
select the corresponding colored inserts on the turntable; they then completed a mosaic
collage as a group. Eventually, the turntable was placed into the FEEL2 device, and the
participants could then listen to the corresponding melody for a synesthetic experience.
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Fig. 5. Participants in the activity stage

Observation. Observations of and interviews with the participants indicated the fol-
lowing. First, we noted the need for a warm-up activity. Because a warm-up activity
was absent, and the shape and size of the cardboard did not match the shape and size
of the FEEL2 turntable. This hindered the participants’ understanding of the concept of
extracting the colors from the masterpiece. The participants confused during the collage
creation process. Therefore, several participants were unable to select the corresponding
colored inserts. Second,we noted that the participantswere less receptive ofmasterpieces
with a cool palette (e.g., The Starry Night).

Reflection. On the basis of our findings in the preceding step, we made the following
changes. As shown in Fig. 6. First, we added a warm-up activity, allowing older adults
to observe the masterpiece through the round holes in the card-board, and then practice
extracting colors by gluing colored round stickers into the corresponding holes. Second,
the cardboard with round holes was made to be of the same shape and size as the
turntable. Third, we used only masterpieces with a warm palette; they were A Sunday
on La Grande Jatte (by Seurat), Le Chahut (by Seurat), The Circus (by Seurat), and
Portrait of Félix Fénéon (by Signac), as presented in Fig. 7.

Fig. 6. Materials for warm-up activity and cardboard with round holes for the actual activity
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Fig. 7. Masterpieces with warm colors chosen after the first iteration

4.2 Second Iteration

Planning. We planned to implement the improved activity.

Action. As mentioned in the action stage of the first iteration, sixteen older adults used
the device and participated in the corresponding activity. Regarding the basic statistics,
most of the participants were women (87.5%, n= 14), were aged 61–80 years (75.0%, n
= 12), lived alone (50.0%, n= 8), and had high school/vocational high school education
or higher (81.3%, n = 13).

We conducted the activity at a community center in Da’an District in Taipei City,
Taiwan, on December 18, 2020, from 1:30 to 3:30 pm. As shown in Fig. 8. The par-
ticipants undertook the aforementioned warm-up activity, in which they also completed
their own collage. In the actual activity, the participants were divided into four groups of
four to five persons each. They then selected amasterpiece and looked through the newly
designed cardboard with round holes. They chose the corresponding colored inserts to
put on the turntable for their mosaic collage. Finally, the turntable was placed into the
FEEL2 interactive device, and the corresponding melody was played.

Fig. 8. Warm-up activity and actual activity
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Observation. The research team observed the activity and conducted semi-structured
interviews with 10 participants (voluntary participation) after the activity. Transcriptions
of audio recordings and interview notes were coded and analyzed in NVivo software by
two researchers (to ensure reliability). The two researchers were blinded to the identities
of the interviewees. The data were coded according to the order in which the participants
were interviewed; for example, “A” represents the first respondent in the interview.

In total, 58 reference points were coded. These codes were then divided into seven
features, which were finally grouped into two themes, as shown in Fig. 9. The first
theme was “a rich experience” (72.4%, n = 42), and it included the following features:
experiencing creation as an individual and group (17.2%, n = 10), creating with ease
(12.1%, n = 7), experiencing synesthesia of color and music (22.4%, n = 13), applying
new media (8.6%, n = 5), and developing one’s potential in artistic creation (12.1%,
n = 7); The second theme was “a positive impact on one’s life” (27.6%, n = 16), and
it included the following features: developing positive thoughts about one’s later life
(12.1%, n = 7), and interacting more with others (15.5%, n = 9).

Fig. 9. Themes and features identified during coding

Regarding the first theme (“a rich experience”), the participants reported their expe-
rience of a new medium that changed their perceptions of artistic creation. According to
respondent C, “I used to paint with brushes, but now I can use these things (meaning the
colored round stickers and colored inserts) as my brushes to do my artwork.” The use
of new media also facilitated artistic creation, and the warm-up activity facilitated the
creative process, allowed them to create with ease. Respondent A noted the following:
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“After the teachers’ explanation (referring to the warm-up activity), it was so easy to
complete a piece of artwork.” The user-friendliness of the device and activity fostered
the development of participants’ potential in artistic creation. As described by respon-
dent I, “I’ve never studied how to create art before, and I was wondering what to do
before I joined this activity. However, the teachers just gave me some suggestions, and
we were able to produce such good work.” Furthermore, the presence of both group
and individual activities enabled the participants to express their individuality while
interacting with others. Respondent H stated the following: “Individual creation lets me
enjoy the personal joy of creating something on my own, while group creation lets me
learn from others.” The activity also allowed the older adults to experience synesthesia
by converting a collage into a melody. As respondent B stated, “I found that after this
activity, I could create a piece of music this way and that the darker and lighter colors
reflect different musical styles.”

Regarding the second theme (“a positive impact on one’s life”), the activity helped
the participants to expand their horizons and perceive their later life more positively.
Respondent D stated the following: “Now the technology has advanced to the point
where we don’t understand it. We put the turntable in (the FEEL2 interactive device) for
listening, and wow, so imaginative, your young people are really great, now we finally
feel like we can never be too old to learn.” The activity also helped the participants to
interact more with others, including their families or friends. As stated by respondent I,
“I would take them (referring to the works of the warm-up activity and photos or videos
taken during the activity) back to show off to my family. They looked at it and said ‘wow,
mom you can still do these!’” Similarly, respondent A stated the following: “When we
lined up the colors (placed the colored inserts) and played the music through the device,
it felt terrific, and I followed the steps of our activity and shared it with my friends from
another club.”

Reflection. According to the activity observations and interviews, except for the activity
experience, the participants also expressed a few suggestions. Firstly, the participants
pointed out that the music was bland (monophonic) because only single notes were
played back. They thus suggested adding some background music. They also suggested
allowing users to employ the colored inserts directly so that they couldmore freely create
their collage and music.

The research team conducted group meetings based on the suggestions of the par-
ticipants and produced the following soundtracks for the selected masterpieces. For A
Sunday on La Grande Jatte, we used a piano piece combined with wind sounds and
bird calls. For Le Chahut, we used a piece with a bassoon and bass accompaniment on
a 24-beat swing rhythm. For The Circus, we used a piece with a Tuba bassline com-
bined with trombone and euphonium harmonies. For the Portrait of Félix Fénéon, we
used psychedelic electronic music that heavily featured a metallic-sounding synthesizer
patch.

In addition, rather than associating colors with notes, we associated colors (with their
representation) with instruments or songs, as shown in Fig. 10. Brown (BR) was used in
depictions of earth, rock, or the evening sunset; it corresponded to a steady bassline or
atmospheric soundscape. Yellow (Y) was used in depictions of flowers and ornaments
and to signify arrogance or exuberance; it corresponded to woodwind instruments (e.g.,
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the flute, piccolo, and clarinet) or to cymbals. Orange (Y) was used in depictions of
accessories, clothing, and color of hair and to signify richness; it corresponded to the
French horn, saxophone, and bass piccolo. Red (R)was used in depictions of theaters and
dresses and to signify focus; it corresponded to soprano string instruments. Purple (P)
was used to signify elegance, mystery, and romance; it corresponded to the strumming
of bass strings. Wine (PR) was used to signify ambience and fantasy; it corresponded
to brass instruments (e.g., the trumpet). Blue (BL) was used to signify melancholy and
imagination; it corresponded tomellow PADmusic. Blue–green (BG)was used to depict
oceans, greenmountains, and plants; it corresponded to idiophonic instruments. Cyan (T)
was used to depict nobility, bashfulness, and modernity; it corresponded to the piano or
synthesizer. Forest green (DG) was used for urban backgrounds and to signify impurity
and chaos; it corresponded to ambient music. Green (G) was used to depict buds and to
signify novelty and growth; it corresponded to the xylophone, fiddle, or mallet. Finally,
black, white, and gray corresponded to the sound of bass drum or snare drum.

Fig. 10. Colors in final iteration of FEEL2 (Color figure online)

5 Discussion and Recommendations

To promote creative aging, we developed an interactive device (called FEEL2) with
an accompanying activity that allows older adult users to experience color and music
synesthesia. We applied two iterations of a four-stage approach according to action
research methodology. Thus, where we refined the design on the basis of the feedback
and experiences of older adult participants.

The participants reported that this activity provided themwith a rich experience; they
also noted that the FEEL2 device and the accompanying activity were user-friendly,
developed their potential, enabled them to be creative through the use of new media
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and to create both individually and with others. Moreover, the participants reported
gaining a new perspective of artistic activities and being more positive toward their later
life. They also noted this activity’s usefulness in helping them interact with friends and
family. These findings indicate that the FEEL2 device and the accompanying activity
are consistent with a few of the factors for promoting creative aging [6, 7, 16, 17].

Future studies could combine the FEEL2 device with other artistic or musical activi-
ties to broaden the program’s impact on the aging elderly. In addition, since this activity
was launched inNewTaipei and Taipei, the results are limited to these two areas. Accord-
ingly, future studies can also apply our device and activity to populations outside ofTaipei
City and New Taipei City to extend the findings.
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Abstract. The purpose of this study is to focus on patients with chronic kidney
disease mainly. Through technological services and education, the LINE APP
platform is used to build a chatbot for intervention so that patients with kidney
disease can use the mobile phone LINE chatbot to conduct diet management
and patient education. The research results show that chatbots are not limited by
any time and place, simplify the content of inquiries in a streamlined manner,
improve efficiency and shorten waiting time, and do not need to install another
app. Compared with other applications, chatbots are online, and it is the most
familiar interface for users. The functions of blood pressure record browsing, diet
query, diet record, and health education knowledge can help patients with chronic
diseases reduce harmful effects caused by the disease and record blood pressure
to stabilize and control the disease. Moreover, the line chatbots can cooperate
with the active promotion of health care knowledge and passively allow users to
inquire about dietary knowledge, help chronic disease patients improve medical
care knowledge, improve lousy eating habits, and improve the quality of life.

Keywords: Self-diet management · Chronic kidney disease · Line chatbot ·
Health knowledge

1 Introduction

1.1 Research Background and Motives

Under the advancements of medical technology and the economy, people’s eating habits
and lifestyles have changed. Hence, chronic diseases are no longer limited to the elderly,
and kidney disease has become the most common chronic disease. At present, there
are more than 500 million people suffering from chronic kidney disease worldwide.
According to the statistics of TaiwanNational Health Insurance Administration, in 2018,
the costs of chronic kidney disease reachedNTD51.3 billion, accounting for nearly 7%of
the total national health insurance. With 364,000 patients receiving medical treatments
that year, 90,000 patients received peritoneal dialysis and hemodialysis, and chronic

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
Q. Gao and J. Zhou (Eds.): HCII 2022, LNCS 13331, pp. 268–276, 2022.
https://doi.org/10.1007/978-3-031-05654-3_18

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-05654-3_18&domain=pdf
https://doi.org/10.1007/978-3-031-05654-3_18


Improving Self-diet Management 269

kidney disease ranked first in the list of national diseases. Moreover, with the aging of
the population, it is estimated that the number of patients with chronic kidney disease
(CKD) will continue to grow; therefore, it is important to study chronic kidney disease.
Kidney disease requires long-term control, and patients have different adaptations to
the disease, thus, how to assist patients to maintain their kidneys and promote healthy
behavior is an important issue to avoidprogression to end-stagekidneydisease (Campbell
and Porter 2015; Chen et al. 2019). Therefore, improving health education knowledge is
helpful for patients to learn how to coexist with the disease. In order to monitor the signs
of disease deterioration as early as possible, patients can take the initiative to observe
their own physical and symptom changes, which would allow them to perceive positive
changes in their lifestyles, and thus, improve their abilities to recognize and deal with the
disease (Boonstra et al. 2021; Diamantidis and Becker 2014). This study mainly focused
on hospitals and patients with chronic diseases and developed a chat robot based on the
dietary management and health education knowledge of patients with chronic kidney
disease through a combination of scientific and technological services and education.
It also used the LINE APP platform in patients’ smartphones to create a chat robot for
intervention, thus, patients with chronic kidney disease can improve their quality of life
through the operation of the LINE chat robot, reduce the medical costs of hospitals and
create a new service model, as shown in Fig. 1.

Fig. 1. Research structure

1.2 Research Field and Scope

This study selected patients with chronic kidney disease diagnosed by doctors with
a glomerular filtration rate less than 60 mL/min/1.73 m2, the course of disease over
3 months, and with experience using smartphones as subjects. Patients with chronic
kidney disease in National Taiwan University Hospital Yunlin Branch were investigated,
and the relevant medical staff were interviewed.
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2 Literature Review

2.1 Prevention and Care of Chronic Kidney Disease

Living a healthy lifestyle can delay the progression of chronic kidney disease. The
primary work of kidney disease care focuses on implementing healthy behavior in daily
life, in order to reduce the incidence rate of end-stage kidney disease. However, as there
are no obvious symptoms in the early stages of kidney disease, coupled with the low
sense of disease awareness and low discovery rate, even when a case has been diagnosed,
it is easy to ignore the implementation of a healthy lifestyle, which leads to serious
deterioration from the disease. To help patients coexist with chronic kidney disease in
the long-term, it is necessary to conduct regular monitoring and follow-up, and provide
individualized and life-oriented care guidance,which can facilitate patients truly learning
correct and effective knowledge to master their self-care skills, and then, implement
further self-care, such as diet adjustment, smoking cessation, alcohol cessation, and
regular exercise (Kosa et al. 2019; Li et al. 2020). Patients with chronic kidney disease
require regular follow-up care, and must adjust their diet, exercise, work, and rest in
daily life to avoid deterioration of renal function. Therefore, it is important for patients
to understand the importance of active participation and self-care behaviors, and to be
able to carry out health promotion behaviors, in order to effectively control the disease,
delay deterioration, and even prevent other complications. Patients can implement kidney
disease care work by establishing a good lifestyle, which can improve their overall health
status and quality of life, and achieve the purpose of disease prevention and treatment
(Estrella et al. 2012). At present, clinical care is confronted with two major issues. The
first is a lack of case tracking, care continuity, and individual health education. The
national health insurance regulations limit patients with early chronic kidney disease to
making follow-up appointments six months after diagnosis. Due to this long interval
between the first diagnosis and return appointment, it is difficult to continuously track
patients’ self-care situations at home. Moreover, with a large number of outpatients, the
nursing guidance provided during each short outpatient session may be limited. The
second difficulty is that health education information does not meet the actual needs. A
review of the current clinical circulation of health education materials shows that most
of them are formalized manuals and leaflets in paper or online versions. Moreover, the
content focuses on the care of end-stage kidney disease and less on the care needs of
patients with early chronic kidney disease. Since kidney disease requires more attention
in care and it is difficult for most patients to obtain care information that meets their own
needs, as time goes on, they may forget the contents of precautions, and such limitations
in information and time may cause the risk of continuous deterioration from the disease
(Boonstra et al. 2021; Chen et al. 2019). Therefore, how to assist and improve the
care service model through science and technology, develop patient-centered self-care
guidance programs that closely mirror life, strengthen patients’ active participation in
care work, and implement self-care behavior in life are important issues that require
immediate attention.
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2.2 Mobile Medical Treatment

TheWorldHealthOrganization (WHO) put forward the concept of “smart health”, which
includes the expansion and technological upgrading of communication technology-
related products and develops smart health innovative services with mobile devices as
themedium.With the development of smart mobile devices, the technology and products
of mobile applications are also growing. In addition, with the advent of an aging society,
people’s acceptance of education and technology is gradually increasing, and the aver-
age age of nursing staff will be relatively higher in the future, thus, the requirements for
the load and quality of medical care are becoming more and more important. The accep-
tance degree of digital care has an increasingly important impact on caregivers, patients,
and quality of care (Siddique et al. 2019; Weiner and Fink 2017), thus, if health educa-
tion guidance can be provided through mobile devices, it will help to increase learning
effectiveness, reduce waiting times, and save human resources (Tsai et al. 2021; Weiner
and Fink 2017). Health education for chronic kidney disease is a very important link in
self-care and ranges from prevention to delaying the dialysis stage, and finally, entering
the dialysis period. This study suggests that mobile medical care can be used to create a
new service process to reduce the expenditures of medical labor costs and improve the
quality of life of patients with chronic kidney disease.

2.3 Application of Chat Robots

As chat robots help patients to reduce the inquiry time during outpatient services and
waiting time outside the consulting room, they are highly accepted in medical care. As
the application of medical chat robots can help improve the quality of medical care (),
such online service systems are designed with the three characteristics of convenience,
ease of use, and practicability (Lin et al. 2014). (1) Convenience: chat robots do not
require the installation of other APPs, they operate within the original familiar interface,
and can obtain information in a timely manner to facilitate information queries, which
can solve the problem of repetitive consultations. (2) Ease of use: chat robots operate
with a familiar interface and are designed to operate in a simple and intuitive way
that users can easily understand. (3) Practicability: answers can be quickly obtained
by simply inputting questions on the interface, thus, the design is more convenient to
operate than a web page, and information queries can be replied to in a timely manner.
In addition, general chat robots have been revised in three ways, namely, humanized
dialogue mode, simple screen design, and shortened reaction time (Li et al. 2020).
(1) Humanized dialogue mode: it imitates the tone of a real conversation through the
humanized dialogue mode, which can enhance the feeling of a real conversation. (2)
Simple screen design: chat robots present a lot of screen categories and options, which
can result in a sense of visual confusion; therefore, intuitive design and reduced text
options can make chat robots easy for users to operate. (3) Shortened reaction time:
shortening the reaction time improves users’ willingness to use by adjusting the content
screen. As people are used to carrying smartphones and rely on them to provide real-time
information transmission, smartphones are often used as the media in mobile devices,
which is helpful for patients to obtain health-related information in real time (Klasnja
and Pratt 2012).
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3 Research Method

3.1 Phase 1

Phase 1 of this study mainly analyzed the existing chat robots, gathered the problems
often encountered by doctors and their patients with chronic kidney disease through pre-
liminary questionnaires and interviews, and learned their needs by interviewing patients
in various stages of kidney disease, as well as experts and health educators.

1. Literature review: previous literature was discussed, and three types of medical chat
robots in Taiwan were analyzed as references for function construction and interface
design.

2. Structured questionnaire: this study conducted a structured questionnaire among 9
patients over 18 years old with chronic kidney disease. Among them, three were in
stages 1–2, three were in stages 4–5, and the other three were left blank; five patients
were aged 30–40, three aged 40–50, and one aged 50–60.

3. Case interview: this study conducted one-to-one interviews with an attending physi-
cian and a health teacher from the Department of Nephrology, Douliu Branch of
National Taiwan University Hospital.

3.2 Main Research Method

This study used LINE APP to develop the system architecture of the chat robot, as
shown in Fig. 2, and proposed the functions of blood pressure record browsing, dietary
queries, diet records, and health education knowledge, as shown in Figs. 3 and 4, which
are intended to help patients with chronic diseases reduce the harm and other negative
effects caused by the disease.

Fig. 2. System architecture
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Fig. 3. Diet query

Fig. 4. Health education knowledge

Blood pressure and blood sugar records: It is known from relevant literature that
high blood pressure will accelerate the deterioration of renal function and increase the
risk of cardiovascular disease. Most patients with diabetes and chronic kidney disease
have clinical hypertension. In order to allow patients to master their health status, the
system establishes records and browse functions for blood pressure and blood sugar to
help patients check the data in daily life (Fig. 5).

3.3 Phase 3

The established chat robot was tested on 15 patients over 18 years old who had never
used a chat robot in the past but were experienced smartphone users. The experience
and operation procedures were explained before the test, and the subjects were asked to
use the chat robot randomly every day. One week later, the subjects were interviewed
again to explore their needs regarding the service mode of the chat robot.
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Fig. 5. Blood pressure and blood sugar records

4 Research Analysis

The survey results show that the chat robotwas not limited by time or place, had improved
efficiency, the waiting time was shortened by simplifying and streamlining the query
mode, and usage did not require the installation of another app. Compared with other
apps, the chat robot constructed by this study can be operated by users of any online
platform with the most familiar interface. According to the results of this study, the
ease of use, usefulness, convenience, and correctness of messages should be considered
when designing a chat robot. Nonetheless, the users’ trust in the chat robot is the most
important, as itwill affect the intention andwillingness to use formiddle-aged and elderly
users. How to establish confidence for users to easily use chat robots is an important
issue. While existing chat robots provide various functions, such as registration and
query, which meet the needs of users, they seldom provide relevant health knowledge
and prevention knowledge, which makes it difficult to improve patients’ concept of self-
health management. In addition, as patients with chronic kidney disease are mainly the
elderly with poor eyesight, the design of chat robots should consider both the size of the
text on the interface and simplifying the text as much as possible. Moreover, replacing
text with pictures or voice messages can assist patients with chronic kidney disease to
better understand the information content, hence, the correctness of operation can be
improved. When the dialogue mode and screen design of chat robots imitate the tone of
human conversation with the humanized dialogue mode, it can promote human-machine
interaction, enhance the feeling of human conversation, and improve the willingness of
users to operate. An interesting map display and the way messages are pushed can
assist patients in self-management and increase the emotional level of the chat robot,
while the intuitive design and reduced text options enable users to operate the chat robot
conveniently. As the functions of the chat robot, as constructed in this study, can increase
related disease prevention knowledge and dietary health care content, it helps patients
with chronic kidney disease improve their self-health management abilities and health
knowledge. When a chat robot can help patients with chronic diseases improve their
exercise habits and achieve a balanced diet, it will help them to implement a healthy
lifestyle, and they can have a better quality of life and health. Therefore, this study built a
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chat robot that can help patients with chronic diseases reduce the harm and other negative
effects caused by the disease, and has the functions of blood pressure record browsing,
dietary queries and diet records, and health education knowledge, which helps patients to
stably maintain the disease. Furthermore, the chat robot also helps patients with chronic
diseases to improve their health care knowledge by actively promoting such knowledge,
and passively allowing users to query their diet knowledge. In this way, patients can
break their bad habits and improve their quality of life. Based on the actual test results
of patients with chronic diseases, this study explored whether the chat robot was able
to meet the needs of users, and the results can provide a reference for future system
construction.

5 Conclusions

In order to make the subjects trust the chat robot, it is necessary to identify the sources of
the conversation and information presented by the chat robot, which must be produced
and provided by professional medical personnel, thus, ensuring the correctness of the
source of information. It should have a stable and good operating system that is error-free
in use to build user trust in the chat robot. In addition, although users can randomly input
text during the interaction, the chat robot does not require users to input their personal
information, such as personal basic information or contact information, and users can
decide whether or not to input such information, which facilitates personal privacy and
provides improved security. As many people have the experience of receiving messages
using the LINE APP, it is relatively easy for them to operate the chat robot. Moreover,
the screen display is clear and easy to understand, and users can directly click on the
screen text and adjust the size arbitrarily. Therefore, a chat robot should be designed in
accordance with the habits and needs of users to clearly convey health information and
meet the principle of practicality. The screen should be presented in a simple and intuitive
manner, which is convenient for users to operate and meets the principle of ease of use,
in order that users can feel that the chat robot can help them monitor their health and
improve their quality of life. Users can use a chat robot to gain health care knowledge,
including health and dietary information. Moreover, many hypertensive patients have
the habit of recording their blood pressure, while asymptomatic patients do not need to
record such information, thus, according to different usage habits and needs, the chat
robot can be used for oneself or to help the elderly record their blood pressure. Therefore,
the functions of the chat robot can meet all users’ needs and improve their willingness to
use according to their different usage habits. In terms of self-management, when users
are not clear about whether certain foods can be eaten or have doubts about food, they can
find relevant food information through the chat robot. By learning diet-related knowledge
and health care knowledge through the chat robot, patients can cultivate their problem-
solving abilities to make themselves better. In addition, the diet records are checked by
dietitians, who help patients to revise their daily diet habits and develop correct diet
concepts, which helps them to better understand their own health, control the disease,
and stabilize their condition. With improved health awareness and active participation
in health activities, users can establish a foundation of trust in the chat robot, and the
operation process is in line with the principles of ease of use and practicality. Under the
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condition of effectively helping users to improve their health, users can perceive care and
concern during the interaction process. As guidance from a chat robot can bring health,
users are willing to follow the instructions and guidance of the robot and to spend time
learning health knowledge. The implementation of such a knowledge system in users’
daily life improves the effectiveness of self-health management.
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Abstract. As the elderly ages, their memory, judgement and spatial orientation
and cognition gradually decline. These declining abilities can result in different
levels of problems in everyday life and eventually lead to a decline in the quality
of life of the elderly. Therefore, this study focuses on discussing the ways to
strengthen the memory and visuospatial perception skills of the elderly through
simple game mechanisms.

It is known from previous works that the application of a “Tangible User Inter-
face” combined with “Augmented Reality” (Tangible Augmented Reality, TAR)
technology, together with game tasks and hand-eye coordination exercises, will
help gamers to achieve better interface operability and comprehension. However,
it remains to be seen whether such advantages can be equally reflected in the
‘memory’ and ‘visuospatial perception’ abilities of the elderly.

Therefore, a total of six subjects of middle-advanced age over 60 years old
were recruited for this study and each of them was provided with each: (1) Tablet
computer game without TAR operation (the game is operated entirely on the tablet
computer), and (2) An interactive game with TAR operation (which combines vir-
tual and physical operational objects). The participants were asked to complete
six cognitive scales (mental load, game operation, cognitive load, self-expression,
visuospatial perception, and memory degree) after completing the two kinds of
games for the purpose of assessing whether the TAR game task was equally oper-
ative and comprehensible for the elderly in terms of “memory” and “visuospatial
perception”.

The results show that TAR games do have better operability and is more
easily comprehensible, which is also reflected in the performance of the elderly in
terms of “memory” and “visuospatial perception”, with an average score of 5.55
or higher (out of 7) in memory, judgement and orientation cognition. The reason
is that TAR games with physical operation is conducive to improving the spatial
cognition and cognitive ability of the operator through hand-eye coordination, and
this advantage is indirectly reflected by the operation and performance of games
that require invoking memory, judgement and directional cognition.
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Q. Gao and J. Zhou (Eds.): HCII 2022, LNCS 13331, pp. 277–289, 2022.
https://doi.org/10.1007/978-3-031-05654-3_19

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-05654-3_19&domain=pdf
https://doi.org/10.1007/978-3-031-05654-3_19


278 L.-L. Wang and I.-J. Lee

Therefore, it can be concluded that TARgames have advantages over non-TAR
tablet games in terms of memory, spatial cognition and perceptual judgement and
processing training for middle-advanced age users. More complete data support
shall be gained for such result by a larger number of case recruitment trials, which
is to be promoted and fulfilled in future studies.

Keywords: Tangible Augmented Reality · Tangible user interface · Hand-eye
coordination · The elderly · Cognitive ability ·Memory · Visuospatial perception

1 Introduction

1.1 Impact of Cognitive Impairment on the Elderly

With the rapid socio-economicdevelopment and the improvement ofmedical technology,
the average life expectancy of human beings has also increased significantly, leading to
an aging population structure. As a result, research and design for the aging population
structure has attracted increasing attention. The cognitive abilities of the elderly decline
with age, especially in memory, judgement and spatial orientation cognition, including
information processing speed, attention, episodicmemory, visuospatial ability, executive
function and other abilities [1].

Cognitive decline is a common problem in the elderly, and therefore one of the hot
issues that researchers in this field are focusing on is how to slow down cognition decline
in the elderly. Compared to drug therapy that brings about side effects, interventions of
non-drug treatment aremore important [2] as early interventions and effective preventive
medicine to address cognition decline in the elderly can help to improve the quality of
life of the elderly and reduce the burden on social resources.

1.2 Serious Games Applied to Trainings on Improving Cognition Impairment
for the Elderly

Serious games refer to games that are not purely for entertainment and have specific
purposes in themselves. It is a strategy that aims at strengthening a specific function
through the process of game playing [3]. Some researchers have been conducted to
solve the problem of cognitive dysfunction for the elderly.

In recent years, many clinical studies have adopted serious game or applied game
to improve cognitive of the elderly. Therefore, cognition decline in the elderly can
be improved by training through serious games. Compared with traditional training
activities, serious games can help to improve the health condition of the elderly. At the
same time, serious games are full of fun in terms of game experience to maintain the
interest and learningmotivation of the elderly during the training process so as to achieve
specific training objectives and effects [4, 5], such as enhancing memory, judgement,
spatial orientation and cognition, to name a few.

In researches, serious game can also be used in conjunction with traditional interven-
tions to assess after-effects and conduct cognitive tests [6]. There have beenmany studies
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on the elderly who have improved their cognitive, hand-eye coordination and behavioral
and psychological symptoms with good results from serious game interventions [7].

In addition, relevant studies indicate that serious games can be designed to suit dif-
ferent training purposes and are proved to be effective in preventing decline in cognitive
function of the elderly [8]. Therefore, in this study the introduction of serious games
into the training on cognitive impairment for the elderly would be quite feasible.

2 Literature Review

2.1 The Application of Augmented Reality to Cognitive Training for the Elderly

In recent years, Augmented Reality (AR) technology has been widely used in different
research fields, including healthcare, education and entertainment etc. [9]. As a visu-
alization technique that overlays virtual information on physical objects, AR has been
developed rapidly due to the high maturity of visualization technology.

Furthermore, in recent studies, AR has been proved to be conducive to enhancing the
sensory experience of users [10] and can effectively reduce the cognitive load of learning
[11], perceptual training [12] and even maintain the social and physical abilities of the
elderly through cognitive games [13]. Specific cognitive training will help to slow down
the decline in memory, judgement and orientation cognition in the elderly. Thus it can
be seen that there is considerable potential to apply AR technology to improve the
“memory” and “visuospatial perception” of the elderly.

2.2 Augmented Reality Lacks Operational Physical Handling Cognition
and Effective Haptic Feedback Mechanisms

However, the most controversial part of AR technology for the elderly is the lack of
physical cognition and effective haptic feedback mechanisms. For the elderly, AR lacks
a tangible user interface (TUI), which can be unintuitive in operation or intricate, making
it difficult to operate.

Therefore, this study focuses on the application of “Augmented Reality” in com-
bination with “Tangible User Interface” (Tangible Augmented Reality, TAR) [14] as a
trainingmaterial to explore the cognitive abilities of the elderly, in order to explore possi-
bility of a more diverse training approach for the elderly in “memory” and “visuospatial
perception”.

2.3 “Tangible User Interface” Combined with “Augmented Reality” Technology
for Cognitive Training of the Elderly

Based on the previous part, AR technology has been proved helpful to enhance the
sensory experience of users [10] and effectively reduce the cognitive load on learning
[11]. Moreover, the application of a “tangible user interface” can effectively address the
feeling of illusion of AR technology due to the lack of physical operation awareness
and haptic feedback, allowing AR content to be more easily and intuitively operated by
the user. Furthermore, with the interactive operation of hand-eye coordination, AR will
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help the elderly to gain better interface operability and comprehension, thus promoting
their “memory” and “visuospatial perception”.

The mechanism of operation and the operational concept are mainly on linking
the “operational cognition” under hand-eye coordination with the physical sense of
interaction, so that this game task generates “body memory” stimulation and sensory
triggering, and further enhances memory ability and body movement so as to make it a
reflex action under given instructions and procedures [15].

Therefore, this study focuses on the application of a “tangible user interface” com-
bined with “augmented reality” technology to the cognitive training for the elderly.
The interface relies on physical and visual sensory stimulation through “hand-eye coor-
dination operation” and accelerates the mental and cognitive functioning of the elderly
through a game-like approach and trainingmechanism, thereby achieving training effects
and mitigating the effects of cognitive decline at an advanced age.

2.4 Summary

Therefore, it is clear from the above literature that the use of “tangible user interface”
combined with “augmented reality” technology and “tabletop gaming” tasks and “hand-
eye coordination operation” for the training of “memory” and “visuospatial perception”
in the elderly is possibly effective to slow down the cognition decline of the elderly.

However, this study has not been confirmed and few studies have been conducted
to evaluate the operational tasks of TAR game concepts for the elderly. Therefore, this
study will provide an example of a TAR game application for the elderly in order to
assess whether the TAR game task is equally operational and comprehensible for the
elderly in terms of “memory” and “visuospatial perception”.

3 Research Methodology

3.1 Research Objects

In this study, a total of 6 elderly people aging 60 years or above (mean age of 65.2 years
old) were recruited for the study, who were all female, currently living with their
families. Cases were screened on the basis of subnormal elderly with a score of at
least 26 on the Montreal Cognitive Assessment (MoCA) cognitive impairment scale.
It is a simple scale to detect mild cognition impairment and pre-dementia covering six
major cognitive measurement dimensions: attention, memory (immediate and delayed
memory/computation), language, orientation, visual construction skills and executive
function (abstract thinking).

3.2 Experimental Implementation and Game Playing

In this experiment, six elderly subjects were provided with two different types of games:
(1) a tablet gamewithout TARoperation and (2) an interactive gamewith TARoperation.
The experiments were conducted with six elderly subjects playing each of the two types
of games for 25 min, and the games were played for a total of 50 min, with the researcher
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and therapist observing during the games. After the participants had completed the two
types of games, they were asked to complete a six-dimension cognitive scale. The six
items in the cognitive scale were used to help the researcher understand whether the
game with TAR operation was better for the elderly than the traditional tablet game
interface in terms of memory, judgement and visuospatial perception.

Because of the above research topics, the games selected for the two categories of
games (with TAR operation) in this study were mainly those that require combination of
memory, judgement and visuospatial perception to complete the tasks. In terms of game
content, the games with similar content and the same rules were selected (for example,
the Simon Game and the Tangram gamewere chosen for this study, and the Simon Game
is about memory [16] and the Tangram Game is about spatial cognition [17]). The main
purpose of the study was to find out the differences in operating and comprehension
of memory and visuospatial perception skills between (1) a tablet game without TAR
operation and (2) an interactive game with TAR operation for the elderly.

3.3 Differences Among and Comparisons of Game Content

In this study, two games were selected for “memory” and “visuospatial perception”,
namely the Simon Memory Game [16] and the Tangram Game. Simon Game mainly
requires users to memorize and recite the order of lighting and direction of the lights in
various color, and then arrange them in order according to the prompts so as toto test
their memory ability in the process.

Tangrams Game, on the other hand, is a game on shape matching and color matching
for arrangement in order, which also tests the spatial and shape awareness skills of the
players [17].

These two games were given the same content but with different modes of operation
by the researchers (one was an interactive game with TAR operation and the other was
a tablet game without TAR operation), the main difference is whether a “tangible user
interface” was provided for the game players in operation.

Tablet Game Without TAR Operation
The Simon Game without TAR operation is a game published by Hasbro, Inc. and its
video game version was designed by Paul Neave [18] based on its concept.

The Tangram without TAR operation is a computer game of shape collage published
by ImproveMemory [19]. Both of them can be played on a tablet computer, mainly
providing a no-TAR operation tablet game for elderly subjects. During the process,
the elderly subjects had to use their hands to tap the interface buttons on the tablet to
complete the tasks, and the game was mainly played using the tablet without gestures
or hand-eye coordination (Fig. 1).

Interactive Game with TAR Operation
In contrast to the two kinds of tablet games mentioned above, the study found two other
games with the same concept, and changed the content of the game to “TAR operation”,
which were played with OSMO (Tangible Play, Inc.) [20] and MERGE CUBE [21]
respectively.
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Fig. 1. Simon’s memory game by Hasbro, Inc. (left), Shape collage computer game by
ImproveMemory (right)

The Tangram Game uses the Tangible Play game published by OSMO for game
interaction, which has physical objects that interact with the virtual interface of the
tablet. In the process, users could operate on the tangram in a physical space and then
receive feedback through the flat screen (Fig. 2).

OSMO Tangible Play
The tablet game is combined with a physical tangram (Fig. 2), in which the shapes of the
physical objects below is reflected through the reflecting mirror on top of the tablet, and
then the image recognition technology at the back end of the program is used to compare
the shapes to determine whether the player has arranged the shapes in accordance with
the corresponding pictures. If the arrangement is correct, the user will be given different
visual animation feedback, and led to the next stage of the game.

Fig. 2. The Tangible Play game published by OSMO allows users to interact with the virtual
image of the tablet using physical objects.

MERGE CUBE
Another game with TAR operation, Simon Game, uses the MERGE CUBE to operate
(Elemental Order, Clevyr, Inc., Fig. 3) [22]. The game is played with a physical MERGE
CUBE (the cube in Fig. 3), during which the user sees the AR technology project virtual
information onto the physical object in accordance with the rotation of the cube, which
is then presented on the screen of the handheld device (Fig. 3).

Game players can use their hands to turn the physical cubes to correspond to the
virtualmodels displayedon the screen.During the process they canmaster game informa-
tion and the interactive state of game content through hand-eye coordination. Compared
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to tablet games without TAR operation, the user can control the interface content directly
with both hands, which is different from the sensory cognition of a simple flat screen
view.

Fig. 3. Game players can pick up the physical MERGE CUBE and use the cube to play.

3.4 Assessment Methods

After the six elderly participants completed the two kinds of games, they were given
a questionnaire adapted from the cognitive dimensions of the NASA-TLX (National
aeronautics and space administration task load index) [23] scale to assess their subjec-
tive measurement of mental load. The scale developed for this study involves in: (1)
psychological burden, (2) game operation, (3) cognitive load, (4) self-expression, (5)
visuospatial perception, and (6) memory. After the game, the researchers record and
interview those old people about their game operation and experience. This will be used
to assess whether tangible user interfaces combined with AR technology (TAR) together
with tabletop tasks and hand-eye coordination are equally operative and comprehensible
for the elderly in terms of “memory” and “visuospatial perception”, or whether they can
reduce learning load and serve as a good medium for cognitive training (Figs. 4 and 5).

Fig. 4. Tablet Tangram Game without TAR operation (left) and interactive Tangram Game with
TAR operation (right)
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Fig. 5. Tablet Simon Game without TAR operation (left), and interactive Simon Game with TAR
operation (right)

4 Results

In this study, a total of six elderly subjects (MOCA > 26) aged 60 above years old
were given a test and subsequent interview. The full procedures of the experiment were
recorded. The elderly subjects were provided with (1) a tablet computer game without
TAR operation (which was operated entirely on the tablet) and (2) an interactive game
with TAR operation (which combined virtual and physical operation objects) for sensory
operation and comparison. A subjective assessment was conducted using the modified
NASA-TLXcognitive scale to see if it had some impact on and advantage over “memory”
and “visuospatial perception” of the elderly.

After the game, a comparison was made on a subjective scale between the game with
TAR operation and the tablet game without TAR operation to see if the game had better
operability and comprehension of “memory” and “visuospatial perception” and could
be used in the future as a cognitive training medium to reduce learning load.

In this study game experiments and interviews were conducted, and a modified
cognitive scale was used for a subjective evaluation on six dimensions (psychological
burden, game operation, cognitive load, self-expression, visuospatial perception, and
memory), and for assessment of the performance of the of the TAR game style with a
score of 1 to 7.

After observation of the experimental games, the researcher and therapist discussed
the performance and status of the elderly subjects during the game, focusing on the
following six subjective aspects. Given that this study was a single game experiment,
the assessment was not focused on the degree of cognitive improvement of the elderly,
but on whether the TAR game was more appropriate and easier to play for the elderly in
terms of operability and cognition. In addition, data from six aspects were presented to
determine the extent to which the TAR game was helpful in various dimensions.

The following is the game experience of a total of six elderly subjects in playing
interactive games with TAR operation compared to games without TAR operation:

1. Psychological burden: The interactive game with the TAR operation was relatively
easy for the elderly in terms of ‘psychological burden’, with a score of 5.9, (1 stands
for strongly disagree; 7 stands for totally agree).
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2. Game operation: Interactive games with TAR operation is easier for the elderly
to master in terms of ‘game operation’ with a score of 5.83, (1 stands for strongly
disagree; 7 stands for totally agree).

3. Cognitive load: The interactive game with TAR operation was relatively easy for
the elderly to understand in terms of manipulating the ‘cognitive load’, with a score
of 5.3, (1 stands for the most difficult; 7 stands for the easiest).

4. Self-expression: The interactive game with the TAR operation scored 4.83 in terms
of satisfaction of the elderly with ‘self-expression’ (1 stands for the least satisfaction
with the results; 7 stands for the greatest satisfaction with the results).

5. Visuospatial perception: The Tangram Game with TAR operation is easier to oper-
ate for the elderly in terms of “visuospatial perception”, with a score of 6.16, (1
stands for the most difficult to operate; 7 stands for the easiest to operate).

6. Memory: The Simon Game with TAR operation is easier to understand for the
elderly in terms of “memory”, with a score of 5.3, (1 stands for the most difficult to
remember; 7 stands for the easiest to remember).

The data from the above six dimensions show that the six participants found the TAR-
based games to be useful for comprehension and operability, and indirectly conducive to
memory and spatial cognition,with an average score of 5.55. It canbe seen that interactive
games with TAR operation have a positive effect on the overall cognitive condition of
the aged participants, and indirectly lead to better “operability” and “comprehension”
in the aspect of “memory” and “visuospatial perception”.

In addition, the researchers found that the Simon Game with TAR operation had
more “memory points” than the non-TAR operation tablet games. It was found that the
participants were more likely to enhance their memory and feelings through the “body
memory” and “perceptual cognition” generated by the gestures.

In terms of visuospatial perception, the Tangram Game with TAR operation was
easier to understand than the game with no TAR operation. More information feedback
on such phenomena was obtained from the field observations of the participants during
the game tasks and from the actual interviews.

5 Conclusion and Discussion

Based on the above, the results show that the elderly received initial positive support
from the therapist when they play the interactive games with TAR operation. According
to these observations and data, it is clear that the interactive gamewith TARoperation has
advantages in the six sensory dimensions of comprehension, operation, cognitive load,
cognition, memory, and visuospatial perception training through hand-eye coordination.
Based on these preliminary findings, it is expected that the application of the TAR
interface is generally positive in terms of delaying cognition decline of the elderly. The
researcher has several explanations and suggestions for this initial performance.

5.1 TAR Games can be Helpful for the Elderly in Terms of Operation

TAR games can play combined effect of virtual visual imaging and physical object
perception. In a Tangram Game with the TAR operation, the elderly can manipulate
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the virtual animation presented on the flat screen by actually moving the correspond-
ing physical object. The feedback from the user’s hand manipulation also makes their
cognition of shape pattern and space more obvious.

In addition, such a phenomenon was also demonstrated in the Simon Game with the
TAR operation concept. The subjects were stimulated by the color changes presented
by the augmented reality technology while rotating the cube, and then the physical
cube is operated by both hands at the same time, so that the color changes would leave
a deeper impression on the subject. According to such phenomena and findings, the
following three advantages are summarized through an analysis: First, previous studies
on spatial cognitive training of the elderly were often done only by recognition training
and comparison of spatial concepts through 2D planar graphics. This is not only more
difficult for operation and lacks spatial awareness, but also less likely to arouse users’
interest.

On the other hand, the Simon Game with TAR operation uses AR technology to
present a 3D stereoscopic model and allows users to interact with the 3D spatial content
through real physical objects. This integration of virtual and reality is also useful for
spatial and memory training [24]. In addition, such outcomes are not only effective for
young people, but also for the elderly, who can directly manipulate 3D objects with
spatial concepts by hand and eye is much faster than converting 2D images into 3D
space by imagination.

Secondly, real-time visual and physical interaction can enhance the training on hand-
eye coordination. Compared to traditional tablet games with 2D interfaces or AR-only
games, the use of physical models by gestures and rotating games can trigger users’
associations with colors and shapes to increase their willingness to play cognitive train-
ing games [25]. Meanwhile, it can also help to improve memory and spatial cognition
abilities through gesture operation.

In addition, the TAR game can also offer different contents to various kinds of
games for physical objects and virtual interface operation, thus the materials introduced
by games could be selected among a wide range of scope.

Finally, compared to tablet games without TAR operation, the participants remained
optimistic about using new technological applications. After manipulating 3D vir-
tual models through handheld devices such as tablets, the elderly people were clearly
emotionally excited and relatively concentrated during the process of operation.

5.2 The Impact of Interactive Game Design and Usage Environment with TAR
Operation

With AR technology, the virtual images are integrated with real life and the extended
while TAR technology integrates physical operations into the system’s operatingmecha-
nism, allowing the users to interact with virtual augmented information through physical
objects, strengthening the connection between physical and 3D objects. Such state of
operation would then trigger the user’s body perception. The relationship between the
user’s hands, the handheld device and the physical operation tool shall therefore be taken
into account in the design and operation of the game.

For example, in a Tangram Game with TAR operation, the players place the blocks
in front of the tablet and visually see the graphics on the screen and the physical tangram
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blocks directly. Compared to Tangram Game without TAR operation purely operated
on a tablet, TAR operation makes it easier for the elderly to recognize shapes and
spatial matching relationship, and indirectly enhances their sense of interaction between
operational cognition and spatial cognition.

Furthermore, according to the feedback from the test subjects, in addition to the
increased memory and spatial perception when operating TAR games, the operational
smoothness of environmental devices also affects the user’s concentration in operation
and satisfaction with the game. Considering the physical condition of the elderly, hand-
held devices with TAR games that allow them to sit or stand only are easier to perform
on than full-body action games, and they can also focus on hand-eye coordination tasks
at the same time to achieve better operation and experience.

5.3 Future Work and Research Limitations

This study aims at enabling the elderly to engage with the game in a more intuitive and
smooth manner, and to enhance memory and visuospatial perception through games
actions, which can achieve better learning outcomes with more diversified interactive
games and cognitive training that integrates virtual and reality as the learning medium.

Although preliminary experimental results were obtained in this study, there are still
some non-negligible limitations.

First, as this experiment introduced a new technology into a traditional cognitive
test and conducted in the form of game intervention, which is a new learning exercise
for the elderly, the acceptance level will exert certain influence on the test results from
the subjective feelings of the subjects. Moreover, the number of cases recruited for the
initial experiment is quite small, so it can only be considered as a preliminary study.

Secondly, the cognitive decline of the elderly is comprehensive and varies to different
degrees as the physical condition of the individual changes. This study discusses the
cognition abilities such as hand-eye coordination operation, memory and visuospatial
perception, and more in-depth experiments with a larger sample size are needed to
ascertain the mechanism and how to master the interactive game with TAR operation in
order to enhance this ability more accurately.

Finally, this study is mainly designed with the focus of whether the application of
“tangible user interface” combinedwith “augmented reality” technology (TAR) can help
memory and visuospatial perception under hand-eye coordination. In the process of the
game, a virtual-real integration concept was adopted to enhance the cognitive abilities
of the elderly with simple concepts and to understand and make it clear whether such a
game mechanism has an effect on memory and visuospatial perception. Future research
and experimental designs are needed to validate the game interventions for the elderly
in reducing cognitive impairment.

References

1. Park, D.C., Lautenschlager, G., Hedden, T., Davidson, N.S., Smith, A.D., Smith, P.K.:Models
of visuospatial and verbal memory across the adult life span. Psychol. Aging 17(2), 299–320
(2002)



288 L.-L. Wang and I.-J. Lee

2. Tsolaki, M., et al.: Effectiveness of nonpharmacological approaches in patients with mild
cognitive impairment. Neurodegener. Dis. 8(3), 138–145 (2011)

3. Alvarez, J., Djaouti, D.: An introduction to Serious game Definitions and concepts. Serious
Games Simul. Risks Manag. 11(1), 11–15 (2011)

4. Wiemeyer, J., Kliem, A.: Serious games in prevention and rehabilitation—a new panacea for
elderly people? Eur. Rev. Aging Phys. Act. 9(1), 41–50 (2012)

5. Groznik, V., Sadikov, A.: Gamification in cognitive assessment and cognitive training formild
cognitive impairment. In: Geroimenko, V. (ed.) Augmented Reality Games II, pp. 179–204.
Springer, Cham (2019). https://doi.org/10.1007/978-3-030-15620-6_8

6. Chicchi Giglioli, I.A., de Juan Ripoll, C., Parra, E., Alcañiz Raya, M.: EXPANSE: a novel
narrative serious game for the behavioral assessment of cognitive abilities. PLoSONE 13(11),
e0206925 (2018). https://doi.org/10.1371/journal.pone.0206925

7. Zheng, J., Chen,X.,Yu, P.:Game-based interventions and their impact on dementia: a narrative
review. Australas. Psychiatry 25(6), 562–565 (2017). https://doi.org/10.1177/103985621772
6686

8. Lin, C.-W.,Mao, T.-Y., Huang, C.-F.: A novel game-based intelligent test for detecting elderly
cognitive function impairment. Comput. Math. Methods Med. 2021, 10 (2021). Article ID
1698406

9. Azuma, R.T.: A survey of augmented reality. Presence Teleoperators Virtual Environ. 6(4),
355–385 (1997)

10. Crofton, E.C., Botinestean, C., Fenelon, M., Gallagher, E.: Potential applications for virtual
and augmented reality technologies in sensory science. Innov. Food Sci. Emerg. Technol. 56,
102178 (2019)

11. Chu, H.-H.: The effect of cognitive styles, learning motivation and computer attitude on
cognitive load of users in augmented reality learning system. Department of Graphic Arts
Communication (2013). https://hdl.handle.net/11296/52a5j5

12. Blomqvist, S., Seipel, S., Engström, M.: Using augmented reality technology for balance
training in the older adults: a feasibility pilot study. BMC Geriatr. 21, 144 (2021). https://doi.
org/10.1186/s12877-021-02061-9

13. Chen, Y., Janicki, S.: A cognitive-based board game with augmented reality for older adults:
development and usability study. JMIR Serious Games 8(4), e22007 (2020)

14. Billinghurst, M., Kato, H., Poupyrev, I.: Tangible augmented reality. ACM Siggraph Asia
7(2), 1–10 (2008)

15. Blacker, K.J., Curby, K.M., Klobusicky, E., Chein, J.M.: Effects of action video game training
on visual working memory. J. Exp. Psychol. Hum. Percept. Perform. 40(5), 1992 (2014)

16. Kawamoto, A.L.S., Martins, V.F.: A visuospatial memory game for the elderly using gestural
interface. In: Antona, M., Stephanidis, C. (eds.) UAHCI 2017. LNCS, vol. 10278, pp. 430–
443. Springer, Cham (2017). https://doi.org/10.1007/978-3-319-58703-5_32

17. Desai, S., Fels, D., Astell, A.: Designing for experiences in blended reality environments for
people with dementia. In: Stephanidis, C., Antona, M., Gao, Q., Zhou, J. (eds.) HCII 2020.
LNCS, vol. 12426, pp. 495–509. Springer, Cham (2020). https://doi.org/10.1007/978-3-030-
60149-2_38

18. The Free Video Games Project, Paul Neave. https://freesimon.org/
19. ImproveMemory, Powerblocks. https://www.improvememory.org/brain-games/block-

games/powerblocks/
20. Tangible Play, Inc. https://www.playosmo.com/en/
21. Merge Labs, Inc. https://mergeedu.com/cube
22. Elemental Order, Clevyr, Inc. https://clevyr.com/games/elemental-order
23. Hart, S.G., Staveland,L.E.:Development ofNASA-TLX(task load index): results of empirical

and heoretical research. In: Hancock, P.A., Meshkati, N. (eds.) Human Mental Workload,
North-Holland, Amsterdam, The Netherlands, pp. 139–183 (1988)

https://doi.org/10.1007/978-3-030-15620-6_8
https://doi.org/10.1371/journal.pone.0206925
https://doi.org/10.1177/1039856217726686
https://hdl.handle.net/11296/52a5j5
https://doi.org/10.1186/s12877-021-02061-9
https://doi.org/10.1007/978-3-319-58703-5_32
https://doi.org/10.1007/978-3-030-60149-2_38
https://freesimon.org/
https://www.improvememory.org/brain-games/block-games/powerblocks/
https://www.playosmo.com/en/
https://mergeedu.com/cube
https://clevyr.com/games/elemental-order


A Preliminary Study on Application of Tangible User Interface 289

24. Juan, M.C., Mendez-Lopez, M., Perez-Hernandez, E., Albiol-Perez, S.: Augmented reality
for the assessment of children’s spatial memory in real settings. PLoS ONE 9(12), e113751
(2014)

25. Bach, B., Sicat, R., Beyer, J., Cordeil, M., Pfister, H.: The hologram inmy hand: how effective
is interactive exploration of 3D visualizations in immersive tangible augmented reality? IEEE
Trans. Vis. Comput. Graph. 24(1), 457–467 (2017)



Feasibility Study of Portable Simulated Pet
‘KEDAMA’ for Relieving Depression

Jiang Wu1,2(B), Yuan Yuan1, and Yihang Dai1,3

1 Kakuchi Academy, Kakuchi Co., Ltd., 3-2-17 Shimoochiai, Shinjyuku-ku, Tokyo 161-0033,
Japan

jiangwu@s.h.k.u-tokyo.ac.jp
2 The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

3 Graduate School of Art and Design, Tama Art University, 2-1723 Yarimizu, Hachioji,
Tokyo 192-0394, Japan

Abstract. The sudden arrival of COVID-19 has brought a lot of inconvenience
to people’s lives. It also has an adverse impact on people’s mental health. Because
COVID-19 can spread directly, aerosol and contact, this uncontrollable and rapid
mode of communication restricts people’s going out, and all the original party
and entertainment activities are restricted, which for today’s young people, is
tantamount to reducing the way to vent stress, but also brings a sense of loneliness.
Youngpeople have become the biggest victims ofCOVID-19’s restricted activities,
and more and more young people suffer from mental health diseases. Keeping
pets is used to improve mental health disorders, and more and more people are
starting to keep pets, but on the other hand, the number of people who abandon
their pets is also on the rise, and a large number of them are forced to separate
from their pets for external reasons. To get rid of this situation, more and more
people use virtual pets to replace real pets, but the current virtual pets are also in
a state of saturation and there are many problems. Therefore, we have developed
a portable simulated pet ‘KEDAMA’, which can be customized according to the
user’s personal preferences, based on the five senses, and the price is very cheap
and easy to order. Not only to replace pets, but also hope that KEDAMA can
improve people’s mental health and prevent more young people from depression.

Keywords: Depression · Portable simulated pet · Five senses ·Mental health

1 Introduction

1.1 Background

The COVID-19 virus is now known to belong to the same family as SARS and Mid-
dle East respiratory syndrome coronavirus (MERS-CoV), which are zoonotic infections
thought to have originated from snakes, bats, and pangolins at the Wuhan wet mar-
kets. The virus has rapidly spread across the globe leading to many infected people and
multiple deaths [1]. On March 11, 2020, the World Health Organization characterized
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COVID-19 as a pandemic [2]. This pandemic has affected all aspects of human lifeworld-
wide. Due to the pandemic, many governments have imposed restrictions, of varying
degrees of strictness,which have impacted people’s day-to-day lives. In particular, a large
proportion of young adults are facing the effects of college suspensions, teleworking,
reduced income, and part-time unemployment. The government almost comprehensive
restrictions such as not leaving home for any public spaces, staying home except when
absolutely necessary to go out (i.e., work, in accordance with prescribed limits; buying
food or medicine; receiving medical treatment; performing other essential activities),
and a prohibition against congregating [3].

At the same time, restaurants and entertainment venues, shops of all kinds, malls
and shopping centers, hotels, and many other businesses (excluding those defined as
essential, such as grocery stores and pharmacies) were forced to close at once. Although
industries considered essential maintained their activity, non-essential industries were
permitted to employ only a limited number of workers [4]. When personal activity is
restricted and the living environment changes, people tend to feel anxious and unsafe.
In the case of infectious disease outbreaks, the state of restricting personal activities will
continue when the cause or progression and outcome of COVID-19 is unclear [5]. At
the SARS outbreak in 2003, anxiety levels increased significantly. In Hong Kong, for
example, about 70% of people express anxiety about contracting SARS, and many say
they see no hope for their life ever since [6]. The COVID-19 pandemic and resulting
recession negatively impacted themental health ofmany people and created new barriers
for people who already suffered from mental illness and substance use disorders [7].
Such as difficulty sleeping (36%) or eating (32%), increases in alcohol consumption
or substance use (12%), and worsening chronic conditions (12%), due to worry and
stress over the coronavirus. Adults are one of the most affected groups in crisis. Due
to the influence of COVID-19, four out of ten adults have symptoms of anxiety and
depression [8]. So far, COVID-19 has not been completely resolved, and the number
of psychologically impaired patients will continue to grow. According to the July 2020
KFF Health Tracking Survey [7], mental health problems among young adults account
for 56.2% of the total number of people affected. It is important for adults to improve
their mental health with anxiety and depression.

In recent years, pet ownership is being promoted as a way to improve mental health.
Pet may become a stimulus for exercise, reduce anxiety, and provide an external focus
of attention. Pets are also a source of physical contact and comfort and may decrease
loneliness and depression while promoting an interesting lifestyle [9]. Pets make you
walk in themorning and you have to do a lot of other activities like bathing, feeding them
and so on. Pet owners will also playwith their pets, these activities will keep youmoving,
which will eliminate all the laziness in your body, make you healthy and energetic. Some
pet ownerswill talk to their petswhen they feel lonely, and quicklymake the owners laugh
through the pet’s pranks and lovely activities, thus alleviating the loneliness of being
alone. And because some families keep pets, their houses are protected from thieves.
With the development of society, the continuous growth of national economy and the
continuous improvement of people’s living standards, people’s pursuit of spiritual life
has reached a certain height while their material life is greatly enriched. On the one
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hand, people pay more and more attention to the cultivation of life interest and pursuit
of personalized experience.

On the other hand, the change of traditional family structure and the increase of work
pressure make more and more people put their emotional investment in pets, and the
pet industry gradually develops from this. Due to the impact of COVID-19, 2020 was a
year of profound impact and change, and the pet industry experienced its share of both.
The industry exceeded over $100 billion in sales for the first time last year, according
to APPA’s 2020 State of the Industry Report. APPA is bullish for the coming year,
projecting growth of 5.8%, well above the historical average of 3% to 4%. According to
the 2021–2022 APPA National Pet Owners Survey, 70% of U.S. households own some
type of pet, up from 67% in the 2019–2020 Survey. In fact, 14% of total respondents (pet
owners and non-pet owners) obtained a new pet during the pandemic and at least one in
four new pet owners said their recent pet acquisition was influenced by the pandemic.
Millennials were also revealed to be the largest cohort of pet owners at 32%, followed
closely by Boomers at 27% and Gen X at 24% [10].

Especially after COVID-19, most households now have pets, including 59% of those
under 35 years old [11]. Meanwhile, pet owners tend to be younger, with those born in
the 1980s and 1990s accounting for 46.3% and 20.3% respectively. Pet owners have
higher income, accounting for about one-third of the monthly income above 8,000 yuan.
Pet owners were highly educated, with 59.5% and 5.8% of pet owners with bachelor’s
and master’s degrees or above [12]. More and more people keep pets. On the other hand,
an increasing number of pets are being abandoned [13]. In addition to the causes of
human injury, abandonment or loss, elder adults may lose the ability to keep pets as
they age due to inconvenience caused by their physical condition. It is also common
for people to be separated from their pets for reasons such as business trips, study trips
overseas, or the death of the pet itself. Sometimes owners feel nostalgic for their former
pets and wish they could be with them forever. In such cases, they cannot avoid missing
their pets [14]. Although animal therapy has a certain effect on mental health, the use
of live animal therapy, the burden on animals is relatively large, and animal training and
feeding costs, the actual application of animal therapy cases is not many. Therefore, the
use of robots instead of animals has attracted widespread attention [15]. In such cases,
they cannot avoid missing their pets.

1.2 Related Works

The advancement of virtual pets is increasingly assorted, and there are more types. Like
the Paro (Fig. 1(a)) in doll structure, a psychological initiation robot created by the
National Institute of Advanced Modern Science and Technology (AIST) is a model for
offspring of harp seals. It has been respected by Guinness World Records as the most
restorative robot. Measuring 55 cm long and weighing 2.5 kg, Paro is like a stuffed toy,
and equipped with five different sensors for sound, light, contact, posture, and tempera-
ture. Through continuous learning, the Paro robot can respond to external stimuli [16],
and the actual contact with the patients help to evokememories to reduce the nervousness
of dementia patients. Notwithstanding, Paro’s exploration objects are focused entirely
on elderly, with no research on youngsters. Besides, it is hard to awaken the memory
of raising pets due to the lockdown state of COVID-19 pandemic. The advancement of
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virtual pets is presently turning out to be diversified. In addition to the fact that it is not
difficult to express, yet additionally to get a similar impact as having a pet and diminish
stress [16].

Fig. 1. (a) Paro [16], (b) Aibo [17].

There is also awell-knownpet robot,Artificial IntelligenceRobot (AIBO) (Fig. 1(b)),
a pet robot that Sony has been selling since 1999, known as an “entertainment robots”
for domestic sales. The latest model, the AIBO ERS-1000, is about the same size of a
beagle and weighs under 5 lb. Its lithium particle battery lasts about 2 h, after which it
needs to “rest” on a charging pad for about 3 h. It is equipped with sensors, including a
camera, capacitive trackpad,motion and light sensors, and a six-axis positioning frame at
the head and center. So AIBO can make a variety of appearances, along with changes in
expression and body posture, as well as normal movements. AIBO’s various movements
include smiling, bending over, wiggling its tail, and more. Whenever its owner scratches
its belly, its head and expression respond. It also remembers the voice and appearance
of its owner. This is where AIBO is very unique. According to Sony’s official website,
the new product ERS-1000 would also be launched in Japan. The initial retail fee would
be around 200,000 yen, but there are still a large number of people, including Sony
employees,who think thatAIBO’s appearance is still too large. The price is too expensive
for some consumers, and AIBO as a pet robot, its metal shell can’t give a more realistic
feeling, people say it doesn’t look like a dog and doesn’t feel like a real pet [17].

Many virtual electronic pets are also being studied. For example, there is a game
similar to keeping a toy cat, named Chodji-Cat (Fig. 2(a)) that has a healing effect
not only through visuals, but also by simulating the sound of the animal, it also has
a therapeutic effect on the user to relieve psychological stress [18]. In addition to the
visual healing effect and the advantages of interacting with the user, Chodji-Cat has a
very high degree of freedom in terms of not choosing where to use it, and it can be
obtained cheaply, so it can be said to be one of the healing items around. However, this
virtual pet has no entity and cannot be physically touched, so the therapeutic effect may
be lower compared with actual pets or pet robots.

Therefore, we have launched a portable simulated pet “KEDAMA” system through
UI/UXdesign. As shown in Fig. 2(b), the texture of KEDAMA’s fur is very similar to that
of real pets, and KEDAMA can be adjusted according to the user’s personal preferences
and needs. The appearance, sound and many other aspects of KEDAMA can be selected
and customized, which affects people’s five senses [14, 19, 20]. Moreover, the price of
KEDAMA is cheap, and students without income can also afford it.
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Fig. 2. (a) Chodji cat [18], (b) KEDAMA [14, 19, 20].

2 ‘KEDAMA’ Design and Concept

The design innovation of KEDAMA ismainly in two aspects. On the one hand, it is based
on the idea of different customizations from personal preferences, and design research
topics according to each user’s preference for raising pets, breaking the stereotype of
virtual pets under traditional thinking, emphasizing that the design process should not
only pay attention to the appearance of pets, but also from the perspective of personalized
and customized design, it is proposed to focus on the characteristics of virtual pets from
multiple perspectives such as hair length, hair color, and hair texture, as well as the
selection of pet voices (Fig. 3). According to the user’s experience of raising pets, the
type and breed of pets, and personal characteristics.

Fig. 3. KEDAMA architecture [14].

As well as the relevant context (different from the pet experience due to business
trip, study abroad, travel, etc.), different KEDAMA can be customized from the aspects
of color, appearance, sound, texture, etc., to meet the needs of users and promote the
realization of the vision of decompression design. The system attempts to break the
public’s fixed perception of electronic virtual pets, revealing that not only children or the
elderly have needs, but the functions of virtual pets can also help young people improve
their mental health of anxiety and depression, emphasizing that using KEDAMA is not
only a way to miss pets, but also a way to care for the mental health of teenagers.
Therefore, this study expands a new research perspective and provides a new design
framework for portable virtual pet design at the theoretical level.
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Another innovation of KEDAMA is the interaction design and unique application
look and feel. KEDAMA’s interaction design has user engagement and interaction with
any item of the product, system, or interface, and provides a good experience for the
user through personalization. The key point of the detailed design of the application
design is to visualize the animal selected by the user, unify it into a circle, and match
it with a round KEDAMA, so that the user can see the appearance of KEDAMA more
realistically (Fig. 4). In terms of application colors, the entire page is light andwarm. The
color palette also relaxes the user by using warm colors. Saturation selects the design
style of low saturation and high brightness, and the warm colors bring users a feeling of
warmth, positivity, vitality, and enthusiasm. The appearance design of the application
also brings more visual comfort to the user. Relative to some focused mainly on the
design research of the design strategy and theoretical perspective, this study not only
put forward the related to personalized design strategy and design method, but also as
far as possible to the user experience to bring comfort, soothe the mood, can better
help some pressure young people better complete KEDAMA personalized design the
customization process.

Fig. 4. KEDAMA’s customization process.

Then the user input in the app users like the sound of the pet and pet name, type
of pet, the size of KEDAMA from the large, medium, small three kinds of choices, the
length of the hair from the long, long, short three kinds of choices, from straight, small
volume, choose the hair curly hair 3 kinds of color can be customized black and white,
spots, stripes, three options. If selected directly, the effect of KEDAMA is automatically
generated within the application.

Finally, enter the order information into the KEDAMA system to make payment.
After payment, the KEDAMA customized according to the user’s personal preference
will be sent to the user (Fig. 5). In the actual using of KEDAMA system, when you touch
it, you can use it with lovely sound. Therefore, on the practical level, KEDAMAprovides
specific design strategies for the interaction design of portable virtual pets, which is of
certain significance to help users’ sense of experience and mental health.
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Fig. 5. KEDAMA usage scene.

3 Method

3.1 Observation and Evaluation Verification Checklist

Jones et al. (2015) utilized a video coding protocol-combined observation of emotions
(VC-IOE) to present a new method for investigating dementia patients using observa-
tional videos [21]. This approach is helpful in assessing the impact of machines on
people. By scoring the responses of people with dementia, the degree of influence of
the machine on various aspects of the human being was obtained. This VC-IOE metric
was created to measure the impact more intuitively for research purposes, using virtual
pet robots with dementia patients in different settings, and is particularly evident for
pre- and post-experience comparisons. VC-IOE revolves around six components of the
experiencer: Emotional, Verbal, Visual, Behavior, Collective, and Agitation (Table 1).
Each aspect of the experience should be evaluated independently, and then aggregated
and calculated to obtain a comprehensive result.

Evaluators assessed emotional responses by observing the experiencers’ facial
responses in video clips and classified them into three categories: positive emotions and
negative emotions, and neutral emotions. For example, anger, anxiety or fear, sadness,
and neutrality. Verbal was assessed through discussions on KEDAMA. Experiencers
evaluate KEDAMA for verbal praise or criticism. Vision, as a sign of the experiencer’s
nonverbal response, is analyzed and assessed by the point of view of the experiencer’s
gaze and the duration of the KEDAMA. Keeping the eye’s attention on the KEDAMA
while stroking the KEDAMA or moving the eye’s gaze to follow the KEDAMA. Evalu-
ation was performed according to the fitness survey of Cohen-Mansfield et al. [22] and
Kolanowski et al. [23].

Behavior including touching or petting, holding, and handling the stimulus appro-
priately was evaluated as a positive response evaluation. Hitting, shaking, and slapping
the KEDAMA, including shoving KEDAMA away are considered adverse behavioral
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Table 1. Video coding checklist incorporating observed emotions.

Engagement Observation

Emotional Positive emotions (Pleasure) Smiling, laughing towards the stimulus

Negative emotions (Anger,
Anxiety or fear, Sadness)

Physical aggression, yelling, cursing,
drawing eyebrows together, clenching
teeth, pursing lips, narrowing eyes; voice
shaking, shrieking, repetitive calling out,
line between eyebrows, lines across
forehead, tight facial muscles; crying,
frowning, eyes drooped, moaning, sighing,
eyes/head turned down

Neutral Relaxed or no sign of discrete facial
expression

Verbal Positive verbal engagement with
stimulus or facilitator

Appreciating, praising the stimulus,
making jokes, expressing happiness, fun
experience, and participating and
maintaining conversation, verbally
responding to the stimulus

Negative verbal engagement Verbalizes the desire to leave, refuses to
participate in the activity anymore, makes
repetitive generalized somatic complaints,
cursing and swearing

No verbal engagement Not participating and maintaining the
conversation. Not responding or talking to
the stimulus or facilitators

Visual Visually engaged Appears alerted and maintaining eye
contact with the stimulus, including eyes
following or looking at the stimulus

No visual engagement Blank stare into space. Does not make eye
contact with the stimulus

Behavior Positive behavioral engagement Touching or attempting to touch the
stimulus. Stroking, petting, holding, and
handling the stimulus appropriately

Negative behavioral engagement Hitting, shaking, and slapping the stimulus
inappropriately, including Shoving it away
and pulling it out

No behavioral engagement No touching, physical contact and
interacting with the stimulus

(continued)



298 J. Wu et al.

Table 1. (continued)

Engagement Observation

Collective Evidence of collective engagement Encouraging others to interact with the
stimulus. Introducing stimulus to others.
Using stimulus as a communication
channel to interact and talk with others

No collective engagement No sign of collective engagement

Agitation Evidence of agitation (verbal,
vocal, motor activity)

Restlessness, repeated/agitated movement,
picking and fiddling with clothes;
repetitive rubbing own limbs or torso;
appears anxious. Repeats words or phrases,
abusive or aggressive toward self or other

No evidence of agitation No sign of agitation as described above

reactions. Collective is divided into two parts, evidence of collective engagement or
no collective engagement. For example, it would proactively recommend KEDAMA to
others, or proactively communicate with others about KEDAMA’s experience feedback.
Agitation is coded in light of Cohen-Mansfield’s exploration on tumult and fomenta-
tion practices [24], assessing “Agitation” from both verbal and non-verbal perspectives,
such as non-verbal aspects of the experiencer showing fidgeting or repetitive or excited
movements. Or constantly fiddling with clothes, repeatedly rubbing their limbs or shak-
ing their body, appearing anxious. Verbally, repeating words or phrases, or abusively,
attacking self or others. Table 1 above shows the nuances of various aspects of video
evaluation.

3.2 User Experience Survey

First Challenge Impression. Collect experiencers’ information and other data (as
shown in Fig. 6). The reaction of users when they see KEDAMA for the first time
is observed and recorded through video recording. It is also known whether KEDAMA
can be further promoted.

Response Survey After Experiencing KEDAMA. Let users live with KEDAMA for
3 weeks. According to the users’ feasible time in a week, choose 3 times in 3 weeks,
touch KEDAMA for 10 min and record it, transmit the user’s reaction in the video,
observe the evaluation, and calculate the average value to compare the effect of the user
before and after using KEDAMA for three weeks.

The evaluation standard is to perform a 5-stage evaluation (−2 poor, −1 poor, 0 no
change, +1 good, +2 improvement) of the items coded into the video recording list
(Fig. 7) of observed feelings, numerical zing the degree of effect. The calculation is to
use the emotional points *2 + word points *2 + visual points *2 + action points *1 +
other reaction points *2 + excited points *1 of the list. It will increase the weighting of
emotional, verbal, visual, behavioural, and other engagement and excitement values.
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Fig. 6. KEDAMA initial impression questionnaire.

Fig. 7. VC-IOE checklist.
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4 Results and Discussion

4.1 User Initial Impression Survey Results

Through the questionnaires filled in by the experiencers, we can learn about the basic
situation of the experiencers and their desire to experiment with the KEDAMA expe-
rience. The results were as follows: among the 20 participants (Fig. 8), 8 were male
and 12 were female, with an average age of 22.65 years. Of the 20 participants, 16 had
experience with pets and 4 had never owned a pet. Among the pet owners, 5 had dogs,
8 had cats, 2 had both cats and dogs, and 1 had fish and dogs.

87.5% chose to miss their pets very much. Only two of the 20 participants hadn’t
heard of virtual pets, suggesting they didn’t understand. But 85% of the 20 people who
have experienced it said they believe that a simulated pet should ease people’s desire for
pets.

As for the price of virtual pets, most of the people who have experienced it think
that the price is between 10 and 50,000 yen. No one thinks that more than 200,000 yen
is acceptable, mainly because the experience users are all international students, and
because of the epidemic, they can’t afford to work, so the price is too high to afford. All
experiencers have chosen to buy and try to first-hand experience together if there are
reasonably priced smart portable pet products that can be customized according to the
preferences.

Fig. 8. Sceneries of 20 users evaluating the experiment.
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Next, give each experimenter a KEDAMA, and record the experimenter’s response
to the first KEDAMA experience, and then use the checklist to evaluate according to
the VC-IOE index. A total of three reviewers watched and scored: a psychotherapist, a
teacher in charge of student mental health, and a product reviewer. Initial impressions
of KEDAMA, data summarized in Fig. 9.

Score data was aggregated from the three reviewers’ checklists, and an average was
calculated based on the responses to the six dimensions of the VC-IOE index. The first
impression survey of the experiencers’ Emotional was 0.798, the Verbal was 0.856, the
Visual action was 0.863, the Behavioral was 0.851, the Collective was 0.803, and the
Agitation was 0.656. Each calculation result reflecting the average effect degree was
greater than 0. It can be concluded that users’ first impressions of KEDAMA were
positive. KEDAMA had no bad feelings from the beginning. So users can continue to
experience the experiment for the next three weeks.

4.2 Comparison Effect Before and After KEDAMA Experience

Over the next three weeks, users were videotaped for 10 min each week, then rated
by reviewers based on their responses. In this experiment, 3 experiencers had special
conditions: 1 experiencer returned to home country due to visa problems, 1 experiencer
lost KEDAMA on the tram due to negligence and has not yet been found. The video
of 1 experimenter was damaged by the machine. 1 experiencer damaged the video due
to the machine of the video equipment, and the image was damaged and could not be
evaluated.

Fig. 9. Statistical chart of first impression evaluation of KEDAMA by experiencers.

Therefore, 17 (85%) of the 20 users in this experiment met the requirements. After
the data is aggregated, calculations are performed, as shown in the Fig. 10. During
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the video observation, many participants expressed their love for KEDAMA’s design
and repeatedly praised touching KEDAMA like touching a real pet. Some of them
are touching the KEDAMA from the beginning to the end of the video, touching the
KEDAMA and keeping a smile on the face of the experiencer.

Positive responses to emotion (p < 0.02) and vision (p < 0.005) were specifically
observed in the statistically calculated data. KEDAMA’s experience is particularly evi-
dent in the emotional and visual realms. In addition, according to the summary data,
comparing the effect of everyone, the user’s response effect showed an upward trend
around 3 weeks, and the calculated average validity of KEDAMA rose from 8.0 three
weeks ago to 10.92 after threeweeks of experience. (PairedT-test result p=0.00502174),
it can be concluded that the portable virtual pet KEDAMA has a positive effect on peo-
ple. This reflects that users’ experience with KEDAMA for three weeks has not leaded
to aversion but instead resulted in positive improvements in all aspects.

Fig. 10. Comparison chart of evaluation effect of various experimenters before and after the
introduction of portable Simulated pet KEDAMA.

5 Conclusion

At present, many pet robot simulation devices are becoming less and less efficient in
the use process, and people’s love for simulated pet robots is also getting lower, which
cannot reach a long-term use level. Therefore, in this research, we also investigated
whether KEDAMA is willing to be used for a long time. In the summary survey of each
item, 55.2% of the people thought KEDAMA was good, 42% thought that KEDAMA
needed to be improved, there was almost no “bad” score, and no experiencers thought
KEDAMA was bad. After this test, it is likely that KEDAMA can be used for a long
time and would maintain its effects.

This also indicates that the longer the user uses KEDAMA, the emotional aspect
would be effectively improved. These results also show that long-term use of KEDAMA
does not affect users’ experience results. We can try to put KEDAMA into people’s lives
for a long time, and further replace pets to improve the mental health of young people.
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However, only 20 subjects were selected for this research, and because of the pan-
demic, the experience often only lasted 3 weeks. In future research, we hope to expand
the experience to 50 users, increase the experience duration to 6 weeks, and expand the
user selection to make the results more generalizable. To further explore whether the use
of KEDAMA can improve the mental health of young people. In addition, when evaluat-
ing through VC-IOE, the reviewers still have some subjective feelings in the evaluation.
Next, we will consider trying to make the experiencer wear biosensors to obtain more
objective data for analysis. And in this research, since 1 experiencer lost the KEDAMA
during the experience and has not yet found it, we also consider installing a detectable
positioning sensor in the KEDAMA to make it easier for the user to find the location of
the KEDAMA.
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Abstract. Systematic research proves that long-term scientific balance training is
beneficial to improve the balance ability of the elderly and reduce falls. However,
due to the lack of professional teaching guidance, boring training process lacking
feedback, lack of companions, laziness and other problems, it is difficult for the
elderly to obtain scientific and systematic balance training to improve their balance
ability. Based on the current pain points in the process of balance training for the
elderly, this study designs an interactive balance training based on Tai Chi exer-
cise for the elderly, called “Balance Challenge”, in which the user will receive
scientific and systematic guidance instruction to train the stability of static and
dynamic posture control under low center of gravity and to improve the balance
ability of the elderly. The elderly will be allowed to complete scientific training
in a game-based way. A randomized controlled experiment was conducted among
18 elderly people (mean age 63 ± 2.9 years, 10 females) living in the commu-
nity. The experimental group performed balance training using balance training
at a prescribed exercise frequency, while the control group completed a physical
exercise routine at the same time. During the 4-week study period, participants are
advised to take 20-min unsupervised exercise at home at least three times a week.
The outcome measures were gait speed, standing balance, five-time sit-to-stand,
timed up and go performance, and neuropsychological function (attention: Let-
ter–digit test and Stroop tests) evaluated at baseline, 2 weeks, and experiment end
(4 weeks). 18 participants completed the experiment and reassessment, and the
experimental group completed an average of 9.7 20-min sessions with no adverse
events reported. Throughout the trial period, participants in the experimental group
showed significant improvements in gait speed (25%), standing balance (6%), five-
time sit-to-stand (21%) and timed up and go performance (12%) (all P < 0.05).
Letter–digit test (13%) and Stroop test (12%) showed no significant improvement.
Compared with the control group, the performance of the experimental group in
gait speed, standing balance, five-time sit-to-stand, timed up and go performance
was significantly improved (all P < 0.05), but the improvement of Letter–digit
test (10%) and Stroop test (7%) was not obvious.This study found that Balance
Training is scientific and feasible for the elderly, and leads to significant improve-
ment in gait, standing balance, and acting ability, which can reduce the risk of a
fall injury. The exercise compliance of the elderly is also better. It is hoped that
the somatosensory interactive balance training exergame based on Tai Chi for the
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elderly can be included in the exercise plan aimed at improving the balance ability
of the elderly.

Keywords: Exergames · Balance training · Somatosensory interaction · Elderly

1 Background

Declining balance is a very common phenomenon among the elderly population, and
population aging has become a common problem of global concern, and the balance
ability of healthy aging elderly people starts to decline rapidly at the age of 60 [1], which
has become the first cause of death from falls in people over 65 years old [2]. Systematic
studies have proven that long-term scientific balance training is beneficial to enhance
the balance ability of the elderly and reduce falls. In terms of balance enhancement, the
feasibility and effectiveness of gamified design interactive products for motor training
in muscle strengthening, balance movement, body control, and other motor functions
have been demonstrated by several studies [3, 4]. Also studies using Tai Chi exercises
have improved physical and cognitive functions and enhanced balance in older adults
[5].

Although research has proven that exercise is an effective strategy for balance
improvement in older adults, it is difficult for older adults to obtain scientific and sys-
tematic balance training to improve their balance ability due to the lack of professional
teaching guidance, boring training process lacking feedback, lack of peers, and laziness.
To improve the effectiveness of the training program, it is necessary to improve the
user experience of the elderly group using it, develop a reasonable intrinsic motivation
mechanism, and enhance both internal and external motivation of the elderly, and then
positive feedback to improve the elderly exercise adherence [6]. In terms of improving
adherence, several studies have shown that older adults can maintain a higher percent-
age of adherence with exercise interaction product interventions compared to regular
exercise, based on training completion rates, attendance, and exercise frequency [7–10].

Todate,most of the balance training products in this field are not specifically designed
for older adults [11]. In terms of training programs, the five elements of warm-up,
intensity, duration, frequency, exercise type and mode are not fully suitable for the
physical condition of older adults. In terms of product design, the training rhythm and
interface elements are not fully suitable for older adults. The exercise interaction products
at home and abroad are compiled, which provides a reference for studying the principles
of aging-appropriate design of products [12–22]: a. Age-appropriate products should
consider the physical condition of the elderly and be better adapted; b. Add appropriate
gestures and reduce smaller elements on the page; c. Provide timely movement records
and positive feedback on health; d. Clear user interface; e. Encourage social interaction;
f. Ensure the safety of the elderly, etc.
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In summary, we developed a customized somatic interactive exergame for elderly
people’s balance based on Tai Chi exercises to provide amore user-friendly and effective
way of balance training. It was designed with the elderly user in mind for the training
program and the training product. The Tai Chi exercises in the product training have
been shown to improve the balance ability of the elderly [5, 23, 24], and the balance
training was designed in different training phases according to the exercise prescription
guidelines for the elderly [25–27], allowing the user to complete the training in a gradual
and safer manner.

The purpose of this pilot study was to evaluate the feasibility and effectiveness of
balance training using the Balance Challenge in a targeted group of older adults, as well
as to assess the efficacy of this intervention in improving physical and cognitive function
in older adults and to analyze the associated factors.

2 Materials and Methods

2.1 Participants

Older adults living in the general community of Shanghai were invited to this study. The
inclusion criteria for the study population were age 65 ± 5 years, stable health status,
fluent in Chinese, not suffering or having suffered from amajor illness affecting balance,
able to live independently and walk independently (reinforced Romberg examination
[28] ≥ 41), no cognitive impairment (Moca [29] score ≥ 26), vision and hearing at
normal aging levels, and educational background of elementary school and above.

2.2 Exergame Content

This study aims to apply light gamification elements to traditional exercise workouts
to form exercise interaction products that ensure the scientific validity of training while
enhancing the user experience and helping users to generate intrinsic motivation and
improve adherence. Exercise content and game elements together determine the quality
of the game [12], and the gamification design of exercise therapy needs to be predicated
on achieving the appropriate exercise efficacy [25].

Based on the current pain points in the process of balance training for the elderly,
this study designs a Tai Chi-based somatic interactive balance training for the elderly
called Balance Challenge by means of expert interviews and field research. Users will
receive guided instruction in a scientific system when performing balance training and
complete the scientific training in a game-based way [30].

Based on interviews with physicians and kinesiologists, we selected the simplified
twenty-four Tai Chi as the prototype movements for training. This set of movements
trains the stability of static and dynamic postural control of the elderly in a low center of
gravity. The movements were classified into three levels: simple, medium, and difficult.
Four training phases were designed in the order of easy, medium, difficult, and medium
according to the exercise prescription guidelines for the elderly. Figure 1 shows the
movement prototype diagram of each stage (see Fig. 1).
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Fig. 1. Classification of action levels

In addition, the design of this balance training was completed based on the research
on the elderly (see Fig. 2). In the design of training method design, different users
have different familiarity with Tai Chi, so each training stage has corresponding nodal
movements. In the Balance Challenge, there are two ways to start the training: “start
training directly” and “learn node action”, so that seniors can choose the learningmethod
according to their own situation, and ensure that even seniors with zero foundation in
Tai Chi can train without burden (see Fig. 3).

Fig. 2. Flow chart of training interaction
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Fig. 3. Select node action interface

In the training process, the left interface is the teaching animation, the user can
understand the current training progress according to the continuous movement anima-
tion above and the silhouette of the movement below. The user is required to perform the
same movements as the teaching animation as much as possible. On the right side, the
user’s movements are mapped directly to the character model in the interface. The target
floating object on the right side of the screen provides guidance to the user and guides the
user through the standard movements. The user needs to complete the standard action
to touch the target float. After touching the target float, the product will give positive
feedback to the user in terms of voice and interface, and the points will be increased (see
Fig. 4).When a training phase is completed, the amount of training completed during the
training phase will be displayed on the screen (see Fig. 5). The interface will also display
the user’s last stage points and stage summary, so as to achieve the role of motivating
users.

In addition, Balance Challenge uses character models in Tai Chi costumes and sea-
sonal elements that fit with the game stages to give users a more enjoyable and relaxing
user experience.
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Fig. 4. Training process interface

Fig. 5. Stage summary interface

3 Process

During the 4-week trial, we assessed changes in balance in older adults.We randomly and
equally divided 18older adults living in the community into an experimental and a control
group. The experimental group performed balance training using balance training at the
prescribed exercise frequency, while the control group completed one daily physical
exercise session. Participants performed 20 min of exercise at home at least three times
a week.
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Gait speed [31], Standing balance [13], Five-time sit-to-stand [32], Timed up and
go performance [33], and cognitive function (attention: Letter-digit test and [34], Stroop
test [35, 36]) were assessed by certain metrics at week 0, week 2, and at the end of the
experiment (week4).The followingTable 1gives a summaryof evaluationmethodolody..

Table 1. Evaluation methodology

Type Name Content

Key metrics Standing balance Participants were asked to perform six poses of
progressively increasing difficulty for a given period
of time, holding each pose for 10 s while crossing
their arms over their chest. The total time that the
participant was able to maintain balance was
recorded as 10 s over 10 s

Five-time
sit-to-stand

The test is used to assess the lower extremity
strength and balance of older adults. Participants are
asked to cross their arms over their chest, sit with
their backs against a chair without armrests, and
stand up and sit down five times quickly at the start
of the clock to record the total time taken to
complete the test

Gait speed This test is used to assess the change in gait speed of
older adults during the experiment. Participants
were required to walk a distance of 10 m, with 2 m
provided at each end of the 10 m to provide the
participant with normal acceleration and
deceleration. The average time for participants to
walk the 10 m at normal gait speed was collected
three separate times

Timed up and go
performance
(TUGT)

TUGT refers to the time it takes for a participant to
sit in a chair, stand up on the command, walk
forward in a straight line for 3 m, and then turn
around and walk back to sit down in the chair.
Patients were required to sit in the chair with their
backs against the back of the chair and their hands
on the armrests. The total time taken for the whole
process of TUGT was recorded

Cognitive ability
metrics

Letter–digit test This test is used to test processing speed by
providing participants with alphanumeric pairs and
then providing them with a sequence of 30 letters
appearing in random order, for each letter
participants must quickly enter the corresponding
number based on the known alphanumeric pair,
recording the average response time of the
participants

(continued)
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Table 1. (continued)

Type Name Content

Stroop test The test is used to assess the participant’s ability to
perform and control. Participants are required to
make a consistent choice under certain conditions.
Each time one of the four colors and the
corresponding Chinese character appear on the
screen, the Chinese character is randomly displayed
in one of the colors, and the participant has to
respond to the consistency of the color and the
content of the Chinese character. The average
response time of the participants was recorded

User satisfaction with the Balance Challenge is also evaluated. We used a usability
evaluation method [37] to assess the pleasure and safety of use of the product by older
adults to make a more comprehensive analysis of Balance Challenge. In this study,
attitudes and suggestions of elderly users towards the balance challenge were obtained
from three dimensions: perceived ease of use (PEOU), enjoyment, and challenge [38].

Perceived Ease of Use (PEOU). Perceived ease of use is derived from the TAMmodel
[39]. Design for the elderly should improve product ease of use and reduce the learning
cost of product use for the elderly. PEOU is proportional to the experience of product
use, and the higher the PEOU the better it is for the elderly to respond in an unconscious
state.

Enjoyment (EN). Enjoyment is derived from the PACES scale. High pleasantness is
an important factor in attracting users to physical exercise, and at the same time reduces
users’ anxiety and powerlessness to perform physical exercise, increasing their intrinsic
motivation to use the product.

Challenge (CH). Challenge refers to the physical and cognitive level required to com-
plete Balance Challenge. Maintaining an appropriate level of challenge can motivate
older adults to consistently and actively engage in balance training. Too high or too low
a level of difficulty can reduce the user experience of older adults.

We asked older adults about their experience using the Richter 5-point scale based
on three dimensions and asked the following questions (Table 2).
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Table 2. Questionnaire on three dimensions of user experience

Dimension Number Content

Perceived ease of use (PEOU) Q1.1 I think I can easily understand the content of the
Balance Challenge

Q1.2 I can play the Balance Challenge alone without help
from others

Q1.3 I think it is easy to control the Balance Challenge
game

Q1.4 I don’t need extra people or instructions to guide me
in using the Balance Challenge

Enjoyment (EN) Q2.1 I like to play Balance Challenge

Q2.2 I think playing Balance Challenge can exercise my
balance ability well

Q2.3 I am very relaxed when I play the Balance Challenge

Challenge (CH) Q3.1 I think it is difficult to complete all the training of
balancing challenges

Q3.2 I feel proud when I finish a stage of Balance
Challenge

Q3.3 I need a quick response to complete the Balance
Challenge

Q3.4 I want to get a higher score in the Balance Challenge

4 Results and Discussion

4.1 Participant Descriptions

A total of 30 older adults of appropriate age were invited to participate in the study. 18
older adults (10 females and 8 males) with a mean age of 63 ± 2.9 years (SD1.9) agreed
to participate in the trial. All participants were able to walk independently, had normal
vision and hearing in a normal state of aging, and had no cognitive impairment. Most
reported good health (N = 15), one had a major medical condition that did not affect
balance, and two had diabetes mellitus. The older adults who participated in the trial met
the literacy criteria, all had an educational background of elementary school or higher,
and were able to complete the Balance Challenge product content reading and cognitive
assessment tests without difficulty.

During the assessment, all 18 experimenters completed the experiment and reassess-
ment, with the experimental group completing an average of 9.7 20-min sessions with
no adverse events reported and the control group performing a normal exercise routine.
For the experimental group, the median total play time was 189 min (IQR = 179–233),
with 4 participants (22%) completing the required 240 min of total exercise time. Based
on the exercise records of the 9 participants in the experimental group, the exercise fre-
quency of these experimental group participants averaged 2.7 exercises per week. Most
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participants could strictly follow the training phases designed within the product for
exercise training.

4.2 Results

Table 3 shows the scores of participants in the experimental group on physical and
cognitive functionmeasures atweeks 0, 2, and 4. Throughout the trial period, participants
in the experimental group showed significant improvements in gait speed, standing
balance, sit-to-stand, and timed up and go performance scores,with statistical differences
in three indicators. Gait speed and sit-to-stand showed statistical differences at bothweek
2 and week 4 compared to week 0. Two cognitive indicators showed a trend towards
improvement during the trial, but no statistical difference, and the Letter-digit test (13%)
and Stroop test (12%) showed no significant improvement.

Table 4 shows the experimental results of the experimental group compared to the
control group, which showed significant improvements in gait speed, standing balance,
sit-to-stand, and timed up and go performance (all P < 0.05), but not in the Letter-digit
test (10%) and Stroop test (7%).

Table 3. Physical and cognitive function scores during the trial in the experimental group

Week0 Week2 Week4 Percentage of
change

Gait speed
(m/s)

1.09 ± 0.12 1.22 ± 0.16* 1.36 ± 0.21** 25##

Standing
balance (s)

54.86 ± 2.12 55.93 ± 1.76 58.41 ± 1.17* 6#

Sit-to-stand (s) 15.93 ± 5.33 13.72 ± 4.21* 12.54 ± 3.22* −21##

Timed up and
go performance
(s)

7.18 ± 0.53 6.79 ± 0.68 6.21 ± 0.76** −12#

Letter-digit test
(ms)

2549.73 ± 513.22 2376.03 ± 200.27 2240.21 ± 316.42 −13

Stroop test (ms) 1210.97 ± 112.7 1156.34 ± 90.39 1067.52 ± 102.24* −12

Friedman ANOVA change during the trial: *P < 0.05, **P < 0.01. Wilcoxon signed-rank test
difference between retest time point and week0: #P < 0.05, ##P < 0.01.

Table 5 shows the results of the user experience evaluation. During the usability
evaluation after the experiment was completed, a total of 9 people completed the user
experience evaluation. Overall, the results of the experience factors in all three dimen-
sions were relatively positive. Most of the older users had positive feedback on the
Balance Challenge for training and were willing to continue to try the exercise.
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Table 4. Comparison of the difference between the experimental group and the control group
before and after the experiment

Group (mean ± standard deviation) Percentage of change P

Experimental group Control group

Gait speed(m/s) 0.27 ± 0.24 0.19 ± 0.17 29 0.026*

Standing balance
(s)

3.55 ± 2.66 3.31 ± 2.49 7 0.034*

Sit-to-stand (s) 3.39 ± 2.72 2.78 ± 2.28 18 0.029*

Timed up and go
performance (s)

0.97 ± 0.58 0.66 ± 0.46 12 0.043*

Letter-digit test
(ms)

309.52 ± 277.81 278.92 ± 227.62 10 0.067

Stroop test (ms) 143.45 ± 102.62 133.39 ± 107.76 7 0.324

Paired samples T-test: *P < 0.05, **P < 0.01.

Table 5. Results of the elderly user experience evaluation

Dimension Number Totally
disagree

Disagree Neutral Agree Totally
agree

N % N % N % N % N %

Perceived
ease of use
(PEOU)

Q1.1 0 0 0 0 1 11 7 78 1 11

Q1.2 0 0 1 11 0 0 6 67 2 22

Q1.3 0 0 0 0 0 0 5 56 4 44

Q1.4 0 0 1 11 1 11 6 67 1 11

Enjoyment
(EN)

Q2.1 0 0 0 0 0 0 8 89 1 11

Q2.2 0 0 0 0 0 0 5 56 4 44

Q2.3 0 0 0 0 0 0 0 0 9 100

Challenge
(CH)

Q3.1 0 0 0 0 2 22 6 67 1 11

Q3.2 0 0 0 0 1 11 7 78 1 11

Q3.3 0 0 0 0 0 0 0 0 9 100

Q3.4 0 0 0 0 0 0 0 0 9 100

4.3 Discussion

Balance Challenge is a Tai Chi-based balance training exergame customized for healthy
aging older adults, designed for situations in which the elderly improve their balance on
their own. The results of this study suggest that it is feasible, safe and effective for older
adults without major medical conditions, balance dysfunction or cognitive impairment.
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Feasibility and Safety of the Balance Challenge. The Balance Challenge had a guide
page. Participants were able to use the product smoothly, select the appropriate training
method and training phase according to their needs, and perform the training tasks to
obtain training scores. The participants in the experimental group made positive com-
ments about the health feedback of the Balance Challenge, and no adverse events related
to the intervention were reported during the use. This suggests that balance training is a
safe training modality for use by older adults to autonomously improve their balance.

Effectiveness of the Intervention. The 4-week intervention for older adults using the
Balance Challenge game improved physical and cognitive functioning and balance-
related indicators in older adults. Throughout the trial period in the experimental group,
participants showed significant improvements (all P<0.05) in gait speed (25%), standing
balance (6%), sit-to-stand (21%), and timed walk performance (12%) in balance-related
indicators. Also the experimental group showed statistically significant differences in all
indicators related to balance ability compared to the control group for the intervention
effect. The effect of the intervention may have been underestimated due to the ceiling
effect of standing balance.

User Experience of the Balance Challenge. In termsof perceived ease of use,Balance
Challenge’s has a simple and easy-to-read guide page with simple start steps, so partic-
ipants can enter the game quickly. Participants and the character models in the product
can correspond in real time, which facilitates users to establish a direct connection with
the game and allows seniors to interact more naturally. In terms of enjoyment, we used
elements of Tai Chi and the four seasons to cater to the preferences of the elderly, and
adopted a lighter color scheme to reduce the tension of the elderly in training; from the
results of the user experience evaluation, most of the elderly found it more pleasurable
to use the Balance Challenge. In terms of challenge, according to the evaluation results,
users find it difficult to complete the whole training process, they need to concentrate on
their responses when using the Balance Challenge, and they hope to get a high score,
which indicates that the Balance Challenge is challenging for seniors and can keep them
intrinsically motivated to continue training.

Limitations. The results obtained in this study are not broadly representative due to
the relatively small sample size of the randomized controlled trial due to the specific
study population. Regarding the indicators related to cognitive function, we were unable
to assess the effective factors that really played a role. It was not possible to monitor
the participants’ behavior at all times during the controlled experiment, and it was not
possible to rule out whether the improvement in the subjects’ balance and cognitive
function was due to factors other than the balance challenge intervention. The duration
of the intervention in this experiment was only 4 weeks, which has some limitations
in the trial period. Conducting a longer-term intervention could yield more valid and
comprehensive findings.

Regarding the user experience, the upper limits of exercise frequency and intensity
could be higher to accommodate a wider range of physical conditions in older adults.
The interface could also be more simple to further reduce the threshold of product use.
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5 Conclusion

This study found that Balance Challenge is scientific and feasible for the elderly, and
leads to significant improvement in gait, standing balance, and acting ability, which can
reduce the risk of a fall injury. The exercise compliance of the elderly is also better. It is
hoped that the somatosensory interactive balance training exergame based on Tai Chi for
the elderly can be included in the exercise plan aimed at improving the balance ability
of the elderly.
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Abstract. The aim of this study is to investigate the factors that influence the
choice of health care for the elderly population after Covid-19. Based on previous
studies, the study innovatively adds the influence of the improvement of digital
medical technology and the degree of aging-friendly of different hospitals on the
choice of medical institutions for the elderly. The study used a combination of
literature research, questionnaires, interviews and factor analysis to identify the
main factors influencing the choice of healthcare for the elderly. The results of
the study showed that the three most important factors influencing older peo-
ple’s choice of medical seeking behavior were their willingness of treatment,
community evaluation and the aging-friendly improvements.

The data from this studywill be used to analysis the pain points of the elderly in
seekingmedical treatment and tomake recommendations to improve theirmedical
experience. It is hoped that this study will provide some ideas for the development
of a model of healthcare access for older people, and better guide them in their
healthcare seeking behavior.

Keywords: Medical seeking behavior · Decision-Making Trial and Evaluation
Laboratory · Elderly

1 Introduction

1.1 Background

According to the statistics of China Statistical Yearbook 2020 for the past five years,
the number and proportion of elderly people aged over 65 in China have been increas-
ing year by year, with some mega-cities experiencing a more pronounced ageing of the
elderly. The ageing of the population has brought changes in various needs in terms
of living, among which the changes in medical needs are more significant. The elderly
have a greater need for medical services than young people due to the decline in their
physical functions. However, medical services for the elderly presents a contradictory
situation of high demand, low access [1]. Since the rapid global spread of Covid-19, the
transmission characteristics of the virus has prompted hospitals to implement diverse
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online healthcare services, including online appointment and online consultation, to
avoid person-to-person contact. As a result of the Covid-19 pandemic, difference med-
ical institutions also need access to big data of the health status of patients prior to
consultation.

These online medical services have improved the efficiency of medical consultations
to some extent, and also squeezed the space for offline hospital services. The barriers to
living of the elderly gradually increase with aging, and many of them cannot enjoy the
convenience of online services because they do not use or resist using electronic devices.
How to get medical treatment quickly and easily comes to be the biggest issue for older
people.

Each touch point throughout the elderly’s medical journey has a different influence
on their sensory experience [2].Many hospitals havemade aging-friendly improvements
on different levels to address the aesthetics and needs of the elderly, so as to increase the
satisfaction for them.

1.2 Literature Review

Medical seeking behavior, referred to as health-seeking pattern, is a patient’s preference
for the type and grade of medical institutions and different models of medical services.
The Anderson theoretical model (Fig. 1) is the most classic international model for pre-
dicting medical services [3]. We apply it as an explanatory framework to examine the
patterns and factors that influence the medical seeking behavior of the elderly in China.
The model classifies the factors influencing the elderly’s medical seeking behavior into
predisposing characteristics, enabling resources and healthcare needs. The predisposing
characteristics are divided into gender, age, region, urban residence, educational back-
ground, marital status, drinking habits and smoking habits. Enabling resources include
income, health insurance, pensions and intergenerational support. Needs factors are
self-rated health status, Chronic condition and functional limitations [4].

Fig. 1. The Anderson theoretical model

In a study of patient preferences in Shanghai, the authors found that patient access
preference was influenced mainly by healthcare providers’ characteristics, illness sever-
ity, and sociodemographic characteristics [5]. A revised questionnaire report based on
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preliminary findings ofAnalysis Report of the National Health Services Survey in China,
2008 (NHSS),whichwaspublishedby theNationalHealth andFamilyPlanningCommis-
sion of the People’s Republic of China, assessed various basic characteristics including
gender, occupation, age, monthly income, marital status and education level to examine
the socio-demographic characteristics of participants [6].

The ChinaHealth and Retirement Longitudinal Study (CHARLS) also disaggregates
the socio-demographic characteristics of participants. The socio-demographic charac-
teristics include health insurance, gender, age, education background, income, marital
status, residence, and health self-report. ZhonghuaWang et al. [7] assessed the impact of
different types of social health insurance and other relevant factors on healthcare utiliza-
tion among middle-aged and elderly Chinese, based on CHARLS statistics conducted
in 2015.

In general, Chinese healthcare policies aim to provide a hierarchical healthcare sys-
tem structure, while patients are free to choose the medical institutions [5]. However, the
actual choice of different grades of medical institutions by the elderly does not match the
roles and functions of them. A study conducted in China reported that elderly patients
preferred the diagnostic and follow-up services offered by secondary and tertiary hos-
pitals [8]. Thus despite the convenience of community health centers for the elderly,
urban patients still tend to choose secondary and tertiary hospitals [9]. Rural patients, on
the other hand, tend to choose primary medical institutions, as they are more concerned
about cost and convenience [10].

The elderly often suffer from multiple illnesses due to declining physical functions
[11]. Chronic diseases do not only place a heavy health and financial burden on the
elderly, the families and the healthcare system, but also influence patients’ decisions
to medical seeking [12]. Some chronic diseases affect the convenience of the elderly’s
travel, and those people with poor self-rated health conditions and exhibiting impaired
activities of daily living (ADLs) are more likely to choose outpatient and inpatient ser-
vices.Wenya Yu also concludes that primarymedical institutions are themost frequently
chosen healthcare providers for mild diseases. Besides, patients with no personal prefer-
ence, no favor to a good environment or first-class medical technology, concerned about
distances, hoping short waiting time, and seeking for low healthcare costs are most likely
to choose primary medical institutions [5]. Convenience of transportation and medical
level are considered important at all stages. The availability of medicines and equipment
has a particularly strong influence on the choice at diagnosis and treatment stages [10].

Influenced by the social environment, intergenerational relationships inChinese fam-
ilies are characterized by a two-way transmission. In terms of family support, the elderly
provide resources to their children and rely on them for financial support and care in their
old [13]. Financial support from children is an enabling resource that increases the likeli-
hood of seeking for formal healthcare [14], which is consistent with the intergenerational
support factors in CHARLS and the Anderson theoretical model.

Patient preference for treatment, acquaintances, and media advocacy, also have a
strong influence in their choices of medical institutions [15]. Most people tend to choose
reputable doctors and medical institutions (especially top-tier tertiary hospitals) regard-
less of the type and severity of their disease. This phenomenon of medical preference
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gives rise to other problems, such as increasing workload of doctors in reputable tertiary
hospitals, which directly leads to increased waiting time for patients and other problems.

In order to solve such problems, as well as to prevent and control the Covid-19
pandemic by avoiding person-to-person contact, online services have been opened up
by different gradesmedical institutions to offermedical help. And the healthcare industry
has accelerated research and use of healthcare technologies to improve quality of life
for the elderly [16]. Age-friendly improvements have also been made by providers,
considering different levels of acceptance by the old patients. Quesada, BC et al. [17]
surveyed the use and perceptions of telemedicine tools among the population aged over
65 and found that the usageof these technologieswas limited though ratedverypositively.
Despite the fact that the surveyed participants were highly educated, living in large cities
with their children or partners, they are still lack of confidence in using the internet for
e-health, which resulted in the low level of telemedicine care technologies application.

1.3 Research Purpose

Based on the Anderson theoretical model and other theory, this paper analyses the realis-
tic problems encountered by the elderly in the development of “Internet+Medicine” due
to their own characteristics. This paper also identifies the influencing factors of medical
seeking behavior of the elderly. According to data obtained from the DEMATELmethod
and the interview results, this paper also analyses the increasing demand for medical
services of the elderly in the community, proposes optimization of the medical treatment
process for the elderly, so as to further improve the community medical service system.

2 Analysis of Influencing Factors

2.1 Summary of Factors Influencing Older People’s Medical Seeking Behaviour

Based on the literature search, a preliminary overview of 25 influencing factors of health-
care choice among the elderly in termsof predisposing characteristics, enabling resources
and need factors are shown in Table 1 below.

Table 1. Preliminary summary of factors influencing medical seeking behavior of the elderly

Number Influencing factors Factors description

1 Gender Gender of patient

2 Age Age of patient

3 Urban residence Permanent residence of patient

4 Educational background Educational background of patient

5 Marital status Unmarried/Married/Divorced

6 Drinking and smoking habits Whether the patient has a habit of
smoking or drinking alcohol

(continued)
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Table 1. (continued)

Number Influencing factors Factors description

7 Income Personal income of patient

8 Medical insurance Whether the patient has commercial
insurance or social insurance

9 Pension Whether the patient has social pension
benefits

10 Intergenerational support Next generation care for patients’ lives
and financial aspects

11 Self-rated health status Assessment of self-health status

12 Chronic condition Whether the patient has a chronic disease

13 Functional limitations Basic activities in daily life related to
self-care activities such as dressing,
eating, maintaining personal hygiene

14 Career Differences of patient’s career

15 Distance to medical treatment Distance from the patient’s residence to
the hospital

16 Waiting time Length of time to wait for medical
treatment

17 Urgency of the disease Urgency of medical treatment

18 Convenience of transportation The type of transportation required to
reach the hospital and the total time
required

19 Medical skills The skill of the practitioner

20 Accessibility of medicines and
equipment

Availability of medicines and equipment
in the medical facility

21 Medical facility environment Cleanliness of the medical environment;
Attitude of medical staff

22 Preference for treatments Patients’ personal preferences for
treatment

23 Aging-friendly improvements Convenience of self-service registration
machines and other types of equipment
for the elderly

24 Distribution of medical resources Distribution ratio of online registration
and offline registration, etc.

25 Media/Acquaintance advocacy Media coverage of each hospital;
evaluation of hospitals by close friends
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2.2 Screening of Factors Influencing Medical Seeking Behavior of the Elderly

Due to the excessive number of influencing factors in the initial study, it led to seri-
ous homogeneity among the factors. Moreover, there are certain geo-graphical and age
restrictions when conducting the questionnaire research in the later stage. Too many
influencing factors also lead to problems such as low understanding of the questionnaire
and poor completion of the questionnaire by the participants. This study used factor
analysis to extract important factors from the above 25 influencing factors, and to filter
and combine the homogenised factors.

Considering that the population who answered the questionnaire at the time of the
authors’ research was the elderly living in Shanghai and there was consistency in the
results, the 25 preliminary influencing factors such as gender, age, region, educational
background and marital status were listed separately as mandatory items in the ques-
tionnaire for specific completion. The influencing factors were divided into three main
dimensions: patient personal factors, hospital factors and subjective influencing factors.
The final summary of the 12 main influencing factors that have the greatest influence on
the choice of medical care for the elderly is shown in Table 2.

Table 2. Major factors influencing medical seeking behavior of the elderly

Number Dimension Influencing factors Factors description

1 Patient personal factors Medical insurance Whether the patient has
commercial insurance or
social insurance

2 Patient personal factors Family support Partner, children’s care in
terms of financial and life

3 Patient personal factors Self-awareness of
health status

Assessment of self-health
status

4 Patient personal factors Capabilities of daily
activities

Basic activities in daily life
related to self-care activities
such as dressing, eating,
maintaining personal hygiene

5 Patient personal factors Purpose of treatment Purpose of treatment

6 Patient personal factors Diagnosis Prognosis of possible
follow-up treatment after the
end of the diagnosis

7 Hospital factors Convenience of
transportation

The type of transportation
required to reach the hospital
and the total time required

8 Hospital factors The comprehensive
strength of hospitals

Hospital equipment,
physician resources,
environment and other
conditions

(continued)
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Table 2. (continued)

Number Dimension Influencing factors Factors description

9 Hospital factors Aging-friendly
improvements

Convenience of self-service
registration machines and
other types of equipment for
the elderly

10 Hospital factors Distribution of medical
resources

Distribution ratio of online
registration and offline
registration, etc.

11 Subjective influencing
factor

Willingness of
treatment

Attitudes of individuals
going to medical
appointments

12 Subjective influencing
factor

Community evaluation Media coverage of each
hospital; evaluation of
hospitals by close friends

3 DEMATEL Procedure

First developed by the Geneva Research Centre of the Battelle Memorial Institute,
Decision-Making Trial and Evaluation Laboratory (DEMATEL) method visualizes the
structure of complex causal relationships through matrices or directed graphs [18] and
is considered to be an effective method for identifying the components of causal chains
in complex systems. The method deals with the interrelationships between assessment
factors and finds the key factors through a visual structural model [19].

The DEMATEL procedure in this study was carried out in the following steps:
(1) Preliminary identification of factors influencing medical seeking behavior of the
elderly; (2) Further screening of influencing factors according to the target population
of the questionnaire; (3) Complete the mandatory questionnaire items and then use the
DEMATEL questionnaire to estimate the interaction between the factors; (4) Calculate
the mean value of the data and generate the direct relationship matrix Z; (5) Calculate the
λ values, the normalized direct relationship matrix and the direct/indirect relationship
matrix T; (6) Obtain the degree of influence (D), degree of being influenced (R), degree
of centrality (D+R) and degree of cause (D−R) corresponding to each influencing factor
based on the above calculations; (7) An influence relationship map (IRM) corresponding
to the (D+R) and (D−R) values of each influencing factor was obtained.

3.1 Participants

The sample was collected in Shanghai, and users were selected to be over 60 years old,
conscious and able to understand the questionnaire. The questionnaires were collected
using both field interviews and in-home interviews. Considering that this is a study
on medical seeking behavior of the elderly, the interview locations were chosen to be
hospitals and communities with a large number of elderly people. The specific locations
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selected are the ShanghaiMinhangDistrict Central Hospital and the Hongqi Community
in Minhang District, Shanghai. For the household interviews, households with elderly
people were selected. The author was allowed to enter the household and interview the
elderly with the help of their children or grandchildren and complete the questionnaire.

A total of 31 questionnaires were distributed in this study, of which 28 were valid.
Some of the participants were unable to complete the questionnaire, making it invalid.
The survey period was fromMay 2021 to November 2021. Individual interviews ranged
from approximately 20 min to 40 min.

3.2 Tasks and Materials

In the DEMATEL questionnaire distributed, the 12 main influencing factors screened
of medical seeking behavior of the elderly were arranged to form a 12 * 12 matrix of
ranks. Define the degree of interaction between the relevant factors as four levels. 0
means “essentially no impact”, 1 means “weak impact”, 2 means “large impact” and 3
means “extreme impact”. The questionnaire was used to estimate the direction of the
interaction and the relative degree of influence of each factor listed in the first column
on each of the factors listed in the first row. The degree of impact is judged according to
the situation of the elderly, while filling in the questionnaire.

3.3 Procedure

Data analysis based on the valid questionnaires returned. The average direct relationship
matrix Z calculated according to the equation is shown in the Table 3.

Table 3. Average direct relationship matrix Z

1 2 3 4 5 6 7 8 9 10 11 12

1 0.000 0.429 0.000 0.143 0.000 0.000 0.000 0.571 0.429 0.000 0.000 0.000

2 1.000 0.000 0.857 1.286 0.857 0.286 0.571 0.143 1.143 1.000 0.286 0.000

3 0.143 1.000 0.000 1.571 0.143 0.429 0.000 1.143 0.429 0.000 0.429 0.000

4 0.143 1.000 0.857 0.000 0.143 0.286 0.000 0.143 0.000 0.000 0.143 0.000

5 0.714 0.000 1.286 1.000 0.000 0.000 0.143 0.429 0.143 0.143 0.286 0.143

6 0.000 0.000 0.429 0.571 1.286 0.000 0.000 0.429 0.143 0.000 0.000 0.000

7 0.000 1.000 0.000 0.286 0.143 0.143 0.000 0.571 0.857 0.286 0.571 0.286

8 0.429 0.000 0.143 0.000 0.143 0.000 0.143 0.000 0.571 0.429 0.429 0.286

9 0.429 0.000 0.000 0.000 0.286 0.143 0.429 1.143 0.000 1.000 0.429 0.857

10 0.714 0.000 0.000 0.000 0.000 0.143 0.429 1.286 1.714 0.000 0.429 1.000

11 1.286 1.571 1.286 1.714 1.429 1.143 1.857 2.571 2.000 1.429 0.000 2.571

12 0.000 0.000 0.000 0.000 0.000 0.429 0.571 2.857 2.571 2.286 1.571 0.000
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Because of the excessive number of digits obtained, the average relationship matrix
retains three decimal places. Then the matrix is calculated as follows equations.

λ = 1

max
(∑n

j=1 zij
) , ij = 1, 2, 3, . . . , k (1)

χ = λ · Z (2)

The direct relationship matrix is obtained from the above equations. The
direct/indirect relation matrix T is calculated based on the existing Eq. 3 proved by
scholars and the derived Eq. 4.

lim
k=∞

(
1 + χ + χ2 + · · · + χk

) = χ(1 − χ)−1
(3)

T = lim
k→∞

(
1 + χ + χ2 + · · · + χk

) = χ(1 − χ)−1
(4)

Table 4. The direct/indirect relation matrix T

1 2 3 4 5 6 7 8 9 10 11 12

1 0.003 0.024 0.002 0.010 0.002 0.001 0.002 0.033 0.026 0.004 0.002 0.002

2 0.063 0.013 0.056 0.080 0.052 0.021 0.037 0.030 0.077 0.063 0.024 0.012

3 0.017 0.062 0.011 0.093 0.016 0.028 0.007 0.072 0.035 0.010 0.028 0.007

4 0.013 0.058 0.051 0.011 0.013 0.018 0.003 0.015 0.008 0.005 0.011 0.002

5 0.043 0.010 0.074 0.063 0.004 0.005 0.011 0.036 0.018 0.013 0.020 0.013

6 0.005 0.004 0.030 0.037 0.070 0.002 0.002 0.028 0.011 0.002 0.003 0.002

7 0.010 0.059 0.008 0.025 0.016 0.013 0.009 0.047 0.062 0.029 0.037 0.026

8 0.028 0.004 0.011 0.005 0.011 0.003 0.013 0.014 0.041 0.031 0.028 0.023

9 0.031 0.006 0.005 0.006 0.020 0.012 0.031 0.082 0.022 0.066 0.033 0.056

10 0.046 0.006 0.004 0.005 0.006 0.013 0.032 0.094 0.111 0.020 0.035 0.066

11 0.094 0.106 0.090 0.119 0.095 0.075 0.119 0.201 0.166 0.119 0.034 0.160

12 0.022 0.013 0.011 0.014 0.015 0.033 0.051 0.195 0.175 0.148 0.100 0.033

Take the upper quartile of all elements in the relation matrix T as Q1, i.e., 0.051. This
value is the threshold value to measure the strength of the interaction between factors. If
all values in the rows and columns corresponding to a factor in the direct/indirect relation
matrix T are below the threshold, the factor and the corresponding rows and columns
should be deleted. Since no such factors existed in the table, all factors were retained.
Values above the threshold (Q1) are bolded in the Table 4.

Take the upper third between Q3 and the maximum value as Q2, i.e., 0.097. Val-
ues above Q2 are considered strong influences, while values between Q2 and Q1 are
considered average influences.
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3.4 Results

Each influence factor corresponds to the degree of influence (D), and the degree of being
influenced (R). The D and R of each factor are obtained by summing up the values of the
rows and columns corresponding to that factor in the matrix T. The following Eqs. (5–6)
show the calculation process for the values D and R.

Di = ∑k
j=1 tij, (i = 1, 2, 3, . . . , k) (5)

Rj = ∑k
i=1 tij, (j = 1, 2, 3, . . . , k) (6)

The degree of influence (D) and the degree of being influenced (R) are calculated
to obtain the degree of centrality (D+R) and the degree of cause (D−R). The larger the
degree of centrality value (D+R), the more important this factor is among the influencing
factors. If the (D−R) value is positive, this factor directly influences other factors. If the
(D−R) value is negative, this factor is influenced by other factors.

The results of the study show that the three most critical factors influencing medical
seeking behavior of the elderly are willingness of treatment, community evaluation,
and aging-friendly improvements. These three factors have a strong influence on other
influencing factors. The partial (D+R) values and (D−R) values are shown in Table 5
and 6 below respectively.

Table 5. The top three and last three of (D+R)

The top three of (D+R) The last three of (D+R)

Willingness of treatment Purpose of treatment

Community evaluation Medical insurance

Aging-friendly improvements Diagnosis

Table 6. The top three and last three of (D−R)

The top three of (D−R) The last three of (D−R)

Willingness of treatment Medical insurance

Community evaluation Aging-friendly improvements

Family support The comprehensive strength of hospitals

The Influential Relation Diagram. Make the Influential Relation Diagram (IRD) with
(Di +Ri) as the horizontal axis and (Di −Ri) as the vertical axis.Different dimensions are
marked with different color labels. The orange label is patient personal factor, the green
label is hospital factor and the blue label is subjective influencing factor. The strength
of the relationship between the factors is determined by Q1 and Q2. The direction of
the arrow indicates the influence of one factor on the other factor. The location of each
factor and the relationship between the factors are shown in Fig. 2.
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Fig. 2. The Influential Relation Diagram

The Influential Relation Diagram (IRD) shows that willingness of treatment and
community evaluation have a significant influence on medical seeking behavior of the
elderly.Willingness of treatment and community evaluation are also influenced bymany
other factors. Secondly, distribution ofmedical resources and age-friendly improvements
are also two core factors that need high attention.

3.5 Discussion

Based on the Influence Relationship Diagram (IRD) and interview results, the following
analysis and recommendations for improving the medical seeking satisfaction of the
elderly are provided.

Balance the Ratio of Online and Offline Medical Resources. A large percentage of
older adults do not know how to operate electronic devices. The expansion of online
medical services has become a barrier to accessing treatment for people who are not
equipped with smartphones. Some older adults in the research think they can use their
smartphones and other devices for online medical services flexibility, but such people
are still a minority. Some other older adults say they use old-fashioned phones. If offline
medical services requires smart devices, they can only seek help from young people,
not to mention online medical services. Considering the special characteristics of the
elderly population, medical institutions should balance the ratio of online and offline
medical resources to ensure that the elderly population can complete themedical process
smoothly when they go to the hospital. The reservation of offline resources also reflects
the society’s humanistic care for the elderly.
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Improve theAging-FriendlyDegree ofMedical Institutions. Many respondents indi-
cated that they have a stronge preference for highly age-friendly hospitals. There is a high
degree of autonomy in many hospitals today. For the elderly, they are intimidated by all
kinds of unfamiliar equipment. Volunteers or guidance staff can be regularly arranged in
the hospital to guide the elderly in need. Guidance texts, patterns, and voice announce-
ments in the hospital can be improved to suit the characteristics of the elderly population
to some extent.

Use the Traditional Media and the Public to Advocate Reasonable Medical Seek-
ing Behavior. Despite the continued acceleration of the digital society, older people
still rely more on traditional media propaganda and evaluation of the surrounding peo-
ple for their understanding of society. Therefore, these dissemination methods can be
used to advocate the reasonable medical seeking behavior, such as seeking hierarchical
treatment.

4 Conclusion

This study discusses the factors of medical seeking behavior of the elderly in the post-
epidemic period. Three major dimensions are identified through literature review and
user interviews: patient personal factors, hospital factors and subjective influencing fac-
tors. The authors used factor analysis to summarize 12 major factors. Relevant question-
naires were distributed to the elderly in hospitals and communities for Decision-Making
Trial and Evaluation Laboratory method. The direction of influence and the degree of
interaction between 12 influencing factors were assessed through a series of calculations
and data visualization. Based on previous studies, the study innovatively adds the influ-
ence of the improvement of digital medical technology and the degree of aging-friendly
of different medical institutions on medical seeking behavior of the elderly. Based on
the results, recommendations are made to optimize the access process and improve the
medical satisfaction for the elderly. It is hoped that this study will provide a new focus
for building a model of medical seeking behavior for the elderly.
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Abstract. Considering the issue of population ageing, its differences and inequal-
ities, also in a pandemic context, this paper aims to explore intergenerational digital
mediation relations and practises in Portugal. Therefore, this research departs from
the following questions: (RQ1): How do Portuguese young adults interact online
with family members over 65+?; (RQ2): Do digital relationships across gener-
ations promote active citizenship participation? The survey has a representative
sample (N= 1500) of the Portuguese population of young adults between 18 and
30 years old. Results show that the most frequent activities to interact with rela-
tives over 65 years old are a) sending messages through mobile apps (48.67%);
b) using social media (48.66%); c) making audio calls with them via mobile apps
such as WhatsApp or Messenger (46.45%) and d) encouraging them to look for
reliable information on the Internet (44%). The study’s main conclusion is that the
Portuguese context suggests intergenerational solidarity associated with technolo-
gies helps combat social isolation, promote autonomy, and prevent dependence
within older generations.

Keywords: Intergenerational digital relationships · Digital practices · Active
citizenship participation · Intergenerational solidarity

1 Introduction

The challenge of population ageing has been a reality for some decades. The European
continent has been particularly affected by this demographic tendency. Following the
European trend, in 2020, the older population in Portugal aged 65 or over will repre-
sent 22.3% [1]. According to data from PORDATA, in 2020, the longevity index was
48.7%, and the ageing index was 165.1, which means that there are 165.1 people aged
over 65 for every young person in Portugal. Furthermore, the Covid-19 pandemic has
increased the isolation and dependency of a population that is often homogenised in pub-
lic policy and therefore more fragile in the face of lockdowns and restrictive measures.
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During the pandemic, “the population most affected by the lockdown is also the pop-
ulation least helped by the digital tools aiming to mitigate the negative effects” [2].
Therefore, in Portugal, the authorities, voluntary movements and non-governmental
organisations have sought to support the older population in everyday tasks. However,
social isolation remained, and technologies were one of the ways for older people to
keep in touch with their families and friends. As restrictive measures progressed, and at
the time of writing this paper, the pandemic had arrived two years ago, and it became
clear that the use of technology was essential to carry out everyday tasks once offline.
For example, the population was summoned to the vaccination process through SMS,
and many other services went online. In fact, the motto adopted by the Portuguese
government was ‘We are ON’, ensuring the maximum number of services available dig-
itally. This paper argues that intergenerational solidarity associated with technologies
can combat social isolation, promote autonomy, and prevent dependency.

The integration of digital media is transforming audiences’ practices into everyday
life. Contemporary media systems are based on convergence, related to media hybridity
[3], supporting the contention that audiences are intrinsically cross-media [4]. Media
consumption tends to occur increasingly in a cross-media and multichannel perspective
[5]. Therefore, the “ecological reconfiguration” produces new media consumption pat-
terns [6, 7] and participation [8, 9]. As audiences become more active than ever, there is
an intensification of public connection [10, 11], with several media serving as a resource
for social interaction among generations within different contexts of participation [12].
Therefore, intergenerational interactions shape collective identities [13] and promote
cross-generational digital participation. Furthermore, scientific research has shown that
contemporary societies seek to overcome the digital divide and digital inequalities from
the so-called notion of intergenerational solidarity [14–16].

There is no solid research on intergenerational digitally mediated relationships and
practises in Portugal. Hence, this article aims to analyse digitally mediated relationships
from young adults with family members over 65 years old. Therefore, this paper departs
from the following research questions: RQ1: How do Portuguese young adults interact
online with family members over 65+? RQ2: Do digital relationships across generations
promote active citizenship participation?

The study is twofold as it endeavours to understand the role of technology mediation
in intergenerational relationships and how the youngest communicate with and support
older people (+65) in financial, political, civic and recreational activities. By drawing on
a survey to a representative sample of the Portuguese population of young adults between
18 and 30 years old, the results shed light on how intergenerational family relationships
have been mediated through the digital in times of pandemic. This empirical study is the
first-ever in Portugal with a representative sample to consider the issues and relationships
of intergenerationality in young adults’ digital uses and practises.

1.1 Blurring the Homogenisation: The Diversity of the Ageing Process

As ageing is one of the most significant challenges of contemporary societies, the Covid-
19 pandemic exacerbated problems that the older population already suffers. As a result,
the discursive requalification of ‘active’ as productive [17] has receded, givingway again
to the idea of ‘healthy ageing’ based on the United Nations Principles for Older Persons,
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which defined the concept of ‘active ageing’ as “the process of optimising opportunities
for health, participation and security in order to enhance the quality of life as people
age” [18].

Scientific research has highlighted the enormous inter-individual heterogeneity that
distinguishes people as they age. New vocabulary or euphemistic expressions designate
people at advanced ages [19]. Although using a word or expression to name a group
always presupposes a homogenisation process, the scientific literature does not com-
monly use pluralised terminologies to account for the heterogeneity of old age. More-
over, this issue is problematic insofar as it is assumed that older people share the same
trajectories when, in reality, life experiences are multiple [20]. As empirical evidence
confirms that socio-cultural diversity and complexity interfere with how individuals age
similarly to the economic variable, homogenising assumptions that portray the ageing
process as one, categorising older people as an identical group, ends up blurring the het-
erogeneity that characterises ageing. The generalisations of this process are denounced
in some critical studies that show that differences and inequalities are hidden, according
to works by Paúl [21] and Cabral et al. [22]. The ageing process is plastic and diverse
[23]. There are ethnic, age, gender and socioeconomic differences that contribute to the
diversity of the ageing experience [24]. Asmentioned by theWorld Health Organization,
multiple factors contribute to the heterogeneity of the ageing process, being determinants
and transversal such as culture and gender; issues related to the health and social care
systems; behavioural factors; dynamics related to personal aspects; aspects associated
with the physical environment; and, finally, elements related to the social environment
and economic factors.

In Western societies undergoing digitisation and ageing, the number of older adults
using digital is increasing. However, these societies are also confronted with the spectre
of so-called digital divides, of which at least three have been distinguished. The first
is between those with and those without access to the digital; a second digital divide
is between those with the skills and those without the skills to make use of the digital
[25, 26]; and a third digital divide is related to “gaps in individuals” ability to translate
their access and use of the Internet into offline outcomes” [27]. Older adults are among
those who may be affected by these digital divides, something we know to be a global
phenomenon [28]. Lack of experience, rather than age, is an essential factor that plays
a role in this reality [29, 30]. Therefore, in this paper, we argue that technology can be
a central tool in the autonomy of older individuals from intergenerational relationships,
contrary to a large part of the scientific literature that essentially assesses digital skills and
practises or ignores that technology is a variable to consider when studying population
ageing and the quality of life of individuals, in particular from the European continent.

1.2 From Generations to an Intergenerational Perspective

Colombo and Fortunati [31] argue that media experiences occur within cultural environ-
ments. Therefore, [32] postulated that media environments could be considered “gen-
erational contexts”, promoting a “generational identity” [33, 34] that also occurs from
generational digital practises. However, “from a life course perspective, age is also a
dynamic of its own, with different stages that have their specific characteristics, and that
influence media behaviour in conjunction with other social circumstances that make up
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phases of life” [35]. In fact, technology encourages a ‘digital global generation’ [35]
from a cross-generational connection perspective [36, 37].

Digital media are changing the nature of media consumption and connecting gen-
erations’ preferences [38]. Even though television is still a hegemonic media for news
consumption cross-generations [39–41], digitalmedia uses andpractices are contributing
to bringing closer generations [42].

Generational contexts started to blur as the concept of “we sense” postulated by
Corsten [34] is amplified by major societal transformations such as the Covid-19 pan-
demic. Appropriations of media and digital media started to be shared by different
generations within the sense of belonging to explain social experiences [34]. Despite
different experiences anchored to age and different backgrounds, during the confine-
ments because of the Covid-19 pandemic, several generations started using digital to
communicate and inform themselves about what was going on in the outside world.
Intergenerational solidarity on ICT usage [14–16] gained greater expression when fami-
lies were separated to avoid contagion between different generations, seeking to protect
the older ones.

AsComunello et al. [43] argue that “the rhetoric embedded in the concept of so-called
digital natives (Prensky 2001) depicts ICT devices as tools inherently fitting for younger
people, in a context in which youth has become a (positive) symbolic value” [43]. The
authors state that “generational semantics are produced by senior citizens to interpret
their own relationship with ICT deals with the perception of both personal abilities and
socially expected performances and might be shaped by their own perception of age and
ageing” [43]. However, older people have experienced many societal and technological
changes [44], and adults have followed technology since they were young in living with
technology [42]. In addition, young adults and older people share a cross-generational
use of social media, which means that “the repertoires of the past are interwoven with
current ones” [45].

Patterns of media consumption-based on everyday life contexts and options are in
a changing time, crossing generational consumptions. Nevertheless, television remains
a strong media that increasingly divide time with new media repertoires, indicating
fragmentation of online news consumption [46, 47]. The ways society encounters citizen
participation are complex in changing times, and digital media is a way to engage
citizens. This ‘mediated engagement’ directly results from media practices that enhance
civic involvement [48]. Media practises in the digital era have generalised informed
audiences, massive media use, and user engagement, which is a fallacy that promotes
divides across generations. Therefore, intergenerational solidarity is essential to bridge
the digital divide and promote family well-being as “ICTs contribute to household meta-
work, such as schedule management, availability, and communication, as well as serving
intangible needs of families, ranging from entertainment and networking to a sense of
security.” [15].

1.3 Intergenerational Solidarity in ICT Usage

Several studies show that older people use technologies to communicate and deepen rela-
tions with their family and friends [49–51], which improves their self-esteem and creates
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positive intergenerational relationships [16].However, the social integration of older peo-
ple is often pointed out as depending on family intergenerationality [52], considering
different dimensions. Bengtson and Roberts [53] created a model of intergenerational
solidarity based on social cohesion as a form of empowerment. This model presents six
types of solidarity: associational solidarity - interaction patterns that promote integration
and combat isolation; affectual solidarity - feelings of understanding, respect and trust;
normative solidarity - emphasising family obligations; consensual solidarity - consensus
regarding the sharing of life values and beliefs; and finally, structural solidarity - exis-
tence and availability of a structure that ensures physical proximity and the necessary
support in this respect.

Bengtson andRoberts’model canbe thought of in the context of usingdigitalmedia to
improve well-being and quality of life by promoting autonomy and empowerment prac-
tices that ensure active civic participation in its multiple dimensions. Following Taipale
proposal [54], we argue that ICTs are connected with associational and functional pat-
terns of solidarity across generations, promoting social bonding through social platforms
and enhancing autonomy through intergenerational learning with digital technologies
[55], fighting social isolation [56].

The study presented in this article took place during the pandemic period after two
states of emergency were declared by the Portuguese government, which resulted in
two months of confinement, the isolation of the older population being one of the main
concerns of health authorities. The results link social support to combat digital inequality
and promote autonomy from an intergenerational solidarity perspective.

2 Method

The article explores how mobile applications feature in the lives of young adults in Por-
tugal and how their uses are associated with older family members. With a quantitative-
extensive methodological strategy, it was applied to an online questionnaire survey with
thematic questions. The respondents were a representative sample of Portuguese young
adults (N = 1500) aged from 18 to 30 years.

The sample selected users of mobile applications, with quotas by gender and region
(mainland Portugal and islands) according to the population distribution. The final sam-
ple is composed of 49.8% of people aged 18 to 24 and 50.2% of people aged 25 to
30. With regard to education, 53.1% of the respondents had higher education (Table 1).
Among the questions focusing on intergenerationality, more than 40% of respondents
answered that they help grandparents or relatives over 65 to post photos online (47.3%),
carry out operations in finance (44.9%), participate actively in political issues (44.2%)
or carry out operations in home banking (40%).

The survey was conducted by an external contracted company between 8 and 17
October 2021. The sampling guarantees a margin of error of ± 2.53% at the 95% con-
fidence level. The data were analysed using the IBM SPSS statistical analysis program
and using descriptive and inferential (bivariate) statistical analysis.
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Table 1. Sample distribution

Heading level Count N Count %

Age

18–24 747 49,80%

25–30 753 50,20%

Gender identity

Man 696 46,40%

Woman 796 53,07%

Non-binary 6 0,40%

Agender, genderqueer or genderfluid 5 0,33%

In question 3 0,20%

Rather not answer 1 0,07%

Marital status

Single 1145 76,33%

Married or in non-marital partnership 349 23,27%

Divorced or Separated 6 0,40%

Widower 0 0,00%

Other 0 0,00%

Education

Basic education 48 3,20%

High school 655 43,67%

Bachelor’s degree 516 34,40%

Master’s degree 260 17,33%

PhD 21 1,40%

Occupation

Student 425 28,33%

Self-employed 130 8,67%

Employee 759 50,60%

Liberal worker (Freelancer) 36 2,40%

Unemployed 150 10,00%

Source: Authors
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3 Results and Discussion

Among the 1500 respondents, 1444 (96,3%) answered they use the internet to com-
municate with family members, without any statistical significance to highlight when
analysing the results according to the variables of gender, age group, educational level
or main occupation.

However, only 450 out of those 1444 (31,16%) answered they use the internet to
communicate intergenerationally with grandparents or other relatives over 65 years old.
There are significant statistical differences regarding the respondentswhouse the internet
to communicate intergenerationally, when it comes to differences of age group, educa-
tional level and main occupation, according to Table 2. The respondents between 18 and
24 years old show a significant statistical higher percentage of internet usage to commu-
nicate intergenerationally, among the three possibilities of family members: grandfather
(22,97%), grandmother (28,57%) and other relatives over 65 years old (17,23%). In
fact, in total, the younger age group shows a higher frequency of internet usage to com-
municate with the total of the family members who are over 65 years old (36,41% in
comparison to 26,03% of the respondents aged between 25 and 30 years old). There is
also to highlight the differences concerning education, with a tendency for smaller over-
all frequencies as the level of education, gets higher. Almost half of the respondents with
basic education (45,45%) who use the internet to communicate with family members,
answered they use it to communicate with family members over 65 years old, while the
percentage of respondents with a high school education who do so is 32,86% and even
lower is the frequency between respondents with higher education levels (28,96%).

Table 2. Frequency of respondents who use the internet to communicate intergenerationally by
age and education

Age Education

18–24 (A) 25–30 (B) Basic education
(C)

High school (D) Higher
education (E)

Grandfather 22,97% B 12,60% 27,27% 20,48% 14,94%

Grandmother 28,57% B 17,67% 34,09% 25,56% 20,39%

Other relatives
over 65 years
old

17,23% B 13,15% 20,45% 16,35% 13,90%

Total: over
65 years old

36,41% 26,03% 45,45% 32,86% 28,96%

Source: Authors
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If the analysis spans over the main occupation variable of the respondents, there
are significant statistical differences to highlight, according to Table 3. Students and
unemployed respondents reveal significant statistical frequencies in comparison with
respondents who are employed, in terms of using the internet to communicate with
their grandfathers (24,14% between students and 25,35% between unemployed respon-
dents in comparison to 12,62% of employed respondents). There is also a statistically
significant difference between students (29,06%) and employed respondents when it
comes to using the internet to communicate with their grandmothers. Between the
aggregators of relatives with more than 65 years old, self-employed (38,71%), unem-
ployed (37,32%) and students (35,71%) show higher tendencies to use the internet to
communicate intergenerationally than employed (26,59%) and freelancer respondents
(25,00%).

Table 3. Frequency of respondents who use the internet to communicate intergenerationally by
main occupation

Main occupation

Student (A) Self-employed
(B)

Employed (C) Freelancer (D) Unemployed
(E)

Grandfather 24,14% C 17,89% 12,62% 19,44% 25,35% C

Grandmother 29,06% C 26,83% 19,40% 11,11% 24,65%

Other relatives
over 65 years
old

18,23% 14,63% 13,43% 5,56% 18,31%

Total: over
65 years old

35,71% 38,21% 26,59% 25,00% 37,32%

Source: Authors

The applied survey also intends to understand the educational level of the family
members over 65 years old who are communicated with by the 450 respondents who
answered they use the internet to communicate intergenerationally, i.e., with their grand-
parents or other relatives with more than 65 years old (Table 4). The analysis crosses
such answers with the educational level of the respondents themselves.

70,00% of the respondents’ family members over 65 years old have basic education;
43,78%have a high school level and 35,11%have a higher education degree. Only 0,44%
of such respondents’ family members have levels of education that the respondents are
unaware of. Between all educational levels of respondents, the family members over
65 years old tend to only have basic education (with 95,00% of basic education respon-
dents’ family members, 69,57% of high school ones and 68,16% of higher education
ones).



Intergenerational Digitally Mediated Relationships 343

The results seem to point to a linear correspondence. The level of education of those
family members over 65 years old tends to be matched by the same level of education of
the young adults’ respondents. Among the family members over 65 years old who have
basic education, their corresponding respondents have a bigger percentage of levels of
basic education (95,00%). The same applies to the over 65 years old family members
with a high school level of education,whose corresponding respondents’most significant
level of education is also high school (48,31%). It also applies to family members with
higher education, whose corresponding respondents’ most significant level of education
is, as well, higher education (39,46%).

Table 4. Educational level of the family members over 65 years old who are communicated with
by the scholarly level of the respondents

Family members
over 65 years old

Total Education

Basic education (C) High school (D) Higher education (E)

Basic education 70,00% 95,00% 69,57% 68,16%

High school 43,78% 45,00% 48,31% 39,46%

Higher education 35,11% 15,00% 32,37% 39,46%

Does not
know/does not
answer

0,44% 0,00% 0,48% 0,45%

Source: Authors

The survey included aLikert scale questionmeasuring the frequency that respondents
do a range of different activities with their relatives over 65 years old, through ICTs. The
results are presented in Table 5. According to it, the most frequent activities are using
social media to relate with relatives over 65 years old; sending messages through mobile
apps; encouraging them to look for reliable information on the Internet; making audio
calls with them via mobile apps such as WhatsApp or Messenger. In fact, the activity
“encouraging them to look for reliable information on the Internet” is the one answer
to be more done everyday by the respondents (17,56%). In a similar sense, concerning
a frequency of “several times a week”, respondents predominantly affirm they do send
messages through mobile apps (31,56%).

On the other hand, there are three activities that seem to be the least frequent accord-
ing to the Portuguese young adults, gathering more than 30% of “Never” answers.
Exchanging emails stand out (38,22%) as a highly unpopular activity performed with
relatives over 65 years old; while helping such relatives with home banking operations
(35,11%) is also highly unpopular, with it being the activity less affirmed to be performed
everyday (7,11%). The other activity that gathers more than 30% of “Never” answers
by the respondents is “support them to participate in petitions” (34,22%).
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Table 5. Frequency of activities done by the respondents with their grandparents or other relatives
over 65 years old

Frequency

Everyday Several times a week Once a week Rarely Never

Exchanging emails 10,22% 14,00% 12,00% 25,56% 38,22%

Using social media to
relate with

16,22% 32,44% 21,11% 21,11% 9,11%

Making video calls
with

14,67% 27,11% 26,00% 25,33% 6,89%

Sending messages
through m-apps

17,11% 31,56% 26,89% 16,89% 7,56%

Helping them with
homebanking

7,11% 17,56% 15,33% 24,89% 35,11%

Encouraging them to
look for reliable
information on the
Internet

17,56% 26,44% 17,78% 21,78% 16,44%

Supporting them to do
leisure activities on the
Internet like watching
videos or listening to
music

14,67% 26,89% 20,00% 23,33% 15,11%

Helping them carry out
online Finance
operations

11,78% 13,78% 19,33% 25,33% 29,78%

Helping them publish
photos online

9,11% 21,11% 17,11% 26,67% 26,00%

Support them to have
access to health
information and/or
schedule
appointments/exams…

16,67% 23,56% 20,00% 24,67% 15,11%

Making audio calls
with them via mobile
apps such as WhatsApp
or Messenger

15,78% 30,67% 26,22% 19,78% 7,56%

Help them to read the
news online

14,44% 22,89% 18,22% 25,33% 19,11%

Support them to
participate in petitions

9,33% 14,89% 15,11% 26,44% 34,22%

Help them to actively
participate in political
issues

10,00% 16,00% 18,22% 26,22% 29,56%

(continued)
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Table 5. (continued)

Frequency

Everyday Several times a week Once a week Rarely Never

Help them to have
access to information
from State services
about where they live

14,67% 15,56% 23,11% 25,56% 21,11%

Source: Authors

4 Conclusions

Between the 1500 surveyed Portuguese young adults (aged from 18 to 30 years old),
1444 (96,3%) use the internet to communicate with their family members, with 450 of
those 1444 (31,16%) answering they communicate intergenerationally, i.e., with grand-
parents or other relatives over 65 years old. In point of fact, the younger age group (from
18 to 24 years old) shows a tendency to more frequent internet usage to communicate
intergenerationally (36,41%) than the older age group of the sample (26,03%). Respon-
dents with lower levels of education reveal that they use the internet more frequently
to communicate with such family members (45,45% of the inquired sample with basic
education). Even though the majority (70%) of the young adults’ family members over
65 years old have basic education, results reveal also a fairly linear correspondence.
The level of education of the respondents’ family members over 65 years tends to find
a parallel with the same level of education of the young adults inquired.

Young adults revealed their most frequent intergenerational activities with the use
of the internet. Encouraging them to look for reliable information on the Internet is the
most frequently done on a daily basis (17,56%). However, there are other tendencies
to register in terms of higher frequencies, like helping such intergenerational relatives
send messages through mobile apps, encouraging them to look for reliable information
on the Internet, and even making audio calls with such family members via mobile
apps like Whatsapp or Messenger. The main conclusion of this empirical study is that
intergenerational solidarity is based on digital practices as a form of empowerment of
older adults, namely concerning leisure and information seeking, as well as political
activities.

Future research should also address older people’s perspectives on intergenerational
solidarity concerning digitally mediated relationships with younger generations.
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Abstract. Ancestor worship is an important Chinese culture and custom, and it
symbolizes the inheritance of tradition and filial piety. However, with the develop-
ment of the economy and technology, social demographic structure changes which
influences the family structure. The spirit and form of the ancestor worship culture
thus become different. Therefore, this study aimed to explore different values and
cognition of the generations of the 1970s and 1990s towards ancestor worship
culture. Through a questionnaire survey, this study analyzed the cognition of the
generations of the 1970s and 1990s towardsmeaning, festival, place, items, rituals,
and taboos of ancestor worship culture in different financial situations, environ-
ments of growth, and families. There were 153 valid questionnaires, including
89 subjects in the generation of 1970s and 64 subjects in the generation of the
1990s. It adopted the independent sample t-test analysis and explored the cogni-
tive difference of two generations towards ancestor worship culture. According to
research findings, the generation of the 1970s paid attention to the spirit and the
meaning of ancestor worship culture, items of ancestor worship, worship places,
and ancestors’ tablets and they recognized the meanings of the objects. With the
accessibility of online information, they were willing to obtain knowledge related
to ancestor worship through online learning. Cognition of the generation of the
1990s towards ancestorworship culturewas insignificant. They thought that ances-
tor worship was not the responsibility of the elderly and they showed low intention
to learn the details of ancestor worship. They agreed that online ancestor worship
can still show gratitude towards ancestors to replace traditional ancestor worship.
The cognition analysis of the two generations towards ancestor worship culture
can serve as the reference for digital ancestor worship culture in the future. It not
only extends the development of Chinese ancestor worship culture but also meets
the trend of the time.

Keywords: Ancestor worship culture · The 1970s and 1990s · Cultural cognition

1 Research Motives

Ancestor worship is an important Chinese culture and custom, and it has lasted for
several thousand years. However, with the development of the economy and technology,
it changes social demographic structure which influences family structure. Regarding
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ancestor worship, young people of the 1990s mostly listen to the instruction of the
parents of the 1970s and the elderly. They are, in fact, unfamiliar with the significance
and process of traditional ancestor worship. In addition, values and environment of
growth influence the cognition of two generations towards social culture. In terms of
economy, the generation of the 1970s has experienced two times of oil crisis in the
global depression. The generation of the 1990s encountered Asian Financial Crisis.
Although they both experienced financial crises, the environments were different. In
the environment of growth, those who were born in the 1970s were the first generation
who grew in the time with multiple values. The generation of 1990s grew in the era of
computer and internet and there were more methods to obtain information. They were
familiar with foreign cultures and the pursuit of novelty.

This study aimed to explore two aspects: (1) Significance, process, and related rit-
uals and customs of ancestor worship culture. (2) Effect of values and environments of
growth of generations of the 1970s and 1990s on ancestor worship culture and cogni-
tion. Through literature, it approached the significance and related rituals and customs
of Chinese ancestor worship culture and the values of life of the generations of the 1970s
and 1990s. By questionnaire survey, it probed into the cognition of generations of the
1970s and 1990s towards ancestor worship culture.

2 Literature Review

2.1 Difference Between the 1970s and 1990s

The 1970s means 1971–1980 and those who were born in the time are called the genera-
tion of the 1970s. The 1990s means 1991–2000 and those who were born in the time are
called the generation of the 1990s. Different generations show different backgrounds of
growth and financial changes. With different environments of growth, different genera-
tions reveal different values, preferences, attitudes, and behaviors. The family structure
thus changed [1–3]. Thus, this study explored the difference between two generations
by the economy, environments of growth, and family pattern and structure.

In terms of the economy, between 1973 and 1975, the oil crisis broke out, and there
was a global depression. Production costs in Taiwan increased, and exportswere reduced.
Taiwan withdrew from the UN, and it resulted in a low intention of investment. In the
1970s, although the global economy declined, in 1974, the government implemented
Ten Major Construction Projects and Taiwan became Four Asian Tigers and created
economic miracles [4]. In the 1990s, the global work division resulted in high environ-
mental protection conditions and high public service expenditure, and Taiwan was no
longer the paradise of export processing. As wages in China and the countries in South-
east Asia were low, factories were transferred to low-cost countries. At this time, Taiwan
encountered the transition from the manufacturing industry to the service industry. The
economic growth rate was low, and the unemployment rate was high [5].

In terms of environments of growth, after the 1970s, Taiwan had lifted martial law
and the development of TV stations and newspapers was diverse. The children born in
the time grew in the era with multiple values [6]. The reform of politics and economy
had been accomplished in the previous generation. Authority declined successively. The
generation of the 1990s experienced the stage when Taiwan declined from the economic
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miracle. SARS in 2003 and financial crisis in 2008 caused the industrial recession, such
as low wages and high unemployment rate [7, 8]. However, with the growth of the
internet and the introduction of high-tech products and smartphones, the generation of
the 1990s experienced the accessibility of information. There were various channels to
obtain information in their lives.

In terms of family structure, in the 1970s, most of the parents lived with their mar-
ried sons. At the time, the percentage of traditional extended families was less than that
of three generations under one roof. In the 1970s, Taiwan was based on families with
three generations under one roof (stem families) and three generations of lineal relatives
included grandparents, parents, and unmarried children [9]. In the 1990s, with the change
of economic structure, family structure was different. The percentage of extended fam-
ilies or three generations under one roof was lowered. Small families (nuclear families)
consisting of parents and unmarried children became mainstream [10].

2.2 Study Related to Ancestor Worship Culture

Ancestor worship culture was originated from a primitive society, and it symbolized the
extension of family culture. The fear and respect for ancestors became self-regulation and
it showed filial piety. Humans’ lives are associated with ancestors. In terms of traditional
customs, ancestor worship rituals are practiced from birth to death, in annual ceremonies
and the phases of growth, marriage, and birth giving [11–14].

The significance of traditional ancestor worship customs in Taiwan should be rec-
ognized and there are some aspects for further reflection to respond to the modern
environment and trend. Folk ancestor worship includes four meanings: (1) life: in tra-
dition, ancestor worship symbolizes the extension of ancestors’ lives and connection
with ancestors and it shows the inheritance. (2) Culture: ancestor worship is traditional
Confucian filial piety. (3) Family: ancestor worship shows significant family ideology.
It shows the family cohesion and unity of clan relatives. (4) Religion: ancestor worship
significantly shows “worship to the spirit”. People worry that their ancestors become
hungry and lonely souls which influences the family situations and safety of members.
Thus, it is necessary to worship ancestors.

Generally speaking, the Taiwanese people’s worship includes the following: (1)
bare-handed worship: they only worship with hands put together in front of the spirit
without joss candles and gold and silver money. (2) Worship by burning spirit money:
they worship the spirit by joss candles and gold and silver money. (3) Worship by flesh
offering: worship with flesh offering is solemn and it is generally held in festivals, on
gods’ birthdays, or for god rewarding with regular rituals [15].

As to the festivals of ancestor worship, Chi (2019) [16] generalized common festivals
of ancestor worship in modern Taiwan: Spring Festival, The Lantern Festival, Qingming
Festival, Dragon Boat Festival, Ghost Festival, Moon Festival, Double Ninth Festival,
Winter Solstice, and New Year’s Eve. This study compared Chi (2019) [16] and Essence
of Worship of Block Studio (2018) [17] and reorganized festivals, time, and worship
offerings of traditional ancestor worship in Taiwan, as shown in Table 1:
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Table 1. Festivals and offerings of traditional ancestor worship in Taiwan

Festivals Time Worship items and offering

Spring festival The first day of the first
lunar month

Three kinds of flesh offerings, a pair of
fresh flowers, three cups of alcohol, a plate
of candy, twelve bowls of dish, chopsticks,
and incense sticks

The lantern festival The fifteenth day of the
first lunar month

Three kinds of flesh offerings, three kinds
of fruit, three cups of alcohol, six bowls of
dish, chopsticks, and incense sticks

Qingming festival The fourth or fifth day of
the fourth month in the
solar calendar

Three kinds of flesh offerings, five kinds of
fruit, three cups of alcohol, several cakes, a
pair of fresh flowers, a pair of candles, a
package of five colored paper, one sickle,
several ducks’ eggs, chopsticks, incense
sticks, and a pair of firecrackers

Dragon boat festival The fifth day of the fifth
lunar month

Three kinds of flesh offerings, three kinds
of fruit, three cups of alcohol, six bowls of
dish, several rice dumplings, chopsticks,
and incense sticks

Ghost festival The fifteenth day of the
seventh lunar month

Three kinds of flesh offerings, three kinds
of fruit, three cups of alcohol, six bowls of
dish, chopsticks, and incense sticks

Moon festival The fifteenth day of the
eighth lunar month

Three kinds of flesh offerings, three kinds
of fruit, three cups of alcohol, six bowls of
dish, chopsticks, and incense sticks

Double ninth festival The ninth day of the
ninth lunar month

Three kinds of flesh offerings, three kinds
of fruit, three cups of alcohol, chopsticks,
and incense sticks

Winter solstice The twenty-first day of
the twelfth month in the
solar calendar

Three kinds of flesh offerings, three kinds
of fruit, three cups of alcohol, six bowls of
dish, a pot of rice, three bowls of stuffed
dumpling, several steamed sponge cakes,
chopsticks, and incense sticks

New year’s eve The thirtieth day of the
twelfth lunar month

Three kinds of flesh offerings, three kinds
of fruit, three cups of alcohol, six to twelve
bowls of dishes, chopsticks, incense sticks
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As to worship items and offering of sacrifice, Chi (2019) [16] and Lee (2015) [18]
classified “items” into five colored paper, a pair of candles, incense sticks, cups, incense
burner, golden vessels, spring flowers, towel, washbasin, and rice cups; “offerings” are
eatable and they include three kinds of flesh offerings and alcohol, dishes, cooked rice,
sweets, rice food, cookies, fruits, thin noodles, and fresh flowers.

As to “worship places”, Cheng (2013) [12] argued that worship in Taiwan includes
family worship, tomb worship, and shrine worship. With the change of time, worship
places successively become the worship hall, Columbarium Pagoda, grave, and shrine
of home. (1) The worship hall: family worship is a personal one. People place statues
and ancestors’ tablets in the main hall of the house to represent the gods and spirit.
(2) Columbarium Pagoda: interment was common in early times. With the growth of
population, lack of graveyards, and simplified process, cremation increases successively.
Bone ash and corpses are placed in Columbarium Pagoda. (3) Grave: it means to worship
ancestors on the grave and the subjects include close and distant ancestors [18]. (4) Shrine
of home: it is an independent worship space.

Taiwanese people are careful about “worship taboos”which are derived from legends,
long-term experience, and religion. Acceptable taboos can be followed continuously
to preserve the culture. Outdated or suspicious taboos should be corrected [18–20].
Common taboos are shown below: (1) general worship taboos: according to folk saying,
cleaning by the right hand is inappropriate. Thus, it is a taboo to put incense sticks by
the right hand when worshipping ancestors. (2) Guava, tomato, strawberry, and wax
apple are not allowed as offerings: guava, tomato, and strawberry, the fruits can be
eaten with seeds are considered disrespectful for gods. In addition, “Lian” of wax apple
refers to “connection” and the meaning of “Wu” refers to Yin. (3) Taboos of specific
festivals (such as Ghost Festival): banana, pineapple, plum, and pear are not allowed. In
Taiwanese, “Jiao” is the homophone of “invite”, “Lee” is the homophone of “you”, and
“Lee” is the homophone of “come”. It suggests the invitation of spirit.

Based on the above, it shows the different backgrounds of the generations of the
1970s and 1990s. As to the economy, the era of the 1970s, in comparison to the 1990s,
was vigorous. However, the generation of the 1990s encountered economic declination.
Industrial development turned from the manufacturing industry to the service industry.
In terms of environments of growth, although the era of the 1970s was based on the
society of information freedom and diversity of media, in comparison to the 1990s
with the vigorous development of the internet, the prevalence of learning channels and
convenience were different. As to family pattern and structure, the families of the 1970s
were mostly three generations under the roof. For the generation of the 1990s, they were
mostly small families. In Taiwan, folk religion was the most. Ancestor worship refers to
an extension of tradition and filial piety. In different worship festivals, Taiwanese people
show their respect and fear towards their ancestors.

3 Research Method and Procedures

This study intended to explore the cognition of the generations of the 1970s and 1990s
towards ancestorworship culture and the related factors. By literature, it proposed related
variables.
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This study treated the generations of the 1970s and 1990s living in Taiwan as the
population. The research tool was a questionnaire in Likert 5-point scale. In order to
enhance the precision and propriety of wording in the questionnaire, it invited Chairman
of Taitung County Religious Sacrifice and Etiquette Product Service Association, to
provide suggestions on the ancestor worship content of the questionnaire. After the
accomplishment of the draft, this study conducted a pretest questionnaire on respectively
four subjects in the generations of 1970s and 1990s to recognize the wording. After
revision, it developed the formal questionnaire, including three parts:

1. Personal backgrounds: There are eight dimensions, including gender, year of birth,
area, religion, family pattern, ancestor worship habit, economy, and living envi-
ronment. Religion and ancestor worship habits are based on the subjects’ religion.
Different generations show different family patterns, economies, and living environ-
ments. The subjects’ families are divided into the extended family, three generations
under the roof, and small families.

2. Cognition of ancestorworship culture: There are six dimensions, including themean-
ing of ancestor worship, worship festivals, worship places, worship items, worship
rituals, and worship taboos, with 33 items.

3. Cognition of financial and living environments: There are two dimensions, including
economy and living environment, with 12 items.

The test of a formal onlineGoogle questionnaire lasted fromNovember 16 toDecem-
ber 1, 2020. At the beginning of the questionnaire, it explained the research purposes and
instruction of responses and emphasized on the confidentiality of data. After the subjects
finished responding to the questions, the questionnaires would be sent immediately for
the screening. The encoded valid questionnaires were further included in data statistics
and archives. By average analysis, it compared the difference between the two groups.

4 Research Results and Analysis

This study retrieved 163 questionnaires. After deleting invalid questionnaires, it obtained
153 valid ones, and the return rate was 93.8%. Therewere 89 subjects in the generation of
the 1970s and 64 subjects in the generation of the 1990s. As to reliability, the Cronbach’s
α tested the reliability of the items of the questionnaire. All items met 0.908> common
reliability standard 0.7. Thus, the items of the questionnaire were reliable.

4.1 Analysis of Personal Backgrounds

The personal backgrounds asked in the questionnaire include the subjects’ fear of birth,
gender, area, family pattern, and ancestor worship habit. The overall subjects’ personal
backgrounds are listed in Table 2.
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Table 2. Subjects’ personal background

Type 1970s’ percentage 1990s’ percentage

Gender Male 37% 28%

Female 63% 72%

Area Northern 65% 47%

Central 31% 33%

East 2% 14%

South 1% 6%

Family pattern Extended family 6% 9%

Three generations under
one roof

20% 20%

Small family 73% 70%

Other 1% 0%

Ancestor worship place Grave 17% 20%

Columbarium Pagoda 25% 29%

Ancestral hall 10% 6%

House of gods 42% 36%

Other 6% 4%

None 0% 6%

*The total cost of ancestor
worshipa

Below 500 3% 9%

501–1000 31% 50%

1001–1500 29% 13%

More than 1501 28% 20%

None 8% 8%

Internet hours/day 0–4 h 29% 5%

5–8 h 28% 34%

9–12 h 22% 33%

More than 12 h 10% 28%
aUnit: New Taiwan Dollar (NTD).

4.2 Analysis of Ancestor Worship Culture

This study explored the cognition of the generations of the 1970s and 1990s towards
ancestor worship culture (including the meaning of ancestor worship, worship festivals,
worship places, worship items, worship rituals, and worship taboos) and the cognitive
difference towards the economy and living environment. It conducted an analysis by
the independent sample t-test. According to the two-tailed significance of P < 0.05,
two generations showed a significant difference in ancestor worship culture. Due to the
limitation of space, the analytical results are summarized below.
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1. The meaning of ancestor worship: In comparison to the generation of the 1990s,
that of the 1970s recognized the meaning of ancestor worship which referred to the
inheritance of family culture. It enhanced family cohesion and showed filial piety.

2. Worship festivals: In comparison to the generation of the 1990s, that of the 1970s
was more familiar with the types of spirit money for related and different ancestor
worship festivals. For instance, spirit money for Qingming Festival includes Jiu Jin
(九金) (little Fu money), Jiu Yin (九銀) (little silver money), Jin Yi (巾衣), and Bei
Qian (白錢); spirit money for Ghost Festival includes Jiu Yin (little silver money),
Jin Yi, and Bei Qian.

3. Worship places: in comparison to the generation of the 1990s, that of the 1970s paid
more attention to worship places for ancestors and they recognized the importance
to place ancestors’ tablets at home. However, the two generations did not show
a significant difference on two items “cremation would cause the declination of
ancestor worship culture” and “ancestor worship in front of the tombs is sincerer”.
Thus, their views were consistent.

4. Worship items: in comparison to the generation of the 1990s, that of the 1970s was
more familiar with the items and offerings for ancestor worship. The items include
candles, incense sticks, cups, incense burner, towel, and washbasin. The offerings
include flesh offerings, dishes, cooked rice, sweets, rice, cookies, fruits, thin noodles,
and fresh flowers. Besides, the generation of 1970s was familiar that the ritual of five
colored paper and five flavor bowls mean the dishes eaten by the ancestors when they
were alive and they recognized the usage of longevity peach pile and three kinds of
flesh offerings and alcohol.

5. Worship rituals: in comparison to the generation of the 1990s, that of the 1970s
significantly agreed that by ancestor worship rituals, they could approach ancestors
and knew that three kinds of flesh offerings and alcohol are the offerings for wor-
ship. Five flavor bowls refer to sour, bitter, sweet, spicy, and salty. However, in the
following items, two generations shared consistent views: “I know that worship by
bare hands means to put hands together in front of the spirit”, “I know that worship
by burning spirit money means to bring joss candles and gold and silver money
to worship the spirit”, “ancestor worship rituals can be simplified” and “sincerity
of ancestor worship is more important than rituals”. It shows that two generations
valued the original rituals of ancestor worship.

6. Worship taboos: in comparison to the generation of the 1990s, that of the 1970s
knew the fruits which are not allowed in worship and the reasons. For instance, they
knew that pineapples and bananas cannot be used in Qingming Festival and Ghost
Festival and it is due to the homonyms of Taiwanese. However, two groups showed
a consistent view on “we should follow worship taboos” and “in ancestor worship,
we cannot put incense sticks by right hands”.

4.3 Analysis of Financial and Living Environments

The generation of the 1970s experienced two times of oil crisis, meanwhile, that of the
1990s encountered Asian Financial Crisis. As to the study on the effect of the economy
on the cognition towards ancestor worship, two generations did not show a significant
difference on the items of the economy: (1) Different economic backgrounds result in
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differences of thoughts and cognition between the generations. (2) Financial situation
would influence the frequency of ancestor worship. (3) I worship ancestors with less
expenditure. (4) It is sincerer to prepare abundant dishes or offerings in ancestor worship.

As to the effect of living environment on cognition towards ancestor worship, the
generation of 1970s mostly was based on the family structure of three generations under
the roof. When they were born, martial law was lifted. TV stations and newspapers were
developing. Theywere the first generation in the era ofmultiple values. The generation of
the 1990swasmostly small families. They grew up at the developing phase of the internet
and they successively obtained information online. According to statistical analysis, the
generation of 1990s suggested that ancestor worship is not only the responsibility of
the elderly. It is associated with them. Besides, they agreed that online ancestor worship
can replace traditional ancestor worship. However, with the prevalence of the internet in
modern times, the generation of the 1970s was willing to learn ancestor worship culture
online.

5 Discussion

Ancestor worship culture is not simply worship. It refers to gratitude to the ancestors and
family cohesion. It shows family cultural heritage. According to previous findings, the
generations of the 1970s and 1990s showed consistent views towards general spirit and
significance of worship. However, in terms of the details of ancestor worship, the group
of 1970s, in comparison to the generation of 1990s, showed significant familiarity. For
instance, they should prepare different items and offerings for different ancestor worship
festivals. There was ancestor worship spirit money for related rituals andworship taboos.
In other words, although the generation of 1990s valued ancestor worship culture, they
were less familiar with the details of ancestor worship. The reason can be in that the
generation of 1990s had worshipped the ancestors with their parents since childhood
and the parents of 1970s were responsible for the items and offerings. Thus, they were
not familiar and did not actively learn the knowledge of the details.

Nevertheless, the generation of 1990s agreed that they should be responsible for
ancestor worship and they did not think that it was the responsibility of the elderly. In
comparison to the generation of the 1970s, they agreed that online ancestor worship can
replace traditional ancestor worship. The reason can be that the generation grew up in the
era of the internet and their lives were associated with the network. Thus, in comparison
to the generation of the 1970s, that of the 1990s significantly agreed that ancestorworship
could be practiced online by clicking themouse. They did not have to be familiar with the
complicated process and preparation of offerings and they could still be grateful to their
ancestors. In order to preserve Chinese ancestor worship culture, this study suggested
reviewing and integrating reliable data of ancestor worship with the experts and updating
and promoting knowledge of ancestor worship culture in Taiwan. Thus, they enhance the
interaction and instruction of online ancestor worship and the operation can be different
according to different ages. In preschools and elementary schools, they introduce digital
methods to learn ancestor worship culture. For instance, they can introduce ancestor
worship festivals through animation, games, and interaction to avoid the stereotype of
ancestor worship culture. The interesting instruction not only enhances the students’
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image of ancestor worship culture but also triggers their curiosity and learning. This
study suggested combining ancestor worship culture and entertainment and creating
board games by stories and games. Through playing the games, students can recognize
the knowledge and rituals of ancestor worship. By simple and repetitive songs, the
children can obtain knowledge. Thus, they learn about ancestor worship culture since
childhood to show their gratitude towards ancestor worship culture.

6 Conclusion and Suggestions

This study conducted a questionnaire survey on Chinese ancestor worship culture by the
economy and living environment to explore the views and cognition of the generations of
the 1970s and 1990s towards ancestor worship culture. It referred to modern university
students and their parents. By literature review and analysis of 153 valid questionnaires,
this study proposed the conclusion below:

1. Generally speaking, the generations of the 1970s and 1990s showed consistent views
towards the general spirit and significance of worship. The generation of the 1990s
agreed that they should be responsible for ancestor worship, and it is not simply the
responsibility of the elderly.

2. As to the details of ancestor worship, the generation of the 1970s, in comparison to
that of the 1990s, showed the familiarity, particularly the ancestor worship festivals,
items, offerings, and the meanings of related worship taboos.

3. The generation of 1970s experienced two times of oil crisis, whereas that of 1990s
encountered Asian Financial Crisis. As to the effect of the economy on ancestor
worship, the two generations did not show a significant difference.

4. The generation of the 1990s grew up in the era of the internet. Although the young
generation recognized the importance of ancestor worship culture, they were not
familiar with the details of ancestor worship, and they were not motivated to learn
and preserve it. They even agreed that online ancestor worship can replace traditional
ancestor worship. With the convenience of the internet, the generation of the 1970s
was willing to learn more knowledge of ancestor worship culture online.

This study adopted a questionnaire survey, and the subjectswere from the generations
of the 1970s and 1990s. The selection of the generations was based on the time of the
researcher and the parents. It attempted to find if the cognition between parents and
children towards ancestor worship culture showed a significant difference. It is suggested
that future researchers can increase the interval of the subjects’ generations, such as the
1950s and 1990s. They can enhance the questionnaire survey by in-depth interviews to
approach the results of differences between the generations towards ancestor worship
culture in order to strengthen the diversity of research findings.

The questionnaire survey of this study only explored the effect of different economies
and living environments of the generations on ancestor worship and neglected the effect
of education. It did not show the possible effect of the subjects’ education on the cognition
towards ancestor worship. Thus, future researchers can include education which can
be divided into family and school to recognize more factors on the difference of the
generations.
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Abstract. To improve the visiting effect of ecomuseum, this research proposes to
utilize augmented reality (AR) technology and to study how to integrate appropri-
ate interaction design can help get better experience in suchmuseums. Augmented
reality is a technology attaching computer generated images and information on
the real world. AR users can see the original real world, and also can see support-
ing information images or virtual objects, that help provide related information
and interaction of the real world and objects.

With a perspective of interaction design, this research considers the form of
an interpretative game with location-based AR to combine the benefits of field
interpretation and game tasks. We took Beitou area in Taipei city as the sample of
ecomuseum, to develop the contents of the game. Prototypes with location-based
Web AR were made and tested. Field user tests were conducted to understand the
issues and satisfaction of interaction design. Qualitative data were collected and
analyzed.

Issues about learnability, satisfaction, storytelling, user interface, and tech-
nology are discussed. Then a more suitable design guideline could be concluded
to improve the formal model of interpretative game for ecomuseum.

Keywords: Location-based augmented reality · Interaction design · Interpretive
media · Game-based learning · Ecomuseum

1 Introduction

Ecomuseum is a kind of museum in concept. The concept is to utilize real sites or objects
of culture, history or nature as subjects for visiting. Because the subjects are not located
in indoor venues, it is an important issue about how to process an appropriate exhibit
interpretation.

This research proposes to utilize augmented reality (AR) technology and to study
how to integrate appropriate interaction design can help get better experience in such
ecomuseums. Augmented reality is a technology attaching computer generated images
and information on the real world. It is different from virtual reality (VR) for the fully
immersion in the virtual world. AR users can see the original real world, and also can see
supporting information images or virtual objects, that help provide related information
and interaction of the real world and objects. With a perspective of interaction design,
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this research considers the form of an interpretative game with location-based AR to
combine the benefits of field interpretation and game tasks.

This research took Beitou area in Taipei city as the sample of ecomuseum, to develop
the contents of the game. We developed a prototype of interpretative game for ecomu-
seums with location-based AR technology. We tested the prototypes on the real site
with fewer participants. Guidelines are concluded to make the final model of the on-site
interpretative game.

2 Literature Review

2.1 Interaction Design of Location-Based AR

Location-based service is a kind of information service systems combined with GPS and
cellular communication technologies to provide digital map, navigation, location-based
reminder, location-based personal AD, automatic weather forecast, etc. Location-based
games are becoming a popular genre of mobile games with location-based service. For
example, Pokémon GO is one of the most popular location-based game in recent years.
Players could see virtual objects or roles near themselves on the game map by their
real-world positions, and they could interact with such objects. In the stage of monster
chasing, it is also possible to activate the AR effect to see the realistic scene with virtual
monsters’ appearance at a real place.

Augmented Reality (AR) is a kind of technology with computer-generated image
attached to the real world. It is very different from Virtual Reality (VR) that is fully
emerged in the virtual world. The most scenes or backgrounds that AR users see are
parts of the real physical world. In an AR environment, they can also see informative
images or virtual objects providing assistive information and interactive mechanism of
the real environment and objects [8]. Azuma [1] proposed AR as systems with the three
characteristics: (1) Combines real and virtual, (2) Interactive in real time, (3) Registered
in 3-D, to avoid limiting AR to specific technologies, such as head-mounted displays or
other devices. He thought AR is a specific example of what Brooks [4] calls Intelligence
Amplification that is defined as using the computer as a tool to make a task easier for a
human to perform.

By the classification ofMilgram&Kishino [9], the possibility of spatial com-position
from real environment to virtual environment is named as Reality-Virtuality Continuum
(see Fig. 1). In the continuum, the left is fully real environment and the right is fully
virtual environment. Between the two ends there are kinds of Mixed Reality (MR) with
combinations of different ratios of real and virtual environments. Real environment with
some virtual objects is named as Augmented Reality (AR), and virtual environment with
some real objects is named as Augmented Virtuality (AV).

The AR combined with location-based service is Location-based AR. It uses the
user location and geographic information system to attach the virtual objects and infor-
mation to the real environment. The location of the user can be measured with GPS,
accelerometer, compass or other sensors. Because the virtual objects can be attached to
the locations of real sites, it is easy to connect the real world and its related information
with visual means. For the assistive information provided in real time, AR is a suitable
technology for site interpretation or vehicle navigation.
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Fig. 1. Reality-virtuality (RV) continuum (Source: Milgram and Kishino 1994).

Haahr [5] compared several kinds of location-based games, and found that some
games like PokémonGO emphasized the immersion of the challenges. It is very different
from the presence of traditional cultural interpretation. The players may focus on the
challenges of the game, but not on the experience of cultural resources. Therefore, Haahr
[5] suggestedmore connections to physical space andmore interactions of virtual objects
related to the site in such cultural location-based games.

The interaction in AR is most about to interact with virtual objects to acquire infor-
mation or action instruction, and to have fun in interaction itself. Virtual objects mostly
show in the space, and can be triggered to activate reactive methods and feedbacks. The
interactive mode of virtual objects in AR matches the microinteraction defined by Shaf-
fer [11]. The structure of design and analysis can be classified as four parts including
trigger, rules, feedback, and loops&modes. Trigger initiates the interaction; rules decide
how to react; feedback provides perceptible clues that users can confirm; and loops &
modes guide how to end the interaction and return to initial status andmode. The triggers
include manual trigger and system trigger. Manual trigger happens by users’ intension.
System trigger happens while a specific system event appears. Various system events
can be used as system trigger, especially location-related ones, which are useful for this
research.

2.2 Interpretation

Interpretation is multiple methods and media of demonstration and explanation for visi-
tors to understand the themes and contents of exhibits. Tilden [14] provided a definition
of interpretation as follows:

An educational activity which aims to reveal meanings and relationships through
the use of original objects, by firsthand experience, and by illustrative media,
rather than simply to communicate factual information (p. 33).

Beck & Cable [2] took interpretation as a procedure of transmitting information and
inspiration, to promote the understanding, appreciation, and protection to cultural and
natural heritage.

Experiential learning (or experience-based learning) is a way of learning through
experience, especially learning by reflection in operation. Kolb [7] proposed the experi-
ential learning theory that defines experience learning as the process of knowledge gen-
eration through the conversion of experience. Kolb’s experiential learning model (ELM)
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is divided into four stages, from individual concrete experience, reflective observation,
abstract conceptualization, and finally to verification of the concept (active experimen-
tation). Knowledge is obtained by summing up experience from actual situations, and
promoted from verification and application.

Tilden [14] proposed the two concepts that the interpreter should think about. One is
that the statement must go beyond the facts to inspire more important meanings behind
the facts. The other is that the explanation must make full use of human curiosity to
enrich and enhance human intelligence and mind. This means that interpretation can use
people’s instinct of curiosity for novelty, to provide multiple experiential environments
to trigger learning motivation, and to open up potentially important meanings.

The interpretative media is the medium that carries the content of the message.
Sharpe [13] divides the interpretative media into two categories: 1. staff interpretation:
the use of personnel to explain directly to tourists. And 2. non-staff interpretation: using
a variety of facilities to explain the subject matter.

2.3 Game-Based Learning

Game-based learning (GBL) is a learning method that uses games to achieve specific
learning purposes. The game-based learning using digital media is called digital game-
based learning (DGBL). There are researches on the effectiveness of digital game-based
learning [3, 10, 15].

It is difficult to determine whether the museum visitors have learned something.
Regardless of whether visitors pay attention to and understands the theme information,
the entertainment effect can still be achieved. Screven [12] proposed two modes of
museum participation: passive participation and interactive participation. Passive par-
ticipation plays only the role of the exhibit initiator. The visitors can see the dynamic
demonstration, but has no choice. Interactive participation is to encourage visitors to
find the answer from the exhibit to achieve the best cognitive learning effect before
making a decision. Interactive participation is a better way of participation in education
and entertainment.

About digital games on real site, Hwang, Tsai and Yang [6] discussed the location-
based mobile learning system on the topic of context-aware ubiquitous learning environ-
ment. They suggested the learning system should be environment-aware, that is, the state
of the environment can be detected before the system can perform learning activities.
And the learning system should provide personalized support at appropriate paths, loca-
tions, and times that based on the learner’s personal, environmental factors and learning
process.

3 Method

This research utilizes a qualitative method to collect and analyze data from the field test
of the game prototype.
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3.1 Prototype Design of Location-Based AR Game

From the history of Beitou area, we adapted the story of a Japanese, Hirada Gengo, the
owner of the first hot spring hotel in Beitou. The setting is that four game players of a
team play roles as brothers and sisters in the fiction story. They have to walk around to
find clues in the Beitou hot spring area to re-construct the story of the friendship between
their grandfather andMr. Hirada Gengo. Nine sites were selected as game spots for them
to visit. They can use their personal mobile phone to see and interact with AR virtual
objects to get information of the sites and the tasks to do. Instructions will be given by
the mobile phone to guide to complete their mission.

First, at the starting place they read a letter from their grandfather. In the letter, there
are some important words missing like a puzzle and they are encourage to find clues in
the Beitou hot spring area. A gamemap that show nine sites in the area is also attached in
the letter. The team members play their roles as the Leader, the Navigator, the Recorder,
and the Adventurer. Second, they go out to the hot spring area to visit the sites to find the
clues. They can use their mobile phone to visit a web site that we provide at the starting
place via QR code to search the virtual objects at the sites. The Navigator follows the
guide in the web site to lead the players to assigned sites with the game map. When their
approach a site, they will see two virtual objects appear. When the Adventurer interacts
with the objects, information or a task will be showed. A task is a question that they must
find the answer at the site or an action that has to be done at the site. After completing
the task they can get a code. The Recorder have to input the result of the task to a LINE
chatbot, and it will feed back the name of the following site to visit. Third, the players
visits all nine sites to complete the tasks, and they will arrive at the ninth site, Tiangouan
Historical site, the first hot spring hotel in Beitou. The players will find the final missing
words to finish the mission, and the game ends here.

The interface of web AR included a cursor and two kinds of virtual objects. The
cursor is set at the center of the screen. When a player moves his mobile phone, the
object can be aimed and hovered with the cursor. One kind of virtual objects is for
site information. Then the site information will be triggered to show a window that
contain text and image about the site (see Fig. 2). One kind of virtual objects is for site
task. Similarly, the site task will be triggered to show a window that contain text of a
multiple-choice question or an action to perform (see Fig. 3).

3.2 Data Collection and Analysis

User Field Test. The participants forms a team to play the prototype of the game at real
site, around the Beitou hot spring area. It’s about one and half hours to complete the
mission of the game.

Observation. During the game playing, the researchers observe the discussions and
actions of the participants. Especially mistakes and doubts should be noted carefully.

Interview: After game ends, the participants of a team are interviewed together.
Questions are focused on the most impressive parts, understanding of the design, fun to
play, learning, satisfaction, problems and suggestions, and any opinion or idea.
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Fig. 2. An image virtual object as a trigger of site information

Fig. 3. A 3D star virtual object as a trigger of a site task

Questionnaire Test. Pre-test of SUS (System Usability Scale) and IMI (Intrinsic
Motivation Inventory) for the game usability are conducted. Just for test of filling
questionnaires in future product use, not for formal quantitative analysis in this research.

Qualitative Analysis. Qualitative data are collected and analyzed with a QDA (Qual-
itative Data Analysis) application. Coding and category are made to conclude the axial
concepts and the structure of this research.

3.3 Test Site and Participants

This research takes Beitou area in northern Taiwan as the sample site of ecomuseum. In
Beitou, many cultural and historic sites are very worth visiting. To develop the contents
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of the interpretative game, nine important sites near the hot spring area are selected to
form an appropriate visiting path (see Fig. 4).

Four participants (three female and one male) were invited in this prototype test.
Only one was familiar with Beitou, but not with hot spring area. All participants were
college students.

Fig. 4. The game map that shows the Beitou hot spring area

3.4 Devices and Technologies

Devices. (a)Notebook computer: for programming and user interface design, (b)Mobile
phone with GPS and Internet connection: for game playing to get interactive guides and
tasks in location-based AR, (c) Camera: for site information design and prototype test
observation.

Technologies. (a) Virtual web host: a host service to provide interactive guides and tasks
of the game, and web AR service platform, (b) Web AR: AR.js, a JavaScript framework
for AR, integrated with Three.js, A-Frame.js, ARtoolkit tools, (c) Location-based Web
AR: GeoAR.js, a JavaScript framework for Location-based Web AR, (d) LINE chatbot:
a chatbot service operated by LINE. Much people in Taiwan own a LINE account, a text
and media message service integrated with multi functions.

4 Results and Discussion

4.1 Results

Learnability. Experience and Pleasure to Find the Correct Answer at the Site. Players
thought the experience is very impressive if they can find the correct answer from the
clues at the site. For example, one question is “Why were the Tiger Windows of New
Beitou Train Station added from three to four?” The players cannot answer the question
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from the appearance of the station. But when they entered the station to see the exhibition
about the station history, they searched for related information in it and happily found
the answer in a chart. They got a very delightful experience to know something through
clue searching at the site.

How Tools Help Experience. It’s possible that new tools attract players to use for
fresh experience. Thus, players found they can get more fun and deeper experience from
the interaction with tasks and the various sites themselves. They could walk through
the path and touch the real sites and objects physically. The design of tools needs to
emphasize on the smoothness of use, but not on how to attract too much attention.

More Clear Understanding of the Sites and Space. Players found it’s easier to memo-
rize the information of the sites naturally after playing the game. They could understand
the spatial structure well among the sites. The Navigator (U2) learned the spatial knowl-
edge with intense use of the map and continuous comparison between the map and the
environment. It’s possible that situated learning made the players to learn the spatial
knowledge with more connections of multi experience.

Scale of Interaction. Some players liked to solve the puzzles with standard solutions.
But also, some players (like U3) liked to answer open questions. Open questions could
lead to more thinking and physical actions to formmore creative answers or works. Most
players liked to have chance to observe and interact with the environment by themselves.

Satisfaction and Pleasure. Team Roles and Tasks. The roles setting made the players
more situated. They found theywould like to focus on their parts in site tasks. They could
help each other to complete the mission of the game. They had some responsibility to
share information and thought without too much effort. The roles setting let them enjoy
the pleasure of team cooperation.

Benefit for Learning Context. For casual visiting, a player (U3) thought the game
maybe not so interesting or exciting for fun. But for learning context, like outdoor
learning of school children, it could be very suitable to learn as in a museum.

Willing to Recommend Others to Play. After playing the game, the players had the
willing to recommend others to play the game, especially for newcomers of Beitou area.
With the help of the game playing, visitors should enjoy to understand the historical area
much more.

Storytelling. Connections among Tasks and the Place. A good and clear story can help
build the connections among tasks and the place. The players liked the story behind the
game. It could help the players situated in the historical context. They enjoyed to play
roles to complete the mission to visit an old friend, given by the ancestor in the story.

Playing and the Experience Acquired in the Story. The game told the story by the
arrangement of site visiting. The players thought they got the experience of engagement
in the story. The fun and experience came from the storytelling of the game.

Story as Context. Some players noticed that the story is good to understand and to
play the roles, but it could run through the game even more. Perhaps the introduction
session and the user interface could be re-design to utilize more elements of the story to
form a nostalgia mood.

Order of Tasks. The order of the game was arranged by a path around the hot spring
area. Some played thought it was not so close to the storyline. It is possible that the story
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was told according the order of the sites, but it was not so compatible with a good story
structure. For better experience, the story might need modification to get a better story
structure.

User Interface. Clear Presentation of Tasks. Some targets of the taskswere ambiguous.
When the players go they t such tasks, they would use their imagination to guess how to
process. Because such tasks had no standard answer, the players were not sure whether
they had completed the tasks or not.

Need of Sites Information for Game Playing. The information provided from the
virtual objects is some basic knowledge about the sites. It was not designed to play a
necessary part in the tasks. Players found they can skip it to take the following new task
more quickly. For the learning goal of ecomuseum interpretation, it is not an expected
phenomenon. The information presentation could be designed to come up first when the
objects are triggered. The information itself may also play a part in storytelling and task
executions.

Gap Between Guide and Execution of Tasks. When the guides is not clear enough,
the players continued to play it, but toward another direction the designers didn’t expect.
It is a gap between designers’ and users’ mental models. We might need a mechanism
to correct the mistake and let players back to the designed path.

Technology. Precision of Positioning. Because of the poor GPS signal, the positioning
of the location-based AR didn’t work well. We cannot count on the function fully to see
the virtual objects on the precise positions of the sites. The virtual objects were put at
right coordinates, but the position of the mobile phone might be set to wrong position.
So a virtual object on the mobile phone’s screen could not been displayed well at the
correct distance and direction. Our temporary solution was to expand the range of trigger
to show the objects, although some objects still could not been shown correctly.

Power Consumption of Web AR. The web AR in our game worked well. But the web
browser use the Internet and camera consumes much power. The battery would drain
quickly. So the players were noticed not to use the web AR all the time. They could
rely on the Navigator’s guide to approach the sites and then take out the mobile phone
playing web AR to get the information and tasks.

4.2 Discussion

Orientation of Tasks. The tasks design of the game could be a continuum between
puzzle-based and experience-based. The original intension to introduce a game into
ecomuseum interpretation is to get deeper experience by multi perception received in
the tasks. But the tasks may not be interesting enough. Some players’ expectation about
a game is to solve a puzzle or conquer a enemy to get clues or enter the next level. In
this research we try to find a balance in the continuum. A background story was created
to form the path to walk through. The task design is focused on how to get personal
experience from puzzle-solving to satisfy the both needs.

Randomness and Customization of Game. In this gameprototype,weusedonlyfixed
sites, tasks and paths. It’s possible to create more sites and related information and tasks.



Prototype Development of an Interpretative Game 369

We can try different combinations of the elements, or even the background story. Thus,
the game can be played by same played again and again.

Natural Conversation. Personality of chatbot. The dialogues of the chatbot were set
as necessary information. One player suggested the dialogues could be more like human
conversation. We think that even without advanced AI technology, the dialogues can
be designed like ones spoken by a role in the story. Chatbot can perform better like a
human.

Sole Player. One player suggested that we should think about the condition of sole
player without team members. It means the map, web AR, and dialogue window of
chatbot need to be integrated in one system or user interface. It’s possible but due to the
limitation of the screen size, the functions can only be displayed by different tab, mode,
or overlay window.

5 Conclusion and Suggestions

5.1 Conclusions

Learnability. Experience and pleasure to find the correct answer at the site is the goal
and key feature of the interpretative game. In the test of the game prototype, it helped
the players get rich experience and pleasure.

Satisfaction. The roles setting made the players more situated and enjoy the pleasure of
team cooperation. They had thewilling to recommend others to play the game, especially
for newcomers of Beitou area.

Storytelling. A good and clear story can help build the connections among tasks and
the place. The players thought they got the experience of engagement in the story. The
fun and experience came from the storytelling of the game.

User Interface. Is a clear presentation of tasks necessary or not for a game? We found
some targets of the tasks were ambiguous. The players would use their imagination to
guess how to process. It could result in unexpectable mistakes of site understanding.

Technology. In the game prototype test, the positioning of the location-based AR didn’t
work well for the GPS performance of the mobile phones. It cannot be guaranteed to
see the virtual objects on the precise positions of the sites. Our temporary solution was
to expand the range of trigger to show the objects.

5.2 Suggestions

One Object per Site. For the learning goal of ecomuseum interpretation, the virtual
objects should show information first then the tasks. By combining the two buttons
of information and task, we need only one virtual object per site. The information
presentation can be re-designed to come up when the objects are triggered.
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Demo Playing as Introduction. To prevent misunderstanding of the interface and
tasks, a demo playing of operation and task execution would be necessary. It should
be an important part of the game introduction.

Smaller Range for Better GPS Precision. Consider use a smaller range for betterGPS
precision of mobile phone, especially for new ones.
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Abstract. The paper investigates intergenerational associational solidarity in the
specific context of COVID-19 pandemic and associated first lockdown in Europe.
Adult children are often a source of support for older parents, especially in coun-
tries with a weak welfare state. On the other hand, older persons are the most vul-
nerable in front of the new virus and restrictions specifically addressed reducing
personal contacts for older people. Our aim is to see how the recommendations
for physical distancing combined with the need for different forms of support.
More specifically, we investigate whether electronic contacts with non- coresi-
dent children could substitute personal contacts when there is need for support
and care. Our investigation on data from SHARE Corona Survey from eight Euro-
pean countries show that a worsening health status or lack of opportunities for
digital connections translate into face-to-face rather than electronic intergenera-
tional contact and support. Results differ by country group, as an expression of
different intergenerational relations regimes, with responsibilities for vulnerable
older persons placed mainly on family or on the state.

Keywords: Associational intergenerational solidarity · COVID-19 pandemic ·
Europe

1 Introduction

Relations and support between parents and children continue throughout their lives, even
after childrenhave reached adulthoodandestablished careers and families of their own, as
the paradigm of intergenerational solidarity shows [6]. There are six dimensions of inter-
generational solidarity: associational, affective, consensual, functional, normative and
structural. Shared activities and interaction between family generations (associational
solidarity) are important for maintaining family unity. Meeting in person is the closest
form of contact, but with the development and increasing accessibility of information
and communication technology (ICT), digital communication became awidespread effi-
cient way of keeping a sense of belonging in families scattered across large geographical
areas, even beyond the borders of a country. Digital families [19] or digital solidarity [15]
are concepts that describe present realities of associational intergenerational solidarity.
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COVID-19 pandemic and associated restrictions directly affected relations between
parents and their adult children. On the one hand, adult children are often a source of
support for older parents, especially in countries with a weak welfare state. On the other
hand, older persons are the most vulnerable in front of the new virus and restrictions
specifically addressed reducing personal contacts for older people. The role of ICT in
this new context becomes evident and studies point out an increase in electronic contacts
of older persons, as well as a beneficial effect on their mental wellbeing [2, 3]. However,
there are situations when the use of ICT is restricted by the health condition, difficult
access to digital technology or lack of digital literacy, and personal contacts with family
members remain the norm. Or situations when the person needs hands-on care, with
physical presence. Our research question addresses exactly these circumstances: how
the recommendations for physical distancing combine with the need for different forms
of support? More specifically, whether electronic contacts are enough to fulfil the needs
of frail and vulnerable older persons.

We try to answer using the Survey of Health, Ageing and Retirement in Europe
(SHARE) [8–10], the wave conducted during spring of 2020, adapted to the COVID-19
outbreak and the prolonged lockdowns, released under the name of SHARE – Corona
Survey. We chose for our analysis 8 countries that were most recently included in the
SHARE project: two Baltic countries (Lithuania and Latvia), three Central and East-
ern European (Romania, Bulgaria and Slovakia), two Southern European (Malta and
Cyprus), and one Northern country (Finland). This allows us to see whether the inter-
play between support needs and intergenerational contacts acts in similar ways across
different welfare states and intergenerational relations regimes [17].

In the following sections, we present the intergenerational solidarity paradigm, then
discuss the role of ICT and digital solidarity, followed by a discussion of associational
intergenerational solidarity in the new pandemic context. Factors that may influence
the frequency and intensity of associational intergenerational solidarity are discussed
in a subsequent section. Presentation of data, indicators and analytic approach follows.
Results are presented comparing four group of countries (Baltic, Eastern and Central,
Southern andNorthern European), capturing the role of structural contextual factors, too.
Discussion on the prevalence of personal contacts in case of a worsened health status or
lackof opportunities for digital connections in countrieswith familialist intergenerational
relations regimes concludes the paper.

2 Intergenerational Solidarity Paradigm

The theoretical construct of intergenerational solidarity is used “as a means to charac-
terize the behavioral and emotional dimensions of interaction, cohesion, sentiment and
support between parents and children, grandparents and grandchildren, over the course
of long-term relationships” [7, pp. 8]. In other words, it refers to bonds and interactions
between family members of different generations [18].

The original model of intergenerational solidarity contains six dimensions, five of
which refer to behavioral, affective and cognitive aspects of the parents–children relation:
associational (common activities), affective (emotional closeness), consensual (similar-
ity or agreement in beliefs and values), functional (exchange of support in various forms),
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and normative (perceptions of obligations and expectations in respect of intergenera-
tional connections). The sixth dimension, structural solidarity, refers to opportunities
for transfers between parents and children [6]. A recent adaptation of Bengtson’s con-
ceptualization was proposed by Szydlik [18], who considers that not only structural
solidarity but also normative and consensual dimensions reflect the potential for inter-
generational solidarity, while functional, affectual and associational dimensions reflect
actual solidarity.

Functional solidarity comprises monetary transfers (financial assistance), assistance
in the form of time, and co-residence (sharing the same household) [18]. Assistance
in the form of time may take various forms, from offering advice and practical help
around the household to providing personal care to the frail elderly. Affectual solidarity
describes emotional bonds or emotional closeness of the relationship. Associational
solidarity refers to shared activities and interaction, with meeting in person being the
closest form of contact.

3 Digital Solidarity

With the expansion of information and communication technologies (ICT) use, contacts
between generations in the family have diversified; gradually, older generations started
to familiarize with the new digital media and communication technology. ICT serve not
just for information seeking, but also for connectingwith familymembers and significant
others [19]. The concept of digital families [19] was introduced, referring to extended
and geographically dispersed families who rely on ICT use for maintaining their sense
of unity in the absence of regular face-to-face contact. However, this is a development
characteristic to the economically more developed countries [19]. Other authors [15]
talk about digital solidarity - ICT use between parents and their adult children - as a new
dimension of associational solidarity, with implications for functional solidarity.

Digital families and digital solidarity enable the provision of both expressive and
instrumental support [15, 19]. Communication through ICT implies less effort and coor-
dination than face-to-face contacts and therefore can be more frequent and perceived
as less intrusive [15]; it is more convenient even when geographical distance is not an
issue [5]. Adopting the use of ICT would be beneficial for older persons in expanding
their opportunities of intergenerational interactions, even when geographical distances
between other family members are not necessarily big, as their face-to-face interactions
may decline with decreasing mobility associated with older ages [15].

Most of ICT use by older adults involve communication with family members [5,
15], so the role of intergenerational support in digital literacy of older generations is
important. The grandchildren’s role in the transition of older persons from non internet
users to proxy internet users has been emphasized [13]. Moreover, a new form of upward
functional intergenerational solidarity appears in the form of assistance provided by
grandchildren to their grandparents in technology usage [19]. Not only the spread of
ICT has led to new forms of intergenerational solidarity, but authors point out that ICT
use and digital families contribute to re-familialization in countries where previously
the intergenerational responsibilities were shifted away from the family through welfare
provisions, as in case of Finland [19].
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In the same time, technological advancements have created a new form of inequality,
which is digital inequality, which manifests at many points during the life course and
builds up on the existing inequalities [16]. In this way, older, less educated and eco-
nomically disadvantaged seniors lack the ability to use ICT to stay in touch with their
caregivers [16], be they family members or not.

4 Associational Solidarity in a New Context – The COVID-19
Pandemic

Contacts between parents and their adult children represent associational dimension
of intergenerational solidarity, but also the potential for exchange of support. The role
of ICT use becomes preeminent in the pandemic context, when there were specific
recommendations for older persons to refrain from direct contacts with others. COVID-
19 pandemic and associated restrictions directly affected relations between parents and
their adult children.

COVID-19 outbreak was accompanied by an outbreak of ageism, as many accounts
in international media portrayed older people as helpless, frail, and unable to contribute
to society [4]. However, physical distancing does not necessarily mean emotional dis-
tancing; strengthened intergenerational closeness at family level, through ICT use, may
contribute to the reduction of negative effects of stereotyping and stigmatization of older
persons in public discourse [4]. Studies show that electronic communication was essen-
tial for reducing negative mental health outcomes (depression) during the lockdown, and
the effect was stronger in case of intergenerational than other contacts [2].

Other studies show that adults who respected the regulations of physical distancing,
reduced their face-to-face contacts with children and non-kin, with increased loneliness
as a consequence [11]. Authors [3] found a substantial increase in non-physical intergen-
erational contacts among parents who decreased the face-to-face contacts with children
during the lockdown. However, respondents with difficult financial situation had a lower
probability of increased frequency of electronic contacts. These results draw attention
on the disparities of beneficial effects of electronic communication during the lockdown
and on the role of resources (access to internet and technology, digital literacy) that shape
the digital inequality.

Our study addresses intergenerational contacts in a new context that favors the new
dimension of associational solidarity over the traditional one of face-to-face contacts.
Above-mentioned studies highlighted its role in protecting older persons’ mental well-
being. However, we will further investigate whether electronic contacts were enough for
frail and vulnerable older persons, who needed care, besides emotional support.

5 Factors that Influence Associational Intergenerational Solidarity

There are a considerable number of factors that are discussed in the literature as having
an influence on the frequency and intensity of intergenerational exchanges and different
classifications of these factors exist. Albertini and collaborators [1] distinguish between
micro (individual and family) and macro (anything above) levels only, and for each
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level, between three broad categories of factors: structural, institutional and cultural [1].
Szydlik [18] discusses four conditional factors for solidarity: opportunity, needs, family
and cultural-contextual structures. At the individual level, opportunity structures refer
to the opportunities or resources for intergenerational solidarity, such as the residential
proximity of family members, occupational status (availability of time to offer support)
or economic status (availability of financial resources). The needs structure indicates
the need for intergenerational solidarity, which can be a result of health, financial or
emotional problems. At the familial level, the history of life events (such as divorce)
may shape intergenerational solidarity, as well as family composition (the number of
siblings) or family norms. Cultural-contextual structures refer to the societal conditions
in which intergenerational relations take place, such as the economic and tax system,
welfare state, and labor and housing market.

As we mentioned before, our research question is how the recommendations for
social distancing combine with the need for different forms of support? More specifi-
cally, we ask ourselves whether electronic contacts are enough to fulfil the needs of frail
and vulnerable older persons. Associational intergenerational solidarity, be it digital or
traditional face-to-face, is influenced by the same categories of conditional factors as
proposed above. Our research hypothesis is that when there is a need for support, per-
sonal contacts continue to be the main form of associational intergenerational solidarity.
Studies have shown that parents’ characteristics play a larger role in ICT use than those
of children [15], so we focus mainly on the role of elderly’s needs. However, we also
consider their opportunity structure, family configuration, as well as structural factors.

Need for intergenerational support may be an expression of health problems, as well
as an expression of social exclusion, in its multidimensional character. On the one hand,
poor or declining health may be an obstacle in ICT use [15]; on the other hand, persons
in bad health condition may need more hands-on care and support, and consequently
face-to-face contact with own children. Hence, we hypothesize that frail older persons,
especially those whose status has worsened during the lockdown, would rely mainly on
personal contact with their children.

Material deprivation is related with the affordability of ordinary consumption goods,
of health-related expenditures and the inability to cope with extraordinary expenses
[14]. Social isolation is more complex, it includes being isolated (difficulties in getting
around for basic services), living in an unclean or dangerous neighborhood, living in an
overcrowded home, and having no local social activity [14]. Both material and social
deprivation are found to be associated with limitations in performing daily activities and
need for long term care [14] andmay also be associatedwith a lack of access to electronic
devices. Therefore, we expect deprived elderly to resort to face-to-face contact rather
than to electronic one.

Our main focus is on older persons’ needs, but we also take into account the opportu-
nity structure. Higher education may mean a larger social network, not confined merely
to own children [20] or a certain familiarity with ICT use, so we expect that better
educated elderly would rely mainly on electronic, not on personal contact during the
pandemic. The level of (computer) literacy is also expected to be associated with ICT
use for intergenerational contacts. Regarding family configuration, havingmore children
means more opportunities for intergenerational contacts. The presence of partner in the
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household during the lockdown may mean the existence of a support provider, so less
need for intergenerational support and less in person contacts with others.

Age is important, since older age may mean increased support needs, as well as
decreased ability to use ICT. Gender has been shown to be associated with the frequency
of intergenerational contacts, with women more likely to ensure digital communication
in the family [19].

Intergenerational responsibilities are divided between the state and the family, which,
in connection with the typology of welfare regimes, leads to different regimes of inter-
generational solidarity [17]. On the continuum of familialism - defamilialization, the
proposed typology distinguishes between (1) familialism by default (where the care
of the vulnerable persons is entirely the family’s responsibility, with no financial sup-
port for family care or publicly provided alternatives); (2) supported familialism (where
families are financially compensated for caring responsibilities); (3) defamilialization
(that reduces family responsibilities and dependencies), and (4) optional familialism
(an option between supported familialism and de-familialization) [17]. We investigate
intergenerational associational solidarity in eight countries that distribute across the cat-
egories presented above. Except Finland, which is an example of defamilialization, other
countries illustrate various degrees of familialism, rather closer to implicit than to sup-
ported familialism when it comes to responsibilities towards older persons. We expect
that in countries with familialist intergenerational relations regime to find more involve-
ment of children in providing support and care to their parents during the lockdown, so
a stronger effect of elderly’s needs on intergenerational face-to-face contacts.

6 Method

6.1 Data

We conduct our investigation using the Survey of Health, Ageing and Retirement in
Europe (SHARE) [8–10], the wave conducted during spring of 2020, adapted to the
COVID-19 outbreak and the prolonged lockdowns, released under the name of SHARE–
Corona Survey. SHARE survey has a panel design, so we also use data from Wave 8,
conducted in autumn 2019, for several characteristics that were not registered in the
Corona Survey. We chose for our analysis 8 countries that were most recently included
in the SHARE project: two Baltic countries (Lithuania and Latvia), three Central and
Eastern European (Romania, Bulgaria and Slovakia), two Southern European (Malta
and Cyprus), and one Northern country (Finland).

6.2 Indicators

For the construction of the dependent variable, we combine the frequency of personal
contacts (face-to-face) and the frequency of electronic contacts (by phone, email or any
other electronic means) with their children from outside their home. The constructed
dependent variable is a dichotomic one, us being interested in the situation of personal
contacts being more frequent than electronic contacts with non-coresident children.

Independent variables refer to older parents need for support, as well as opportuni-
ties for intergenerational contacts and family structure. As mentioned above, we take
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into account needs stemming from health problems, as well as from different forms of
deprivation: material or social.

For needs linkedwith health problems,we have the health status before the pandemic,
recoded as a dichotomic variable (good/bad), and a variable showing the change in health
status since the outbreak of COVID-19 (worsened, remained the same, improved).

Material deprivation is a constructed dichotomic variable that refers to households
that had answer positive to one of the following deprivations: food (they cannot afford
meat three times per week), heating (they suffered cold in order to save heating costs) or
unexpected expenses (they cannot afford unexpected expenses without borrowing). The
social deprivation constructed variable considers not participating in social activities in
the last year/not taking part in any organization in the last year (such as: done voluntary
or charity work, attended an educational or training course, gone to a sport, social or
other kind of club; taken part in a political or community-related organization etc.).
These variables were measured prior to the lockdown (in wave 8).

We use two variables describing the opportunity structure of respondents: education
level (low, medium and high) and a constructed variable describing the level of skills
such as reading, writing, using computer or navigating the internet (an index from 0 to
100).

We also consider family configuration, through the number of non-coresident chil-
dren and the existence of a partner in the household. Respondent’s age (as a continuous
variable) and gender are also controlled for.

6.3 Analytic Approach

There were 5,384 family respondents1 in the eight countries we are interested in. After
the merge with SHARE Wave 8 and the selection of respondents with at least one child
and with valid information on all variables included in the analysis, our whole working
sample consists of 3,771 persons aged 50 years and older. For testing our hypothesis, we
employ a binary logistic regression model. The dependent variable is personal intergen-
erational contacts being more frequent than electronic ones. Independent variables refer
to different support needs, opportunities for intergenerational contact and family config-
uration. Since the eight countries under the analysis differ in terms of intergenerational
relations regime [17], we perform our analysis separately on four groups of countries.

7 Results

From Table 1 we see that the four groups of countries differ greatly in terms of the fre-
quency of face-to face or electronic contacts, as well as on variables considering various
needs. On the one hand, Eastern andCentral European countries (Romania andBulgaria)
have a familialist by default intergenerational relations regime (with Slovakia also close
to this group), with family bearing the main responsibility for elderly wellbeing. On the
other hand, in countries with higher social inequality, such in countries of this group,
intergenerational support shifts from financial to non-monetary assistance [12]. So, it is

1 Family respondents answer questions about children and social support [8–10].
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Table 1. Descriptive analysis of parents

Baltic Eastern & Central Southern Northern

N = 1,107 N = 1,494 N = 583 N = 587

Personal contacts more
frequent than electronic
contacts

7.1% 16.3% 3.3% 9.5%

Health status before the outbreak

Good 42.6% 69.7% 62.8% 71.6%

Not good 57.4% 30.3% 37.2% 28.4%

Health status change during the lockdown

Improved or remained the
same

87.9% 92.2% 90.7% 89.9%

Worsened 12.1% 7.8% 9.3% 10.1%

Material deprivation

No 50.9% 45.7% 61.4% 80.9%

Yes 49.1% 54.3% 38.6% 19.1%

Social deprivation

No 77.8% 51.3% 61.6% 97.4%

Yes 22.2% 48.7% 38.4% 2.6%

Education level

Low 18.6% 34.9% 52.7% 28.6%

Medium 46.1% 56.4% 38.8% 33.2%

High 35.3% 8.6% 8.4% 38.2%

Partner in the household

Yes 45.8% 58.2% 65.4% 65.4%

No 54.2% 41.8% 34.6% 34.6%

Number of children

Only one 23.0% 18.9% 11.1% 20.3%

More 77.0% 81.1% 88.9% 79.7%

Gender

Men 23.9% 32.9% 37.9% 44.8%

Women 76.1% 67.1% 62.1% 55.2%

Age

Mean 69.44 67.12 71.30 69.23

Std. deviation 10.032 8.976 9.268 9.152
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no surprise that in these countries we find greater reliance on intergenerational hands-on
care even during the lockdown.

For results of the multivariate analysis, we see that effects of independent variables
are different across the country groups (Table 2).

Table 2. Results of logistic regression model for personal contacts more frequent than electronic
contacts

Baltic Eastern & Central Southern Northern

Exp(B) Sig. Exp(B) Sig. Exp(B) Sig. Exp(B) Sig.

Health status
before - not
good

0.793 0.863 0.185 ** 1.226

Health status
worsened

0.880 2.178 *** 7.948 *** 0.236 *

Material
deprivation

1.875 ** 1.036 1.184 0.889

Social
deprivation

1.413 0.827 1.440 1.671

Low
education (ref.
high)

1.974 * 2.119 * 0.745 1.958

Medium
education (ref.
high)

1.375 2.071 * 2.147 1.466

Skills 1.013 0.984 ** 0.993 0.994

Only 1 child 1.256 0.918 4.771 *** 0.348 **

No partner in
the household

0.881 1.169 0.660 1.189

Men (ref.
women)

1.723 ** 0.905 1.092 2.141 **

Age 1.029 * 0.991 1.034 1.013

Number of
respondents

1,107 1,494 583 587

Nagelkerke R
square

0.044 0.046 0.163 0.098

Note: *p ≤ 0.1, **p ≤ 0.05, ***p ≤ 0.01

An existing poor health status produce a cautious intergenerational behavior, with
lower likelihood of prevailing personal contacts, only in the two Southern European
countries. A worsened health condition, on the other hand, highly increase the likeli-
hood of predominant personal contacts in Eastern and Central and Southern European
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countries, showing an urgency of hands-on care from one’s children. In Finland the
effect is opposite, a worsened health status highly reduces the odds of more frequent
face-to-face than electronic contact. We connect this result with the state responsibility
for vulnerable persons, especially when medical care is involved and decreased family
responsibility.

Measures of deprivation showan effect only inBaltic countries,wherematerial depri-
vation increases the likelihood of relying on intergenerational exchanges with physical
co-presence. A lower level of education shows a similar effect, both in Baltic and East-
ern and Central European countries. Low education may indicate low digital literacy, as
well as reduced access to electronic devices and internet. The skills level, which includes
also digital skills, appears to matter only in Eastern and Central European countries: the
higher the skills level, the less likely to rely mainly on face-to-face contacts.

The effect of number of children emphasizes the differences in intergenerational
relations regimes in Southern andNorthern countries. Reliancemainly on family support
and care in the former translates into highly increased odds to have more intense face-to-
face contacts with the only child, while de-familialization and geographically dispersed
families in Finland translate into reduced odds of prevalence of face-to-face contacts
with the only child.

Menappear to bemore involved in face-to-face than into electronic contactswith non-
coresident children than women, similar with results referring to the pre-pandemic times
[19].More reliance on personal than electronic contacts with increasing age appears only
in Baltic countries.

8 Discussion

Broadly, our hypothesis that when there is a need for support, personal contacts continue
to prevail, has been confirmed. However, results differ by intergenerational relations
regimes. In countries where the responsibilities of care of older persons falls almost
exclusively on family, a worsened health status or lack of opportunities for digital con-
nections (lower education, that may indicate low digital literacy or restricted access to
digital communication devices) translate into face-to-face rather than electronic intergen-
erational contact and support. Conversely, in Finland, a country where the care of vulner-
able persons falls into the state’s responsibility, intergenerational contacts remain rather
electronic than face-to-face, a situation that characterized the pre-pandemic times as well
[19]. Intergenerational support there is mainly emotional and can be provided through
digital communication. Digital families are a feature of Finish society and intensified
intergenerational electronic communication may indicate a process of re-familialization
[19], but not in case of hands-on care. In other countries, mainly in Southern and East-
ern and Central ones, family steps in to provide hands-on care, even in times when
intergenerational face-to-face contacts are discouraged.

Our study has a series of limitations, mainly in terms of indicators included in the
analysis. Differentiating between medical conditions, considering the geographical dis-
tance between parents and children or including adult children’s characteristicsmay have
brought more light on how increased care needs influence intergenerational contacts.
However, SHARE Corona Survey did not differentiate among non-resident children in
questions about intergenerational contacts.
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Despite its limitations, our study draws attention on frail and vulnerable older persons
and the role of their needs in shaping the intergenerational contacts in the pandemic
context, when recommendations for physical distancing specifically addressed older
persons. Developing digital devices adapted to persons whose poor health prevent them
from using existing technology, as suggested by Peng and collaborators [15], might
allow family members to better monitor their parents’ health condition and to assist
them in providing better care. However, where family bears the main responsibility for
the wellbeing of vulnerable older persons, direct care with physical copresence would
not be replaced by digital care, from a distance.
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Abstract. This paper focuses on a series of guided virtualmuseumvisits designed
for older adults over the COVID-19 pandemic. The visits were undertaken as part
of a research project in collaboration with the Montreal Museum of Fine Arts
(MMFA) and brought together small groups of older adults for weekly guided
visits facilitated by trained guides. The visits were held for twelve weeks between
March and May 2021. We conducted a qualitative study on the visits, which
includedweekly observations aswell as interviewswith the older tour participants,
the guides and the research and museum staff to understand the experiences of the
virtual guided museum tours from the perspective of older adults. We explore how
virtual museum tours provide opportunities for engagement with art, technologies
andpeople, especially during the pandemicwhenvisits to themuseumwere limited
by social distancing measures. We bring these findings into conversation with
our previous work with on-site museum visits and reflect on questions related to
accessibility of virtual museum visits as well as the challenges for socialization.

Keywords: Virtual museums · Older adults · Guided virtual museum tours ·
COVID-19 pandemic

1 Introduction

With the onset of the COVID-19 pandemic, there was an increased effort to engage older
adults in virtual activities. This paper focuses on a series of guided virtual museum tours
for older adults, which were held over three months over the course of the pandemic.
These visits were organized as part of a larger project on art, health and well-being
targeting older adults experiencing social isolation. In the context of this larger project,
both in-person and virtual tours for older adults have been organized with the Montreal
Museum of Fine Arts (MMFA) since 2019.1

1 This qualitative study is part of a larger multi-methodological project designed to assess the
potential effects ofmuseumvisits on thewell-being, quality of life and health of socially isolated
older adults. The project is led by Dr. Olivier Beauchet of the Université de Montréal and the
operations of the project are coordinated by Kevin Galery, both of whom are affiliated with the
Centre de recherche de l’Institut universitaire de gériatrie de Montréal (CRIUGM). This study
is funded by the Fonds de Recherche du Québec - Société et Culture (FRQSC).
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We seek to understand the experiences of older adults who followed these virtual
guided visits in 2021, as well as the implications of the shift from an in-person, on-site
format to a virtual format over the pandemic.

1. What were the experiences of older adults with the guided virtual museum tours?
2. How might virtual museum tours provide opportunities for engagement with art and

people, and how do these experiences differ from on-site visits?

To answer these questions, we draw from group observations undertaken over twelve
weeks of museum visits held in 2021, and interviews with the participants, guides,
museum, and research staff.We bring this data, and the 2021 experience with guided vir-
tual museum tours more broadly, in conversation with a previous series of on-site guided
museum tours for older adults undertaken in 2019 before the pandemic hit Montreal. We
conclude by providing some recommendations that may be conducive to improving the
delivery of guided virtual museum tours, with an eye towards bolstering their potential
for providing opportunities for social interaction among older adults.

2 Literature Review

Over the last two decades, museums have dedicated increasing attention to digitizing
content and engaging the public virtually [1] and developing interactive or immersive
content to enhance visitor experience [2]. The development of online content accelerated
swiftly over the pandemic, as museums were faced with unprecedented closures [3] and
strived to maintain connections to the public [4] under difficult circumstances. Several
museums sought to connect to populations who were at increased risk of social isolation
over the pandemic, such as older adults [5]. The pandemic put into focus the roles that
museums hold in the lives of some older adults, including what Grácio refers to as their
“caregiver” role [6]. Museums, they argue, care not only for art but people, as they
have made deliberate efforts to engage with vulnerable populations like older adults to
mitigate the harms of social isolation.

Onlinemuseum content, including virtual visits, are identified as ameans tomaintain
access to cultural institutions in extraordinary episodes such as pandemics, but also in
conditions of disability or reduced mobility [7], including those experienced by older
adults [8]. Virtual museums, it is suggested, could be especially valuable for older adults
living in care homes [8, 9]. According to Hilton et al., for example, virtual museums have
“leveled the playing field for non-mobile older adults” by providing access to cultural
institutions [8].

There is a limited amount of research exploring how to be attuned to the heterogene-
ity of later life in devising online arts-based content, building museum platforms, and
creating related programming for older adults. As we suggest, this includes the impor-
tance of accounting for the diverse needs and motivations that older adults have when
they engage with museums [10]. There is also a need to be cognizant of the differential
digital [6, 11] and cognitive [11] capacities, which can impact older adults’ abilities to
participate in and access digital programming.

Kostoska’s comparison of online museum platforms suggests that designs that are
interaction-free are the easiest for older adults to use, especially for those who are new
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users of digital technologies [11]. Yet researchers have considered other more interactive
formats for virtual visits, finding that the interactivity and engagement are conducive to
positive experiences for online museum visits for older adults [8, 9]. The type of digital
device used for accessing virtual tours is consequential. For instance, the small screen
of tablets can mitigate the “presence” of an artwork [9] while larger, more immersive,
displays may foster a stronger connection between the remote visitor and the artwork.

Museums and arts-based activities are often credited for bringing benefits to their
visitors, including older museumgoers. This has been documented from the intersecting
perspective of art therapy [12], mental and physical health [13] and social isolation [14,
15]. Largely absent in the literature, however, is a focus on the ways in which museum
visits for older adults–whether they be virtual or on-site–can be a worthwhile avenue of
pleasure or leisure [16].

3 Methodology and Analysis

This study employed a two-pronged methodology. We conducted observations of a
group of participants weekly over the course of twelve weeks. During the observation
of the visits, two members of our research team took notes and completed two analytic
grids that were designed to describe and understand the participants’ commitment to
and engagement in the guided tours. Second, we undertook a series of semi-structured
interviews with a total of sixteen actors involved in these museum visits. This included
a member of the research team at the Centre de recherche de l’Institut universitaire
de gériatrie de Montréal (CRIUGM) (one), the Head of Educational Programs and
Volunteer Guides at the MMFA (one), the volunteer guides (four), as well as older
adults who participated in virtual tours and who were recruited from all eight groups
(eleven). These interviews took place in either French or English, according to the
language preferred by the participants (throughout this paper, we indicate in a footnote
when quotations have been translated by the authors). Due to the pandemic, all interviews
were conducted using Zoom. Interviews were conducted by at least two members of the
ACT team. We recorded and transcribed these interviews to support our analysis.

The analysis was conducted by coding emerging themes from the observations and
interviews. The interviews and observations were analyzed by a minimum of two team
members. We employed four analytical strategies. a) A set of themes emerged from our
preliminary observations. These themes were identified by virtue of the frequency with
which they were raised and the importance that these comments had in the data. b) We
were attentive to moments in the interviews and observations where differing or even
conflicting perspectives were highlighted. c) Even if some issues were mentioned only
once, they were included if they raised a significant issue for the participant in question.
Although some experiences may be unique within our sample, they are nonetheless
significant to the participant. They are also likely to be repeated in future iterations of
the project. We also considered that, in some cases, respondents would be unlikely to
disclose these issues in other contexts.
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4 Background: From In-Person in 2019 to Online in 2021

The pilot stage of this project began in 2019. A series of guided on-site museum visits
for older adults were organized by the CRIUGM and the MMFA. This was done in
partnership with local community organizations who supported the CRIUGM in the
recruitment of older adults from French and Mandarin-speaking communities at risk of
experiencing social isolation. In the aftermath of this visit, our team at the ACT Lab2

undertook qualitative interviews with participants, guides, and other actors involved in
the visit. The follow-up cycle of museum visits was originally designed as another round
of on-site visits in 2020.

Faced with the COVID-19 pandemic and the inability to gather in groups and in
public spaces, the decision was made to first postpone the visits. After realizing the
pandemic was not subsiding, the project redesigned the visits to deliver them online via
the teleconference software Zoom. The shift from on-site visits to an online format was
born out of necessity, and it posed some important and unforeseen challenges in terms of
recruitment. It was difficult for local community organizations, who serve older adults
in positions of vulnerability and who faced multiple pressures during the pandemic, to
participate in identifying and mobilizing older adults who not only had access to the
Internet in their homes, but also had the appropriate device and sufficient digital skill to
participate independently in weekly virtual museum visits.

Faced with this conundrum, many of the participants were recruited because of their
existing affiliation with the MMFA or because of previous participation in research
projects led by the team at the CRIUGM. This resulted in a pool of older adults who
met the criteria for social isolation, but who were digitally proficient and could partake
in virtual sessions with a relatively low level of one-on-one support or training. This
contributed to assembling a cohort of individuals who were already avid museumgoers
and thus largely well-versed in the arts. Yet, for most of these older adults, the online
guided visits represented a first encounter with virtual museum tours and, more broadly,
with organized group activities online.

The cycle of virtual visits that took place between March and May 2021 included
eight groups and forty participants aged 65 and over. The eight groups were divided
between four MMFA volunteer guides, who each took charge of two groups. The visits
began at the same time and day each week for twelve consecutive weeks and lasted thirty
minutes each. Six of the groups spoke French and two spoke English. Over the course of
the thirty minutes, roughly three art pieces (most often paintings but also sculptures and
video art) were presented via a PowerPoint presentation by a technical facilitator who
shared their screen and navigated the slideshow. On occasion, short interpretive videos
about the artworks were shown. For the last visit, an artist participated in a portion of
the visit to talk about his work, and to answer questions from the group.

In order tomaintain a balance of uniformity and spontaneity, the same art pieces were
presented to each of the groups, but there were no scripts for the guides to use (although

2 Aging + Communication + Technologies (ACT) is a lab based at Concordia University that
is studying the experience of aging in a digital world. This study was conducted with research
support by Marie-Ève Ducharme, Albane Gaudissart and Andrea Tremblay, as well as students
from Dawson College in Montreal.
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they pooled their research in advance of the visits). The pieces were all selected from the
permanent collection of the MMFA by the guides and organizers before the visits began,
and they were grouped thematically to follow a narrative structure and arc spanning
from simpler to more complex approaches to art. The guides, drawing from the dialogic
approach [17], would share information at the same time as they instigated conversations
by asking participants questions about the artwork. This could include asking participants
about the elements they observed in the artwork, their impressions of the artistic methods
behind the work, the cultural and historical contexts, how the pieces made them feel and
how the paintings might relate to their own life experiences.

5 Findings

5.1 Encountering Digital Technologies Through Museum Visits

The Need for “Warm Expertise” and Digital Support. Even if the group members
owned digital devices, had connection to the Internet and had relatively advanced digital
skills, a significant amount of work was devoted to making sure the visits would be
accessible in advance. The coordinator of the project took on the role of a warm expert,
who couldmediate “between the technological universal and the concrete situation, needs
and background of the novice user with whom he is in a close personal relationship”
[18]. This support was crucial in the weeks and days leading up to the first session. As
the coordinator stated:

Half the people had zero problems. They knew about Zoom, they were using it
already so it was super easy. And 25% needed a little bit of guidance to install the
software, to get used to it, to use it. And for the remaining 25%, it was hands-on
support, it was by phone, we told them where to click and what to fill in to install
it for the first time.3

Some of the older adults we interviewed reported receiving support from friends and
family to participate in the sessions. Despite this, two people stated that they would have
benefited from a more in-depth knowledge of Zoom and its features before the tours
began (e.g., knowing how to access the gallery mode). The observations of the visits
highlighted how limited prior knowledge of Zoom affected their experiences. These
participants were not able to enlarge artworks easily, see the other participants in the
gallery or even participate in the conversation because of intermittent issues with their
microphones. Prior digital experience and skills affected the participants’ ability to fully
engage with the virtual activities developed by the museum guides, at least initially.

Learning to Use Zoom. Despite the challengeswe observed, the largemajority of older
adults we interviewed (nine of eleven) stated that they did not have major difficulty
becoming accustomed to the Zoom format during the visits. One participant noted, “I
liked this format better than I thought [I would].” According to one participant, “it was
very, very easy to participate” in the tours. Indeed, some participants learned how to

3 Translated from French.
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use Zoom for the first time through their participation in the tours and reported using
it afterwards to connect with friends and family. Others improved their knowledge of
the software, which they thought could have a positive impact on their ability to use the
software to participate in other virtual activities after the virtual visits.

Digital Distractions. Several participants mentioned that noise from other participants
or their late arrival to a session could be distracting. One participant noted that “the
way participants wouldn’t turn off their microphones, blabbering, was very distracting.
They didn’t have that sort of basic Zoom etiquette down” (it should be noted here that
participantswere instructed to leave theirmicrophones on asmuch as they could, to foster
their ability to quickly and frequently intervene in the conversations). We observed that
the presentation of a particularly serene video artwork (NadiaMyre’sPortrait inMotion)
was particularly hindered by a participant’s live microphone. A participant made noise
without knowing that she could be heard by the other group members. This caused a
significant disturbance that interfered with the group’s experience of this piece.

5.2 Encountering Art Through a Screen

Affordances of Virtual Tours. We sought to understand how virtual tours, for this
group of avidmuseum visitors, compared to their previous in-person encounters with art.
Experiences weremixed on this front: approximately half of the participants interviewed
found virtual tours to be a “very good” format for encountering artworks. Some features
of the virtual tour format, in particular, were appreciated, as they allowed participants
to interact with the art in a way that was unusual for them. For example, participants
appreciated seeing video art or interpretive videos as they thought this enlivened their
virtual experience. Even more memorable for the participants–and a feat that is likely
easier to accomplish with virtual tours–was the presence of the artist Moridja Kitenge
Banza, who joined the Zoom visits and answered questions about his work for each of
the eight groups. The artist spoke briefly about his practice, live from his studio, and
answered questions from the participants. Having an artist currently exhibiting at the
MMFA attend a session to engage ‘live’ was a noted highlight for participants. As one
explains: “it was uplifting actually, he gave another viewpoint on the whole situation. […
his presence] made it more alive.” This feature puts into focus what could be uniquely
accomplished via the virtual visit.

Other features of the virtual tours were noted. Three participants mentioned that
taking part in the tours using a tablet allowed them to enlarge portions of the screen,
with a gesture of their fingers, so that they could see the details of a work. For these
participants, the virtual format allowed them to appreciate museum works in a new way
and to discover visual details. Another participant noted that she was able to get closer
to her screen and felt that, with her iPad, she was closer to the works than she would
have been in the museum.

I think I prefer the virtual visit both because it’s easier to get to and parking at the
museum is difficult, but also because I think you have closer access to the art. Not
to the actual art obviously, but to see it blown up on a screen is very useful.



Virtual Museum Visits in a Pandemic 389

What is Diminished with the Virtual. While the virtual tours that used the Zoom plat-
form convey some unique aspects of the artworks and provide a unique vantage for some,
other aspects of encountering art were thought to have been evinced by the online expe-
rience. During the weekly observations, we noted that some individuals expressed that
they had difficulty distinguishing colors on the screen. Others would ask the guide about
the texture of the works and the dimensionality of the brushstrokes. Almost system-
atically, participants asked the guide the size of a work to better imagine the space it
occupies in the MMFA. Despite the guide’s efforts to provide context about the rooms
in which the artworks were placed through explanations and photographs, there was an
enduring lack of context, or sense of the overall atmosphere and grandeur of the MMFA.
As Kaplan notes “we implicitly measure and assess the space and objects around us in
relation to our bodies” [19], and in these terms the embodied experience of an on-site
visit to the museum was notably absent.

There was a sense, conveyed by the participants and guides alike, that viewing art
on a screen deprives it of an intangible quality, what Benjamin in his classic piece, The
Work of Art in the Age of Mechanical Reproduction, refers to as its place in space and
time, its authenticity [20]. One participant noted that, for her, there was a marked lack
of “sensory” or “emotional” triggers when viewing work through a Zoom screen. A
participant encapsulates her ambivalence about her experience with the virtual tours:

You can see them [the artworks] closer, actually, [virtually] than if you are there.
You can’t get up that close to a painting [in person]. But it certainly isn’t the same.
I mean when you see live art, it is living and so, to me, it’s like a human being. It’s
different when we’re in person than [when] we’re talking like this. You get the full
impact of the spirituality in it, and perhaps the goal of the artist. It’s an emotional
experience for me.

Deepening and Broadening Connections to Art. Even if all participants did not find
that virtual museum visits were an ideal way to engage with art, almost all of them
appreciated the visits as a means to compensate for their inability to attend the museum
in person, especially at a time when museums were closed due to the pandemic. The
virtual tours allowed many participants to further their knowledge and interest in the
arts. In fact, many participants specifically used the terms “deepen” and “broaden” to
talk about the impact that virtual guided tours can have on their connection to the arts.

They appreciated all the work that went into selecting the pieces chosen, the coher-
ence of the themes and the overall narrative approach of the guides who mediated their
virtual visits. The structure of the tours, in which guides focused on a few specific works,
allowed participants to consider them more thoughtfully, and in more detail. Mieke Bal
refers to focalization as “[t]he relationship between the vision, the agent that sees, and
that which is seen term” [21]. Along these lines, the virtual museum visits entailed a
focalization that defined the interaction and relationship between the visitor and the
artwork. As one participant noted: “you appreciate and observe certain things because
you are focused on the work whereas in the museum you are walking around.” Another
participant appreciated that virtual visits brought more focus to the art-viewing experi-
ence: “each of the works was highlighted as opposed to when you go to the museum,
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it’s overflowing everywhere.” The hyper-curated format of the guided tours, where vis-
itors could only see three predetermined artworks at a time, gave them a more intense
encounter with individual pieces, and in a sense trained them in how to look closely.

The virtual tours also exposed them to art they otherwise would have not encountered
in a typical museum visit. For some participants, the visits introduced them to Inuit or
Indigenous art. One of the participants mentioned: “I liked the discovery of African art.
I am now planning to visit this wing.” Others said they had a better understanding of
contemporary art, which they disliked before being exposed to it in this setting. Most
of the participants stated that the visits allowed them to discover the museum’s perma-
nent collection. In fact, through the visits, they realized how little they had previously
encountered the permanent collection despite years of living in Montreal and visiting
the MMFA. When we asked the participants what they do at the MMFA when they fre-
quent it, the vast majority stated they went to view special exhibits. Several participants
expressed a desire to now see these works in person: “I plan to go see all of them in
person for sure.”

Virtual and On-Site Visits as Complementary. Most of the participants stated they
would like to continue to participate in virtual museum tours, even in a post-pandemic
context. But this would need to happen in a specific way. For instance, participants
thought that the virtual option was “convenient” and required less effort and organiza-
tion. They determined that this would be ideal for periods when they may experience
specific mobility issues (be it because of health, weather, or confinement measures).
Many participants volunteered that they would prefer hybrid in program delivery that
would allow them to alternate between virtual visits and on-site tours so they could ben-
efit from the distinct advantages of each format. It was clear that, for these participants,
the virtual program of visits did not replace on-site visits. In some cases, it just made
participants keener to go to the museum in person: “after the virtual visits I was just
really eager to go to the museum in person. I can’t wait to go.” (see Footnote 3).

5.3 Virtual Visits to Bridge Inaccessibility

Montreal is plagued with cold, icy winters that often make commuting treacherous for
older adults. Parking in the downtown area, where the MMFA is located, is difficult–
even in summer–and expensive. Para-transport for those with reduced mobility can be
unreliable or inflexible. During much of the pandemic, health measures in the province
of Quebec forced the museum to close and restricted people’s ability to gather in public
spaces. The MMFA, with its large rooms, multiple buildings, and limited seating, can
be difficult to navigate for people with reduced mobility. Although mobility aids are
available to visitors, our interviews with older museum-visitors indicates that older
adults who could benefit from these aids are hesitant to actively request them or even
accept them when they are offered because of fears of being stigmatized.

For these reasons, the virtual guided tours may be an attractive alternative that miti-
gates some of the accessibility challenges posed by the MMFA or other museums. For
one participant with a mobility impairment, the virtual format gave her a chance to
access a museum she would not have visited and an activity in which she would not have
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participated in, otherwise. With a foot injury, she is unable to walk through a museum
and standing in front of an artwork for several minutes is especially difficult. She told
us that she had stopped going to the MMFA in recent years: “the museum has become
a painful experience because of so much standing, Zoom makes it nicer for that.” This
difficulty of standing still in front of a work of art for several minutes was identified
by many participants as a problem with on-site visits, and one of the benefits of virtual
tours. According to another participant “lots and lots of elderly people are coming to
the museum and having no place to sit, it’s really hard.” Another woman, reflecting on
a recent museum experience, noted: “there were no benches to sit down. I had to miss
out on the last two rooms [of the exhibit].” These participants welcomed the virtual
alternative but still feared that the lack of accessibility of the museum would limit their
ability to engage with art in their old age in the ways they favoured.

The virtual tours also allowed participants to access the museum’s works during the
pandemic, especially during a time when the museum was closed to visitors. The virtual
tours were particularly appreciated by participants who were out of town when the tours
took place. They felt privileged to be able to access theMMFA’s works from the comfort
of their own homes: “It’s great for people who can’t travel and live far from Montreal.”
(see Footnote 3).

5.4 Encountering Others Through Guided Virtual Museum Tours

Difficulty Building Social Connections Through Virtual Visits. As we mentioned,
this study is inscribed in a larger project centred on the potential role of museum visits
in improving health, well-being, and quality of life for older adults who find themselves
in a situation of social isolation. Because of this, the potential for virtual museum visits
to be a space for social interaction was front of mind for organizers. Yet, among the
participants interviewed, only one person mentioned having created meaningful bonds
or friendships with others: “We became quite good friends. We are all going to meet in
July and have an outside tour and lunch. I did not expect that. I usually don’t set too
many expectations when I sign up [for activities like this one].”

This experience of connection to others as a result of participating in a virtual visit,
however, was not the norm. For a participant belonging to a different group, the dynamic
was much less conducive to a friendly outing: “Let’s just say that at the beginning it
was a little fixed, then it developed quietly, but not really fast. It remained rather fixed,
rather formal.” (see Footnote 3). The majority of participants felt that the virtual format
posed challenges to socializing within the group. For one of the participants, the virtual
mode directly and negatively impacted the quality of interpersonal exchanges: “It’s
not a social context like it would be in a personal encounter. So, the personal context
is missing and always will be missing if it remains virtual. There’s really something
missing in the virtual encounters.” Others told us that the structure and parameters of a
short virtual session (it bears repeating that the visits were only thirty minutes) were not
conducive to bonding between participants. As one participant explained, “It is hard to
make permanent connections in small boxes, also it was too short.” Another participant
answered similarly: “it’s very brief, everything is very small, so it didn’t have a huge
impact on me. You know, the connection with the people, even with the art, it’s hard to
really connect.”
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Engaging with Others as a Rewarding Experience. Even if most participants did not
make lasting social connections via the tours, this does not mean that they did not
appreciate the interpersonal dimension of the visits. All of the participants reported
that they liked listening to the others’ opinions about the works of art: “everyone has
a different imagination. It opens our minds to have the comments of others.” A guide
echoed a comment she heard during a visit: “participants mentioned how much they
appreciate talking to each other and seeing these paintings together.”

In fact, the social aspect of engaging with art was appreciated to such an extent that
nine of the eleven participants interviewed would have preferred that a greater portion of
the visit be allocated to this type of exchange. One participant explained: “I would have
liked more discussion to be encouraged. I wish there was less recap of the week before.”
Another participant agreed: “participants should talk more and the guide less.” (see
Footnote 3). For some participants interviewed, visits to the museum normally represent
a solitary activity, and the cycle of virtual visits has made it possible to conceive of
the museum as a social experience. A participant noted “I really appreciate another
perspective on art, as I am used to going to the museum on my own.” (see Footnote 3).

6 Discussion

The pandemic prompted organizers to hold the museum visits in videoconference
mode using Zoom software. This unexpected change–and the need to recruit digitally-
proficient older adults–excluded many of the participants who would originally have
been targeted for the activity. During the 2019 visits, on the other hand, participation
was not contingent on the use of digital technologies.

The juxtaposition of an on-site cohort with relatively low digital skill and low expo-
sure to art and museums (2019) with an online cohort of relatively high digital skills and
high exposure to art and museums (2021) helps us put our findings into context. It also
generates new questions. The differential experiences of the older adults with guided
museum tours generates added critical questions on the accessibility of the museum
for older populations, particularly those who are experiencing social isolation, and the
challenges to socializing with others online.

6.1 Enduring Digital Divides Thwart the Accessibility of Cultural Institutions

There is an increasing interest in digital activities to counter social isolation among
older populations [22] and a desire to make online museum content accessible to older
audiences through online programming. Yet, which socio-economic classes of older
adults actually can access emerging opportunities for online engagement with art and
culture and take advantage of the benefits often associated with museums [12–15]?

As we have argued above, our study confirms that the virtual mode provided oppor-
tunities for older adults with reduced mobility or other disabilities to continue to have
or to regain access to the museum, as long as they were digitally connected in advance.
We also found that older adults who enrolled in the virtual visits still wanted to maintain
a physical and embodied access to museum spaces throughout later life. The 2019 and
2021 participants all agreed that on-site museum tours could be physically challenging
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due to differential capacities for mobility, hearing, and vision. The digital option remains
important and valuable for these older adults, yet they also wanted access to themuseum,
which is an important cultural institution in the city, in person. In other words, the virtual
visits do not diminish the responsibility that museums have for maintaining accessible
physical spaces, a mission commensurate with their social role as public stewards of
knowledge and culture.

Further, as we explore the potential of museums as space to socialize and engage
with art and culture, the difficult recruitment process experienced by this project suggests
activities like these are a non-starter for older adults already at the margins of digital
society. Accessibility, in digital and socio-economic terms, also needs to be considered
from the perspective of the digital. Access to the Internet is far from being just a question
of age; it is linked to other socio-economic factors such as income, levels of education and
literacy rates. InQuebec, 74%of seniors aged 65 and over are internet users. That number
tumbles down to 43% for older adults who earn less than $20,000 a year [23]. Access
to digital technologies for low-income adults is contingent on several intersecting social
and structural factors [24]. In fact, many of the factors associated with social isolation in
the city of Montreal [25] are also predictive of digital disconnection among older adults.

All of this means that an activity that has Internet access, use of a device and digital
proficiency as requirements quite likely excludes those individuals who may gain the
most from the opportunities for engagement with culture, art and individuals. As such,
there is a risk of further entrenching the museum’s traditional image as elitist institutions
[26] that cater only to a narrow segment of the population.

6.2 The Challenges of Online Socialization

A crucial difference between the 2019 and 2021 tours was the degree to which people
felt as though they had socialized with others. Many of the older adults who followed the
2019 visits had developed relationships with the other project participants. For some, this
included occasional outings in parks or for coffee, or ongoing communication online.
Further, a notable number of participants (five of twelve) had taken up language classes,
art classes or new art practices in the aftermath of the visits and directly credited the
on-site museum visits for motivating their decision to partake in these activities.

In our analysis of how online museum visits compare to on-site visits, we do not see
corresponding impacts among the 2021 participants. Despite the success of the visits and
the demonstrated potential for building virtual spaces to socialize through the experience
of art, the online museum tours did not cultivate social engagement in the same way that
the on-site activities did. Because the two groups were distinct, it is worth exploring
some of the factors that may have contributed to these differences.

First, for the participants interviewed in 2021, an interest in art and the museum was
at the forefront of their decision to enrol. The primary motivation for participating in
virtual visits was to access art, not the desire to meet others or even the desire to find a
fun or social activity during a pandemic. The primary purpose of the activity, for those
we spoke to, was not to socialize and the majority was surprised when we asked if they
had engaged in social interaction with other participants outside of the guided tours.
One participant exclaimed, “I didn’t know that was a possibility!”. Meanwhile, most of
the 2019 participants did not have an existing interest in art and had been drawn to the
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activity because of more varied motivations: from finding an enriching and fun activity,
to passing the time, to learning about art, to connecting with others.

Second, on-site visits offer more opportunities for spontaneous connections between
participants. In 2019, while the tours were taking place at themuseum,many participants
were chatting informallywith the guides and othermembers of their group in theminutes
before or after the guided tours. These discussions allowed people to identify a few
others with whom they got along, build relationships from week to week, and eventually
socialize outside of the tour context, whether online or in person. In a Zoom session with
multiple participants, it is difficult, if not impossible, to start a conversation with just one
other personwithout the entire group being involved in the conversation. The down times
before and after the visits were also absent, as the Zoom room was opened promptly at
the start of the visit and closed at the end. In other words, the platform’s affordances do
not readily make opportunities for informal conversation between participants possible.

Third, the majority of the social connections we saw in the previous cycle took
place in a discussion group on the social network WeChat. This group brought together
most of the Mandarin-speaking participants. This discussion group was designed to
communicate with the participants in an effective way, but it fortuitously became a
socializing structure that operated in parallel to the tour project. Through WeChat, older
adults would share information about art, among other interests. As the pandemic struck
in 2020, the WeChat group members have continued their exchanges online to this day.

Despite these differences, the 2021 group would have liked to have had an informal
discussion at the beginning of the visits and would have appreciated to hear more of the
opinions and perspectives of others on theworks presented. Therewas a clearwillingness
to engage more with others, that may have been stifled by the rigidities of the online
parameters. This provides opportunities to enhance the social aspect of future tour cycles
and to build on the socialization potential of online museum visits.

7 Conclusions and Limitations

7.1 Limitations of Study

It is important to note a few limitations of this research. First, as we discussed in this
article, the challenges linked to recruitment of participants to the museum visits meant
that the group had a strong pre-existing interest in art and museums and a relatively
high level of digital proficiency: this study should be understood within this context. As
such, the experiences of our participants with online virtual tours likely were different
than they would be for older adults with less of an established interest in art, and lower
digital skills. Second, as we bring the 2021 online visits in conversation with the 2019
on-site visits in the discussion section, it is worth noting the distinct timelines of the data
collection. We undertook the data collection for the 2019 group several months after
the end of their visits. This gave us a desirable vantage into the long-term impact of the
visits but also made our data suffer from diminished memories. Our 2021 data collection
began mere days after the end of the visits, meaning that the older adults had a clearer
recollection of their experience but not as fulsome an understanding of the longer-term
impacts that the virtual visits might have brought to their daily lives.
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7.2 How Museum Tours Provide Opportunities for Connections

We have presented the results of a study that documented the experiences of older
adults who followed a series of twelve guided virtual museum tours over three months
in 2021. We asked two research questions. First, we wondered “How might virtual
museum tours provide opportunities for engagement with art and people, and how do
these experiences differ from on-site visits?” In contrast with previous on-site visits,
building social connections among group members tended to be more difficult and was
less likely to lead to interpersonal connections outside the group. Likewise, the project
and the recruitment challenges in the context of a pandemic puts into focus critical
questions about the (in)accessibility of museums and emerging forms of virtual content
designed for older adults. In answering this research question, we can briefly identify
recommendations thatmaybenefit future initiatives, especially as it pertains to improving
the experience of older adultswithmuseumvisits, improving accessibility, and bolstering
the role of virtual visits for mediating social encounters.

Improving Access for Digitally Disconnected Older Adults. Certainly, this matter is
contingent on systemic factors that are outside of the purview of virtual tour organizers.
Yet, some potential ways to mitigate exclusion could include strengthening the accom-
paniment of older adults who need additional support. Another strategy could include
working in partnershipwith local digital literacy initiatives to provide newdigital learners
opportunities to hone their skills through virtual tours.

Improving the Quality of Social Encounters. Longer visits with a more relaxed pace
can help older adults engage with each other. Consider increasing opportunities for
spontaneous exchanges like asking questions, creating breakout rooms for discussion.
This could also be done by providing time for informal discussions after the tour, which
may be encouraged by providing questions related to art (e.g., Do you practice art?
Can you tell us about your most cherished museum experience?). Options for parallel
engagement between tours could be considered (e.g., email lists, Facebook groups or
message boards). Reminding participants that the visits are not just about art but also
about connecting with people can normalize conversation and social connections.

Improving the Overall Experience. Devising and communicating protocols for group
members to participate (e.g., you may speak up at any time), and repeating instructions
frequently may help some group members feel more empowered to intervene. Ques-
tioning participants directly can also be a useful strategy to encourage more egalitarian
participation.

7.3 Experiences of Older Adults

Our second research question was “What were the experiences of older adults with the
guided virtual museum tours?” Our findings reveal our participants’ diverse perspectives
on matters such as engagement with technologies, art, and other individuals through the
visits. Broadly, we found that the digital approach to guided museum visits provided
for these digitally adept older adults an effective and simple means of participating in
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the offerings of a local cultural institution. Museum tours, which were facilitated by
an experienced guide, allowed them to broaden and deepen existing interests in art.
In particular, the participants valued partaking in museum visits as a collective rather
than solitary experience: they welcomed the input and opinions of others, finding that
it enriched their understanding of art. The digital’s capacity for incorporating supple-
mentary engaging elements (like interpretive videos or the presence of an artist) were
appreciated, yet many participants still longed for an embodied museum experience.
Especially notable for these participants was the convenience of the virtual format to
maintain a connection to art and culture over the course of a pandemic, when there were
options for in-person cultural activities. For most of our participants, the virtual tours
were an initial–and highly positive–foray into online group activities upon which they
could build.
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Abstract. The digitalisation of society may pose major challenges for active age-
ing promotion, representing a source of social exclusion for many older people
lacking the basic digital skills. Older Italians are amongst the least digitally savvy
in Europe. In this context, there is an urgent need for accessible and inclusive dig-
ital educational programs, targeting specifically the frailest group of the old age
population. The Cyber School for Grandparents initiative is an innovative inter-
generational educational program aimed at training secondary school students to
become cyber tutors for their grandparents. The aim of this work is to present
all the steps performed to design and implement the intervention in the school
context and to perform a feasibility study on this educational experience, assess-
ing pre-post changes on older adults’ digital skills, use and attitudes as well as
monitoring students’ participation and learning outcomes. The study is ongoing
and will provide useful information for the implementation of similar initiative in
other contexts.

Keywords: Digital divide · Active ageing · Intergenerational intervention

1 Introduction

1.1 The Digitalisation of Society and the Challenges for Active Ageing Promotion

Europe has an ageing population and amongst the European Union, Italy is the country
with the highest share of the population aged 65+ [1]. Indeed, in 2020, 23% of the Italian
population was aged 65 or over, accounting to as many as 14 million people. Among
those, 2 million people belong to the age group of the oldest old (aged 85 years or older)
representing 4% of the total population. The proportion of the old age population is
set to increase further over the next few decades. Besides having an ageing population,
many western countries are also characterized by a process of increasing digitalisation.
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Indeed, within a few weeks of the COVID-19 outbreak, the lockdown accelerated the
adoption of digital solutions at an unprecedented pace, creating unforeseen opportunities
for scaling up alternative approaches to social and economic life. In Italy, digitalisation
is one of the three “strategic axes” of the National Recovery and Resilience Plan (NRRP)
[2]. According to the NRRP, in the next few years, many public and private services,
including the services provided by the health and social care sectors, will be digitalised.

The benefits of living in a digitalised society are widely recognised; however, the
digitalisation of society may pose major challenges for active ageing promotion, rep-
resenting a source of social exclusion for many older people lacking the digital skills
to act and interact in such an unfamiliar social context. With this respect, older Italians
are at risk of social exclusion, being amongst the least digitally savvy in Europe [3, 4].
To foster active ageing, the digitalisation of society should therefore be accompanied
by innovative digital educational programs targeting specifically the frailest group of
the old age population, e.g., the less educated, older people living in rural areas, older
women. Indeed, the digital divide is likely to reflect a socio-cultural divide, rather than
an effect of age per se, since Information and Communication Technology (ICT) use
among older adults is associated with higher education, occupation and wealth [3, 4],
leading to the paradox of having the people putatively most advantaged by the use of ICT
as those most excluded. Adoption of technology by older adults is a complex issue and
is affected by a wide range of factors, such as cognitive abilities, perceived self-efficacy
and related anxiety [5]. However, direct experience on computer use reduces the negative
attitudes toward it, regardless of age [6–8]. Quite surprisingly, despite the relevance of
these topics, digital education in older age is not at the top of policy makers’ agenda.
Indeed, the Italian Digital Education Plan (https://ec.europa.eu/education/education-in-
the-eu/digital-education-action-plan_it) does not include older people amongst its target
population.

1.2 Intergenerational Connections to Bridge the Digital Divide

ICT use among older adults may be favoured by properly designed educational inter-
ventions, focused on their interests, needs and concerns about technology. The literature
on ICT interventions for older adults is abundant and several reviews were published
in recent years to draw conclusions on their effects. Recent systematic reviews show
that ICT interventions had a positive impact on older adults’ social and psychological
well-being, specifically with regard to measures of social support and connectedness,
social isolation, life satisfaction and depression [9–12]. The influence on loneliness
were mixed: the majority of studies reported a positive effect, while some showed no
or negative effects [9, 10, 12]. The interventions reported mainly deal with computer
training, but most recent studies favour mobile devices coherently to the wide spread of
these technologies among the aged population [9]. All the reviews conducted highlighted
several methodological limitations of the studies in the field: lack of control group or
randomization, small and convenience sample without power calculation, absence of
follow-up to assess the long-term effects after intervention completion [9–12]. More-
over, the majority of the studies reported so far enrolled older adults from the community
with some starting digital skills and/or a positive attitude toward technology learning.

https://ec.europa.eu/education/education-in-the-eu/digital-education-action-plan_it
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The real challenge is to design digital educational programs able to reach those older
adults without any basic digital skill or device. Thus, an important first step is to change
the initial negative attitude of older adults ICT non-user, so that they take this first step
and start using the technology.

In order to enhance the feasibility and the acceptability of an intervention, it is
useful in the planning and design phase to synthesize previous qualitative studies of
user experiences of similar intervention and/or target population and to identify key
issues, needs and challenges reported [13]. Systematic reviews of qualitative studies on
older adults ICT users highlighted that the principal drives for use were the desire to
keep in touch with family and friends and to enter into intergenerational communication,
whereasmain obstacles are their distrust in terms of perceived utility, privacy concerns as
well as technical difficulties [14, 15]. As regards the preferred learning context, old ICT
users rely on their own social network to acquire digital competence and spontaneously
refer to their younger family members (for instance children and grandchildren) that
may act as “warm” experts [16–19].

Based on this knowledge, we search the literature for intergenerational programs
aimed at improving the digital skills of older adults. There are few studies in which
students (from secondary school or universities) act as mentors for seniors to improve
their digital competences. Even these educational interventions generally involved older
adults enrolled from the community on a voluntary basis, who therefore already have
some initial digital skills and/or a positive attitude toward technology. These preliminary
experiences showed encouraging results regarding the participation and satisfaction of
both generations, mainly based on qualitative analysis performed on students’ learning
logs and from interviews or ad-hoc questionnaires for seniors [20–22].

Recently, a well-designed pre-post study on a group intergenerational intervention
reported significant and positive changes on attitude toward technology, technophobia
and perceived social isolation of older adults, with medium to large effect sizes [23].
On the other hand, qualitative analysis on students’ narratives reveal positive learn-
ing outcomes in several dimensions: self-awareness, empathy, empowerment and new
perspectives about ageism [24].

Altogether these initiatives show preliminary but encouraging insights on the feasi-
bility of intergenerational intervention to bridge the digital divide, also highlighting the
mutual benefit for both generations.

1.3 An Innovative Intergenerational Educational Program

Based on this background and on previous research experiences in the field, we develop
theCyber School for Grandparents initiative, an innovative intergenerational educational
programme aimed to train secondary school students (aged 15–17 years) to become cyber
tutors for their grandparents. The educational intervention was designed to give to the
students both the theoretical knowledge and the soft skills to help seniors to learn, thus
contributing to a social innovation process.

Compared to the previously reported intergenerational programs on ICT use
described in the previous paragraph, the present initiative shows relevant innovative
features: the educational lessons will be embedded in the students’ school program
instead of being offered on a volunteering basis, the students will independently plan
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and implement the cyber sessions for their grandparents outside the school as extracur-
ricular activities and, whenever possible, the program involves familial dyads. This novel
approach have the potential to reach older adults with very diverse sociocultural back-
ground and digital competences, thanks to the mediation of their own nephew as “warm
expert” [17].

The project is ongoing. In the present work we describe all the steps performed to
conceptualize, design and implement the Cyber School for Grandparents initiative. In
the third section we briefly describe the design of the feasibility study aimed to develop
the intervention in a specific school context and to provide preliminary evidence on the
effect of this innovative educational intervention. We will provide evidence to answer
to the following research questions:

1. Does training secondary school students to become cyber tutors for seniors,
lead to measurable pre-post intervention changes in seniors’ self-reported digital
competence and attitudes toward Internet?

2. How do the students reflect on their learning throughout the experience?
3. Is there any measurable pre-post intervention change on psychosocial well-being of

the participants?
4. Is there anymeasurable pre-post intervention change on students’ aging stereotypes?

2 Conceptualization and Funding

The project is conceptualized and coordinated by the Golgi Cenci Foundation (GCF),
a research centre devoted to interdisciplinary research on aging and dementia set in
Abbiategrasso, a small city in the Milan metropolitan area (Italy). The initial idea arose
from the shared visions, direct experiences, competencies and collaborations developed
through previous projects in the field.

At first, the participation in the Aging in a Networked Society project with the Uni-
versity of Milan-Bicocca produced a number of useful findings on the value of bringing
older adults closer to new technologies (https://aginginanetworkedsociety.wordpress.
com/). Drawing on this research experience, we decided to implement an intergenera-
tional educational intervention with the collaboration of the local Human Science High
School (Bachelet Institute), which has been among the Dementia Friendly Commu-
nity (DFC) stakeholders since 2016. The DFC is a nationwide social innovation project
coordinated by Federazione Alzheimer Italia, the main Italian non-profit association
for patients with dementia and their families, aimed at making of a community a place
more welcoming to people with dementia. The Human Science High School is primar-
ily aimed at the acquisition of specific skills in Psychology, Sociology, Pedagogy and
Anthropology, making it an ideal context for this kind of initiatives. Relying on this
long lasting and fruitful collaboration, we performed the “Digital Grandparents” online
survey among Bachelet Institute students, to obtain preliminary information on the use
of digital tools by students’ grandparents.

Based on the data collected, the study proposal was built and then selected by the
third Bicocca University of crowdfunding (BiUniCrowd) call, a yearly funding program
that supports the research and ideas of young scientists, students and former students of
the University of Milan-Bicocca through the direct contribution of people and society.

https://aginginanetworkedsociety.wordpress.com/
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In the present section, we describe these experiences which contributed to the con-
ceptualization of the Cyber School for Grandparents initiative, following their temporal
sequence.

2.1 Previous Experience: The Aging in a Networked Society-Social Experiment
Study (ANS-SE)

The project “Aging in a Networked Society. Older people, social networks, and
wellbeing” (funded by Fondazione Cariplo, grant number: 2017-0946) was aimed
at investigating the impact of offline and online social networks on older people’s
well-being.

The GCF was in charge of running a social experiment (ANS-SE) to assess the
causal impact of Social Networking Sites (SNS) use on loneliness and social isolation,
cognitive functions and physical health, whose methodology is reported elsewhere [25].
Briefly, the study was aimed to enrol 180 participants aged between 79 and 83 years
and residing in Abbiategrasso without previous experience on SNS use to be randomly
allocated to one of three conditions: the treatment (SNS training course), the active
control group (lifestyle course) and a waiting list. The SNS course consisted of 5 group
lessons on smartphone, Facebook and WhatsApp. When looking at the impact of the
SNS training course on the measures of interest, we found mixed results. In the short
term, we did not find any significant impact of the treatment on cognitive functions
[26] and on social well-being (unpublished work). However, one year after intervention
completion, older people trained for SNS use reported significantly higher usage of
SNSs and reduced feelings of being left out [27]. These latter findings are of particular
interest, since follow-up was performed through a phone survey during the COVID-19
Italian lockdown in May 2020, when any in-person contact was forbidden and digital
technology became essential to maintain social contacts.

Along with quantitative research, we further performed qualitative interviews to
understand the experience of new older users. The majority of the participants reported
a positive experience on SNS use, because it simplified intergenerational communication
(mainly within their own social network) and it was useful to find information, funny
video or images [28]. As previously reported by the literature, the main reasons for
seldom or not use were technical difficulties, risk of being scammed and low self-
confidence in SNS use [28]. As regards the teaching approach, some participants would
enjoymore training lessons to feel confident in it,while others reported the need to further
refer to their own social network to consolidate and improve what has been learned [28].
From these previous data emerged important indication for planning a new teaching
experience on ICT: the key role of assisted training, the importance of the relationship
with the tutor, the need of multiple training sessions and self-paced learning.

These personal views and experiences give us precious insights to design an inclusive
and personalized ICT intervention, able to meet the needs of all old individuals and to
overcome eventual barriers.
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2.2 Preliminary Data: The “Digital Grandparents” Online Survey

To obtain preliminary information on the potential beneficiaries of the intervention,
we performed an online survey between 23/11/20 and 13/12/20 among the Bachelet
Institute students. The students were asked to compile an online questionnaire inter-
viewing their grandparents by phone (due to the COVID-19 restrictions in place) on
their sociodemographic features, ICT access, online activities and interest on its. Three
hundred twenty-three respondents provided 513 valid questionnaires on their grandpar-
ents aged between 60 and 97 years (63%women). Among the grandparents interviewed,
a high portion (40%) had neither basic digital competence nor digital devices (N= 206).
As previously reported, non-users were older (mean ± SD: 80.0 ± 5.8 vs 75.2 ± 5.6;
p < 0.001 at Independent Sample t-test) and less educated (6.8 ± 3.4 vs 9.1 ± 3.7;
p < 0.001 at Chi-squared test). The main reasons reported for non-use (more than 1
response possible) were: lack of interest (64%) and absence of digital competences
(41%). Among ICT users, 90% had a smartphone and they reported a broad Internet use
spanning 4 different activities on average. The Internet was mainly used for commu-
nication (72% video-calls, 85% instant messaging), searching and reading information
(56%) and recreational activities (55%). The percentages were lower for social network-
ing sites use (37%), home banking (29%), public services (23%) and online shopping
(20%), thus showing the potential for further learning even in the old ICT users.

Altogether, these data give us more specific information on the ICT use profile and
sociodemographic features of the potential beneficiaries of the intervention, confirming
the presence of awide digital divide evenwithin the aged population itself. The overarch-
ing goal of the interventionwas thus tomeet the needs and interests of each student-senior
dyad, regardless of their starting digital skills and attitudes toward technology.

When asked about their interest in learning new technology usage, non-users were
significantly less interested (yes response: 24% vs 71%; p< 0.001 at Chi-squared test).
This latter findingmakes us aware of the challenge to involve older adults with this usage
and motivational profile in ICT interventions.

Moreover, tablets specifically designed for older adults will be provided to “analogic
grandparents”, namely those without neither digital devices nor Internet access. This
mobile tool may be suitable for many different everyday tasks and could provide optimal
usability for seniors (e.g. in case of reduced hands dexterity or sight problems).

2.3 Funding: The Crowdfunding Campaign

The crowdfunding campaign lasted 2 months, between April, 29th 2021 and June, 29th
2021 with the aim of raising 10.000 euros. It was a reward-based campaign following the
‘all-or-nothing’ model, in which only projects reaching the collection goal are actually
financed. The BiUniCrowd program provides support and workshops to train the project
team in campaign preparation. Moreover, the press office of the University of Milan-
Bicocca is actively involved in the communication.

The overarching goal of the Cyber School for Grandparents initiative is to generate a
social impact on individuals and communities. Therefore, communication and dissem-
ination activities are essential, to spread the messages and inspire similar initiatives in



404 E. Rolandi et al.

different contexts. Therefore, we found this microfinancing tool particularly attractive
for the project.

The BiUniCrowd program was recently included among the best practices on the
Knowledge Valorisation Practice platform of the European Commission (https://ec.eur
opa.eu/research-and-innovation/en/research-area/industrial-research-and-innovation/
eu-valorisation-policy/knowledge-valorisation-platform/repository/crowdfunding-uni
versity-born-projects-biunicrowd). The collecting goal was successfully reached, giving
us the economic resources needed for the personnel devoted to the intervention and for
the tablets supply.

3 Study Design and Implementation

We planned to start the training course during the 2021/2022 school year, involving two
to four classes of the Human Science High School. Furthermore, we were interested
in collecting relevant information on the effect of this innovative educational program.
Thus, between July and August 2021 the research team drafted the study protocol of
a mixed-method feasibility study aimed at assessing pre-post changes on older adults’
digital skills, use and attitudes as well as monitoring students’ participation and learn-
ing outcomes. The study was approved by the Ethic Committee of Milan Area 3 on
September 29th (ASST Grande Ospedale Metropolitano Niguarda, approval number:
597-29092021) and pre-registered on ClinicalTrials.gov (NCT05135819).

The detailed description of the study design is beyond the scope of the present work.
Therefore, in the present section we only describe the key features of the study design
and provide information on the steps necessary to implement the initiative in the school
context.

3.1 Study Design and Aims

The Cyber School for Grandparents intervention consists on a training course for sec-
ondary school students to become cyber tutors for their grandparents. The study take
place at the Bachelet Institute in Abbiategrasso, a town of around 30.000 inhabitants in
the Metropolitan City of Milan (Lombardy, northern Italy). The course is part of the cur-
ricular activities of the participating classes of the Human Science High School. Thus,
each student is asked to involve at least one grandparent willing to participate in the ini-
tiative, so as to constitute a grandfather and grandson dyad. No specific inclusion criteria
were set regarding age, ICT proficiency, socioeconomic, health or mobility status of the
grandparents, since the program was expressly designed to be as inclusive and person-
alized as possible, in order to favour a wide participation. However, context information
on these relevant aspects are collected [29], since they all are well-known factors affect-
ing technology use among older adults. To assure the active participation of the entire
classes, if some students are not able to involve any grandparents, community-dwelling
older adults would be enrolled among those participating in other ongoing studies at the
GCF. The primary aim of the study is to evaluate students’ participation and learning
throughout the training course and to measure grandparents’ pre-post changes in mobile

https://ec.europa.eu/research-and-innovation/en/research-area/industrial-research-and-innovation/eu-valorisation-policy/knowledge-valorisation-platform/repository/crowdfunding-university-born-projects-biunicrowd
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device actual use, self-reported digital proficiency and attitudes toward technology. Sec-
ondly, eventual pre-post changes on aging stereotypes and psychosocial well-being of
the participants will be explored.

To this end, both students and grandparents are evaluated at different time-points
to collect pre-post outcome measures and to monitor their participation through the
course. Assessment is performed through online surveys shared within the web-based
platform adopted by the school to perform remote lessons during the COVID-19 pan-
demic (Google Classroom). All the instruments selected are suitable for self-compiling
by both young students and older adults. The students will help and supervise grandpar-
ents to manage possible technical and/or sensory difficulties with the online compiling
procedure. Table 1 shows the GANTT chart of the study, including both intervention
and assessments timing.

3.2 The Training Course

The training course for students is composed of 3 different parts: theory (1 lesson),
research method (2 lessons) and practice (4 lessons). The theoretical lesson deals with
the aging process and its effect on cognition and learning process, issues and peculiarities
of older adults ICT use, andragogy and strategies to favour the learning process of new
skills.

The methodological lessons provide information on the research lifecycle, with a
specific focus on the importance of data collection for research purposes and on the
specific assessment tools to be compiled by the participating seniors (see paragraph 3.4
for details). Indeed, each student will act both as the tutor and as the researcher in charge
for data collection for their grandparents.

Finally, in the practicalmodule, students are guided in the implementation of the one-
to-one cyber sessions for their grandparents, which are then conducted independently
during extracurricular hours and customized according to the needs and interests of each
senior involved. Each class lesson for students deals with a broad use/function of digital
technology, as follows: basic functions of mobile devices, communication and enter-
tainment, information and health, utilities. At the end of each practical lesson, students
will be guided to set goals to be achieved by their trainee and to plan potential strategies
to facilitate their achievement, providing both tutoring in presence and remotely. This
help to tailor the content and delivery modality of the one-to-one cyber session to the
interests, needs and skills of each senior.

3.3 Participants Assessment

As shown in Table 1, students compile self-reported questionnaire investigating aging
stereotype [30] and psychosocial wellbeing [31], before the first lesson scheduled and
then one month after the end of the class lessons (secondary outcomes). To collect
information on students’ participation and learning (primary outcomes), students com-
pile an online diary for each of the 4 practical modules, before the next group lesson
scheduled, comprising both an activity and a learning log. The activity log consists of
structured questions on the number, frequency, duration, content andmodality (in-person
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Table 1. GANTT chart of the study

Months

1 2 3 4 5 6 7

Training course

Theory (1 lesson) x

Research methods (2 lessons) x

Practice (4 lessons) x x x x

Students’ assessment

Aging stereotype (aging semantic differential [30]) x x

Psychosocial well-being (Italian Mental Health Continuum short
form [31])

x x

Learning diary x x x x

Satisfaction questionnaire x

Grandparents’ assessment

Context information (Tilburg Frailty Indicator [29]) x

Digital literacy (Mobile Device Proficiency questionnaire [32]) x x

Attitudes toward Internet [7] x x

Device use (log data) x x x x x

Satisfaction questionnaire x

or remotely) of the cyber sessions performed with the senior mentee, (measures for stu-
dent’s participation). The learning log will comprise broad guiding questions to reflect
on the learning process favoured by the activities and to record the student’s observa-
tions. Qualitative analysis will be performed on students notes to derive the main themes
reported.

As regards grandparents’ assessment, they were asked to compile self-reported ques-
tionnaires before the beginning of the practical module and one month after the end of
the training course. Specifically, we are interested to investigate pre-post changes in
digital literacy [32] and attitudes toward Internet [7] as primary outcomes and psy-
chosocial wellbeing [31] as secondary outcome. Moreover, to directly investigate the
actual changes on mobile device use throughout the intervention, senior participants
were asked to install an ad hoc app (RescueTime) which records log data, previously
used for research purpose on older adults [33]. The app installation was not mandatory
for study participation.

Finally, at the end of the initiative, both students and grandparents will compile a
semi-structured questionnaire to rate their satisfaction and opinion on the experience.
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3.4 Actual Implementation in the School Context

The implementation of the intervention in the school context requires minor adaptation
to fit with the organization’s needs, thanks to the proactive collaborations of 3 referent
teachers, which already collaborated with the DFC social innovation program. This
planning process comprised 2 in-person meetings at the beginning of the school year
with the teachers and the team leader (ER), in order to define the numbers of class
involved, the course duration and the delivery modalities. The team agreed upon the
following aspects: an overall duration of the course of 14-h, 3 classes involved (2 in
the third year, 1 in the second year) and an overall preliminary plan for the lessons’
distribution across the year.

The project was then internally discussed and approved in two steps. First, a project
plan was formally submitted for approval. Then it was discussed and approved within
the council of each class, a periodic meeting involving all the class teachers and students
and parents’ representatives. The intervention started on October 2021 and involved 57
students attending the third and second school year and 63 seniors (38 grandparents, 6
students’ relatives or acquaintances and 13 volunteers enrolled by the GCF). The last
lesson is scheduled on March 2021 and post-intervention remote assessment will take
place one month after intervention completion.

4 Conclusions, Limitations and Future Directions

TheCyber School for Grandparents is an ongoing intergenerational educational program
aimed at promoting senior citizens ICT access and use by training secondary school
students to become cyber tutors for their grandparents or, alternatively, for volunteers
from the community.

The peculiarities and strengths of this innovative approach can be summarized by
the following key concepts:

• Personalisation: due to the internal variability that characterizes the population of
older people, personalization is necessary [18]. Our dyadic approach allows for a
tailored sensitization of grandchildren, leveraging on major drivers (e.g.: perceived
usefulness, perceived ease of use, social pressures) and overcoming possible hinders
(e.g.: lack of self-efficacy, anxiety) that hamper ICT use by older adults [34].

• Inclusion: older people really benefit from using social technologies, through which
the contact not only with family and friends, but also with other network members and
society can be facilitated and strengthened [18]. Further, our dyadic approach is rooted
in the real family world, with almost no exclusion criteria, being thus potentially able
to reach older adults with a very diverse sociocultural background and starting digital
skills. The crowdfunding campaign itself performed to obtain the economic resources
for project implementation, contributed to spread knowledge on the digital exclusion
of older adults.

• Innovation: training programs may be useful in enhancing mobile device competency
and self-efficacy among older adults, but more work is required to understand how
to effectively implement this type of interventions [35, 36]. At variance with pre-
vious experiences, we settled down our initiative within the high school curricular
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educational path, and thereafter within family relationships. We aim at studying the
effectiveness of our program on relevant dimensions for both components of the par-
ticipating dyads, through a mixed method approach, paying attention also to the path
followed by the dyad.

• Interdisciplinarity: our project harvests contributions fromdifferent agencies. Since its
inception, and ongoing, intertwined contributions came from academy, a foundation
for research on ageing, an high school. Hence, actors involved cover a wide range of
professionalisms such as sociology, psychology, pedagogy, geriatrics. Moreover, in
this participatory research, students and teachers were both beneficiaries and active
actors contributing to the design and implementation of the project.

• Education: the intervention has been designed to be useful and informative both for
young students and for seniors involved. New technologies have great potential for
building and enhancing intergenerational connections and expanding educational pur-
suits, but there is nothing that is automatic or guaranteed with regard as to whether
such benefitswill be realized. The connectedness between different generations can be
stimulated throughmobile device technology [22].When older people start or improve
using technology the distance that is often felt between the older and younger gen-
erations may be reduced, because they share the same interest. The promotion of
meaningful intergenerational relationships is the core of intergenerational programs.
The informal interaction allows both parties of the dyads to develop positive attitudes
towards each other, and it could break down the stereotypical feelings that they are very
different [37]: we shall check that. Furthermore, students will pursuit an experience
of social research, in keeping with their school orientation.

• Pandemic context: our teaching delivery modalities are conceived in a way that they
can adapt to restrictions; the high school could arrange to go through the program
even during last confinement situations. Even in a restricted context, maintaining and
promoting grandparent – grandchild relationships contribute to the wellbeing of both
parties. On the young side of the dyad, positive intergenerational relationships provide
positive long-term psychological benefits, whereas, on the old side, social interaction
even outweighs physical and mental health condition in influencing older people’s
successful aging [37].

The feasibility study will provide useful preliminary information on the effect of
this innovative intergenerational programs on both generations, in order to inform future
initiatives in the field.

Specifically, we will answer to the study research questions as follows:

1. Does training secondary school students to become cyber tutors for seniors,
lead to measurable pre-post intervention changes in seniors’ self-reported digital
competence and attitudes toward Internet?
To address this research question, we will compare the score of 2 self-reported ques-
tionnaire administered by the students to their senior mentee through the Google
Classrom platform before the beginning of the one-to-one cyber sessions and one
month after the educational intervention completion (see Table 1 for details). More-
over, as complimentary information, actual use of the mobile device will be tracked
by Rescue Time app, for those participants who agreed to install it.
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2. How do the students reflect on their learning throughout the experience?
Thematic analysis will be performed on the students’ responses to the open-ended
questions of the learning log, a pedagogic instrument widely used to record students
reflections about the learning process and also previously adopted by intergenera-
tional programs aimed at increase the digital skills of older adults [22]. The questions
will be focused on the experience of planning and implementing the one-to-one cyber
sessions for the grandparents. Students will be asked to compile a learning diary for
each of the 4 practical modules. This qualitative approach will provide nuanced and
personalized perspectives on the learning experience from the point of view of the
main beneficiaries of the initiative: the high school students.

3. Is there any measurable pre-post intervention change on psychosocial well-being of
the participants?
Previous studies on ICT interventions for older adults largely reported benefits on
measures of psychological and social well-being [9–12]. In our study, we will rate
pre-post intervention changes on psychosocial well-being of young and old partici-
pants as secondary outcome, in order to verify if this innovative educational approach
leads to measurable benefit beyond ICT use, proficiency and attitude. We selected a
self-report questionnaire validated on an Italian sample aged between 18 and 89 years
which assessmental health across 3 dimensions: psychological, emotional and social
wellbeing [31].

4. Is there anymeasurable pre-post intervention change on students’ aging stereotypes?

Intergenerational programs were generally effective in changing aging stereotype
and attitudes of both young and old participants [30, 38]. Moreover, a recent meta-
analysis of interventions primarily designed to reduce ageism showed the higher benefit
in programs combining both education and intergenerational contacts [39]. We thus
expect that our intervention, providing educational content on aging during the class
lessons and promoting direct contactswith seniors through the one-to-one cyber sessions,
would have a positive impact on students’ aging stereotype.

Some limitations of the study and potential issues for its implementation should be
discussed. First of all, the research staff will only meet the students, who will act both
as cyber tutors and as raters by supporting and/or mediating data collection. Thus, we
can expect variable level of skills and motivation in performing these tasks, which may
affect the reliability and completeness of the data collected. To overcome this issue,
we will monitor students’ participation through direct and indirect observations and we
will actively promote study participation and involvement in person during class lessons
and remotely through the web-based platform and personalized communications when
necessary. All these aspects will be recorded and combined with the other quantitative
and qualitative measures collected.

Secondly, the study has some methodological limitations. We did not include in this
preliminary phase a comparison group, so we will not be able to draw firm conclusions
on the efficacy of the Cyber School for Grandparents intervention on the measures of
interest. Moreover, the small convenience sample reduce the power and the generaliz-
ability of the study. However, the study design is appropriate for the aim of developing a
new educational intervention in a specific school context. We adopted a mixed-method
approach, as recommended for non-randomized feasibility study aimed at intervention
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development [40]. The combination of quantitative and qualitative data will indeed help
us to enrich our understanding of the intervention effects, even in case of non-significant
or unexpected results.
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Abstract. Autism is a condition in which children are born with social impair-
ments in social communication, imagination, and empathy, thus, they have diffi-
culty interacting socially with peers or effectively interpreting each other’s inten-
tions to engage in different social content. As a result of these deficits, most chil-
dren with autism are unable to play cooperatively or effectively interact socially
with their peers, which makes them socially isolated and difficult to integrate into
the community.

In view of this, this study conducted an asymmetric VR collaborative game
for children with autism, where children with autism and Typical Development
(TD) children participated in a collaborative game in pairs, and both children were
required to play the game through peer cooperation and oral communication.

A total of 6 participants aged 7–9 years old, including 3 children with high-
functioning autism and 3 TD children, were recruited for this study. During the
game, social assessments and behavioral observations were conducted by the
researcher and the therapist to understand whether the asymmetrical VR collab-
orative game has an impact on children with autism in building peer cooperation
and oral communication skills, in order to achieve outcomes that enhance social
communication and trans-personal thinking skills.

This study used an asymmetrical VR collaborative game to present the game
situation with different viewpoints, which allowed children with autism and TD
children to work together to solve the game tasks and levels in a peer-to-peer and
oral communication manner. In this game, children with autism were required
to interact socially with TD children through an asymmetrical play style, thus,
triggering the application of peer cooperation and oral communication skills in
children with autism.

In this game, the researcher used themicro-behaviors for video coding (MBV)
to observe and assess five domains, (1) mutual attention; (2) meaningful conversa-
tion; (3) collaboration; (4) proximity; and (5) turn taking. According to the results
of this study, children with autism exhibited behavioral orientations in the asym-
metrical VR collaborative game that were more oriented toward strengthening
trans-personal and empathic abilities than traditional solo play, especially in peer
cooperation and oral communication. On this basis, the expectation of this study
was that the application of asymmetrical VR collaborative games had different
degrees of specificity and implementation advantages for children with autism in
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terms of social communication, imagination, and empathy skills. Children with
autism could learn to grasp the meaning of others’ spoken communication, and
thus, develop the concept of peer cooperation during the game, which in turn
facilitated their mastery of social skills in all aspects of the theory of the mind.

Keywords: Autism · Asymmetrical VR collaborative game · Empathy · Peer
cooperation and oral communication · Peer-mediated intervention strategies

1 Introduction

1.1 Autism Spectrum Disorders

Autism spectrum disorders arise from congenital deficits in the neurodevelopment of
the brain, where the major core impairments include impairments in social interaction,
oral and nonverbal expression, and lack of empathy and imagination [1]. Due to these
congenital deficits, social communication and interaction with others and groups are
greatly hindered; at the same time, the harm and pain of autistic children become more
pronounced as they age and become more aware of their social deficits and low abilities.
In addition, the interaction process reveals that children with autism are often unable to
understand each other’s behavioral intentions and others’ oral expressions during social
interaction due to their inherent deficits in empathy and weaknesses in oral expressions.
These insufficiencies make it difficult for them to maintain social relationships or to
communicate and share their views or feelings with others, either orally or non-verbally,
which in turn affects children with autism in learning to interact with others and to
cooperate with peers.

1.2 Promotion of Interaction in Games on Children’s Behavior Development

Interactions during games are an important guide for children’s behavioral development.
Generally, children learn how to interact with peers through play, which allows them to
acquire different social intentions and play representations, and they generally develop
symbolic play around the age of 2 to 3. The different tasks and rules of game interaction
will help children master the social behavioral representations behind the play, as well as
the ability to cooperate and communicate with others in a peer-to-peer manner. Ideally,
children can use their past experiences and imagination to understand the underlying
social meanings and develop more complex social behaviors and play content [2].

Furthermore, game interaction has shown a strong correlation in children’s emotional
building and social development, and the development of such abilities is considered to
be one of the important social foundations.However, this formof game is a rather difficult
challenge for children with autism. In a related study, Baron-Cohen and Howlin revealed
that children with autism have difficulties in understanding the ideas andmental states of
others due to their lack of the Theory of Mind Ability (ToM Ability) when playing with
others [3], which leads to obstacles in the behavior of pretend play with imagination and
speculation ability [4].
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2 Literature Review

2.1 Barriers to Peer Cooperative Games and Oral Communication in Children
with Autism

At the same time, autistic children lack spontaneity and flexibility in peer cooperative
games and oral communication [5], which makes it difficult for them to master social
skills and actively integrate into various group cooperative games. In this case, they
suffer from exclusion from the group, and thus, dislike and reject the cooperative play
and oral communication of their peers.

Many approaches have been researched to improve intervention strategies for chil-
dren with autism on this issue, and one of the strategies for collaborative group play
is Peer-Mediated Interventions (PMI). This strategy, which usually takes peer as the
mediation strategy, also invites other peers or friends with normal social skills to jointly
shape and strengthen the social behavior of the treatment case [6, 7]. Through a col-
laborative group approach, this strategy is combined with play-based interventions and
role-playing to achieve the goal of engaging the autistic child’s attention and ultimately
giving birth to cooperative tasks and social interactions.

2.2 Current Status on the Use of VR Technology as a Social Skills Training
and Intervention Method for Children with Autism

There are many new interventions that can be applied to the training of social skills in
children with autism, such as Virtual Reality (VR). By applying VR to training the social
skills of autistic children, the simulation and immersive reality of social situations can
be enhanced. In this way, children with autism can be helped to master the social state in
different situations and try to interact with different virtual characters in VR situations.
This can be done by allowing children with autism to conduct mock interviews in a
VR environment or by providing virtual classrooms and living situations through VR
environments for children with autism to speculate about the environment. This can
help to further reduce the autistic child’s sense of discomfort or increase their self-
confidence and sense of accomplishment in integrating into the environment [8]. In this
way, more realistic effects can be achieved and better visual stimulation can be brought
than traditional role playing or video modeling [9]. In addition, it can maintain autistic
children’s willingness to participate and increase their learning motivation. Moreover,
the VR system can make use of repeated operation speculation and training for some
less accessible situational states.

2.3 Deviations and Drawbacks of the Over-Enhancement of VR Technology
in the Context of Single Operation and Immersion Effect Intervention

However, despite the significant training benefits resulting from using VR technology
with game interventions to improve the social skills of children with autism, players
wearing head-mounted displays are still the focus of most VR games, and most are
played in separate operations. Thus, children with autism are mostly in a solo situation
during the training process. At the same time, as the therapist or other players can only
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assist the children with autism through verbal guidance or by simply playing the role of
“spectator”, it does not directly help the children with autism learn to interact with their
peers or communicate verbally.

Therefore, the interactive strategy adopted in this study, i.e., an asymmetric VR col-
laborative game system combined with peer-mediated interventions [6], will be useful in
solving the problems and complementing the shortcomings of traditional VR games in
this area, especially in strengthening the construction of peer cooperation and oral com-
munication skills. This would preserve the immersive and interactive nature of VR game
interventions and strengthen the characteristics of peer cooperation and oral communi-
cation. The application of such a therapeutic approach will help children with autism
to develop peer cooperation experiences and enhance their interpersonal interactions.
In addition, in a sense, this approach has a positive effect on the ability of children
with autism to grasp each other’s intentions during play to enhance empathy and trans-
personal thinking [7, 10]. This approach can address the current deficiencies in single
VR training, enhance the motivation of children with autism to participate in the game
and decrease their tension during peer interaction [11].

2.4 Application of Asymmetric VR Collaborative Games

Current VRgames aremostly designed for interactive content operated by a single player
and focus on the immersion and fun of the players themselves [11]. In contrast, asym-
metrical collaborative VR games that reinforce two-player collaboration are uncommon,
and even more so in the field of autism research, where they have rarely been developed
or applied.

However, as discussed above, if VR games that reinforce single-player manipulation
are applied to social skills training for children with autism, the effect is only reinforced
by immersion or simple contextualmastery. For childrenwith autism, such reinforcement
focuses only on contextual memory or repetitive recitation of manipulative tasks, which
has little impact on the basic social skills required by children with autism, especially
peer cooperation and oral communication, and tends to result in rigid behavior [12].

The reason for this is that the enhanced single player VRgames isolate the interaction
mechanism between autistic children and their peers or other game partners, and there
are few opportunities for peer cooperation and oral communication [13]. In the over
immersed VR environment, the interaction between autistic children and other players
will also be reduced. Such game mechanics are not favored by educational experts
because the over-enhancement of an immersive and homogeneous training environment
tends to cause repetitive rigid behaviors and negative emotions in children with autism.

Thus, it is expected that asymmetric collaborative VR games [14] may become a new
generation of VR games and be applied to strengthen the empathy and trans-personal
thinking skills of children with autism. Through such an asymmetric collaborative game
structure, the immersion of VR is preserved, and peer cooperation and oral communica-
tion between players can be enhanced. Such competency needs also echo the foundation
of social skills that children with autism urgently need to build and serve as a building
block for further development of deeper social cognitive skills, such as empathy [15]
and symbolic play.
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2.5 Advantages of Using Asymmetrical VR Collaborative Games for Training
Children with Autism

In view of the abovementioned factors, this study aims to strengthen the ability of chil-
dren with autism to cooperate and communicate with their peers through the application
of asymmetrical VR collaborative games, and such mechanisms are essential for the
construction of these abilities. As the asymmetric VR collaborative game has the char-
acteristics of interdependence, mutual assistance, and physical sensory on both sides of
the game, the VR players must participate in the game through oral communication and
guidance between peers to complete the task of each stage to pass the level.

In the game process, VR players must judge the game intention and contextual state
of both sides of the game, including cooperation and competition, thus, different game-
plays will be developed, and the benefits are listed, as follows: (1) The performance
of both players in peer cooperation and oral communication can be facilitated, as both
players must communicate and collaborate with each other to perform the game tasks.
(2) The tacit understanding between players to practice peer cooperation and oral com-
munication can be strengthened simultaneously. In addition, (3) since most of the play
patterns of children with autism are self-stimulation and individual interaction, there
are relatively few interactive and cooperative games; the asymmetric VR collaborative
game model plays an important role in addressing the shortcomings of existing social
training strategies; the interaction between multiple players not only increases fun and
social interaction, it also enhances the overall game experience [11].

Therefore, asymmetrical gameplay will have the opportunity to enhance the oral
expression and cooperation skills of children with autism, while simultaneously pro-
viding players with different roles to play and role play identities, which are important
to help children with autism gradually master the concepts and skills of transpersonal
thinking and role play, and their social willingness and desire to interact with others
will be naturally enhanced. Therefore, this study used the concept of asymmetrical VR
collaborative play and peer cooperation combined with the intervention strategy of peer
intervention to conduct a phased approach to play, which aims to gradually build up
peer cooperation and the oral communication skills of children with autism during the
process of play.

2.6 Summary

Based on the above discussion, it can be concluded that gaming interventions are increas-
ingly being applied to the treatment of children with autism [16]. The theoretical foun-
dation of previous literature reveals the prospect that asymmetrical VR collaborative
games will have the opportunity to improve the abilities and skills of children with
autism during peer cooperation and oral communication; moreover, asymmetrical VR
collaborative games will be more attractive than traditional single VR game interaction
mechanisms.

Therefore, it is expected that peer cooperation and oral communication among peers
in asymmetrical VR collaboration games can be used to gradually guide children with
autism to develop empathy and peer collaboration skills. Moreover, due to the fun nature
of the game and the reinforcing effect of two-player collaboration, the asymmetrical VR
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collaborative game can increase the willingness of children with autism to participate in
the training [11, 17].

In addition, since the concept of asymmetrical VR collaborative games has rarely
been applied to the training of childrenwith autism, this study aims to apply asymmetrical
VR collaborative games and peer-mediated intervention strategies to the social skills
training of children with autism. Through this application, this study aims to allow them
to learn communication skills, and thus, improve their social skills, while playing the
game, and to gradually build their ability to cooperate with peers and communicate
orally.

3 Methodology

3.1 Participants

This study recruited a total of six participants aged 7–9 years, including three high-
functioning autistic children (FIQ > 80) and three TD children, to participate in an
asymmetrical VR collaborative game, and they were randomly divided into three groups
(two players in each group, one of whomwas a TD child). The gamewas taught in stages
and played in pairs. Prior to the game observation, the research team obtained signed
consent forms from the guardians of the six children and introduced the game content
and instructional strategies for the participants and parents to understand. During the
game, a therapist was assigned to assist in instructing and observing the peer interaction
and performance of the six tested children, and finally, to evaluate the feasibility of the
asymmetrical group collaboration game.

3.2 Training Objectives of the Asymmetrical VR Collaborative Game

There are many different intervention strategies that can be applied to children with
autism, and different play strategies have been combined to provide variety in training.
At this stage, many researchers have applied the concept of play interventions in con-
junction with peer-mediated intervention strategies in social interventions for children
with autism, which are intended to help childrenwith autism gain interactive experiences
and social skills through play.

This study conducted an intervention to observe childrenwith autism in peer coopera-
tion and oral communication through an asymmetrical VR collaborative game approach.
The game indirectly reinforced autistic children’s cooperative play and oral commu-
nication practice with peers, which had a positive effect on their ability to play and
communicate with others in a peer-to-peer manner.

The abilities gained in such games will help children with autism to develop the
higher level social cognitive aspects of the theory of the mind, such as trans-personal
thinking and empathy, which can implicitly influence the social reciprocity skills of
children with autism towards others.
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3.3 Field Design and Equipment Configuration of Asymmetric VR Collaborative
Game

During the game, participants are mainly divided into (1) players and (2) co-players
(Table 1), in which the players wear HTC VIVE head-mounted displays for immersive
VR game operation, and the co-players will cooperate and interact with the players
through a flat screen for peer-to-peer gameplay. While both parties will see different
virtual character perspectives through different displays (head-mounted display and flat
screen) and have different screen perspectives during the process, they are both in the
same virtual world for the game task (Fig. 1). In this way, an asymmetrical game structure
can be created to promote fun and cooperative support mechanisms.

Table 1. Two-player game architecture and operation equipment configuration of the asymmetric
VR collaborative game

Role played Target participants Equipment used

1 Player Children with autism VR + head-mounted display

2 Co-player TD children Tablet computer

Fig. 1. Field design and equipment architecture of asymmetric VR collaborative game

3.4 Implementation of Instruction and Implementation of Games

Since a large space is needed for VR games, this study was conducted in the studio space
of a school. The instruction was divided into two phases, with the Acron Attack of the
Squirr¬els! system of Game 1 and the VR Giants system of Game 2 being used for
the phased play content in pairs (children with autism were randomly paired with TD
children in groups). The entire process was videotaped and accompanied by the therapist
and instruction team (Table 2).
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The two phases of the game took a total of 50 min, with each phase lasting 25 min,
during which the therapist used the Micro-behaviors for video coding (MBV) approach
with five dimensions, including (1) mutual attention; (2) meaningful conversation; (3)
collaboration; (4) proximity; and (5) turn taking, in order to observe the interaction and
social skills between autistic cases and general children and to give an assessment index
from 1 to 7. One of the steps conducted prior to asymmetrical play was a systematic
use assessment by the therapist to ensure that the children with autism did not feel
uncomfortable or uneasy when operating the equipment.

Table 2. Instructional implementation of the two-stage asymmetrical VR collaborative game

Phases Name of the game Duration

1 Phase 1 Game 1: Acron Attack of the Squirrels! system 25 min

2 Phase 2 Game 2: VR Giants system 25 min

Phase 1: To Help Children with Autism Adapt to the Virtual Roles in the Game
and the Correspondence Between Partners. This study used a two-stage game pro-
gram to teach and train children with autism, with the first stage being the training of
trust between the children and their peers and training them to assume their correspond-
ing virtual identities. The therapist allowed the two players to establish a basic trust and
understanding before entering into the system and deciphering the tasks.

In the first phase, pairs and groups were conducted using Game 1 (called Acron
Attack of the Squirrels!), which was intended to train understanding and coordination
between children with autism and their peer collaboration partners. In this way, the
responsibility and concept of protecting the teammate were established and the effect of
the division of labor was developed (Fig. 2).

Fig. 2. Operation screen and use of theAcronAttack of the Squirrels! SystemofGame1 (Children
with autism need to be paired with TD children to play together)
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Phase 2: To Conduct Practical System Operation Using the Asymmetric VR Col-
laborative Game with Peer Intervention Strategies. In the second phase, the dyadic
group used Game 2 (called VR Giants) for peer collaboration and oral communication.
Before the game, the autistic child and the TD child had to choose to play one of the
parties (facilitator and challenger) in the game (Table 3), in which the HMD wearer was
the facilitator (the giant), whose task was to protect the challenger (the little boy), who
was controlled by the desktop computer operator. The facilitator (the giant) can help the
challenger (the little boy) move to a higher position, and the range of movement was
limited.

While the challenger (the little boy) could wander around the plane at will, the
jumping range was limited. Given the different ability conditions and the asymmetrical
viewing range, both players had to cooperate with each other and communicate verbally
to play the game; while simultaneously being encouraged to individually break the limits
of their roles to obtain more coins, which will open the door to the next level (Fig. 3).

Fig. 3. The operation screen and usage of VR Giants system of Game 2

3.5 Evaluation

In this experiment, three groups of participants (one child with autism and one child with
TD) were each given one session of cooperative play training. Each group participated
only once, the session consisted of two phases of play, and the duration was approxi-
mately 50 min. A researcher and a therapist were assigned to assist the children with
autism to discuss the cooperative strategies and ways to solve the levels in the game with
their peers. At the same time, the participation of each child with autism and the average
child was recorded by a camera, and the performance during the game was observed by
Micro-behaviors for video coding (MBV).

During the three groups of individual game training, the researcher extracted five
behavioral indicators from the MBV index as a way to observe whether the children
with autism had strengthened their abilities during asymmetrical VR collaborative play,
including (1) mutual attention; (2) meaningful conversation; (3) collaboration; (4) prox-
imity; and (5) turn taking. Based on these five indicators, researcherswere able to initially
assess the play status and performance of children with autism with their peers.

The researcher focused on the following aspects of asymmetrical VR collaborative
play through these five dimensions: (1) whether children with autism could seek assis-
tance from peers or researchers when they encountered difficulties and whether they
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Table 3. Role tasks and collaboration content assigned to different game parties

Target audience Role
definition

Game tasks Equipment used

1 Children with
autism

Facilitator (the giant) The task is to protect
the challenger (the little
boy), who is controlled
by the general children,
and help him to break
through the level

VR
+
head-mounted display

2 TD
children

Challenger (the little
boy)

The task is that the
challenger (the little
boy), who can roam
around the plane at will,
has a limited jumping
range, thus, they need
to work with the
facilitator (the giant) to
break through the level

Keyboard +
computer

could communicate with peers to find solutions, (2) whether children with autism could
continue to focus on the game and work with peers to address difficulties and solve
problems, (3) whether children with autism were able to engage in emotions and coop-
eratewith peers through non-verbal communication during training sessions, (4)whether
children with autism were able to cooperate and solve tasks with peers in asymmetrical
equipment and perspectives during training, and (5) whether children with autism were
able to role play and engage in emotions during play. By applying all of the above aspects,
this study evaluated whether asymmetrical VR collaborative games can stimulate and
increase the use of peer cooperation and oral communication in children with autism,
and thereby, enhance their ability to think differently and empathize.

4 Results

In this study, the researcher and therapist conducted game interactions and behavioral
observations with three children with autism and three TD children and recorded the
entire training process. The aim was to determine whether the asymmetrical VR collab-
orative game could strengthen the autistic children’s abilities in five areas: (1) mutual
attention; (2) meaningful conversation; (3) collaboration; (4) proximity; and (5) turn
taking.

In addition, this study evaluated the participation of three groups of participants
during gameplay and attempted to understand the reinforcement of the game mechanics
for children with autism in this area. A Likert type scale of 1–7 was used to evaluate
whether the asymmetrical VR collaborative game could strengthen the ability of children
with autism to concentrate on peer cooperation and oral communication to interact with
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their peers, where 1 indicates no such advantage and 7 indicates full compliance with
this advantage.

Based on the short-term play experiments and observations of the three groups of
participants, the performance of children with autism participating in asymmetrical VR
collaborative play was discussed with therapists. It is worth noting that the score did
not focus on whether the autistic children had improved ability changes after the game,
but rather on whether the autistic children had triggered the application, as well as the
application status, of their five abilities through the game mechanism. Thus, the data
presented below do not focus on how well the ability was or whether it helped children
with autism to improve their own abilities, but rather on whether asymmetrical VR
collaborative play can effectively initiate the use and performance of the ability.

Based on the game observations of the three groups of participating cases, the thera-
pists assigned the following performance scores for child reinforcement of asymmetrical
VR collaborative games:

(1) A score of 5.1 denotes that the Asymmetrical VR Collaborative game mechanism
will have the opportunity to strengthen the mutual attention of children with autism
(1 denotes being unable to strengthen the mutual attention and 7 denotes being able
to strengthen the mutual attention).

(2) A score of 6.2 denotes that the Asymmetrical VR Collaborative game mechanism
will have the opportunity to reinforcemeaning conversation for childrenwith autism
(1 denotes not reinforcing meaning conversation with peers and 7 denotes actively
reinforcing meaning conversation with peers).

(3) A score of 5.8 denotes that the Asymmetrical VR Collaborative game mechanism
will have the opportunity to strengthen the performance of children with autism
in collaborative training (1 denotes not strengthening collaborative play with peers
and 7 denotes strengthening collaborative play with peers during the game).

(4) A score of 5.9 denotes that the Asymmetrical VR Collaborative game mechanism
will have the opportunity to reinforce proximity for children with autism. (1 denotes
being unable to reinforce proximity and 7 denotes being able to reinforce proximity)

(5) A score of 5.2 denotes that the Asymmetrical VR Collaborative game mechanism
will have the opportunity to reinforce children with autism’s turn taking when role-
playing with virtual peers (1 denotes not being able to reinforce understanding of
the intentions conveyed by peers in role-playing, 7 denotes being able to reinforce
the intention of turn taking conveyed by peers in role-playing).

The results of this study reveal that children with autism would have the opportu-
nity to strengthen the abovementioned social orientations during the intervention using
asymmetrical VR collaborative play, as well as increasing the frequency and motivation
to engage in cooperative play and oral communication with peers; in addition, the train-
ing process showed that children with autism were perceived as joyful when engaging
with their peers.
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5 Discussion and Conclusion

Taken together, the use of asymmetrical VR collaborative games has been found to
be positive in enhancing the activation of peer cooperation and oral communication in
children with autism. As this study is a preliminary study, the learning effectiveness and
the magnitude of improvement are yet to be verified in further experiments. However,
we can still see from the three groups’ play activities that the children with autism
did increase their learning in (1) mutual attention; (2) meaningful conversation; (3)
collaboration; (4) proximity; and (5) turn taking, as a result of using the asymmetrical VR
collaborative game. These same orientations are the basis for enabling the development
of oral communication and social reciprocity behaviors, we, therefore, attribute such
performance and advantages to the following.

5.1 Asymmetrical VR Collaborative Games Are Useful for Increasing
Opportunities for Cooperative Play and Oral Communication Between
Children with Autism and Their Peers

The biggest advantage of asymmetric VR collaborative games lies in that it provides
a world between the virtual world and the physical realm for children with autism and
TD children. Through the asymmetrical visual conditions and functional limitations of
the game setting, both players are prompted to cooperate and communicate verbally
through different images and perspectives, in order to complete cooperative tasks to
achieve gameplay.

Based on performance during the game, when children with autism interact with TD
children in the game, they could see the operation status of both sides of the game through
the screen, and communicate and cooperate with each other through oral communication
to perform the task of breaking through the level, which includes the ability to judge
intentions and cooperate and coordinate. Although the game was not always smooth, it
was found that when children with autism encountered difficulties, they began to seek
the assistance of their peers to interact with the game; at the same time, both sides of the
game gradually established a tacit understanding of cooperation and became more fluid
in the subsequent game through the assistance of the therapist.

5.2 Virtual Characters in Asymmetrical Games Help Children with Autism
to Engage in Pretend Play

As the games were based on virtual characters as avatars, the role choices of autistic
children and TD children could enable both parties to understand that the tasks and scope
of action required to be performed by different characters were different, and then, they
recognized the situational tasks and storylines set under the disguised game. In this
way, they could establish game mechanisms and rules, and this process constitutes an
opportunity for children to learn social communication and interaction. It was evident
that such asymmetrical VR collaborative games can help children with autism to master
and integrate different game roles, and to use virtual doubles to think and role play.

This phenomenon was evident in the participation of children with autism in the
asymmetrical VR collaborative game. The developmental progression of the autistic
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participants in this study started from their lesser ability to communicate with peers and
directly perform tasks, to slowly mastering peer collaboration and oral communication
with peers after several play-guided sessions and therapist guidance, as well as imitating
the tone of voice when asked by peers and practicing their oral expression skills.

For example, the researchers found that children with autism understood the limita-
tions of the facilitator (the giant) through the differences in the identities of the surrogate
characters during play, and were able to effectively help the challenger (the little boy)
move on the stationary iron sheet, thus, the participants worked with each other to obtain
gold coins to pass the level. This result ensured that they could successfully engage in
trans-personal thinking and role playing through virtual characters, and clearly shows
that the asymmetrical VR collaborative game allows children with autism to maintain
their attention and interest in the game itself, and stimulates the participants’ ability to
initiate mutual support and trans-personal thinking.

In addition, since the three TD children played the role of co-players in the game
to guide the autistic children to complete the tasks through peer cooperation, and the
training strategy of the asymmetrical VR collaborative game was carried out in the form
of oral communication to achieve the training objectives, such game mechanism has
positive implications for helping autistic children to talk to others more easily during
future socialization.

5.3 Future Work

This study focused on whether the application of an asymmetrical VR collaboration
game has the opportunity to trigger the interaction mechanism of peer collaboration
and meaningful conversation in children with autism. It also constructed the concept of
collaboration between children with autism and their peers through the manipulation
of virtual doubles in the game, in order to understand the role transformation and task
performance of children with autism.

These playmechanisms and asymmetrical play strategies will deepen and strengthen
higher level cognitive skills, such as empathy and trans-personal thinking, starting from
the most basic social skills.

As a preliminary experimental exploration, this study was designed to determine
whether the use of this asymmetrical VR collaborative game by children with autism
and TD children was effective in activating the intrinsic social cognitive mechanisms
of children with autism. However, the time constraints of this study allowed only three
groups to be recruited and each group only received a single phase game interven-
tion, which made it difficult to definitively determine whether children with autism had
enhanced behavioral and social cognition. Therefore, future studies should adopt further
experimental and game designs to obtain more evidence-based findings and data.
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1 Introduction

On March 11, 2020, the WHO [1] confirmed the current pandemic situation due to
the incessant increase in cases related to Coronavirus-2 of the severe acute respiratory
syndrome COVID-19 (previously SARS-CoV-2 or 2019-nCoV). This forced the most
affected countries with a greater number of seriously ill people and high mortality to
develop social isolation measures to prevent the transmission of infections and deal with
the health crisis due to lack of resources in hospitals. In this stage, many countries made
the decision that millions of people isolate themselves in their homes, thus limiting the
freedom of movement. In addition, there was an increase in global gender and family
violence, as recent research has indicated (see, for example [2–4]), even more so, from
quarantine situations [5] in the current pandemic.

In this sense, it should also be remembered that all homes are not safe for women
and girls according to the UN [6]. In 2017, of the more than 87,000 women murdered,
intimate femicide occurred in about 35%1 and, in total, 58% were at the hands of their
partners or family members. In Spain, the data show alarming figures: In 2019, a total
of 55 intimate femicides were recorded, reaching a figure of 1,051 women murdered at
the hands of their partners or ex-partners between 2003 and April 2019 [8].

Some of the recent studies focus on various indicators of Gender-based violence
(GBV) related to the sociodemographic profile of the victim: For Boira et al. [9] and
other authors, the family is an analysis variable. More specifically, the presence of
children increases the perpetuation of the risk of GBV [10]. For Vyas and Watts [11]
and other authors, GBV is associated with the economic empowerment (or lack thereof;
dependency at various levels) of women. Other studies have included variables such as
socioeconomic level [12, 13], that is, educational level, low personal income [14] or
housing instability (both to obtain and maintain housing when living in a situation of
GBV) [15], among other investigations. Taken together, these authors offer important
information on the different sociodemographic variables related to GBV, in particular, to
GBV (see, for example, [16]). Although there is also a lack of studies in the exploration
of various categories (for example, age) related to the social isolation of women over
65 years in relation to GBV. This is precisely part of the Spanish socio-sanitary crisis
due to COVID-19, armed violence and wars. Therefore, it could be a key aspect of
GBV. In other words, the need for indicators and explanations from a psychosocial

1 Stoutdefines it as “the murder of women by intimate male partners” 7. Stout, K.D. Intimate
femicide: A national demographic overview. Journal of Interpersonal Violence 1991, 6, 476–
485, 10.1177/088626091006004006. In the same vein, it is defined by the WHO (2013:1) as
“Femicide committed by a current or former husband or lover is known as intimate femicide
or murder by the partner”.
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(sociological and psychological) approach and apparent Gender Peace (hereinafter GP)
is clear2, especially in older women [19].

In addition to social isolation as a global predictor of GBV, fear, anxiety and anger
towards the aggressor are considered excellent indicators of the victim’s own perception,
regardless of their sociodemographic profile or other social characteristics, and also in
the case of older women. In Spain, the victim’s fear of the aggressor is also the main
reason why victims postpone verbalizing, denouncing or informing about their situation,
requesting help from third parties or socio-psychosocial support or services. Similarly,
the fear experienced by the victims during the situation of violence is a factor that
cannot be easily evaluated in less severe or ambiguous situations of GBV [20] which
include other levels of emotions of learned helplessness, resignation, ostracism and
similar psychosocial effects.

This work aims to demonstrate that in the case of the confinement measure (and
post-social-health crisis) due to the pandemic (COVID-19) in Spain, there has been
greater social isolation on the part of victims of GBV, and even more so in the case
of vulnerable populations, such as older women, even more so in the case of disabil-
ity or dependency situation. In this context of crisis, there are underlying difficulties
in detecting the situation of violence, which could also lead to the emergence of new
cases of GBV and increase the existing one, especially in the event that the woman is
in a situation of dependence. In this line, it should be noted before the pandemic. It was
estimated that the world population would be severely affected by neurodegenerative
diseases, which mostly affects women and, as indicated by Weber and Clyne [21] dif-
ferently according to sex. By 2040, Parkinson’s [22] and Alzheimer’s [23]. Thus, other
similar neurodegenerative disorders will surpass cancer as the second most common
cause of death worldwide. In fact, the World Health Organization, among other entities
and authors, have recognized that these chronic diseases are one of the main causes of
the deterioration of public health in the world, causing an unstoppable increase in social
and health costs and care [24–27] being in turn one of the main conditions that cause
irreversible disability.

The pandemic has also caused a worsening of neurocognitive diseases from a disor-
der of thoughts and/or behavior (for example, depression, suicidal thoughts, alcoholism,
anxiety and impulsivity) [28]. The socio-spatial pandemic patterns have also acted as
an additive factor to comorbidity, increasing musculoskeletal diseases and disorders due
to reduced mobility and physical activity and, suffering from the disease or secondary

2 For Rye 17. Centeno, R. La paz y la igualdad entre los géneros: una relación indisoluble. espacio
abierto 2014, 23, 7–21. “Peace and gender equality must be understood as a continuous process
of seeking social justice.” From another perspective, the UN 18. UN. Peacebuilding. https://
www.un.org/peacebuilding/policy-issues-and-partnerships/policy/women. 2021. urges govern-
ments and the international community to invest in the political and economic participation of
women, as they are part of the consolidation of peace and are essential partners in underpinning
the three pillars of lasting peace: economic recovery, social cohesion and political legitimacy.
In this article, we also refer to this continuum and to the improvement of the processes, but seen
from the perspective of the women themselves to guarantee their own inner well-being with
themselves. Even more, living from a biopsychosocial and sustainable positivism and freed
from internal and external images and prejudices.

https://www.un.org/peacebuilding/policy-issues-and-partnerships/policy/women
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effects of COVID-19 and negative perception of health in groups with high mortal-
ity/vulnerability rate [29]. The worsening in people in a situation of treatment prior to
the pandemic, due to the interruption of specialized rehabilitation care, has also been
pointed out as another very negative effect [30]. All this highlights the need to make spe-
cial mention of adult and older women with disabilities or dependency, understanding
the vulnerability to GBV from these situations.

In this article, we start from the need to understand fear as an expression of anxiety,
stress or, in general, any emotion, as a result of learned helplessness, of the victims
towards their aggressor in order to define whether there may be a relationship between
fear and social isolation. Following this context, it is also analyzed whether in those
cases of social isolation (in particular, when the aggressor tries to prevent the woman
from relating to her family or relatives), the victim can lose her fear of her aggressor
(“plant them face”, rebel or attack), continuing in this way alsowith the spiral of violence
and even increasing the risk, compared to those who continue with fear and react early
to the situation. By summarizing, this article aims to expand the concept of GBV and
PG in adults and older women to show their vulnerability and invisibility, which would
contrast with the scenario of confinement in the socio-health crisis and, in contexts of
armed violence and wars.

2 Methods

A qualitative exploratory method was used through the discourses of different programs
and projects previous to theCOVID-19 and the current crisis (ENCAGE-CM,ENVACES
and ENCAGEn-CM3), extracted 118 documents (testimonies of previous speeches of
the LEDYEVA project were also exploited4) and 124 codes (generated from the previ-
ous scripts) and the following subcodes: “Gender violence” (714 discourses), “Lone-
liness” (178 discourses), “Abuse” (57 discourses), “Image” (182 discourses). Based
on these codes/variables, the relationship or co-occurrences were assessed, and the
citations/verbatims where codes/topics appeared more frequently were compared. The
interviews were completely transcribed and anonymized, before carrying out a content
analysis using the ATLAS.ti program (v8).

3 Results

It is confirmed from the discourses of/about older women that there is more vulnerability
compared to younger women and, even more so, in the case of disability on her part
or situations of dependency on the part of the aggressor, which makes them even more
invisible when it comes to GBV. It is observed that the situation is different than in
younger populations. There are also discourses that highlight that the treatment in the
profile cases of older women should be very different from that of young women and,
in part, it is due to the fact that gender differences and dependence (both economic and
psychosocial and relational) towards their partner is higher in adult and older women,
as can be seen from the discourse analysis of the different projects.

3 See https://encage-cm.es/.
4 See http://cuidadoresdemayores.blogspot.com/.

https://encage-cm.es/
http://cuidadoresdemayores.blogspot.com/
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[...] And of course! They are very vulnerable women, the older ones and they have
violence and such. And it is very complicated… [...] We also realized that this type
of violence has to do with, is linked to, that you are older, is linked to dependency,
getting older has to do with being more dependent, even in some or many cases
there may be a disability that can be mild, moderate or severe. [...] Interview with
CSO expert, EP_OSC_170504_JPC_V2.

[...] “…And I say to him, ‘why are you turning off the TV? let’s see, why do you
turn off the TV for me?’, ‘because yes, because what do you see there?’. And then
I got up again and turned it on, so he started with me... to hit me and well... [...]
.. and nothing, well, and I said: ‘what do you want? the closed window, well “it
will close”. And you don’t want to watch the TV, should I turn it off? Well, “turn it
off”’. And then he says ‘throw yourself out there’, that he’s going to throw me out
the window, that is, I’m going to leave him because… I’m going to get a divorce…
[...] GD1: 37, Andalusia.

It is also observed that expressions of fear (and related emotions: Anxiety, anger,
among others) appear when the abuse occurs and, in some way, tend to be more fre-
quent when there is more family isolation (and social isolation in general, from the
neighborhood and other close people).

[...] Well, she was a mistreated lady. With complaint from her husband. A lady
who lived under a bed because she closed herself out of fear. She had to withdraw
her complaint because of threats from her husband. I mean, I mean, supposedly
they had given him one…. one of removal, but she removed it in the face of his
threats, but they had to live in the same house. So she only went out to eat [...]
Expert interview, EP_INS_170405_TB2_V2.

[...] the social worker gets in touch, she starts talking to her, she starts talking
to her husband, we have annulled it, we already put the police device within her
reach... hey, it seems that this fear is already and that beating or that fear he had
that he was going to hit him, that has already dissipated and the man, as they told
me yesterday, has become afraid and the woman threatens him, says “if you do
something to me, I’ll go and tell the center for older people”, and it seems that he
has taken fear. [...] Interviewwith institutional expert, EP_INS_170404_HS1_V2.

Another aspect linked to the phenomenon of isolation in older women seems to be
related to aging depending on the socio-spatial environment (rural or urban environ-
ment) where it occurs. However, some discourses comment that there are hardly any
differences, that isolation and “feeling like a prisoner” (that is, helpless or trapped) in
one’s own home can occur in any environment. In this sense, getting out of the situation
of violence can become more difficult both in cities and in rural areas: in cities due to
greater isolation and less contact with the neighborhood and social due to the greater
population or demographic density. that makes social relations difficult, in some cases
and, in rural settings, due to the lack of proximity of services to report.

[...] I think that perhaps aging in the towns is different, and then here in the city
there is a lot of isolation of older people [...] we touch on the issue of violence
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without saying that it is violence than in the towns You don’t know either that
it’s very difficult to deal with this issue [...] because in rural areas the problem is
terrible [...] Interview with a CSO expert, EP_OSC_170512_NA_V2.

[...] the rural environment that is most needed, you know, is an environment that is
always smaller, always more masculinized, I don’t know if it is more sexist than the
urban one, which we still have here as well, but well, it is more closed and everyone
knows each other with which everything is always more complicated. Everything
is more complicated, from going to report a case of violence, everything is more
difficult, right? [...] In-depth interviewwith an expert, EP_OSC_170512_NA_V2.

From another perspective and, coinciding with the questionnaire, older women are
exposed to any type of violence, including those forms that are more invisible in the
case of older women, such as sexual violence. In any case, any situation of violence
produces, at all levels, a high psycho-emotional wear and tear to which women become
accustomed and show their apparent GP. In addition, some discourses show that the
aggressor, on occasions, is not only the partner, but also the one exercised by children,
caregivers at home or in residences and transversally, from the dependent person to the
female caregiver. For example, it is worth mentioning in the current pandemic situation,

[...] although it seems that the issue of sexual violence in these ages does not exist,
it continues to exist. Even in the field of institutions there have been cases, people
who were in the care and charge of these people and have sexually assaulted
them [...] Rape of women as at any other age. Sight. Gender violence of course.
Hey. [Long pause] sexual violence, psychological violence, economic violence
and, furthermore, this violence was carried out by different, let’s say, people. In
the case of gender violence, of course by the couple, but also, there is domestic
violence... Which is exercised by the sons or daughters. Mainly by the male child
[...] Interview with OSC expert, EP_OSC_170504_JPC_V2.

[...] Yes, and they have phases, according to age, according to personality... [...]
And depending on the day he cries, he gets angry [...] Some men become violent.
[...] Look, what I can say about this is that it is not easy at all. No, it’s not easy
at all. This is horrible. The only thing that happens is that you have gotten used
to it but you have to go through it. It is not easy under any circumstances. [...]
GD5:12, Valencian Community.

Finally, it should be noted that there is currently a technological development poten-
tial both for the care of people in situations of vulnerability, disability and dependency,
as well as for the treatment of the possible disease or chronicity, which can be used as a
double path in the joint design of solutions to maintain GP in adult and older women.

4 Discussion

This article mainly confirms that social isolation can be a key factor in GBV and GP
previous, the socio-sanitary crisis of COVID-19 in the case of adult and older women,
even more so in the case of a situation of disability or dependency. This coincides with
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the fact that, in Spain, the data that has been known since the COVID-19 quarantine of
thousands of families has meant, in itself, a slight increase in calls from women to the
emergency number and also, an increase in cases not reported by victims due to the over
control of the aggressors over their victimsduring the days of confinement,whichhas also
produced multiple difficulties in the intervention [31–33]. Following this context, and
although they do not focus on adult and older women only, it is worth mentioning Farris
and Fenaughty [34] who examined the association between social isolation, domestic
violence, and drug and substance dependence among users. Their study shows that there
is a representative association of probability of having been physically abused by their
most recent sexual partners in those women who reported being in a situation of social
isolation. Also noteworthy is the study by Lanier and Maume [35] who analyzed social
isolation in rural and urban spaces, where it stands out that rural women with support
from family and/or friends may be less exposed to the risks of gender-based violence
than those who do not have social support. In the same way, it is shown in this article
that there are situations of violence (although there is an apparent image of peace) in
socio-spatial environments with few resources and support beyond the family, from the
public, associative, neighborhood or from CSOs, civil society organizations or the third
sector) in the older women. Inversely, the availability of aid resources can empower older
women to help them get out of the situation of violence. At the other extreme, they find
older women leaders, who would be the ideal, the paradigm and social image of greater
peace and gender equality at these ages. This was discussed and proposed to expand and
make more visible these profiles of female leadership treated in other studies (see for
example [36–38]).

In the same sense and more recently, it is worth mentioning Rivas Rivero et al.[39],
who emphasize that social support is an effective measure to break the cycle of gender
violence or Benavides et al. (2019) who found that women from Lima with greater
contacts or social ties in their neighborhood were also less exposed to gender-based
violence. In Spain, researches with this same perspective also stand out, although they
also do so without the generational approach and without specifying the situation of
adult and older women. For example, the Cruz Roja Española [40] conducted a study on
gender violence in order to improve Atenpro’s service. The report highlights isolation as
a key factor in GBV and, according to the data reported in the document, the 80.5% of
the victims treated during 2016, could not relate to their family. In short, the fact that the
aggressor takes her away from her relatives can be decisive and negatively affect GBV,
evenmore so when he is linked to highly vulnerable groups, as in the case of womenwith
disabilities [41] or older women [42] which coincides with some testimonies presented
in this article. This article is limited to a certain number of analyzes of women obtained
from secondary data. In a future analysis, it could be useful to use our own questionnaire
based on the database of this article and carry out an analysis by age groups, which could
be of interest in future research.

On the other hand, this article also confirms that adult and older women continue to
be a vulnerable, forgotten and stereotyped population group [43], which also affects and
increases the situations of GBV [44]. Aging is a process where women are more subject
to stereotypes and social image pressures [45], which leads to the violence chronicity
[46], even more so in situations of disability [47, 48]) or dependency. Moreover, GBV is
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assimilated by the victims, which triggers the normalization of the situation of violence
or, on the contrary, the increase in fear of the aggressor. Also, especially in the majors,
the increase or fall in “learned helplessness” (in terms of Seligman and later authors),
or resignation (admitting and normalizing once again the process of violence for not
being able to get out of it, to protect other family members who are threatened by the
aggressor, the fear of further reprisals and other consequences or, of being killed) and,
in short, an apparent GP that hides different types of violence, not only by gender. For
all this, social isolation is also increasing gender-based violence in older women and,
in extreme cases, loneliness at these ages (living alone, women especially) has caused
them to die unaccompanied not only in hospitals from COVID-19, but also there are
and have been deaths in their homes during confinement, which is a topic that could
be addressed in future research and on a gender perspective from the opportunities of
technologies. In this way, it is also interesting to mention the double effect that can be
considered in the use of technology in adult and older women in a situation of disability
or dependency what are they coming integrating since the pandemic.

For example, it is worthmentioning the use of technologies connected to the Internet,
such as video calls, online healthcare or online shopping [49], just like him the possible
use of social robots [50, 51] and used for the affective human-robot interaction [52], new
generation robots based on cyber-physical systems5 [53], eHealth medical devices for
home monitoring [54], including telerehabilitation exoskeletons [55], support devices
such as EGARA [56], the neural interface for the rehabilitation of sensory and motor
functions in people affected by stroke and spinal cord injury [57], the neuroprosthesis
for stimulation in the case of suffering from certain neurodegenerative diseases [58], but
also for blindness [59, 60], and cortical microelectrode arrays [61] that could serve as
support in cases of disability and dependency for care [62], treatment, social and health
control, but also for the maintenance of the GP in the women what they already have the
same.

From another sense, Parlalis et al. [63] mention that the fear of the reaction of the
perpetrator/aggressor is one of the common causes for not informing or denouncing the
episode of violence, which constitutes the first limitation of this article, since the fear
of the reaction of the aggressor has not been proven, but “the perception of fear” by
women. Another of the limitations is related to the fact that only three forms (physical,
sexual and psycho-emotional) of the multiple forms of GBV are considered. Even so, a
second questionnaire could be used that uses more forms of violence, and even subtypes
related to what is not related to “good treatment of older women” in order to expand and
further detail the classification and understanding of violence into the different forms of
GBV.

It is worth mentioning that in all the models a response of fear is observed in the
face of the different forms of physical and psycho-emotional violence, while sexual
violence hardly suggests a correlation with the perception of fear in women, although
it is mentioned in some of the discourses of the analysis qualitative - which confirms
that qualitative techniques are usually more suitable for more personal and intimate
problems to emerge -. Sexual violence can also be interpreted in relation to previous

5 Cyber-physical systems are based on devices controlled and/or monitored by algorithms and
integrated with the Internet.
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studies, which point to vulnerability and re-victimization in sexual assaults. From the
older women, DeLorey and Wolf [64] suggested the difficulty in clinical identification
and the need to include measures such as the promotion of safer environments and
advice on potential vulnerability to prevent sexual violence, which is also collected more
recently by Nobels et al. [65] declaring that the fact of getting older does not exonerate
them from exposure to the risk of sexual violence and they should, therefore, also be
considered as women with specific vulnerabilities and risks of sexual victimization. This
also explains the justification and minimization of the incident by the victim [66]. From
another perspective, the importance of the absence of significant results in the case of
the sexual violence variables coincides with the arguments of the GBV normalization
process of the reactivity itself (and less sensitivity) of the quantitative techniques, and
even more, in the case of older women. In relation to this, older women are questioned,
they cannot be raped, they are not considered attractive and the disgusting rejection
of expressions such as “no longer having sexual attractiveness or to be raped” that is
observed in some “sexist jokes and ageist” who reinforce the negative stereotype of
asexuals. Following Gerger et al. [67] and Megías et al. [68], acceptance of the rape
myth could act as a fear or anxiety buffer to reduce vulnerability to sexual assault.
Also, research related to the study of emotions could facilitate the understanding of
these situations and propose programs for change, greater awareness and detection of
emotions to rationalize and denounce them, and not only aimed at young people but also
at older people, at all stages of life. life and the resocialization process [44] in GBV for
greater peace and real gender equality, not only apparent or for certain generations and
life stages.

Although the perception of risk and fear in GBV are not the same concepts, they are
connected [69] through the different forms of violence that can produce a panic situation
in the victim. Resilient GBV survivors develop an anticipatory sense of constant fear
that increases perception of injury risk [70]. Previous studies have identified a line of
gradations of severity in the maximum risk, where the basic forms of violence (physical
and sexual violence) are considered the main elements of analysis (see for example, [71,
72]), although they are not, generally, the first violence perceived, since the most basic
are the psychological ones (social, or economic, which we have already alluded to),
although the psychological ones remain in an invisible and less detectable spectrum and
in which various emotions they flow in an unregulated way, that is, without emotional
awareness. For Bliton et al. [73], emotional regulation deficits also suggest perpetration
of GBV. All this, together with the desire for a social image that does not show the
problems before society (not appearing to be a failure as a couple or family, depending
on their husband, resisting for their children and the shame of “what they will say”,
among other arguments).In the case of the older ones, it is perceived too late to change,
which means that the situation of violence is kept hidden for a longer time or a situation
of isolation is produced in the victim, even more so if it is a question of violence in adults
and older women - in supposed “peace” and gender equality -.

Indeed, older women are largely forgotten and invisible in GBV, and are also sus-
ceptible to a lack of social support ([74], among others) and also to social isolation
as confirmed in this article and therefore, the proposal to refer to the apparent GP at
these ages. The socio-sanitary crisis is offering very problematic social situations in this
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country (i.e. nursing homes) that contrast with other images that are observed (or do
not even appear) of older women: in silence, in peace (without violence, apparently),
helping in the domestic and family space, where care appears in the first stage, where
older women are active but defenseless. With this, the current context of the pandemic
and, despite the scarcity of current results, presupposes an increase in cases of GBV,
which will probably be invisible to society in the case of older women. As has been
confirmed, the severity could be more impressive in the case of women in a situation of
dependency or disability, for example, in the case of neurodegenerative diseases.

In short, this article confirms adult and older women - who are usually the most
dependent due to their socialization in the naturalization of violence and, in particular,
thosewho have fewer support resources - are defenseless.Moreover, they aremore afraid
and there is an imminent risk. Their situation is only an apparent GP - there are fewer
complaints and the victims live in silence - because the violence in its different faces
persists, although this social image or data on women in these stages is not available
vital. For this reason, they continue to be in need of support and socio-political and
psychosocial attention. Furthermore, the development or technologies and systems could
contribute to reducing this key problem. In this sense, a technological approach with a
gender perspective would be one of help and reference to achieve the GP of adult and
older women, especially in disability, dependency, violence and crisis situations.
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