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Foreword

Human-Computer Interaction (HCI) is acquiring an ever-increasing scientific and
industrial importance, and 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 23rd International Conference on Human-Computer Interaction, HCI Interna-
tional 2021 (HCII 2021), was planned to be held at the Washington Hilton Hotel,
Washington DC, USA, during July 24-29, 2021. Due to the COVID-19 pandemic and
with everyone’s health and safety in mind, HCII 2021 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 5222 individuals from academia, research institutes, industry, and gov-
ernmental agencies from 81 countries submitted contributions, and 1276 papers and
241 posters were included in the proceedings to appear just before the start of the
conference. The contributions thoroughly cover the entire field of HCI, 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 the most 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 2021 - 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 2021 - Late Breaking Posters’ volumes to be published in
the Springer CCIS series.

The present volume contains papers submitted and presented in the context of the
7th International Conference on Human Aspects of IT for the Aged Population (ITAP
2021) affiliated conference to HCII 2021. I would like to thank the Co-chairs, Qin Gao
and Jia Zhou, for their invaluable contribution in its organization and the preparation
of the Proceedings, as well as the members of the program board for their contributions
and support. This year, the ITAP affiliated conference has focused on topics related to
designing for and with older users, technology acceptance and user experience of older
users, use of social media and games by the aging population, as well as applications
supporting health, wellbeing, communication, social participation and everyday
activities.



vi Foreword

I would also like to thank the Program Board Chairs and the members of the
Program Boards of all thematic areas and affiliated conferences for their contribution
towards the highest scientific quality and overall success of the HCI International 2021
conference.

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 Abbas Moallem, Communications Chair and Editor of HCI Interna-
tional News.

July 2021 Constantine Stephanidis
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EPCE: 18th International Conference on Engineering Psychology and Cognitive
Ergonomics
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Elderly, ICTs and Qualitative Research: Some
Methodological Reflections

Simone Carlo®™ and Francesco Bonifacio

Universita Cattolica del Sacro Cuore, Milan, Italy
{simone.carlo, francesco.bonifacio}@unicatt.it

Abstract. The study of the use of media by the elderly has been producing an
ever-increasing number of social researches. ICTs are seen by many as tools for a
more actively facing ageing processes. Moreover, due to the reduction of the age-
related digital divide, older adults represent an interesting type of users. From this
standpoint, social researchers have been increasingly investigating older adults’
uses and non-uses of ICTs, both with quantitative and qualitative methods, online
and offline tools.

Starting from the presentation of three empirical studies carried out by the
Universita Cattolica del Sacro Cuore (Italy) between 2013 and 2020, the follow-
ing paper aims to reflect on limits and opportunities offered by different research
designs in this field of studies. To this purpose, we provide an overview on methods
adopted in order to grasp the relationship between the elderly and technologies
in complex and articulated social contexts. Furthermore, we will reflect on future
lines of inquiry in this field of research, advocating for a greater interdisciplinarity
in ageing studies as well as underlining the benefits offered by ethnographic meth-
ods and overall qualitative research. Finally, we sketch potential issues referring
to the future of empirical research on the elderly in the upcoming years of the
post-pandemic era.

Keywords: Elderly - Methods - ICTs - Domestication - Research design

1 Introduction and Objectives

The ageing of society raises serious challenges in terms of social sustainability, which
concerns politics and public health but also families and caregivers [1]. From a policy-
oriented perspective, ICTs are expected to reduce the welfare spending due to ageing
processes, and to improve older adults’ social inclusion [2]. Still, while the increasing
digitisation of care is portrayed as a source of opportunities, it also entails critical issues,
especially for older adults who are not adequately equipped and trained to use digital
devices [3]. From this standpoint, understanding the current state of ICTs (Information
Communication Technologies) domestication by older adults and their concrete uses of
digital technologies has become crucial [4]. Many studies have addressed these issues,
adopting both quantitative (statistical, demographic, etc.) and qualitative methods; the
latter are the focal point of this paper. Studies oriented toward the development of
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products and services dedicated to older adults tend to include them into the research
design, together with doctors and caregivers [5, 6]. Others employ methods to engage
elderly people more effectively [7]. Drawing on participatory research designs, such
studies consider the active inclusion of older adults as the best way to fully explore
their difficulties in adopting ICTs in their daily life [8, 9]. Many studies follow this
direction, using various methods such as interviews [10], focus groups, ethnographies
[11], or more holistic multi-methodological approaches [12]. In particular, ethnographic
and qualitative interviews seem useful to investigate older adults’ everyday life, and to
explore the “taken for granted”” knowledge related to ordinary ICTs-based practices [13].
In order to rationalise some methodological issues concerning the growing literature in
this field of research, this paper provides a comparative summa of the empirical results
obtained by using various approaches.

Starting from the presentation of three studies carried out by the Universita Cat-
tolica del Sacro Cuore (Italy) between 2013 and 2020, the paper presents limits and
opportunities of different methodological approaches applied to the study of the use of
ICT by senior citizens. To this purpose, we will reflect on broader differences between
qualitative and quantitative designs of research. We will focus on different strategies of
recruitment in terms of openness and flexibility of the research design, critically address-
ing the researcher’s position. We will discuss the intertwined relationship between the
construction of the research object and its empirical investigation, stressing the contin-
gent efficacy of various methodological tools. Furthermore, we will reflect on future
lines of inquiry in this field of research, advocating for a greater interdisciplinarity in
ageing studies as well as remarking the benefits offered by ethnographic methods and
overall qualitative research. Finally, we will sketch potential issues referring to the future
of empirical research on the elderly in the upcoming years of the post-pandemic era,
paying particular attention to context-related issues (e.g. the role of domestic settings of
research).

2 The Combination of Quantitative and Qualitative Research:
Active Ageing and the Role of ICTs (2013-2014)

AGE GROUP 65+

SAMPLING Probabilistic+non-probabilistic

DATA COLLECTION | Structured interviews+Ethnographic observations and Biographical
interviews

2.1 Structure of the General Research

The first research whose methodological structure we want to illustrate took place in the
years 2013-2014.

As part of a wider research project regarding Italian adult generations, a multi-
disciplinary team from Universita Cattolica del Sacro Cuore (Milan, Italy) composed
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by sociologists, psychologists, media and communication experts and demographers
launched a complex investigation combining the generational approach with media use
analysis.

The research, entitled “I don’t want to be inactive: the lengthening of life, a chal-
lenge for generations, an opportunity for the society”, lasted two years and investigated
the opportunities offered by life lengthening according to an active ageing perspec-
tive. It consists of a survey and several researches conducted by using qualitative and
ethnographic methods.

2.2 Quantitative Research

The survey was conducted (between December 2013 and January 2014) through face-
to-face questionnaires administered to a statistically representative national sample of
900 Italian seniors aged between 65 and 74 years old (selected by using a random and
proportional criterion stratified by region and by the size of place of residence, built in
two-stage sampling).

The sample was extracted from the electoral lists of 91 municipalities for a total
of 1600 elderly people between 65 and 74 years of age, after having carried out a
stratification of the reference population by region and by size of the municipality of
residence. The selection of such a large number was made necessary by the constraints
of non-replacement of the sample imposed by the methodology itself, also taking into
consideration cases of refusal of the interview, wrong address, unavailability or illness.
At the end of the sampling process, it was possible to obtain a sample of 900 units (Error
sample: 3%; confidence error: 0.05%).

As mentioned, for the sampling process we chose to build the sampling lists start-
ing from the electoral lists, in line with a consolidated tradition in quantitative research
processes [14]. In Italy, electoral constituency represents the only source accessible to
universities and research institutes that safely guarantees a full coverage of the country.
In this case, however, the reference population was made up of the elderly who had
the right to vote and not of the senior population present on the territory. Other solu-
tions were discarded as less rigorous from a methodological point of view, although
the limit remained of not being able to know the opinion of foreigners, largely absent
from the electoral lists due to the existing restrictions to the right of passive and active
electorate (also local) for non-Italian citizens. This limit, which is extremely serious in
case of researches involving groups of younger age (among which the percentage of for-
eigner non-voting resident is high), has a lesser impact when the research concerns the
elderly. The number of foreign seniors present in Italy is so modest! that their exclusion
is methodologically insignificant in the case of a quantitative research on representa-
tive samples. Given the narrowness of the reference group [15], opinions, values, and
experiences of foreign elderly residing in Italy can be effectively investigated even with
non-probabilistic samplings.

The questionnaire collected data such as information about family and intergener-
ational relationships (size of personal network), health status, leisure time and cultural

! The number of foreigners over 60 represents 8.8% of the total number of foreigners residing in
Italy [14].
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consumption, use of new technologies, any past or present connection to the business
world, participation to any kind of voluntary or socio-political activities, the reaction
to the current economic and financial crisis, social capital and social solidarity, family
network and friendship (forms of exchange and support), orientation toward intergener-
ational relationships such as fairness between generations, values, representation of the
elderly condition, and finally the economic status of respondents.

As regards media use by the younger elderly the questionnaire aimed to investigate
technological devices, time spent and preferred time for using PCs and the Internet, ways
to implement said use, types of activities carried out while doing so, manners of learning
how to use PCs, online services and the Internet, reasons for using the Internet, use of
and attitudes toward health technologies.

The questionnaire was very long and dense, so it was decided to discard the hypoth-
esis of a CATI but rather to administer the questionnaire to the participants’ homes.
To do this, a partner company was activated in the cities included in the sample. Their
team was responsible for going directly door-to-door (without notice, landline numbers
not having been provided) in order to either carry out the interview or to make a later
appointment.

Despite the use of local operators with a great knowledge of both the territory and the
resident families, the level of refusal was high (900 interviews completed against a total
of 1600 contacts made). As regards the interviews, given their large number the central
research team did not have the opportunity to properly supervise their management:
unfortunately this remains a very strong limit of quantitative research, made even more
evident in the case of a research concerning the elderly, where the delicate nature of
the sample and the general difficulty in training all the interviewers in the area in depth
represent a challenge.

A second important limit is the impossibility of collecting data on the daily and social
contexts in which the research is carried out: possible observations and notes on the over
900 houses visited have been absent. On this last point, the possibility of a questionnaire
to be filled out by the interviewees about their experience could be a good strategy to
retrieve useful information for research.

2.3 Qualitative Research: In-Depth Interviews

Starting from the results of the questionnaire, OssCom then carried out, in May 2014,
20 unstructured and in-depth interviews with older people aged 65-74, all ICTs users.
In the second part of the research we investigated how media and ICTs consumption
is spatially and temporally located and how these media uses and routines are shared
within the household and are enabled by processes of domestication [16]. The interviews
aimed to understand the moral economies of the household and the processes of use and
symbolic appropriation of media and ICTs in the everyday family life. The interviews
were held within the residential areas of the interviewees in order to better investigate
the size of domestic contexts, in coherence with the theoretical and methodological
approach of studies on the domestication of media and ICTs and in continuity with
previous research in the field of media studies and the elderly [17].

The sample was chosen based on family income, age of the elderly, family
composition, geographical context (big or small city of northern Italy).
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The finding of the subjects to be interviewed was carried out through a specialised
marketing and research company. At the end of the interview, the interviewees received
a gift voucher worth €40. The selection of elderly people previously included in lists of
subjects interested in being interviewed has:

e made the retrieval quick (all 20 subjects were found in 15 days) in 15 days

e ensured accuracy and seriousness in the interviewees, in the management of
appointments, in schedule, in communication

e made the procurement company “guarantor” of both the seriousness of the partici-
pants and the truthfulness of the personal information provided (age, technological
equipment, habits of use, family unit composition); the interviewers, thanks to their
legitimacy, were able to access without resistance and with the maximum serenity and
freedom of movement the homes of the elderly

The use of a procurement company has also shown some limits:

e in some cases a certain “artificiality”” or “professionalism” emerged in the responses
of the elderly, being the interviewers subjects with an already established experience
in research and/or marketing interviews and who in some situations seem to have
given the answer they thought was “right” and that they thought the researcher would
like to receive

e in some cases the elderly felt the urge to appear more passionate than they actually
were about digital means, as if to show to the reference company and to the interviewer
that they had deserved to be picked in a search for “digital elderly”

e presumably the elderly in contact with procurement companies showed a higher level
of education, income and social capital than the elderly outside these networks, and
this represents a very risky bias

As regards the way the interviews were led, the ethnographic approach and the
domestic context allowed a positive relationship to be built between the elderly
interviewed and the (young) interviewer.

As emphasized by Hammersley and Atkinson [18], listening, observing, and gather-
ing the greatest amount of information about the daily life of the elderly and the context
of their responses is fundamental for understanding the world of the respondents. Dis-
cursiveness, i.e. the narrative construction of one’s own biography (on the use of the
media) is an essential element in the research activity.

Even with the limitations entailed by the “professionalised” context of the retrieval
and interview process, the research made possible to enter the “world” of the elderly
participants as opposed to just listen to their words. Obviously, as Manderson et al. [19]
suggest, the more “intense” the relationship becomes, the more the interviewer’s age,
gender and social class is involved in influencing said relationship. In truth, the use of
young interviewers would seem to have facilitated the establishment of a relationship of
confidence similar to that of grandfather-grandchild, where the elderly felt less judged
about certain behaviours considered in a negative light (for example laziness, the fault
of not being “active seniors”) and at the same time more open to confessing to some
technical difficulties experienced when using ICTs. The in-depth interviews offered



8 S. Carlo and F. Bonifacio

the opportunity to better understand the contexts of use of digital media. Thanks to
the exploratory opportunity provided by the ethnographic survey, unexpected themes
and elements emerged during the interview in comparison to those outlined during the
quantitative phase and the questionnaire: the risks associated with the use of ICTs,
the difficulties that have brought ICTs into family and couple life, in some cases the
perception of the worst aspects of everyday life after the adoption of ICTs. It is as if
the connection created between interviewer and interviewee had offered the opportunity
to go beyond the rhetorical discourses on the positive impact of ICTs in people’s daily
lives, and to better investigate the hurdles linked to an innovation that is not necessarily
the bearer of positive news.

In order to study the computer skills and online activities of the subjects, the interview
checked the availability to the interviewee of computer and smartphone possessed, used
under the interviewer’s supervision and observation. However, this type of sessions
proved to be somehow “unnatural”. Sometime they favoured the emergence of a “non-
equal” power relationship between the elderly (generally with lower digital skills) and
the researcher [20]. The interviewer placed himself in a position of power (thanks to the
greater technical skills owned) with respect to the elderly, who in some cases felt that their
ability to use technologies, their choice of services used and the contents enjoyed were
“under judgment”. For example, in the interviews there were no references to the use of
questionable contents (sex, eroticism, vulgar videos, gambling) that other quantitative
researches have highlighted as being important also for the elderly users.

Finally, the study of domestic contexts allowed the collection of interesting ethno-
graphic notes on the organisation of spaces, which were useful for a classification of the
houses and the rethinking of the interior with respect to the presence in the domestic
nucleus of ICTs (Figs. 1 and 2).

Fig. 1. “When I use it I put it on the kitchen table, the rest of the time I have made space in a
cupboard that has become a sort of workstation, complete with printer, modems and paper, so
when I close it you can’t see anything and my wife doesn’t complain.” (M, 70, GC)
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Fig. 2. “Cleaning up, I leave the second tablecloth on so that I put the computer on top of it and
I don’t scratch the table.” (F, 72, PC).

The relationship of confidence created during the interview between interviewer and
interviewee made it possible to access, even with a certain simplicity, the elderly’s online
social network: the interviewee ended up offering an exchange of contacts on Facebook,
thus providing the opportunity, not foreseen first and therefore unexpected, to conduct
a post-interview web ethnography. The web ethnography of the elderly’s social profiles
added further interesting data and elements for the researchers that helped contextualize
the profile of the elderly investigated. On the latter point, however, an ethical doubt
remains: the trust received during the interview is transformed into a bond of friendship
(albeit virtual) created with the aim of adding a piece of investigation and research
not previously agreed upon and lacking clear boundaries [21]. This is a recurring ethical
dilemma related to shadowing researches which in particular arises in the studies focused
on users, like the elderly, with low digital skills and a limited awareness of the risks
associated with the use of social media (such as those related to privacy or the sharing
of sensitive information) [22].

MAIN INSIGHTS

The mix of quantitative and qualitative methods allows to study both the macro and micro
context

Professional recruitment (qualitative part) saved time. Yet, it found subjects accustomed to
being interviewed by researchers

Ethnographic observations give access to the immediacy of older adults’ house and daily life
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3 An International Qualitative Research: Grannies on the Net
(2017)

AGE GROUP 65+
SAMPLING Non-probabilistic
DATA COLLECTION | Focus groups

3.1 The General Research Structure

The second research whose methodological structure we want to illustrate took place in
2017 in Milan (Italy). The “Understanding the Role of Internet Communication Tech-
nologies (ICTs) in Family Relationships with Grandparents” project aimed to under-
stand how grandmothers use Facebook and digital devices (computers, laptops, tablets,
smartphones).

A crucial importance was given to the role played by the intergenerational and
intragenerational relations in shaping the media use and the learning style of the elderly.
This research wanted to specifically investigate:

e The relationships supposedly in place between the grandmothers and the chil-
dren/grandchildren, with the aim of understanding the dynamics involved in their
intergenerational exchange and how grandmothers experience the use of Internet as a
tool to facilitate the communication with younger family members.

e The possible existing relationships between the grandmothers and their friends, with
the aim of understanding the dynamics surrounding intergenerational and intragener-
ational exchange, and how grandmothers experience the use of Internet as a tool for
communication and entertainment and leisure activities with friends.

Researchers implemented the project in collaboration with an international network
of professionals (from Canada, Romania, Peru, Israel, Italy, Spain, and Colombia) coor-
dinated by Shannon Hebblethwaite at the Department of Applied Human Sciences of
Concordia University, Montreal, Canada. The research was funded by the Social Sciences
and Humanities Research Council of Canada and by the centres of research/departments
participating in the network (for Italy OssCom — the research centre on media and
communication of Universita Cattolica).

The coordination saw the sharing of research objectives, research protocols, retrieval
processes, gatherings from the focus groups and finally analysis protocols.

3.2 Qualitative Research: Focus Groups

For the aforementioned research, the focus group was considered to be the most suitable
tool in order to reach the predetermined cognitive objectives. The use of this method
allowed the researchers “to observe a large amount of interaction on a topic in a limited
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period of time” [23] and to experience the participants’ natural vocabulary on the topic.
Interaction, one of the most distinctive features of this method, is important, as it leads
to “a relatively spontaneous response” and produces a “fairly high level of participant
involvement” [23, p. 10]. The “friendliness” of this methodology with respect to its
participants, “who typically enjoy their interactions together” [23, p. 18], also makes it
particularly suitable for the specific age group taken into consideration. Moreover, the
focus group method activates social interactions that stress shared experiences and allow
mutual recognition among members of the same generation.

Data were collected through four focus groups - each lasting approximately 2 h -
that took place in February and March 2017 in Milan, Italy.

We recruited 28 Italian women, first via a snowball approach through acquaintances
and then in collaboration with two local associations of the elderly. In particular, along the
process of finding and selecting possible participants, we culled participants from Milan’s
University of the Third Age and from a leisure association (attended not exclusively by
the elderly) based in a suburban neighbourhood of Milan.

The researchers organised information sessions during the activities of the associa-
tion’s Milan’s University of the Third Age in order to promote the initiative. Throughout
these sessions, the elderly’s adhesions were collected and contact details were gathered
for any prospective subsequent adhesions.

The involvement of such associations was very efficient in terms of reaching and
informing a large number of elderly people in the shortest time possible. On the other
hand, however, it mixed in the research elderly people with an atypical profile, char-
acterised by high social, cultural and economic capital (see below). In general, the
snowball sampling has collected the adhesion of very similar profiles of elderly people,
all expressing a strong homophilia, often belonging to the same social context (if not
explicitly acquaintances and friends): the non-probabilistic sampling does obviously not
aim to represent the entire variety of the elderly population, but a certain heterogeneity
would be considered necessary. To foster the latter, it was decided to reach out to two
associations with profoundly different characteristics: the University of the Third Age
based in the city centre of Milan and a neighbourhood association located in the outskirts
of the same city. The subjects thus found were then combined within the focus groups.

We prepared the way for the focus group with brief telephone calls between each
elderly participant and one of the researchers. The purpose of these calls was to have prior
knowledge of the grandmother in question and to check — through a closed questionnaire
— if she had the characteristics (age, family situation, computer skills) required in order
to be part of the focus group. Selection criteria were: being 65 years of age or older, a
grandmother and a frequent user (at least twice a week) of at least one digital device
among the following: computer, laptop, tablet, and smartphone. Participants were born
between 1936 and 1952 (the average age was 72, with a minimum of 65 and a maximum
of 81) and all resided in Milan; for the majority, they acknowledged their daily use of
either desktop or laptop computers, as well as smartphones. On the whole, the sample
turned out to be very homogeneous, made up of well-educated middle and middle-upper
class women. Most of them were involved in community activities around Milan. This
peculiarity of the sample was not the result of a particular selection in the recruitment
phase, during which no restriction was placed on socioeconomic or sociocultural status.
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The researchers rather considered this uniformity as the consequence of the spread of
ICTs among older women in Italy, which, as we have previously seen [24], still tends
to favour people with a high economic, cultural, and social standing. Therefore, the
members of the focus group show characteristics that are consistent with the relatively
small and privileged segment of older female ICTs users in Italy, being thus very relevant
in order to understand their appropriation dynamics.

We organised two focus groups at the University and two others at the associations.
The University meetings were carried out in a more formal environment than the asso-
ciations’ ones; nevertheless, no substantial differences emerged in the management and
trend of the focuses. The chatting progressing at a natural pace and a certain inclination
in the “grandmothers” for speaking and narrating made the conversations extremely fluid
and all participants, even if with due differences, actively contributed to the exchange
(Fig. 3).

Fig. 3. Focus group N1 at Universita Cattolica del Sacro Cuore

Each focus group was led by a pair of researchers, one in charge of moderating
the discussion while the other was making a videotape and taking notes on the
most significant interactions. After the warm-up phase, the researcher investigated
the participants’ initial approach to the use of ICTs, discovering when and how the
grandmothers learned it and for which reasons. Then participants were asked to describe
ICTs and their risks and benefits in the users’ everyday lives. A second section focused on
how they communicate with their families in comparison to how they communicate with
their friends and acquaintances, and on difficulties faced when using ICTs with these
different types of people. The final section encouraged the participants to declare what
they would change about these technologies and what they reckon is the “correct and
appropriate use” of ICTs. During the focus groups, information was collected about
family relationships and individual memories, including very personal and familiar
situations for some of the interviewees (such as their relationship with children and
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grandchildren). All the material recorded in Italian was transcribed and translated into
English by the researchers in order to support a cross-cultural comparison of data within
the international framework of the project. Lastly, all transcripts were analysed by using
video writing programs to facilitate a qualitative thematic text analysis and the coding
and comparison in accordance to the constant comparative method [25].

MAIN INSIGHTS

Recruiting through associations of seniors saved time but found seniors markedly more active,
well-off, healthy than average

The focus group among grandmothers made it natural and simple to manage the speech and
debate, stimulating the creation of an atmosphere of confidence and friendly

The collection of video materials during the focus made the non-verbal reactions of the
grandmothers “visible” during the debate

4 Harvest - Castel Del Monte (2020)

AGE GROUP 65+

SAMPLING Open, non-probabilistic

DATA COLLECTION Community-based ethnography (Biographical interviews +
participant observations)

4.1 Structure of the General Research

The last research we discuss in this paper unfolded in 2019/2020 within the project Har-
vest: eHealth and Ageing in Rural Areas: Transforming Everyday Life, Digital Compe-
tences, and Technology. Due to the geographical isolation and depopulation that charac-
terise several areas of Central Italy, remote contexts are often indicated as the intended
privileged beneficiaries of the digitalisation of health and bureaucratic services. In an
attempt to bring such policy-oriented considerations into a concrete reality, we settled the
research in a small village called Castel del Monte, located in the Apennine Mountains,
with less than 500 resident citizens and a high average age. Through a community-based
study we meant to observe whether a circumscribed context, characterised not only by
geographical constraints but also by a peculiar socioeconomic organisation and consol-
idated social routines, shows specific patterns of domestication when it comes to digital
technologies. If, according to Soja [26], age and technology are culturally influenced,
the place where a research is set should be taken into account, thus questioning how
situated cultural beliefs related to old age and technology shape ICTs uses, competences
and meanings. The importance of the contexts of reception has been recognised since
the ethnographic tradition of audience studies. In particular, the approach to the domes-
tication of media [27] has acknowledged the symbolic as well as the physical dimension
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of the household (its moral economy), remarking “how the uses of technologies are
shaped by the exigencies of their” local “environment” [28]. The ubiquitous nature of
contemporary digital devices and services dictates to look beyond the domestic context
of adoption, and to grasp practices and places where use and consumption occur. In
this case, the relevance of domestic uses of ICTs represents an outcome of our empir-
ical investigation, rather than being the analytical premise for the construction of our
research object. Nevertheless, this leaves new analytical issues open.

4.2 Constructing the Research Object

In line with media scholar’s plea to decentre media from our research objects (among
many: [29-33]) we have framed ICTs uses as activities embedded in broader practices,
which may not be primarily media-oriented. Before addressing ICTs appropriation by
older adults, our leading question was: “what does ageing mean in this context?”. Such
wide premise has required an initial analytical effort to identify which portions of reality
were relevant to our specific research interest [34]. Accordingly, in a first exploratory
phase we aimed to identify which contextual dimensions may have informed our under-
standing of older villagers’ everyday life. To do this, we organised a multi-sited ethnog-
raphy [35] in the locations where most of sociality occurs (bar, main square, food stores,
pharmacy), and shadowing sessions with available subjects in different social occasions
(Fig. 4).

Fig. 4. Participant observation in a bar

These observations have been enriched by a series of interlocutory interviews with
privileged witnesses, such as the mayor and the pharmacist, who helped us reconstructing
the socioeconomic history of the village and its current administrative features, paying
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particular attention to the spread of internet infrastructures and to the available access
to healthcare services. By integrating the theoretical framework that guided the research
design, the information gathered in this phase has affected the subsequent steps: the
choice and structuring of the interview outline and the construction of the sample.

4.3 Constructing the Interview Outline

The choice of the biographical interview as our main investigative tool is justified by
the exploratory approach of the research and by a theoretical perspective that frames
ageing as a process of embodiment of age [36]. By comparing the past to the present,
biographical interviews enable the subject to give an account of their individual expe-
rience in terms of ageing-related changes. [37]. In addition to theoretical-conceptual
dimensions [38], the information obtained in the pre-field phase and during our initial
exploratory observations has been translated into empirical dimensions of interest. Then
both have been ordered into a highly-structured interview outline. The standard inter-
view began with a generic input: “I would like you to tell me about your daily day in
this village, starting from wherever you want”, and then proceeded with non-directive
verbal inputs from the researcher. The intrinsic openness of such interview mode meant
that the dimensions contained within the outline were not always touched by the inter-
viewee’s story. On the other hand, this allowed the researcher to enrich the track after
each interview with the addition of emerging and hitherto ignored empirical categories.
For example, after completing a few interviews we observed that people who had always
lived in the village and those who moved back there in their adulthood used to focus
their biographical account on quite different life issues (e.g. family, work, community,
etc.). They disclosed different motivations for living in the village and a varying social
networks composition. They also showed different uses of ICTs and of the meanings
attached to them, and such dimension influenced the following recruitment.

Social representativeness is indeed an important criterion also in ethnographic
approaches: not in statistic terms but in thematic ones. Grasping unexpected dimen-
sions of interest enabled us to enrich our established understanding of ageing processes,
and to relate ICTs domestication to various biographical patterns. In this instance, empir-
ical information advised us to recruit more returning migrants, thus achieving a greater
social representativeness.

4.4 Advantages of Flexibility

Setting an ethnographic system of research offers benefits in terms of flexibility [38].
For example, a progressive analysis of the interviews allows to formulate preliminary
interpretations and to refine the further collection of empirical material. In this case,
observations of initial participants enabled us to also identify context-related dimensions
of interest. For example, hiking practices emerged as a habit rooted within most of
the villagers’ everyday lives, and some of them were also observed monitoring their
performances with fitness apps. In this vein, we included outdoor activities as a thematic
area in our interview outline. Then, during the interview, we noted how people charged it
with different meanings: older adults with cardiac problems invested mountain walking
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with health-related concerns, while others considered it mainly as a leisure activity.
Accordingly, the use of fitness apps achieved specific roles and meanings too (Fig. 5).

Fig. 5. Shadowing session

First, it is important to note that by adopting an explorative approach we could have
identified devices (e.g. the smartwatch) and uses that would probably have remained
hidden to a more directive investigation. In fact, a flexible research design allows
researchers to adjust possible analytical oversights while constructing the research
object. Secondly, by addressing outdoor activities — and not the use of fitness apps —as a
thematic area of interest, we were able to grasp a practice-situated understanding of ICTs
use. Overcoming interpretations in terms of users’ adoption/resistance, we appreciated
how ICTs are meaningfully incorporated into practices which, as in this case, are not
primarily media-based, rather than into others. This allowed us to question ICTs use
in terms of change or remediation [39] of pre-existent everyday habits — e.g. providing
walking activities with data-driven information.

MAIN INSIGHTS

Open and flexible recruitment allows to adjust the sample in accordance with the emerging
theory and contextual specificities

Biographical interviews enable to capture changes related to aging processes

Ethnographic observations give access to the immediacy of older adults’ experience

5 What’s Next: Concluding Remarks for Future Research

The methodological reflection advanced in this paper must be contextualised with respect
to two broad aspects: the increasing pervasive mediatization and the evolution of media
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research. Due to the former, the presence of digital media in everyday lives has become
ubiquitous and hardly capturable both spatially and temporally [40]. Despite an initial
delay, such process has been involving also older people. Indeed, quantitative research
has pointed out that age-related digital divide has been shrinking, at least in terms
of access of digital technologies [41], while qualitative studies have been addressing
increasingly nuanced uses of ICTs by older adults. Coming to the second aspect, the plea
of important media scholars to decentre media from our research objects seems having
acknowledged such socio-technical transformations. Our empirical investigations, here
reported chronologically, have also gradually integrated these insights into research
designs.

From this standpoint, a final provocative consideration may be: what is still urgent
about studying older adults as a specific group of ICTs users? If they increasingly incor-
porate digital media into their everyday practices, what should social scientists question
more about this issue?

Now, while addressing something as the use of ICTs by the elderly seems quite naive,
it seems urgent to focus on what is elderly about the elderly use of ICTs. The term as
such is even much debated, where someone prefer to talk about older people, older adults
or senior citizens [42]. Maybe due also to the quantitative roots of this sub-disciplinary
field, being old has been often defined by the mere belonging to a certain age cohort,
which usually starts at 65 years old [39]. Of course, the research on age-related digital
divide has remarked that economic and cultural factors shape a more faceted reality
beyond the monolithic elderly cohort. Yet, a theoretical reflection on the meaning of
elderly is quite missing. In this vein, a greater interdisciplinary dialogue between ageing
studies and media studies seems required. Instead of interviewing older adults as users
of a certain digital service, a theoretical reflection on concepts as ageing and elderly
would provide media scholars with newer heuristic tools to grasp how ICTs affect the
aging processes.

In methodological terms, ethnographic approaches are particularly suitable. In the
last research mentioned, we accounted for the construction of our research object as
a result of the ongoing dialogue between theoretical categories and empirical dimen-
sions emerging from the field. As Cardano observes [43], ethnographic research lies on
sensitizing concepts [44] in opposition to operatively defined concepts that are typical
of the variable-based research. The adoption of biographical interviews, together with
the ongoing data analysis during the field-phase, enabled us to find unexpected fea-
tures challenging our initial theoretical premises. In such dialectical opposition between
empirical findings and researchers’ expectations, we believe, lies the richness of qual-
itative research. While it does not aim at a statistical comparability of results [38], it
provides sophisticated tools in order to grasp how contextual beliefs related to age and
technologies may shape ICTs domestication among older adults.

Lastly, a reflection on the turbulent times we are experiencing. The Covid-19 pan-
demic has also affected the way social research is carried out [45]. In particular, these
effects have concerned - and will concern for a long time - the ways of implementing
social research with the elderly, which are the individuals most affected by the cur-
rent disease and the focus of several efforts for their protection that have isolation and
reduction of social contacts as consequences.
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Doubts therefore emerge about the possibility of using ethnographic methods to
study the elderly in the future as it has been done up until now.

On the one hand, at the moment restrictions due to the Covid-19 pandemic make
the access into “homes” and places frequented by the elderly prohibited, difficult and
problematic also for the foreseeable future. For example, how long will it take before the
elderly willingly welcome a stranger into their house, meeting them freely and occupying
their private spaces?

On the other hand, technology-mediated research and digital ethnography (as a sub-
stitute for offline ethnography) show many limits [46]. In particular, digital ethnography
profoundly changes the research context with elderly people (often not very digitalised),
especially when it comes to addressing a “non-media centric” understanding of their
ICTs domestication.

Therefore, social researchers are critically challenged to not rely only on technology-
mediated methods but to find suitable tools, despite the post-pandemic era, to continue
studying the elderly and their use of digital technologies of communication in their living
context.
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Abstract. Online walkthrough interviews were conducted via internet video-
calling, which formed part of wider Patient and Public Involvement activities
investigating perceptions of digital and gamified cognitive assessment and train-
ing/coaching applications. Participants were invited to play a series of mobile mini-
games which have been developed for the purposes of training of executive func-
tions and the assessment of memory, whilst verbalizing their thought processes,
using a process based on the Think-Aloud Protocol and Cognitive Walkthrough
principles, before concluding with a semi-structured interview. The enquiry was
particularly interested in wider motivational aspects surrounding these technolo-
gies, including identifying potential barriers to engagement and facilitators of
adoption. In general, there was broad acceptance of digital cognitive assessments
and training, although issues of data handling and trust were raised by participants.
Several usability issues were also captured.

Keywords: User-centered design - Evaluation - Pervasive healthcare

1 Introduction

In recent years there has been a growing interest in the application of digital technologies
designed to promote healthy lifestyles; particularly in the prevention, management, and
mitigation of dementia and within the context of applications designed to protect cog-
nitive health more generally [1-4]. Robert et al. [5] highlight the importance of serious
games for dementia, suggesting uses such as rehabilitation, stimulation, and treatment,
as well as providing the capability to monitor the disease severity and progression. How-
ever, there are still open research questions about the effectiveness and uptake of such
interventions [6, 7]. Likewise, there are still complex and unresolved issues surrounding
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digital cognitive interventions and cognitive assessments and their acceptance to people
living with dementia and their carers [8, 9].

As part of a European collaboration Alzheimer’s Disease Detect and Prevent that is
investigating the design, effectiveness, and suitability of cognitive (also termed ‘brain’)
training/coaching and memory assessment games for people at risk of dementia [10],
we are conducting a series of patient and public involvement (PPI) activities for the
purposes of understanding user requirements, improving usability of the software and
to guide future trials with end-users. This work is being conducted in addition to in-
house usability testing to investigate the broader determinants of adherence and overall
perceptions of the specific software, as well as people’s perceptions of the utility of
serious gaming for dementia. As these aspects are relatively under-explored, we are
seeking to explore user opinion on motivation, adherence, and trust.

2 Background

2.1 Dementia, Persuasive and Serious Gaming

Persuasive games are a form of ‘serious game’ designed to change human behaviors or
attitudes, often within a public health context [11]. Persuasive technologies may provide
additional functionality which make behavior change easier and may be better able to
use cues to engender trust, therefore supporting engagement and subsequent behavior
change [12].

Games aimed at reducing the public risk of dementia and helping those with dementia
to mitigate and manage the symptoms are becoming increasingly commonplace. Some
of these games have been specifically designed with dementia-related issues in mind or
are aimed at cognitive health of older adults more broadly, whilst others may have been
developed for other purposes or audiences but offer relevant experiences.

Dementia games may have preventative, rehabilitative or informative purposes, in
addition to their entertainment value. In a systematic literature review, McCallum and
Boletsis [13] identified research studies of games related to dementia and mild cognitive
impairment, including games with a physical component. They note that many of the
games which have been evaluated for their benefits within the dementia population
were actually developed for the “typical user” and that despite the fact that these games
may not necessarily meet all of the requirements of people living with dementia-related
conditions, these applications were widely used amongst the elderly and those with
cognitive impairments. McCallum and Boletsis [13] suggest that physical-based games
may help to improve the mobility of people living with dementia and other games were
also shown to provide benefits to cognition. They also note that there may be emotional
benefits to playing certain games, but caution that many games suffer from usability
problems which impede or discourage usage for dementia-related populations. Finally,
they highlight that bone fide games tend to place more of a focus on the emotional and
social aspects of play, which may lead to higher engagement than the more therapy-based
cognitive training programs.

Similarly, digital gaming for community dwelling older adults is seen to promote life-
long learning, optimize mental, physical and social stimulation and foster independence
[14].
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Fanfarelli [15] argues that although some studies seem to show positive results for
dementia-related games, these have primarily been low sample size pilot studies, or
studies which fail to examine whether improvements in games can have real-world
transferrable benefits. Overall, they conclude that the field is in the early stages of
research and lacks the evidence base which would be necessary to implement these
games with confidence. It is suggested that future studies should enlist larger samples of
participants and consider outcome measures applicable to the lived experience of users.

However, evidence is emerging demonstrating measurable improvements in certain
cognitive domains following game-based brain training in older populations. A system-
atic literature review and meta-analysis conducted by Wang et al. [16] revealed that
game-based cognitive training software significantly improved executive functions such
as processing speed, selective attention and short-term memory. Wang et al. identified
15 randomized control trials utilizing game-based brain training interventions for pop-
ulations of community dwelling adults aged 60 and above, representing a total sample
size of 759. However, the reported quality of the evidence of the three primary outcome
measures was judged to range between low and very low, further emphasizing the need
for high quality clinical trials in this area.

Robert et al. [5] highlight the importance of serious games for dementia, suggesting
uses such as rehabilitation, stimulation, treatment and monitoring. Through stakeholder
workshops attended by healthcare professionals, technology companies, family associ-
ation representatives and IT experts, attendees discussed the numerous items discovered
from a preliminary literature review and were asked to prioritize them, as well as to
propose new ideas. Serious games can enhance motivation, positive mood and improve
assessment and facilitate independent practice and self-assessment. Serious games may
have advantages over standardized cognitive assessments as the person is less focused
on the fact they are being ‘tested’, which may be distressing to some people. They may
also have built-in social elements to facilitate interactions among peers; both by hav-
ing people physically co-present or online and connected via remote locations. On the
other hand, unfamiliarity with the technology could be a barrier to engagement for some
people.

2.2 Motivation and Engagement

Motivation is identified as a key aspect of cognitive gaming, and one that needs further
attention in research [17]. Motivation is often considered to be comprised of two aspects;
intrinsic and extrinsic [ 18]. Intrinsic motivations are those motivations which are directly
related to the task; the activity is performed for its own sake, because it is rewarding.
Game-based mechanics may contribute towards fostering intrinsic motivations, through
interactions, progressions, and contextualization; and this could give players a sense
mastery, autonomy and competence [17]. Some have argued that performance feedback
is a primary source of motivation for the player [19], others have suggested the use
of affective computing models to increase the adoption and effectiveness of cognitive
assistive technologies for people with dementia [20].

Extrinsic motivation are those motivations which are external to the task, for example,
the potential cognitive health benefits conferred such as dementia risk reduction [21].
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Mishra, Anguera and Gazzaley argue that whilst intrinsic motivation may be impor-
tant for cognitive games, engagement with even very enjoyable games may wane over
time, suggesting the need for independent and externally motivating factors, which may
include the adoption of motivational frameworks, goal-setting, and habit formation [22].

More generally, there is a clear and established link between learning outcomes and
motivations in traditional educational settings [23]. However, in a cognitive training
study which varied gamified and motivational features between two cognitive training
programs, there were no statistically significant group differences between those that
had undertaken training with gamified elements and those who had completed similar
training with less gamification [24]. Despite this, those who completed the gamified
training exerted more effort in training, improved more, and enjoyed the training more.
The relationship between game mechanics, motivation, and improvements in following
cognitive training is not well-understood. Engagement and motivation may have more
of an impact outside of laboratory settings, where a person is engaging in an activity of
their own volition and for a potentially longer, undetermined period.

2.3 Perceptions About Cognitive Screening

A systematic literature review investigating people’s attitudes about cognitive screening
for dementia concluded that screening raises complex issues around preference and
choice for both clinicians and the public and suggested that clear communication is a
vital part of patient acceptance of testing that could otherwise lead to confusion or a
misunderstanding of results [25]. Furthermore, patients may find tests to be strenuous
or stressful, due to a perceived pressure to perform well which could be addressed by
managing expectations, clear explanation beforehand, and a debrief afterwards.

Other studies have suggested that being healthier (taking fewer medications) was
associated with less willingness to accept dementia screening [26]. Conversely, those
who perceive themselves as more susceptible to illness, and those who experiencing
cognitive difficulties have been shown to be more likely to accept cognitive screening
[27].

Stigma may also play a part in the acceptability of cognitive screening. People who
have had experience in caring for people living with dementia are less likely to be
accepting of screening technology and more likely to perceive it as inducing suffering
than their non-caregiving counterparts, despite there being no difference between the
two groups about the perceived benefits [26].

It is suggested that those living in rural areas may be at particular risk of developing
Alzheimer’s, being undiagnosed and being at risk of a higher rate of falls and uninten-
tional harm [28]. Therefore, this is a population which may significantly benefit from
prompt cognitive screening. This finding is also supported by a meta-analysis conducted
by Lang et al. who investigated the determinants of undetected dementia.

In light of the Coronavirus pandemic, many countries have had to adopt to remote
and online services in lieu of otherwise routine checkups [29], encouraging a heightened
interest in the area. In a recent qualitative study involving interviews with 148 Indian
physicians, a prominent theme was that Tele-health was the future of dementia care
[30]. However, those interviewed stated multiple challenges, some felt unable to build
therapeutic rapport or struggled to apply traditional psychometric scales over the phone
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and video. Gamified cognitive training and monitoring may help to overcome issues
faced when access to clinicians is scarce and may also provide support in addition to the
unique benefits discussed earlier.

3 Method

Drawing influence from the Think-Aloud Protocol [10] and Cognitive Walkthrough
principles [11], we designed an interview procedure in which participants played a
series of mini-games designed to assess and train various components of cognition,
whilst verbalizing their cognitive process. In total, the interview consisted of participants
completing four mini-games before being presented with results which reflect their
relative performance in the different cognitive domains (see Fig. 1). After the mini-
games, interviewees were asked broad questions about their views of technology to
assess and train cognition in order to reduce the risk and manage the symptoms of
dementia.

We are currently conducting interviews with a small number of people over the
age of 45 with no diagnosis of cognitive impairment and are reporting here on the first
three interviews conducted to date (February 2021). This work is complementary to and
followed focus groups, conducted in 2019 and reported on elsewhere [9], in which we
invited people living with dementia and carers to discuss a range of similar issues.

Because of restrictions placed upon UK universities and society during the Coro-
navirus pandemic, these interviews are now being conducted remotely via Microsoft
Teams video conference calling (see Fig. 1). We modified our procedure to split the
interview session into two separate one-hour sessions which allowed for additional
opportunities to resolve any technical problems which might arise during the installation
of third-party software on participants’ personal devices, and reduced the demand placed
on participants. Participants were recruited using word of mouth and email campaigns,
and organization of the interview sessions was arranged via email. In the two sessions,
participants were called on Microsoft Teams on a desktop PC whilst they used the app in
front of the camera in such a way that the interviewer could see the screen at times and
guide the interviewee through the gameplay before proceeding to the questions at the
end, as shown in Fig. 1. The typical interview procedure for the first session consisted
of 15 min for introduction, information and consent, followed by approximately 10 min
of software installation, 20 min of cognitive assessment games, and finishing with 10
min of an initial semi-structured interview. The second session involved approximately
20-25 min of cognitive assessment, followed by approximately 20-25 min of a second
semi-structured interview before conclusion and debrief.

During the interviews, several probes were used during the cognitive assessment
phase, to ensure that participants were verbalizing their thought process “Please keep
saying what you are thinking” and to elicit their understanding of the task requirements,
“What are you being asked to do?”.

In addition, probing questions which formed part of the semi-structured interview
process included questions such as “What do you think the purpose of the mini-game
was?”, “Is this something that you would do in your everyday life?”” and “Do you think
this application would be of benefit to you?”.
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Ethical approval for the original protocol as well as the amendment suitable for a fully
online method was granted by the Faculty of Medicine and Health Sciences Research
Ethics Committee (Approval number: 333-1906).

Fig. 1. Illustration of online video call with participant and researcher

4 Results

Initial findings from the three interviews conducted so far show that the mobile soft-
ware application was well-received, and participants could imagine using these types of
cognitive training and assessment games in their everyday life. Participants indicated a
general interest in using these types of applications, if it could be shown to be of some
benefit to them.

Table 1 shows the results from the main session divided into motivations, capabilities,
concerns and usability.

Overall, participants were well-motivated to engage in these types of activities and
participants also mentioned that their own personal routines often included word and
number puzzles, as well as more typical video games. Two of the participants also
commented on the satisfaction of seeing self-improvement in the games that they already
played (crosswords and strategy games), and in the case of the latter, they said that the
in-game rewards for good performance kept them engaged; an example of intrinsic
motivation.

In general, participants were unsure whether dementia could be prevented or whether
anything could be done at the present to lessen the severity of possible dementia symp-
toms at some point in the future. Despite this, participants linked the concepts of engag-
ing with cognitively stimulating activities with good brain health and had an implicit
understanding of the importance of maintaining this, including conceptualizing cog-
nitive training as “mental exercise”. This finding is supported by the associated focus
groups research conducted previously [9]. These are all extrinsic motivations.
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Table 1. Summary of Results

Theme Example Detail
Motivations | Fit of the App with personal routines | Already play puzzles on similar devices

Importance of Cognitive Health Participants aware of the importance of
maintaining good cognitive health
through cognitively stimulating activities

Like the idea of competing against Several participants mentioned that they

one’s self and objective measures of | like to see improvements when they play

improvement games or learn new skills. Personal high
scores, etc

Unsure of life-expectancy One participant said that he had a family
history of heart problems and was
unsure of his life expectancy. This meant
that they were unsure they would reach
an age to be at risk of dementia

Unsure of whether the risk can be Several participants were unsure whether

reduced the risk of dementia could be lessened

Capabilities | Find learning new things difficult Participants claimed that they are not
used to learning new skills and find it
more difficult to do so with age
Concerns Use of feedback in the games May cause unnecessary anxiety
How can the cognitive domain be
improved? Can it be improved?

Data handling Participants concerned that their data
may be used in ways they have not
agreed to

Usability Instructions Game starting before task was fully
understood

Interaction Confusion of drag versus point-and-click

Affordances Confusion over targets vs distractors in

visual search task
Confusion with symbols used in
planning task

One participant commented that they thought cognitive health would be increasingly
important as life expectancy increased, with a growing number of people becoming at risk
of acquiring dementia. Another participant spoke of a family history of heart disease and
did not necessarily expect to reach an age where they would be at risk of dementia. This
meant that they saw little reason to undertake activities to reduce the risk of dementia.
Participants were open to the possibility of cognitive training and cognitive assessments
to form part of routine healthcare.
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“I don’t know, it depends if there’s something I could do about it. It’s hard to say,
isn’t it? I mean, if I was to get dementia in twenty years, I'd be lucky if I lived
twenty years” — Participant #3.

Whilst participants liked the fact that individual tests could target specific cognitive
domains, concerns were raised about the feedback of cognitive assessments, which may
cause unnecessary anxiety for people concerned about their cognition. One participant
commented that they would like their scores to be shown against average scores for that
age bracket but suggested that being presented with a below average score might be
disappointing for some people. The participant commented that whilst it might motivate
some people to work on the areas of cognition that they are less proficient in, it could
deter or demotivate others.

Another participant commented that when being presented with a score for a certain
cognitive domain, it is important that the cognitive domain is understood, and that the
person knows, in very concrete terms, how they might improve their score in the future.

“Do we want the scores back?... Some people might really want to. But some
people who are fearful like me, fearful of the dementia, actually, I'm happy not
to know...but actually I could imagine some people really, really want to know” -
Participant #1.

One participant commented on the presentation of problems, suggesting that they
preferred very visual problems such as map reading and spatial transformations above
word-based memory problems, they liked the idea of cognitive tasks which related to
real-world activities but commented that abstract tasks (such as word or symbol recall)
would be less enjoyable.

Broader issues relating to cognitive training and assessments were also discussed
and participants were invited to make suggestions and recommendations. Participants
commented on the presentation of results and expressed concern about who would have
access to the results of these cognitive tests and how they could be used. Whilst par-
ticipants were made aware of their anonymity in our research, their concern was that if
cognitive tests became more widely accepted, a growing number of people would want
access to the results and may use them in ways the participants had not agreed to (for
example, health insurers or governmental departments like the Department for Work and
Pensions that make decisions about access to welfare benefit payments).

“I think the main thing is, it would have to be secure and you’d have to be com-
fortable it wasn’t being shared. I don’t think I'd be too comfortable about sharing
it”. — Participant #2.

Whilst usability of individual functions or games within the app was not the direct
focus of this enquiry, we observed more specific perceptions about some of the cognitive
assessments. For instance, one task was specially designed to evaluate working memory
deficits. The task involved participants remembering a series of intentionally difficult to
verbalize objects, followed by a distractor task, then a recall task and finally, dragging
the recalled object to the position onscreen where it was first seen. The target objects
were designed to be difficult to verbalize and so the design utilized small constellations
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of stars. However, one participant attempted to name these shapes in order to facilitate
recall. The participant stated that they did better in shapes which they could assign a
name to. In another example, the participant misunderstood the control mapping of the
task on the touch screen, which caused a mismatch between expected and observed
behavior, and led to the participant underperforming in the assessment.

5 Discussion

Whilst cognitive training and at-home cognitive assessments are becoming increasingly
popular research topics and have promising real-world practical applications, there are
still several barriers to adoption, including ambiguity around the potential benefit for the
person being assessed [31]. Interventions designed to form part of a person’s daily routine
need to ensure that there is involvement from patients and the public in the testing and
evaluation of cognitive technologies; this is likely to facilitate better uptake and ensure
that the application is being used as intended [32]. Similarly, there are open questions
about whether cognitive training increases the subjective well-being in older adults, over
and above more traditional leisure time activities [33]. Interviewees in our study were
able to articulate knowledge and opinion about the trajectory of dementia and more
broadly about health in aging although it was apparent from the one comment about
cardiovascular health that there was lack of knowledge about the vascular dimension
of dementia risk. Preferences for particular types of game were apparent as well as
preferences for gamification mechanisms, such as rewards. Participants were able to
identify possible demotivating factors in gamification for themselves or potential for
this in others. Personalization was also explicitly mentioned, with people expressing
the desire to have custom training programs. Participants raised concerns about privacy,
security and the handling of data, as well as complex issues about autonomy and self-
mastery [34]. Research into assistive technologies for people living with or at risk of
cognitive impairment needs to further explore the consequences of technology in relation
to quality of live, digital rights and overall wellbeing to facilitate better usability and
acceptability [35].

Overall, participants enjoyed the games, and of those interviewed so far, all had either
experience playing computer games, or paper-based puzzles (crosswords, Sudoku, other
video games). However, it was clear that in some instances, the participants struggled
to think their way through the problems (designed to evaluate their working memory,
planning, etc.) whilst verbalizing their thought process. Think-aloud protocols can reveal
insights about information which is being actively processed in working memory, but
high cognitive load (as in this case) may hinder the verbalization process and as such
the procedure can only offer a partial glimpse into cognition. [36].

Whilst we designed prompts in our interview script to remind participants to keep
talking, it was clear during the interviews that too many prompts would interrupt partici-
pants’ thought process and impact upon their performance. This may present unique chal-
lenges to using ‘Think-Aloud’ inspired protocols during tasks specifically designed to
test the maximum limits of certain cognitive domains. Other studies using methodology
inspired by Think-Aloud Protocols have also identified similar methodological issues,
such as a higher level of guidance required, and the unfeasibility of asking participants
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to verbalize their thoughts whilst reading [37]. Alternative approaches to more typical
Think-Aloud protocols have employed retrospective think-aloud procedures, sometimes
called ‘virtual revisits’ [38] and this has been shown to be useful in areas where the Think-
Aloud protocol impacted upon task-performance [39]. However, the focus of our work
was to explore motivational issues surrounding the use and adoption of cognitive training
technologies with experienced participants, and we were less interested in the specific
usability issues encountered by participants. A more appropriate use of participant time
was the exploration and discussion of broader motivational issues, such as what value
participants thought it might have to them personally, and whether or not they would
consider using cognitive training games in their everyday lives.

Conducting these interviews during national lockdown restrictions presented a vari-
ety of challenges to research. We found it more difficult overall to recruit participants for
online studies than in previous similar projects. In part this is because we were unable
to provide mobile devices for those who did not have devices compatible with the soft-
ware. Conducting this study remotely also meant that in addition to a compatible mobile
device, participants also needed access to another device with a camera to conduct the
interview.

Whilst these challenges were not insurmountable, they forced us to change our
initial methodology to ensure that participants were adequately supported during remote
interviews. For instance, splitting the interview over two consecutive days gave us more
opportunity to resolve any technical issues and ensured that participants did not feel too
overwhelmed or unduly burdened.

6 Conclusion

Motivational aspects of cognitive gaming are still an under-researched area, but in light
of the globally aging population and increased burden on healthcare services; there is
an increasing focus on technology used to support people living with dementia, and
to encourage lifestyle changes to reduce lifetime risk [40]. However, various questions
remain about privacy and utility of such interventions, and these may be potential barriers
to wider adoption. Patient and Public Involvement, as well as research exploring broader
perceptions of cognitive technologies may help to overcome barriers to adoption, and
improve engagement with training and assessment regimes; improving overall outcomes
and reducing the strain on healthcare services.
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Abstract. This paper reports on the study of best practices in evaluation method-
ologies for aging in place technologies, and analyses their feasibility in a pandemic
environment. The pandemic situation, with various physical distancing restric-
tions in place, especially for vulnerable older adults, has increased the importance
of deploying health monitoring and social interaction technologies for aging in
place. The pandemic also made it more difficult for researchers and developers
of technologies to evaluate the usability of home health monitoring technologies.
Existing technology evaluation methods mostly involve laboratory and home tech-
nology usability evaluations that could be problematic during physical distancing
restrictions, and are not well suited for rapid evaluation of health monitoring
technologies. The increasing trend in virtual doctor and health professional vis-
its puts additional pressure to speed up innovation for home health and wellness
monitoring and communication technologies without increasing risks for vulner-
able populations. Researchers observed challenges with performing HCI research
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willing participants, assessing the ability of older adults to set up both digital
health technology and remote usability tools, and research data collection. The
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1 Introduction

This paper reports on the study of existing best practices in usability evaluation method-
ologies and tools for aging in place technologies, and analyses their feasibility in a
pandemic situation. Older adults (=65 years of age), particularly with comorbidities, are
at an increased risk of severe COVID-19 [1, 2]. Physical distancing and self-isolation
mitigate the risk of exposure to the virus, however, the lack of timely health care access
and the increased susceptibility to social isolation and loneliness is associated with poor
physical and mental health outcomes for older adults [3]. Assistive technologies, home
health monitoring, and social interaction technologies help to create safer, positive, per-
sonalized environments for older adults aging in place with virtual access to a healthcare
professional and a social support network for companionship [4].

The COVID-19 pandemic has made it more difficult for researchers and developers
of digital health and aging in place technologies to test usability [5]. Existing tech-
nology evaluation methods primarily involve traditional face-to-face laboratory and at
home usability evaluations that frequently are problematic during restrictive pandemic
conditions, and are not well suited for rapid evaluations of home health monitoring
technologies. An increasing trend in virtual doctor and health professional visits [6] puts
significant pressure on technology developers to speed up innovation for home health and
wellness monitoring and communication technologies without increasing risks for vul-
nerable populations. The need for low cost, low risk, easy to use, and privacy-preserving
usability evaluation tools for home health monitoring and aging in place technologies is
growing rapidly. New usability testing methods and tools will add to the growing arsenal
of digital technologies for the public-health response to COVID-19 [7].

2 Usability Evaluation for Aging in Place Technologies

The COVID-19 pandemic situation, with physical and social distancing restrictions in
place, especially relevant for vulnerable older adults, has emphasized the importance
of deploying health monitoring and social interaction technologies for aging in place.
Research demonstrates that older adults are “intrinsically motivated” by technology
that promotes autonomy [3]. Older adults’ acceptance and perceptions around assistive
technologies are influenced by individual factors such as gender, experience, attitude
towards technology, and education [8, 9]. Additionally, factors such as accessibility and
availability of assistance, support and guidance from family or social network, can either
positively or negatively affect acceptance and perceptions around assistive technologies
for aging in place [8].

Currently, the design and development of home health management technologies are
mostly based on the requirements of social and caregiving environments, rather than the
needs and preferences of older adult users. This creates a significant disconnect between
functionalities, intrinsic motivations and expected benefit, and could have detrimental
effects on user acceptance [8, 10]. In the next sections of the paper, we provide an account
of the most commonly used usability evaluation methods and tools, including remote
usability testing, and assess their fit for evaluation of home health monitoring and aging
in place technologies (in a pandemic environment).
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2.1 Methods of Usability and User Experience Analysis

Researchers have reviewed the state of the art methods that are used to evaluate usability
and user experience (UX) of medical products, devices and medical technologies [11]
and identified the following methods commonly used to test usability in the field of
medicine (see Table 1).

Table 1. Methods for usability/UX analysis in medicine (based on [11])

Method of analysis Description
Questionnaire The questionnaire involves a series of questions for the user
Observation A qualitative method, involves a researcher observing user

interactions with the device, product or system

Manual review of literature | A literature review involves the collection and analysis of
research on the topic of interest

Interview The interview is a research method where users are asked
questions by the researcher

Focus-group interview In a focus-group interview, a group of people is asked about the
medical device and their opinion concerning the interface under
study. This method is interactive, and the participants can discuss
any topics with each other

Benchmarking testing Benchmark testing involves testing the components and system to
evaluate the performance characteristics of the subject

Heuristic evaluation The heuristic evaluation is applied in usability research for
understanding problems in the user-interface design, it is
normally done by a researcher or an expert

Think-aloud protocol The think-aloud protocol allows collecting data for improving the
design of a medical device. The main distinguishing feature of
this method is the ability to evaluate participants’ thinking
according to their speech during the solving of specified
problems. There is no attempt to interpret their feelings, actions,
and words

Cognitive walkthrough The cognitive-walkthrough method is applied in usability
evaluation for interactive medical systems. It focuses on new
users and their opinions regarding the ease of task implementation

Some of the traditional usability/UX testing methods listed in Table 1 lend them-
selves well in a pandemic environment, and some are difficult to perform during physical
distancing restrictions, especially for vulnerable user populations. Gupta [5] lists sev-
eral human factors methods as suitable for medical product design evaluation during
development cycles in COVID-19 pandemic environment (see Table 2). The majority
of testing methods listed in Table 2 do not involve users and could be carried out during
the pandemic. Other usability testing methods, such as interviews via telephone, video
and remote testing do involve users, however, they could be carried out remotely via
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telephone, video, or online. While being low risk for users, these methods have their
challenges: “...recruitment of representative users, shipment of study materials to par-
ticipants, and the safety of participants given the absence of the moderator in the vicinity
of participants, and challenges in remote observation. These methods can still be carried
out, although the outcomes may not be as rich and insightful as conducting face-to-face
usability testing” [5]. Examples of usability evaluation methods that could be safely uti-
lized during the pandemic include heuristic evaluations by experts, data from previous
technology evaluations and manufacturers, online surveys with users and remote testing
methods [12].

Table 2. Human factors activities suitable for product design cycles in a pandemic environment
(based on [5])

Human factors activities Human factors methods

User insight research Desk-based research
Interviews via telephone and video

Preliminary analysis Task analysis
Investigation of known use problems with similar products
User related risk assessment

Concept evaluation Expert review
Heuristic analysis
Remote testing

Formative evaluations Expert review
Heuristic analysis
Remote testing (challenging for physical interaction)

Validation testing Remote testing (challenging to justify to regulators)

It is evident from Table 2 that remote testing in medicine and medical devices is
considered to be somewhat challenging for both, physical interaction testing and for the
final validation testing for medical devices. Additionally, technology developers in the
medical device industry have serious doubts that medical device user testing sessions
could be converted to online methodologies, including audio and video connection.
Some have concerns [12] that the adoption of online methods will not produce the
level of insights required to objectively map critical use errors to root cause, and that
without this mapping, which is normally provided via lab-based user testing, the remote
user testing will be a waste of time and resources. Instead, it is suggested to introduce
widespread utilization of the heuristics analysis and other expert testing methods in the
design process, and especially in cases where the lab-based evaluation is not a viable
option.

Other researchers [13] who reviewed and compared remote usability evaluation
methods to the commonly used laboratory usability evaluation methods, came to more
positive conclusions on the viability of remote usability testing for medical devices.
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They identified some remote usability testing methods comparable to traditional lab-
based testing methods. The next section of the paper lists common remote usability
evaluation methods and compares them to other tools.

2.2 Remote Usability Testing Methods

Remote usability testing denotes a usability testing setup where “the evaluators are
separated in space and/or time from users” [14]. The idea of conducting usability tests
remotely emerged about twenty years ago and has been studied empirically since then,
with many researchers and even software organizations employing remote methods to
evaluate technologies with users. The remote usability methods could be synchronous or
asynchronous. Researchers [13] conducted a review of the methods for remote usability
testing. Their findings are summarized in Table 3.

Table 3. Remote usability testing methods (based on [13]).

Activities Synchronous methods Asynchronous methods
Usability Usability | Self-administered | Self-reporting | Logged
evaluation inspection | web study of critical use
incident pattern
Text X X X X
communication
Questionnaire or | X X X X X
multiple choice
Post-test X
interview
Workflow X X X
logging
Screenshot (still | X X
image)

Live observation | X

Audio X X X
communication

Video capture of | X X X
the screen

Video capture of | X
face

The next section of the paper will focus on the most commonly used remote usability
testing methods, including their pros and cons.
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2.3 Methods Commonly Used for Remote Usability Testing

Synchronous Remote Usability Testing. Most synchronous methods allow for con-
ducting remote usability testing by simulating a conventional laboratory-based think-
aloud test, with researchers using video and audio connections that could be combined
with remote desktop sharing with users [15]. The advantages of synchronous methods
include cost efficiency, a diverse pool of suitable test users, and identification of the same
number or sometimes even more problems as a conventional face-to-face usability test.
The disadvantages of the synchronous remote usability evaluation method include more
time needed to build trust between a researcher and a user; longer hardware/software
setup time, and potential for significant difficulties to re-establish the test setup if there
is a malfunction in the hardware or software [15]. For example, the synchronous remote
usability setup was used by researchers to evaluate the home-based telemedicine system
[16]. The study used two laptop computers with web cameras, one for the participant and
one for the researcher. Participants were also provided with headphones, a microphone,
and a printed clinical scenario, and researchers were able to evaluate four telemedicine
systems with users via this setup.

Asynchronous Remote Usability Testing. The asynchronous remote usability evalu-
ation methods put the majority of the effort on the users since in this case it is the users
who carry the software and device setup and maintenance, including setting up the soft-
ware and devices used to conduct remote usability testing. The asynchronous methods
are considered to be more efficient since they can relieve expert evaluators from a con-
siderable amount of work, and enable the collection of user data from a large number
of participants. However, these methods are more burdensome and time-consuming for
the users. The asynchronous methods tend to identify fewer usability problems, and the
users frequently have difficulties with providing a usable categorization of the usability
problems [13].

While being more time-consuming to set up and conduct, synchronous remote usabil-
ity testing methods have the potential to be utilized more widely to test health moni-
toring technologies in a pandemic situation. For example, researchers [13] conducted
an empirical comparison of three methods for remote usability testing versus a conven-
tional laboratory-based think-aloud method. The three remote methods tested were a
remote synchronous condition, where testing was conducted in real-time, but the test
monitor was separated spatially from the test subjects, and two remote asynchronous
conditions, where the test monitor and the test subjects were separated both spatially
and temporally. The results of the evaluation demonstrated that the remote synchronous
method was virtually equivalent to the conventional laboratory think-aloud method.
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3 Remote Usability Testing for Aging In Place Technologies

Usability evaluation methods that are being used by medical technology designers during
the COVID-19 pandemic include heuristic evaluations by experts, data from previous
technology evaluations and manufacturers, online surveys with users, and remote usabil-
ity tools [5, 12, 17, 18]. Within the aging in place technology design and evaluation cycle,
some aspects of technology design such as understanding users, needs analysis for both
older adults and caregivers, concept generation and prototyping [5] certainly could be
conducted with minimal end-user involvement, especially for at-risk vulnerable older
adults. Additionally, some remote usability methods might not be suited well for home
technology evaluations with older adults in a pandemic situation with physical distanc-
ing measures in place. This section of the paper presents our analysis of the applicability
of various methods for remote usability testing in situations when physical distancing
policies are in place, like during the COVID-19 pandemic (Table 4).

Table 4. Pros and cons of common remote usability evaluation methods when physical distancing

policies are in place

Method

Pros

Cons

Text communication

Synchronous/asynchronous;
compatible with physical
distancing; cost-efficiency

Requires users to have internet
or mobile phone connectivity;
does not provide rich
information; does not prevent
dishonesty, personalization
absence, and individual
interpretation

Questionnaire or multiple
choice

Synchronous/asynchronous;
compatible with physical
distancing; cost-efficiency;
scalability; anonymity; no
pressure; quick results

Requires users to have internet
or mobile phone connectivity if
performed online; requires
shipment and collection of
questionnaires, if done on
paper; does not prevent
dishonesty; no personalization;
and allows for individual
interpretation of answers

Interview Synchronous only; compatible | More expensive than
with physical distancing, if questionnaire; interviewer bias;
online or via phone more time needed to conduct
and set up
Workflow logging Synchronous/ asynchronous; Requires users to have internet

does not require set up by the
user; detects use patterns;
compatible with physical
distancing

or mobile phone connectivity to
download logging results; does
not capture the full context of
use

(continued)
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Table 4. (continued)

Method

Pros

Cons

Screenshot (still image)

Synchronous, could be done
asynchronously by prompting
the user to take screenshots
during use or in case of a
critical incident; compatible
with physical distancing

Requires users to have internet
or mobile phone connectivity;
does not capture the full context
of use; requires certain
abilities/technology skills if the
user/caregiver is involved;
privacy and security
considerations

Live observation

Synchronous, could be done
asynchronously with user
consent; compatible with
physical distancing

Requires users to have internet
or mobile phone connectivity;
requires user/caregiver to have a
certain level of
abilities/technology skills;
privacy and security
considerations

Audio communication

Synchronous, could be done
asynchronously with the user
reporting a critical incident;
compatible with physical
distancing

Does not capture the context of
use; does not provide rich
information, time-consuming

Video capture of the screen

Synchronous, could be done
asynchronously with the user
reporting a critical incident;
compatible with physical
distancing

Requires users to have internet
or mobile phone connectivity;
requires user/caregiver to have
certain abilities/technology
skills; privacy and security
considerations

Video capture of face

Synchronous, could be done
asynchronously with user
consent; compatible with
physical distancing

Requires users to have internet
or mobile phone connectivity;
requires user/caregiver to have
certain abilities/technology
skills; privacy and security
considerations

Despite significant benefits that could be obtained by using remote usability methods
for evaluation of home health monitoring technologies, the major challenge is that remote
usability evaluation of aging at home technology prototypes, excluding expert reviews
and heuristic evaluations, need to be conducted with the intended technology users and
need to deploy some remote evaluation tools, which could be problematic, considering
overall challenges for HCI research methods with older adults. In the next section of the
paper, we will elaborate on the challenges of performing HCI research with older adults
in general, and in a pandemic situation.
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3.1 Challenges and Limitations for Evaluation of Home Health Monitoring
Technology with Older Adults

Based on our recent research project on the adoption of home monitoring technologies
by older adults, we compiled the list of features and functionalities that are common
across home health monitoring and telehealth management solutions:

e Contact management and videoconferencing: each end-user can manage a list of
contacts, which may include friends and family members, as well as their family
physician. These contacts form a circle of caregivers, who can access the system
from their own devices and communicate with the senior, as well as receive valuable
information about the senior’s well-being and notification in case of need. Audio and
videoconferencing features allow seniors to remain in contact with their families and
peers. This type of service promotes social engagement, which can help seniors who
live in isolation and may be struggling with loneliness, boredom and depression. In
case of emergency, the end-user can also make an emergency call and request medical
assistance.

e Information and entertainment features, including date, time, weather, music channels
and games.

Mastering the above-mentioned complex features of a home health management
system requires a substantial set of technical and cognitive skills from the older adult
users or caregivers, and suggests a need for extensive usability testing for the home
health monitoring technology applications. Additionally, it has been proven, that many
existing HCI usability testing methods could be challenging to apply with vulnerable
older adults as intended technology users. Some common challenges that researchers
should be prepared for when doing HCI research with older adults include the following
[9, 10, 19-21]:

e Recruitment challenges

— Participant recruitment tends to be difficult because those who are willing to volunteer
are younger, healthier and with better social networks than those who are not;

— Older persons, particularly those aged 85 and older, are less likely to participate in
surveys and more likely to provide incomplete surveys when they do participate;

— Many older participants might not live close to research institutions.

e Experimental challenges

— Older adults have a wider range of educational levels, with a significant proportion
having low literacy;

— Lack of formal educational qualifications means that it cannot be assumed that older
adults will be familiar with experimental techniques: it is important to make it explicit,
for example, that silence and concentration are expected during certain parts of an
experiment;
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— Older individuals have relatively high rates of cognitive impairment, which sometimes
limits their ability to provide meaningful information;

— Aging is associated with changes in characteristics such as visual and auditory per-
ception, fine motor control and some aspects of memory and cognition, influencing
participants’ ability to, for example, read or hear experimental instructions, use a
mouse, or remember steps through an interface.

e Mobility and illness challenges

— Some older adults may experience temporary or permanent mobility difficulties that
might adversely affect their physical ability to participate in a research project,
for example, operations with significant implications for mobility, such as joint
replacements, are more commonly carried out on older people;

— People living with significant illnesses such as cancer, diabetes and cardiovascular
disease tend to be older.

e Technological challenges

— Challenges and frustration with new technology make older adults unsure of their
ability to use it, leaving them unmotivated to even try;

— A significant gap exists between the potential benefits offered by digital technologies
and the barriers that plague older adults in the adoption of these technologies;

— Akey barrier to wider adoption of technology by older adults is the “top-down” design
process that is used in creating aging in place technology;

— The current assistive technology design process is based on ‘technologists’ or geri-
atricians’ preconceptions of what older adults need with little consideration of user
perspectives and preferences or their real-world constraint;

— Increasing technology literacy of older adults can provide meaningful improvements
in helping these users interact more successfully with technology;

— There is a need to educate technology creators about older adults to increase “aging
literacy” of technology developers.

Considering the numerous challenges that aging in place technology researchers
and designers deal with every day in designing and evaluating digital technologies for
older adults and the difficulties with technology adoption by older adults, it is of most
importance to develop a co-design process that involves both, technology developers and
older adults in the assistive technology development and evaluation process, especially
if it does incorporate technology education as a component to increase “tech literacy”
[10]. Some additional challenges with usability testing with older adults could arise in
a pandemic situation, and are discussed in the next section of the paper.

3.2 Challenges with Usability Testing for Home Health Monitoring Technologies
During the Pandemic

The short time since the start of the COVID-19 pandemic did not allow researchers
to study in-depth and to develop better usability testing methods and tools to evaluate
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usability and user experience of home health monitoring technologies that can work well
under physical distancing restrictions. While remote usability testing has been previously
extensively used to evaluate mobile medical applications and web-based medical appli-
cations (Gupta, Suresh, 2020), the use of remote testing for physical medical devices,
including home health monitoring technology and devices, has been limited. During
the COVID-19 pandemic, performing remote usability testing has become even more
challenging (Gupta, Suresh, 2020), including concerns with:

Challenges with user recruitment;

Delivery of multiple cameras and device prototypes to participants;

Having reliable internet or Wi-Fi connection at user homes;

User’s physical and cognitive capabilities to set up the web conferencing and cameras;

User’s ability to use a web conferencing platform to interact with the researchers;

The ability of the moderator to run the interviewer’s script over the web conference

without compromising the natural flow of the use process and without being too

intrusive and leading;

e The ability of the observer to capture all the nuances of the use process including the
subtle use errors and difficulties;

e Handling device prototypes after the study;

e Assuring data security, confidentiality, and participant safety.

In ourresearch, we also observed some challenges with performing usability research
with older adults in a pandemic situation. The following section of the paper reflects on
our recent research experience in conducting human factors research with older adults
during the COVID-19 pandemic.

3.3 Technology Acceptance Research for Virtual Care and Home Health
Monitoring During the Pandemic

Our recent exploratory study with older adults focused on technology acceptance in the
context of home health monitoring and telehealth management, including technologies
to support aging in place. In particular, we looked at a “typical homecare solution” to gain
insights into how seniors’ attitudes and experiences related to home health monitoring
and telehealth have changed since the pandemic. For the study, a researcher has con-
ducted interviews from December 2020 to January 2021 with a sample of seniors, who
previously received a tablet and a smartwatch, as part of a pilot study on home health mon-
itoring and telehealth management in the province of New Brunswick (Atlantic Canada).
The Atlantic provinces are expected to see the highest increase in their proportion of
seniors in Canada by 2026 [22].

For the study, we invited six seniors to participate in an interview with a researcher
on the phone, to share their experiences with a home health care solution, including their
use of key features and functionalities of the application, their lived experience since
the pandemic, and challenges in living independently. The study was approved by the
National Research Council Canada’s Research Ethics Board following strict protocols
for consent, and for conducting open-ended interviews by phone under the ongoing
pandemic, given restrictions on face-to-face interactions with vulnerable populations.
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The study participants included both females and males, ranging in age from 66 to
92 years of age, all college or university-educated, with the highest level of education
starting at the Ph.D. level, followed by Masters and a College degree. They were all
vulnerable senior adults with various medical needs that require home health monitoring.
All participants (but one) use computing devices regularly, for work or leisure, some even
own multiple mobile devices and smartwatches. While a detailed description of the study
and the findings is outside the scope of this paper and will be the subject of a future
paper, some of the findings of the study, that reveal senior adults’ lived experiences since
the pandemic, are relevant to this paper and demonstrate a profound need for more social
and home technology support required for vulnerable senior adults living at home during
pandemic (see Table 5).

Table 5. Older adults’ lived experience during the COVID-19 pandemic

— All seniors experienced fear, anxiety and stress;

— Some seniors countered the negative impact of the pandemic with increased ac-
tivity and fitness tracking (e.g., using a smartwatch to track steps taken, level of
activity, walking distance, heart rate, and sleep patterns);

— Many not see their physician since the beginning of a pandemic (e.g., blood work
for chronic conditions not done during pandemic restrictions);

— Some seniors would like to consult virtually if that were an option, not aware if
their physician offers a virtual care;

— Common lack of awareness of what services are available, and where to get in-
formation.

During our study on technology acceptance with older adults we experienced some
common challenges of human factors research during the pandemic:

e Challenges with accessing older adults at home to recruit for the study;

e Front line health care workers that work with vulnerable seniors are busy with address-
ing the COVID-19 situation and have little time to participate/contribute/ or help with
participant recruitment;

e The process of obtaining participant consent had to be modified due to ongoing
COVID-19restrictions including no face-to-face interactions, therefore digital consent
was obtained, and interviews were conducted strictly by phone.

Our study revealed that older adults have increased demands for home health moni-
toring, virtual care, and social interaction technologies during the pandemic, and, at the
same time, it is more difficult for researchers and developers of assistive technologies
to test and improve the usability of these technologies, and, consequently, assure bet-
ter technology adoption by senior adults. More research and development is needed to
develop better usability research methodologies for aging in place technologies that will
facilitate technology adoption by both, older adults, and healthcare practitioners. The
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final section of our paper will provide an insight into our future technology research and
development with a focus on the needs of older adults aging at home.

4 Conclusions — Research and Technology Development
Opportunities

The review of usability and user experience testing methods available for testing aging
in place and home health monitoring technologies with older adults, including remote
usability testing methods, highlights the importance of using the most appropriate usabil-
ity testing methods and demonstrates the lack of appropriate remote usability testing
tools for a pandemic situation. Improving HCI research methods and tools for conduct-
ing usability research with older adults will be the focus of our future research, focusing
especially on improving remote usability testing methods and tools for home health
monitoring technologies. In collaboration with healthcare researchers and home health
management developers, we will develop novel research methodologies and usability
evaluation tools for aging in place digital technologies, with a focus on health and
chronic disease management tools. The aim is to improve the health and wellbeing of
older adults, promote aging in place, and reduce avoidable hospitalizations with the help
of digital health technologies.

Our current study of existing best practices in evaluation methodologies and tools for
evaluating technology for aging at home and their feasibility in the context of COVID-19,
reported in this paper, will be supplemented with follow up research on needs analysis
with health monitoring technology companies and healthcare partners, complemented
with surveys with older adults. Research results will lead to the development of guide-
lines and evaluation methods that are suitable for low cost, rapid, at-home technology
evaluations intended for older adults, with minimal physical contact and with integrated
privacy-preserving techniques. The evaluation tools we aim to develop will be suitable
for HCI evaluation of other types of aging in place technologies, including personal
health, safety, mobility, and communication technologies.
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Application of Sustainability Design Method
for Well-Being Design

Yi Li®0

Beijing Institute of Technology, Zhuhai, China

Abstract. Product manufacturing (SDM) with sustainable design as the core con-
cept is designed and manufactured by optimizing the product life cycle model
through the concept of sustainable development. The aging of the population has
caused a series of social problems, such as old-age care, medical care and health
care, which need to be deeply studied in various fields of society [1]. This paper
will discuss the use cases of elderly products, taking lifting bath accessories as
an example. Find out the weight factors and influence of design and implemen-
tation in the whole life cycle of the product, and play a positive role in product
design optimization, especially in application and experience [2]. Based on the
background of limited application of this method in non-material design of ser-
vice types such as welfare design, driven by the concept of sustainable design,
the whole life cycle of development, operation, production, use and product is
developed through the concept of sustainable ecological design. Prove the case
study and application value in the development of such products.

Keywords: Sustainable design - Well-being design - Product and service
design - Product life cycle

1 Introduction

Sustainable product system design can be simply divided into three types: product-
oriented services, result-oriented services, and user-oriented services. (unep, 2002) tech-
nology life cycle costs and their potential volatile organic compound emissions were the
main factors in the analysis. Katchasuwanmanee (2016) developed an intelligent energy
production management system to simulate the relationship between energy flow, work
flow and heating data flow and the thermal effect and correlation analysis between
ventilation and air-conditioning systems. Simulation results show that the fuzzy con-
trol algorithm can reduce the energy consumption of the manufacturing system. Evans
et al. (2017) developed a sustainable business model to analyze the value networks
of economic, environmental and social mobility and the challenges of business model
innovation to sustainability. Wang (2016) developed a sustainable project quality man-
agement cycle called accountability, predictability, balance, and policy cycle (APBP). To
control sustainable systems, you need to understand their accountability, predictability,
and balance between policies. These methods and tools can serve as reference for the
sustainability of product manufacturing and new product development (Fig. 1).
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Fig. 1. Sustainable Design-Centered Manufacturing (SDM).

Product design methods that focus on the product life cycle and methods that can
provide life-cycle information support to continuously optimize the life cycle, the path-
ways and effects of product support services, and life-cycle cost concepts and analysis
tools [3]. In the product life cycle, it includes market demand analysis, Design, devel-
opment, manufacture, circulation, use and invalidation That is, tbasic attributes of the
product, environmental attributes, effective use of resources, manufacturing, business
strategy and life cycle cost factors.

2 Ancillary Products for the Elderly

2.1 Development Trend of Assistive Devices for the Elderly

In the face of the globalization trend of population aging, the original rehabilitation aids
can no longer meet the severe situation in the future [4]. Only the further development
of rehabilitation aids can keep up with the pace of the times, and intelligence, modular-
ization and integration are becoming the development direction of rehabilitation aids.
Rehabilitation aids are suitable for the elderly, disabled, sick and wounded [5]. In this
field, the boundaries of these three categories of people are not distinct and often intersect
with each other. For example, some elderly people also have some physical disabilities,
and some injured patients are also elderly people. So they are collectively referred to as
dysfunction in the field of rehabilitation aids [6]. According to the definition of the Inter-
national Organization for Standardization (ISO-9999: 1992), rehabilitation aids refer to
products, appliances, equipment or technical systems that can effectively prevent, com-
pensate, monitor and mitigation [6]. The main service objects of rehabilitation aids are
the elderly, the disabled, the sick and wounded, and so on. Using science and technology
to make them return to life, participate in social activities, and play an important role
in the independent life of people with special needs [7]. Internationally, rehabilitation
aids are divided into 11 main categories, 135 subcategories, 741 branches and tens of
thousands of varieties [8] (Table 1).
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Table 1. Classification and Product Table of Rehabilitation Accessoriest.

Domain Name Subdomain Name Selected key products

Rehabilitation AIDS | Functional compensator Orthoses, wheelchairs, crutches,
Decorative prostheses, hearing aids,
visual aids, electronic artificial throat,
guide device, functional electrical
stimulation equipment, cerebral palsy
support, etc.

Assistive devices Indoor moving aids, upper and lower
Ladder accessories, anti-bedsore pads,
two-stool dysfunction monitoring and
nursing devices, toilet/bathing aids,
walking aids, household life for the
disabled Rehabilitation aids
Accessories, learning/work aids for the
disabled, home monitoring system,
rehabilitation devices for disabled
human dysfunction, etc.

Functional training equipment | Home physiotherapy/physical therapy
equipment, vocational skills training
equipment, disability sports function
evaluation system, elderly behavior
training system, rehabilitation training
equipment for patients with intellectual
disabilities, etc.

2.2 China’s Aging Characteristics and Product Demand

China’s aging population is special, according to the relevant departments of research,
by 2020, the number of elderly people aged 60 and over in our country has reached
248 million, accounting for more than 17% of the total population (CBS2020), Among
them, 80 years old and older people will exceed 30 million. After 2021 will enter the
accelerated aging development stage. The number of people aged 60 and over is expected
to exceed 400 million by 2050, including 80 years and older The number of elderly
people will also reach 95 million. By the end of 2020, China’s disabled population was
33 million, accounting for 19 percent of the total number of elderly people. With the
trend of population aging, the proportion of the elderly with disabilities will increase
further, and the 2030 is expected to reach about 50 million.

Nowadays, China has started a relatively late research on assistive devices used by
the elderly disabled [9]. Most of the existing products are produced in Japan and Europe
and the United States. However, these products have high prices, high requirements for
supporting equipment, difficult W purchase and use by ordinary family W and pension
institutions.

The object of the study of the auxiliary bath apparatus for the severely disabled is
the disabled elderly, who generally have no physical and limb movement and can not
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complete their daily life without the help of people or accessories [10, 11]. The basic
purpose of product design is to meet the functional requirements of the product, strength
requirements, reliability, stability requirements, aesthetic requirements and economic
requirements as follows:

1. Product functional requirements: any product must first meet the design functional
requirements. For the disabled elderly, it is necessary to satisfy the movement of
the transfer device, the safe docking between the transfer device and the bathtub the
meaning and the lifting back, the curved leg, the massage effect in the bathtub and
soon [12].

2. Strength requirements: Strength requirements are the basic requirements to ensure
the normal operation of the product. Product design needs to ensure the overall
strength requirements of each component and assembly [13, 14].

3. Reliability and stability requirements: since the design product of the assistive bath
equipment for the severely disabled is for the disabled and the mobility of the disabled
is limited, it is necessary to ensure the stability of the product and the safety and
reliability of the parts and components in the process of using the product [15].

4. Aesthetic requirements: the whole bath equipment system needs to consider certain
aesthetic value, in addition to the appearance of proportional coordination, shape
selection to avoid the shape that may cause accidental injury, but also to consider
the transfer device, bathtub, under frame color matching [16].

5. Economic requirements; any product should be designed to take into account the
economy of the product. While meeting the above product performance require-
ments, by reducing resource consumption, parts modular processing, mechanism
optimization design to reduce production costs and other ways to improve the
economy of products, enhance the cost-performance ratio of products, enhance the
popularity of products, so that more disabled patients can enjoy quality services [17].

3 Design Process of Auxiliary Bath Apparatus for Heavy Impaired
Elderly

3.1 Case Study on the Product Development of Elderly Bath Auxiliary

The project includes four phases of sustainable manufacturing. The details of the design
phase, goals, activities, and schedules are shown in Table 2.

In the first phase of the project, the design team focuses on understanding market
demand through investigation and research. Details of activities at this stage include
research on similar products in the market and their manufacturability, and definition of
product availability, such as environmental conditions, user definition and operational
concept formation, and final summary of sample construction: effective solution to the
monotony of existing products, functional design operations are not friendly, physical
decline, physical function aging reduces action and operational ability, product pursuit
of function is not enough to pay attention to the mental mood of the elderly, resulting in
psychological rejection and use of rehabilitation equipment is not high [18].
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Table 2. Gantt chart of new product development

phase Goal Activ ities P23 0413 ]°)7 10 112
Concept genera- | Market sursey Design for manu-
tion facturing
Prototype Design architec- | Manufacturing for

ture design
Assessment Product specifi- | Life cycle analysis

cations
Production Final product Sustainable manu-

facturing
Table 3. KPIs for the final product of Elderly Bath Accessories
Image Concise Simple, neat shape

Innovative Unique, trendy, and novel shape

Visual entirety Harmonious shape, with a unified, congenial sense of
coordination

Elements | Exterior contours Exterior visible contours have unified entirety, consistent
with the principles of formation (balance, proportion,
rhyme/rhythm, contrast, and blending) and principles of
gestalt (proximity, similarity, closure, continuity, and
regularity)

Size Defining the quality of exterior contours and perceiving
the object’s existence (for example, the actual size of the
appearance of the object)

Appearance color Hue, saturation, and brightness shown by the object, such
as color plan

Value Design style Product appearance enhancing users’ tast

Product features Product appearance representing product features

Popularity Dynamic course of being widely welcomed by
consumers

Attraction | Semantic interpretation | Significant modeling illustration

Functional orientation | Appearance showing strong functional appeal

Pleasure Modeling bringing people pleasure

According to the classification of key performance indicators developed by sustain-
able design [19], performance analysis is carried out from modeling images, element
applications, value embodiments and attracting attention, as shown in Table 3.

After decomposing the total function of demand into a series of functional elements,
[20] the principle scheme of each functional element can be determined, and the func-
tional element can be obtained Solution is to find the technical entity that completes the
function element. The idea of solving the function element can be expressed as: function
- working principle - work Energy carrier.
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After the functional element solution is obtained, the morphological matrix method
is used to combine the functional element solution to form the total system [21]

The original understanding of the function. Morphological matrix method is a method
to solve the combination of system-receiving and programmed functions [22]. It is an
advanced method the basic way of mechanical system innovation is to obtain a variety of
feasible schemes, and the best scheme can be obtained by screening and evaluation [23].
Factors and morphology are the two key concepts in the morphological matrix method.
Factors refer to each component of a mechanical product Yes, and form refers to the
solution of each function. The morphological matrix method is generally expressed in
tables, such as Table 4.

Table 4. Morphological matrix

Functional element Functional meta-analysis

Fl1 F11 F21 F1
F2 F12 F22 Fl1
F3 F13 F32 F1
Fi Fil Fi2 Fin
Fm Fml Fm2 Fmn

A system solution is obtained by taking a solution from each functional element for
organic combination N can be obtained at most A formula such as formula

ZN =n; Xnp Xxn3...nj,... X Ny

The m is the number of functional elements and the ni is the number of i functional
element solutions.

3.2 Programme Evaluation and Decision-Making

The design process is the innovation process from divergence to convergence, and the
scheme evaluation is to compare and evaluate the value of each scheme [24]. Decision
is to choose the best plan according to the goal and make the final decision.

Decisions should be based on the design’s own characteristics and follow the
following principles:

(1) System principles. From a system point of view, any scheme is a system, which can
be described and decided by various performance indicators [25]. We should take the
overall goal of the whole project as the core consideration to achieve the total enterprise
Body best decision.

(2) Principle of feasibility. Decision-making should take into account not only the need
but also the possibility of estimating both the advantages and the disadvantages Element,
make decision have feasibility.
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(3) Principle of satisfaction. Because of the complexity of the design work, there is no
perfect design in the design, so we can only choose the phase among many schemes a
satisfactory plan.

(4) Feedback principle. Whether the decision is correct or not should be checked by
practice, adjusted in time according to the feedback information in the process, and made
the correct decision.

(5) Multi-programme principles. In the process of design, the design scheme is grad-
ually concretized and the understanding is gradually comprehensive. In order to ensure
the quality, the design scheme is designed Stage, choose several schemes to develop at
the same time, know that each scheme can be divided into advantages and disadvantages
before making decisions [26].

3.3 Evaluation Objective Tree

Programme evaluations should take into account a wide range of factors, including tech-
nical, economic and social factors, so that multiple evaluations occur Evaluation objec-
tives, and the importance of each goal is different, generally using weighting coefficient
and target tree for comprehensive evaluation [27].

The target tree is based on the principle of system decomposition, Decompose the
total target into sub-goals at all levels according to the inverted tree, The final sub-goal
is the final evaluation goal [28]. The evaluation target tree is shown in Fig. 2, Z of which
is the overall objective; Z1, Z2,...,7Zn as a primary sub-goal; Z11, Z12,..., Znn as a
secondary sub-goal; Ziii, Zii2,...,Znnn for Level 3 sub-goals, such as Fig. 2.

Z

Z,| 8, Z,| 8, Zn| 8n

Zu| 11| | Zi2| 82| | Z21]| 821 Z22| 822(|Zn1| 8n1| | Zn2| 8n2

Fig. 2. Evaluation objectives tree

According to the principle of systematicness and feasibility of program evaluation
decision-making, this bath accessory focuses on technical index Consider workability,
processability and serviceability; focus on cost in terms of economic indicators Factors;
in the social indicators focus on energy conservation [29], environmental protection and
aesthetic factors, the final evaluation objectives are: working performance, processing
technology, maintenance, life, cost, appearance and environmental protection [30, 31].
Due to evaluation objectives versus end product. According to the experience, the weight
of technical index is 0.6, the weight of economic index is 0.2, and the weight of social
index is 0.2, in which the working performance, processing technology, maintenance
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and life index weight of the technical index are 0.15, respectively, after. The cost weight
of economic index is 0.2, the appearance and environmental protection weight of social
index is 0.1, formed Fig. 3.

Bath Accessories

[ I |

Sociality Technicality Economic type
02 0.6 0.2

1 [ | |

Appeara Environ service Technol Mainten Service Costs 0.1
nce mental behavior ogy ance life 0.15
0.1 0.1 0.15 0.15 0.15

Fig. 3. Weight of scheme evaluation system

4 Product Design Evaluation of Bath Accessories

4.1 Setting Evaluation Objectives

(1) According to the previous section, the final evaluation objectives are: working perfor-
mance, processing technology, maintenance, life, of production Z, of evaluation objective
matrix established for this [32], appearance and environmental protection, the formula
is as follows

72 = (212737247576 77]
(2) Determine the weighting factors for each evaluation objective. The weighted coef-

ficients corresponding to each evaluation objective are 0.15, 0.15, 0.15, 0.15, 0.2, 0.1,
0.1, Forming G of weighted coefficient matrix, For example:

G=g12:8324858627]
G = [0.150.15 0.15 0.15 0.2 0.1 0.1]

(3) Score each evaluation target to form a scoring matrix

According to the price target, the final 36 schemes are evaluated, and the scores of each
scheme are as follows (Table 5):
A target evaluation matrix W formed is:
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Table 5. Program scores

Environmental
protection

Appearance

Cost

Service life

Maintenance

Processing

Technology

Performance

Order number

10

12
13
14
15
16
17
18
19
20
21

2
23
24
25

26
27

28

29
30
31

32
33
34
35
36
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Wi |4 9 9 9 9 8 9
w2 |14 8 8 8 7 9 8
W || 4 9 9 9 9 8 8
Wi || 4 9 7 9 7 9 9
Ws || 4 8 8 8 7 9 8
Ws || 4 9 7 9 7 8 8
w7 |4 8 9 9 8 9 9
Ws || 4 8 8 8 7 9 8
W || 4 9 9 9 9 8 8
Wo || 4 9 7 9 7 9 9
Wi || 4 8 8 8 7 9 8
Wi 4 8 8 8 7 9 8
wis || 4 9 9 9 7 8 8
wis || 4 9 7 8 7 9 9
Ww=| W 4 9 7 9 7 8 8
Wi || 9 9 9 9 9 9 9
Wx || 8 8 9 9 7 9 8
wa || 9 9 7 8 7 8 8
wz || 8 9 8 9 7 9 9
wxs [ |9 8 9 9 9 9 8
wx | |9 9 8 8 7 8 8
was || 8 9 9 9 9 9 9
was || 8 8 7 9 7 9 8
wr [|9 9 8 8 7 8 8
w [| 9 8 8 9 9 9 8
wa || 8 9 7 8 7 8 8
Wi 9 9 7 9 7 9 9
Wis _8 9 7 9 7 8 8_

(5) Solving the Weighted Value Matrix R
The R of weighted score matrix R = WGT obtained in MATLAB according to formula,
Ri of each component(1 < i < 36) The following Table 6

(6) Best Selection Scheme

According to the principle of selection, the scheme with the highest value of people is the
best scheme, Table 6 shows scheme 19 (F11-F21-F32-F41-F51-F61-F71). Because of
the maximum R value, it is the best scheme, that is, the horizontal drive adopts manpower,
the horizontal shift adopts wheel, the vertical lift drive adopts motor, the vertical drive
adopts gear, the vertical shift adopts shift, in attitude adjustment adopts manpower. Gear
is used in attitude adjustment [33].
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Table 6. Ri weighted score

Scheme | Weighted | Scheme | Weighted |Scheme | Weighted |Scheme | Weighted
number | score number | score number | score number | score
1 8.15 10 7.55 19 9 28 8.3
2 7.3 11 73 20 8.05 29 8.05
3 8.05 12 7.35 21 8.65 30 7.95
4 7.55 13 8.25 22 8.3 31 8.85
5 7.4 14 7.3 23 8.05 32 8.05
6 7.35 15 8.05 24 7.95 33 8.65
7 7.9 16 7.55 25 8.5 34 8.3
8 7.3 17 7.3 26 8.05 35 8.05
9 8.05 18 7.35 27 8.65 36 7.95
5 Conclusion

China’s current aging trend is increasing, the number of the elderly and the disabled is
increasing, the nursing workload of the disabled and the disabled is becoming more and
more heavy, the traditional nursing work mode is not enough to solve this problem, and
it is more and more urgent to upgrade the nursing products [34]. Based on the sustainable
design method, according to the requirements of the use of the auxiliary equipment for
functional rehabilitation of the disabled and the principles of product design [35], the
design flow chart of the auxiliary bath for the disabled is established, the design ideas
are straightened out and the best design scheme is finally obtained.
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Abstract. The past few years have seen an increasing dependence on the use of
Information and Communication Technologies and never had the design of age-
friendly technologies been so important as nowadays, given the ageing population.
Indeed, most of the software development projects designed for senior citizens rely
on the designers’ assumptions of the users’ cognitive models, presenting the risk of
falling into stereotypes and leading to products that end up not being used, which
reinforces the need to involve older adults in the co-design process. This review of
studies published in the last six years in the Scopus, Web of Science, and Google
Scholar databases aims to understand the effectiveness of the application of co-
design techniques in senior citizens. One hundred and forty-six eligible articles
from a sample of 534 met inclusion criteria. Focus groups, Questionnaires, Low-
fidelity/Paper Prototyping; Scenario-building, and Cultural Probes have been the
most used techniques applied in this age segment. A set of recommendations was
formulated such as the need to explain the technological terms prior to creative
activities, involving the creation of technological artifacts and devoting time to
create a sense of trust with the participants.

Keywords: Co-design - Senior citizens - Systematic literature review

1 Introduction

The proportion of the global population aged 60 and over has been growing faster than
any other age segment over the past years [1]. People not only tend to live longer and
actively in older age but also with higher physical and mental capabilities [2]. This
increasing population age and recent advancements in Information and Communication
Technologies (ICT) have also led to an overly dependence on the end-users’ digitally-
mediated interactions with the environment [3]. However, there is a general disengage-
ment with online activities from older generations [4], aggravating the gap between
older and younger adults in terms of ICT usage [2]. Czaja and colleagues [2] present
possible reasons for the gap’s persistence, such as: Income disparities; perception of the
need to use technology; and the difficulties in its use. The aging process carries both
physiological and psychological impairments that also make technology harder to use
[2], and such impairments require the user’s context to be prioritized over technology
[5]. Most software development projects rely on the designers’ assumptions of the users’
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cognitive models with the risk of homogenizing the aging experience and falling under
stereotypes [6]. By falling into these preconceived notions, some of these projects end
up disregarding the needs of senior citizens and, subsequently, not being used by them
[7]. A co-design approach could be, therefore, used in order to come up with products
that senior citizens would use, i.e. the participation of senior citizens in the technology
development process that may facilitate the identification of their wishes, abilities, and
resources [5], and the end-users’ engagement in co-design sessions are also very likely
to impact their unique and added-value experiences [8] with the product use [9].

The aim of this review is to gain further insights into the recent trends (last six years)
of co-design techniques used involving senior citizens. This paper starts by defining co-
design, followed by the explanation of the procedures to carry out the literature search,
criteria selection, data extraction, and management. Then, the results are presented, in
which the applied co-design techniques are further detailed.

1.1 Co-design Definition and Domain

In 1970, co-design (referred to as Participatory Design) was first acknowledged as a
workplace democracy movement that emerged [10—12], counting with the involvement,
active participation, and collaboration of different entities in the design process, such
as researchers, designers, developers, potential customers, and users [10, 13]. The three
main reasons for involving stakeholders and interfering with the design process, as
mentioned by Reddy and colleagues [14], were: (1) bring relevance to the User Expe-
rience Research [14, 15] by early meeting the end-user’s context, users’ needs with
the product or service features, and subsequently, decreasing the probability of failure
and the adjacent costs and efforts [16]; (2) provide stakeholders a sense of ownership
and accountability of product design and development [14, 15]; and (3) strengthen the
gap between social networks and community involvement through the collaboration and
contact among all the stakeholders and the organizations [10, 17]. This co-design expe-
rience also allows designers to anticipate the end-users’ unmet and unrecognized needs
with previous assumptions of their behaviors and cognitive models [12].

Moreover, different co-design techniques can be used depending on the time of
the development life cycle, the participants involved and purpose, and the appropriate
group sizes for practice [18]. Sanders and Stappers [19] mention four main phases of
the design research process, in which those techniques were the most included: pre-
design, generative, evaluative, and post-design. The purpose of pre- and post-design is
to understand people’s experiences in the context of their past, present, and future lives
(e.g., survey and questionnaires; interviews and focus groups; cultural probes). During
the design research phase, the designer/researcher prepares participants for the co-design
activities while creating empathy with them. In the generative research phase, aiming
for future scenarios of use and exploration of the design space, participants generate
ideas, insights, and concepts to be designed and/or developed (e.g., low-fidelity and
paper prototyping, scenarios, card sorting). The evaluative phase allows assessing the
effectiveness of products, spaces, systems, or services (e.g., user evaluation). In this
phase, the identification of possible problems occurs.
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2 Method

The present study was conducted using a qualitative approach and following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [20].
Figure 1. Presents a PRISMA flow diagram with the study selection results.
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Fig. 1. PRISMA flow diagram.

The inclusion criteria used to select candidate articles were: (a) being peer-reviewed
articles published between 2015 and 2020; (b) target the group of senior citizens and
involve them in the design process. Exclusion criteria included non-English or non-
Portuguese articles, duplicated ones, or/and with no full access,

To select the eligible articles, titles, and abstracts were screened and, then, the articles
full texts were read. The conducted search yielded potentially 534 eligible studies (as
shown in Fig. 1), 297 from Web of Science, 208 from Scopus, and 29 from Google
Scholar, leaving 146 eligible articles. In addition, publications that only covered co-
design with caregivers or that were centered on attempts to construct personas based on
the user’s cognitive model were also excluded.

2.1 Literature Search

Articles from Jan 2015 to March 2020 were searched using the databases Scopus, Web
of Science and Google Scholar. The Google Scholar database was searched in order to
include “grey literature”- i.e. white papers with examples of market-oriented techniques
that might fall out of the scope of commercial academic publishers [21]. The search was
limited to the last six years to understand the most recent developments in the field.
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The following search terms were used to conduct the search: “co-design” OR “par-
ticipatory design” OR “collaborative design” AND (“senior” OR “senior citizen” OR
elder OR “older adult”). The search terms on the database Scopus and Web of Science
were search at the title, abstract and keywords. At the Google Scholar database, to limit
the results, the terms were only search on the study title.

2.2 Data Extraction and Management

Fully read articles were analyzed in terms of the aim, sample and methods/instruments
used in each study.

2.3 Risk of Bias

The systematic literature review was conducted by one researcher, and other researchers
were consulted in case of uncertainties to discuss.

3 Results

This section presents the results of the systematic literature review and the descrip-
tion of different techniques approached in those studies, as well as their results, in
order to understand the most used co-design techniques in the last six years, and their
effectiveness.

Some of the reviewed studies only included senior citizens as their target group.
However, some studies focused on other related users such as caregivers, health staff,
other family members, among others (e.g. [22-24]). Hence, the activities conducted
with these other groups were not considered as they were out of this research scope.
In addition, senior citizens of diverse backgrounds were included, i.e. adult learners
(e.g. [25]); adults living in care homes (e.g. [26]), having some sort of health issue like
cognitive impairments and hearing difficulties (e.g. [27]), or having low income and
limited education (e.g. [28]), among others. It is worth noting that senior citizens do not
form an homogeneous group since the aging process is not the same for everyone and
leads to different physiological, psychological, and social changes [2].

Different co-design techniques were presented on the eligible articles, being most
of them qualitative. Most studies were conducted in the form of group workshops/co-
design sessions (n = 64) (e.g. [29-32]) and the following techniques are the most com-
mon among the studies were: interviews (n = 68) (e.g. [33-36]); focus groups (n =
30) (e.g. [37-39]); questionnaire surveying (n = 18) (e.g. [40—43]) and questionnaires
administration (n = 22) (e.g. [44-46]); low-fidelity and paper prototyping (n = 21); and
activities involving scenario building (n = 15), often combined with personas creation
(n=8) (e.g. [47]; and storytelling (see [25]). Card sorting games (n = 13) (e.g. [30, 48];
and cultural probes (n = 10) (e.g. [49, 50]). Furthermore, it was noted that some studies
combine the previously mentioned co-design techniques with others. As an example,
Muriana and Hornung [51] make use of collages, storytelling, interaction with a paper
prototype and an interactive prototype, and user evaluation, in order to better understand
how to properly engage senior citizens on the construction of a low-fidelity prototype.



Co-designing with Senior Citizens: A Systematic Literature Review 65

Analyzing the literature review sample, most workshops and co-design sessions
were conducted in group settings with small groups of participants (e.g. [52, 53]), often
dividing the study sample. Furthermore, while most of the analyzed studies concentrate
on one of the phases of product development, some studies engage the senior citizens
throughout all the phases (e.g. [54]).

This subsection presents an overview of the previously mentioned co-design tech-
niques, describing the different phases of the design research process that those tech-
niques were most applied, as well as different modes of participation, described in the
previous section, that were used to engage senior citizens.

Focus Groups and Interviews

The purpose of focus groups is to reunite users in group settings to evaluate products
and to discuss them in a group [55]. The designer’s role in the focus group is not to
participate in the discussion directly, but to provide inputs for the topics that are to be
discussed by the participants [55]. According to Schuler & Namioka [55], the use of co-
design techniques in focus groups has been adopted by researchers in order to generate
comments on their work, and get further insights into a certain concept or technology
[55].

Interviews can be either unstructured, semi-structured or structured. Analyzing the
results of the systematic literature review, and even though some studies do not specify
the type of interview that was conducted, most of the studies seem to have conducted
semi-structured interviews (e.g. [56, 57]). In a semi-structured interviews, the interviewer
has a series of open guiding questions about the topics of the study matter, and gives
the participants freedom to discuss and debate them, directing and guiding the interview
to its guidelines every time the participants move away from the topic and asks them
questions at the right time [58].

Questionnaires

According to Schuler and Namioka [55], questionnaire surveying involves administering
a standard questionnaire to potential or existing users with the intention of determining
users’ preferences. Questionnaires allow the quantification of a large number of data
and correlation analysis. It can be especially useful to carry out an analysis of social
phenomena that are hardly quantified and underexplored [58].

Eighteen of the analyzed studies apply surveys, either as the only technique (see
[59]), or combined with other co-design techniques such as focus groups (see [40]) and
were mostly used at the early stages of co-design. Moreover, an account of 22 studies
uses questionnaires in the research (e.g. [36, 37, 41]).

Low-fidelity and Paper-Prototyping

Prototypes are physical manifestations of ideas or concepts [19]. They represent a
widespread design technique, particularly in software development, enabling design-
ers and end-users to communicate and eventually agree about the features of a product
[11]. They vary from rough (giving the overall idea - as paper prototypes) to finished
(resembling the actual result) [19]. Paper prototyping is a method to brainstorm, design,
create, test, and communicate user interfaces [60-62]. End-users work with materials
they are familiar with such as papers, pencils, and sticky notes [60—62]. This technique
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does not require high budgets and as much development time as computer prototyping
[60, 61]. Therefore, developers are more willing to accept changes to the design [61].

However, based on the reviewed studies - e.g. [60], Muriana and Horning [51], and
Ventura and Talamo [11] studies, there has been some difficulty in engaging senior
citizens with paper-prototyping, as they cannot see it being a real application or service.
Interactive prototypes are a better solution to solve that problem even though there can
be fewer idea contributions and suggestions for changes [60].

Scenarios, Personas and Storyboards

A persona is a fictional character who represents the ideal user and helps designers
envision and considerate the users’ perspective in the development process [63]. Most
personas are often complemented with scenarios [64]. A scenario refers to a short story
that contains information that connects the product/service requirements with the per-
sona’s goals, desires, and behaviors in certain contexts and situations [65, 66]. Rosson
and Carroll [67] described four kinds of scenarios that designers can use in the devel-
opment of a software application in different design phases: Analysis phase - designers
study the current practices of stakeholders (1), and perform field studies to generate
problem scenarios (2); and Design phase - designers use activity scenarios to introduce
concrete ideas about how the user’s requirements can be met (3), and create information
design scenarios (4), which specify the representations of task’s objects and actions that
will help users to perceive, interpret and make sense of the proposed functionalities.

A storyboard is a series of drawings or images that represent envisioned scenarios
on how an interface would be used to accomplish a particular task [62]. According to
[68], stories and storyboards can anchor design in the end-use; promote innovation by
capturing real problems; convey the functionality of a proposed solution, product, or
service; help people to understand how they could incorporate new technology in their
working practices; among others [65].

By engaging senior citizens in scenario activities in order to gain insights on how
senior citizens plan their budget, Magbool and Munteanu [69] results showed that
participants had difficulties envisioning a scenario they thought that would be unrealistic.

Card Sorting Games

Card sorting consists in giving co-design sessions participants’ a pack of cards with a
concept associated to each card. It is often conducted in groups as it has the advantage of
being quicker to carry out and allow more elaborated results gained through the group
dynamics [70]. By carrying out card sorting activities, the concepts are tangible for the
co-design sessions, and participants interact with and create discussion around these
concepts [42].

Different card sorting games were spotted in the analyzed studies. Harrington and
colleagues [71] use card sorting to label images on given cards. Nevay and Lim [72],
use a card sorting exercise to understand the participants preferences. Also, Nevay and
Lim [72], and Harrington and colleagues [71] draw attention that card sorting games can
contain blank cards, in order to encourage participants to prompt ideas and personalize
the cards. For transforming a card sorting activity in wearables prototypes, Nevay and
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Lim [72] (p. 3), noted that “participants commented that the incorporation of blank cards
was useful to capture any ‘missing’ items or design components.”

Cultural Probes

Cultural Probes consist of self-documentation materials, created by Designers and sent
to the end-users with the task of documenting their everyday life or aspects of it [19,
73]). Cultural Probes are sent as an individual task, often with little or no guidance, and
after completed, they are returned to who sent them out [19]. Materials given in cultural
probes are diverse, such as diaries, cameras, packages of maps, and games [19, 73, 74].
Those materials were originally designed to provoke inspirational responses from senior
citizens in diverse communities, as part of a strategy of pursuing experimental design,
on an urge to design for unfamiliar groups [74].

As an example, [75] make use of a cultural probe pack, constituted by a large wal-
let with the following materials: mood board and stickers to quickly indicate posi-
tive/negative experiences for each day; a scrapbook and glue sticks to do a collage
activity of the articles read or noticed; a disposable camera to capture storytelling, and
lastly, a notebook for senior citizens to express their thoughts. The authors state that raw
data such as photos and videos of users in their homes and individual stories and quotes
can be a good way to create empathy and personal connections to the users’ experiences.
However, [76]” results have shown that activities in which postcards were given to the
participants as materials of cultural probes, senior citizens were less comfortable with
showing their photos and were more likely to show their postcards.

4 Discussion

The findings of this review suggest that senior citizens are engaged in a vast variety
of co-design techniques, being the main co-design techniques applied in the last six
years: (1) Focus groups and interviews; (2) Questionnaires; (3) Low-fidelity and Paper-
prototyping; (4) Scenarios, Personas and Storyboards; and (5) Cultural probes.

Based on the vast number of co-design techniques applied, and the heterogeneity of
participants make a comparison of the best co-design techniques for older adults hard
to make. However, some “good practices” and general observations can be made. When
analyzing the results of the mentioned techniques, some senior citizens showed diffi-
culties in creative activities, such as prototypes creation and evaluation, concerned with
new technology adoption. Since senior citizens might not be familiar with technolo-
gies, it is important to explain the concept of the type of technology that is being tested
or created in order to better perceive it and to be able to fully collaborate in it. Some
studies included a technology introduction before the co-design activities. Clear guid-
ance and explanation of the activities’ goals can also foster the participants’ engagement
and interest. Furthermore, some studies engaged senior citizens in multiple co-design
techniques. This can be a good way to ensure that every participant contributes to the
co-design process, considering that senior citizens represented in the analyzed studies
have different skills and psychological/physiological needs and capabilities.

In terms of the depth of user involvement during the product phases, this was also
variable during the studies. Many studies referred to engage senior citizens in co-design



68 S. Machado et al.

processes but there were a lack of involvement or explanation of the conducted activ-
ities, sometimes referring only a small part of a continuous co-design process which
difficulted the overall analysis of results. It was noted that a product would benefit from
the involvement of the senior citizen during all stages of the conceptualization, design
and development, although it cannot be taken for granted. Kope¢ and colleagues [77], for
example, engage senior citizens in a hackathon, working together with designers. The
results of the study showed that senior citizens felt isolated and deserted by designers
and only one group of senior citizens were fully involved in a in every stage of product
development, leading to a successful product and win the hackathon.

Moreover, despite the techniques conducted, researchers should invest in creating
an informal relationship with the participants (see [78]), building a non-hierarchical
relationship with them to build a sense of trust (see [79]). Likewise, the categorization
of the participants ‘older’, ‘elder’, etc. should be avoided as well as a different treatment
in relation to younger age groups.

5 Conclusions

There is a need to (re)invent some of the design methods and workflows to match the
products’ features to senior citizens’ context, especially in a digital era. Co-design can be
an efficient solution to include this often-excluded population. In the analyzed studies,
it was noticeable that some authors only referred “co-design” and often failed to apply
co-design techniques at the different phases of product development. Efforts should be
made to engage this target group in the co-design sessions and evaluate its impact on
product development.
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Abstract. Ageing in place is one of the answers to the changing needs of older
global demographics. After evaluating alternatives for ageing in place, the effects
of the COVID-19 pandemic lockdowns and the challenges of living in remote
contexts, the need to integrate a Human-Centered Design approach to increase
the usability of the Built Environment became evident. This literature review
describes different methods and instruments that can be used for data collection
in the context of a Human-Centered Design process for the built environment.
Contributions of this research include the application of a user-centered theory of
the built environment focused on the user experience.
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1 Introduction

1.1 Healthy Ageing

Statistics show how a large number of the global population is getting older. By 2050
more than two billion people will be over 60 years old, compared with one billion in 2020
[1]. In the United Kingdom, by 2043, more than 10 million households will be headed
by someone aged 65 or more, increasing the numbers of 2016 by 54% [2]. Specifically
in Scotland, in 2019, reports showed the demographic age shift, increasing by 31% the
group of people aged 75 or more, while on the other hand, the population group aged
0-15 decreased by 8% [3].

The Healthy Life Expectancy (HLE) refers to the number of years a person will
enjoy good health. The gap between Life Expectancy and Healthy Life Expectancy is
getting bigger, and the HLE projection for Scottish people shows that males born in
2015-2017 can expect to spend 62.3 years of good health, and for females the number
is 62.6 years, variations are mainly defined by gender and access to services [3]. This
projection suggests that people might struggle with health issues for about 15 to almost
20 years, and explains why there is an interest on focusing on healthy ageing.

However, healthy ageing is a concept that needs clarification. For many years, the
MacArthur Model of Successful Ageing was used as a reference to determine the quality
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of the ageing process. The model considers three aspects: low risk of disease, mainte-
nance of high mental and physical function and continued engagement with life [4].
Healthy ageing is defined by the World Health Organization (WHO), as ‘the process of
maintaining the functional ability that enables wellbeing in older age’. An individual
achieves functional ability by an intrinsic capacity (physical and mental health) and their
environment (extrinsic factors) [5]. Healthy ageing frequently associated with the con-
cept of “wellbeing”, other sources [6] align with the WHO describing it as the balance
point between resources and challenges faced by the individual.

1.2 Wellbeing and the Built Environment

Wellbeing is a complex and non-static perception, there are several affirmations in lit-
erature that agree it can be achieved despite illness, successfully managing health con-
ditions, and executing most activities independently [6—8]. Nevertheless, this balancing
act frequently gets impacted by housing characteristics. The House of Commons [9]
lists housing characteristics that affect older people’s wellbeing, such as low quality, un-
adapted, hazardous, poorly heated and poorly insulated accommodations. The Centre
for Ageing Better adds other features such as small room sizes, steep stairs, baths rather
than showers and steps outside as some common problems with mainstream housing
[10] Some consequences of poor housing can be: reduced mobility, depression, chronic
and acute illness, falls, social isolation, loneliness and depression [3]. Appropriate hous-
ing should enable users in several ways, keeping them warm, safe and healthy, close to
their social circle and allowing them to execute activities they consider important [10],
support them in living independently, and reduce the need for social care [11-13].

There is a trend on housing policies to focus on ageing-in-place [ 14—16] as aresponse
to the increase in older demographics which has been explained previously, and also to
the fact that only few homes have accessibility features. Specifically in the U.K. only
7% of the house stock includes accessible characteristics (level access and accessible
threshold, W.C. at entrance level, wide doors and circulation space for wheelchairs)
[10]. The National Health Service (NHS) [17] offers a support program for older adults
to adjust their properties and allow them to stay at home for longer and increase their
independence. Modifications can go from adding grab rails to fitting a stairlift. This type
of policy focuses on retrofitting a segment of the other 93% properties.

2 Background

2.1 Alternatives for Ageing in Place

The alternatives for ageing in place can be determined by users age, level of independence
and level of care needed, and different options vary from general needs to specialized
solutions [18, 19], a comparison is shown in Fig. 1.

The alternatives which not consider age restrictions and that promote user inde-
pendence (Adapted Housing, Lifetime Homes, Future Proofed Homes and Wheelchair
Homes) will be described next.
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Fig. 1. Comparison of alternatives for ageing in place, according to the level of specialization of
housing and user’s age, level of independence, and need for care. Based on [18, 19]

Adapted Housing. Modifications to the Built Environment, or Home Adaptations
(HA), have been studied thoroughly [10, 11, 14, 20-29]. HA apply to existing housing,
and can be classified as minor (i.e. additional grabrails in stairs and bathroom, installing
shower seat) or significant (i.e. installation of stairlift, replacing bath with shower).
Other authors [14] classify them in more specific categories: the sense of being at home,
usability and safety. Most longitudinal studies present positive results, i.e. Carnemolla
and Bridge [24] measured the impact of this type of H.A. on older people’s wellbeing.
They found that improving accessibility led to a 40% increase in Health-Related Quality
of Life.

On the other hand, on occasions users delay H.A. installation because are perceived
as “stigmatizing associations with decline and vulnerability” [23, 26], often causing
H.A. product acceptance until reaching a crisis point. Other literature [30] based on
phenomenological methods, describes new discoveries of inconsistent and unintended
uses for H.A. products after immersing into users B.E. with novel approaches. These
polarized results in H.A. use present the need of a Human Centered approach while
planning and performing changes to the B.E.

For some users, transforming their B.E. is not a viable alternative, and moving to
other alternatives to age in place might be the only option. A study by Age Scotland [31]
on the Orkney Islands describes how older people use government programs to adapt
their houses to increase comfort. Subjects were asked about their current and future
housing plans, showing that 61% do not intend to move in the future. Only 11% have
considered moving because their facilities are perceived as unsuitable (high running costs
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and single level property is preferred). Other studies show that most of the respondents
don’t want to move due to getting older, only relocating voluntarily when downsizing
or convenience reasons [7, 32] and the action can be taken after crisis situation (i.e.
increased frailty, reduced mobility, etc.) or planning ahead proactively[19].

Lifetime Homes. Refers to a design guide [33] that complements (and enhances) the
Building Regulations [34] and increases the building’s adaptability. The aim is to improve
the user experience while facing challenges of different moments in life, i.e. using the
entrance of a dwelling with a pushchair or with a walking aid. The design principles
can be applied to communal residences or single-family dwellings. Some initiatives
like HOME (Housing Made for Everyone) advocate for including these guides as basic
standards[35] for new-build housing.

Future-Proof Homes. This concept refers to houses designed to be easily adaptable to
changes in user’s needs, some features might be embedded from the planning stage [19].

Wheelchair Homes. These homes follow the Approved Document M2-Part 3 of the
Building Regulations [36] to allow a wheelchair maneuvering through all the living
spaces without. The focus is on describing minimum spaces, widths of doors, height of
working spaces and sockets, storage and accessible layouts.

After describing the non-age-restrictive alternatives for ageing in place to promote
independence, it’s also necessary to add that BE theories include other aspects as well,
such as location [26].

2.2 Remote and Isolated Contexts

When evaluating and designing the BE, the physical environment is framed by multiple
levels: Immediate surroundings, neighborhood and community [19, 26, 37, 38]. In some
cases, integrating the three levels can be challenging. The context of this research is
in the north of Scotland, which is described as one of the most remote and sparsely
populated parts of the United Kingdom [39]. One of the consequences of geography is
isolation from various service provisions, especially healthcare. The study ‘Scotland’s
Wellbeing’ shows the perception of the quality of public services such as transport
and health services has been decreasing in rural areas [40]. Other sources mention that
“older people in rural areas are more likely to experience ill-health conditions caused
by poorer housing conditions”, frequently facing fuel poverty, with properties that are
difficult to maintain and with inefficient heating [41]. This situation was foreseen since
2011, when the Strategy for Housing Scotland’s Older People was published [42] and
dictating ““should be accessible and adaptable and meet the needs of older people”,
considering the lack of availability of suitable housing for older people in remote and
rural areas. The strategy remarks on the importance of new build to meet the needs of
an ageing population, and specifies that new options to have an increased potential of
accommodating people with mobility needs.

After the previous description, it can be suggested that some characteristics of remote
living can be comparable with recent lockdown living. With increased time at home due
to COVID - 19 Pandemic, the relationship between users and the B.E. has changed
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dramatically [43—45]. Elderly and disabled people have suffered consequences of not
living in a place that suits their needs while spending more (if not all) time indoors
emphasized good and bad aspects of B.E. where people live [44, 46]. Quoting a segment
of an article related to the effect of the pandemic in social experiences “As we navigate
through life, much of what fulfils us are the bonds we create with other people, and more
often than not, those bonds materialize through physical interactions.” [47] It became
apparent that housing solutions must consider social connections even in remote or
isolated contexts.

2.3 Best Practices and Local Considerations

The framework for dimensions and features to be taken into account when designing
a B.E. to age in place, are described in the Building Regulations [34]. However other
resources of additional information, such as the National Design Guide [48] defines “well
designed” homes as functional, accessible, sustainable, and providing internal environ-
ments and external spaces that support their users’ health and wellbeing. The ‘Housing
our ageing population’ reports [41, 49, 50] encourage the industry to introduce ‘care
ready’ features in houses, integrating new home technologies, keeping users connected
and increasing their sense of autonomy. Also, they provide design principles and rural
proof principles to be considered while designing the B.E., i.e. generous internal space
standards to allow overnight visitors/carers, adaptability and ‘care aware’ design which
is digitally/technology enabled.

For local considerations, the Design Brief for building Homes for the Highlands
[51] is referenced, even though the audience for the publication are Affordable Housing
Providers, it includes information like heating systems requirements, use of supplemen-
tary low or zero carbon technologies, and considerations for diverse needs (inclusive
design for sight loss, hearing loss, limited mobility and dementia).

Despite the best practices and local considerations mentioned, technologies and care
ready features do not offer specific information on which technologies should be taken
into account. Studies about smart homes and IoT for older people have categorized tech-
nologies according to Activities of Daily Living (ADLs) [52]. The categories are safety,
health and nutrition, physical activity, personal hygiene and care, social engagement and
leisure.

2.4 Usability at Home

Usability happens with every user-product interaction. According to the Draft of BS
ISO 15928-7 [53], usability is the characteristic of the built environment to be used by
everybody in convenience and safety. The draft also describes the dwelling’s perfor-
mance, which is defined as the behavior of houses related to users’ needs. This approach
of defining usability needs to be differentiated from accessibility. While accessibility is
based on objective information, usability is loaded with subjective perceptions [20].

Usability evaluation has been thoroughly explored in the area of Human-Computer
Interaction, in the field of the Built Environment has been explored on to evaluate inter-
face design (i.e. of service controls) and to assess the risks on existing housing to prescribe
minor or major home adaptations.
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2.5 Human-Centered Design

The National House Building Council Foundation [54] framed the question: “Could
well designed, stylish and safe homes suited to downsizing or single person occupancy
become a more common new house type within 20 years?” This research focuses on
the residential BE as a product. The so-called “industrial house” [55] has been present
since early 20th century [56] and has become an alternative to an increased housing
shortage in several countries [57, 58]. The industrial house concept is related to the
Offsite Manufacturing (OSM) process, which refers to producing construction elements
in a factory facility or other controlled environment [59].

OSM process requires adding value by integrating stakeholders in the design stage
[57], which is one of the benefits of applying human-centered Design (HCD). References
for HCD process and tools are explained by Maguire [60], Bowmast and Tait [61] and
ISO 13407 standard on human-centered design [62, 63].

Currently, there are only a few pieces of literature available regarding HCD applied
to the B.E., most of the theory is applied to Healing Environments [29] or adaptations to
homes for rehabilitation [64]. Some authors [65, 66] suggest that the construction sector
lacks the use of Human Factors and HCD fundamentals. Agee, Gao [67] recently pub-
lished a paper regarding a framework to consider HCD the BE; however, their outcomes
are related to smart interfaces at home.

This research aims to answer the question: which HCD methods for data collection
can be employed to integrate users’ inputs when selecting and prioritizing features and
technologies to age in place?

3 Methodology

A literature review took place online in scientific databases, analyzing peer-reviewed
journal articles and conference papers involving Human-Centered Design methods for
data collection applied to the BE, and related to ageing in place, usability or assistive
technologies.

The methods and instruments identified were analyzed by type of user, type of data
collected and elements considered (Fig. 2).

1 2 g 4
Literature Review Analysis Selection Report
(- = % = r - s
= (4 ]
Human-Centered Type of User
Methods Instrument Focus

for Data Collection  Qualitative - Quantitative
Elements Considered
Type of Evaluation

Fig. 2. Methodology diagram.
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Methods and tools were selected according to relevant elements and finally reported
as part of a new framework of design for the BE.

4 Results

The result of the methods and instruments are described in this section. After reviewing
43 journal papers, 8 were selected. The criteria for selection of instruments was the detail
of description for application, focus related to the aspects of BE for ageing in place
(home adaptations, wellbeing, independence) or assistive technologies. Specifically for
quantitative data instruments, validity and refinement was also considered.

All the methods and instruments included demographic and background data; this
feature is not included in Table 1 to avoid repetition. The first column refers to the name
of the instrument or tool; the second one describes the type of user or the focus of the
application. The third column defines if the data collected is qualitative or quantitative.
The fourth column enlists the elements considered by the method or tool, and the last
column provides a reference to the authors.

Table 1. Analysis of methods for data collection.

Name of
instrument

Type of
user

Instrument
focus

Qualitative/Quantitative

Elements
considered

Type of
evaluation

UIMH
survey [20,
21, 27]

Older and
disabled
user

HA

Quant

Activity
aspects,
personal and
social aspects
and physical
environmental
aspects

Usability
Scale

USAE
survey [68]

Older
users

Technologies

Quant

Mobile phone
use frequency
and usability,
social activity,
environmental
awareness

Usability
Scale

HAST
template
[69]

Older
users and
carers

HA

Qual

Type of care,
functional
limitations,
built
environment,
smart home
technology,
outcomes of
smart home
tech., general
highlights

Open
questions,
guide
answers in
template

(continued)
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Table 1. (continued)
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Name of
instrument

Type of
user

Instrument
focus

Qualitative/Quantitative

Elements
considered

Type of
evaluation

Board
interactive
interview
[70]

Not age
related.
Early
adopters
and early
majority
technology
users

Technologies

Qual

Temporal
approach
(different
times of a
day),
activities,
control
devices,
appliances,
features and
interaction
styles

Open
questions,
descriptive
interactions

MoCA [27]

Older
users

HA

Quant

Cognitive
assessment
(short-term
memory,
visuospatial
abilities,
executive
functions,
attention,
concentration,
working
memory,
language and
orientation in
time and
place)

Test/Scores

ADL
staircaise
[27]

Older
users

HA

Quant

Independent
living
assessment
(feeding,
mobility,
using the
toilet,
dressing,
bathing,
cooking,
transportation,
shopping, and
cleaning, and
shows how
independent
the individual
is in these
situations

Independence
Scale

(continued)
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Table 1. (continued)

Name of Type of Instrument | Qualitative/Quantitative | Elements Type of
instrument | user focus considered evaluation
Service Not age Technologies | Quant Cognition, Yes/No/l
controls related. physical don’t know
interfaces | Users of ergonomics answers
usability heating and
tool [71] systems Affordances
Lived Older and | HA Qual HA, process | Semi
experience | disabled of getting the | Structured
method users HA, analysis | interviews
of before and | and Wearable
after HA, camera use
other users of
the HA and
further
adaptations

In order to understand how housing characteristics and technologies can help
the users achieve functional ability, a model was developed based on HAST model
(Human/Activity/Space/Technology) [25] and the Just Living Target Model [19]. The
resultant model together with the methods selected are described in Fig. 3 (Table 2).

A. Main User

B. Home
(Residential BE)

C.ADLs

D. Community

Fig. 3. HCD model to design homes for ageing in place in isolated contexts.

This review demonstrates that methods are available to obtain qualitative and quanti-
tative data from users for interventions in the BE and to evaluate and increase its usability.
As well as its application to technologies that promote independence and connection and
engagement with the community.

Adding users input to the equation for designing new residential houses, together
with best practices, lessons learned from HA, additional to the Building Regulations,
can have a positive impact on users everyday lives. Improving the levels of wellbeing of
users while increasing their independence and reducing the need for extra care (Fig. 4).
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Table 2. Methods selection

Focus

Aspects to understand

Methods selected

Main user (A)

Wellbeing (functional ability
and physical and mental
capacity)

MoCA [27] ADL Staircaise
[27]

Home (Residential BE) (B)
and activities of daily living
(ADL’s) (C)

Usability of Areas, elements
(furniture, adaptations,
appliances, technologies, etc.)

HAST Template [69]
Board Interactive Interview
[70]

Community (D)

Accessibility (physical and
virtual), Care (self, informal
and formal) and engagement
with the community

USAE Survey [68]

Specialized

A

Housing Building Regulations
Options ‘
General °

Existing Housing
(General needs,
Mainstream and
Social Housing)

Lessons learned from

Adapted Housing
(Retrofitting) Best Practices

Housing Dvipmt./New Build/ Self-Build

L d
Homes for Ageing in Place in Isolated Contexts

(Designed to meet current
and future requirements)

Level of independence

User

o
Nursing Home
(Complex Care

L Support Needs
Close-Care Dementia
or On-Site Medical Care)

Residential Home
(Complex Care
Support Needs

Dementia)

HCD Methods
for Data Collection

Extra
care

Fig. 4. Integration of methods and instruments in the HCD process to develop homes for ageing

in place in isolated contexts.

5 Conclusion

As mentioned before in this paper, the UK is facing the challenge of having almost all
of the housing stock inaccessible or with hazard conditions, when in the other hand the
population is getting older with changing needs. Designers, developers and professionals
of the BE, as well as other stakeholders, should use available methods to consider
real needs of users, as well as considering best practices instead of only the minimum



84 C. Resendiz-Villasenor et al.

standards. This integration could help avoid usability nightmares (or psychopathologies)
as the ones mentioned by Norman in his book The Design of Everyday Things [72].

The impact of this review is expected to be applied to help provide brighter scenarios
in the future, where people can find the balance for wellbeing while at home for as long
they might need to (such as in lockdowns) and for as long as they prefer to.

Acknowledgements. This research is part of a Knowledge Transfer Project between Norscot
Joinery, Teesside University and Innovate UK.
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Abstract. The aim of this paper is to contribute to establishing practices to involve
adults aged 50 and over in the design of digital games within the paradigm of active
ageing. This paper focuses on a component of a larger project entitled SERIOUS-
GIGGLE integrated in the SEDUCE 2.0 research that enabled to develop the digital
game JUMP that goes beyond illness recovery or skill maintenance, addressing
active ageing. Using a Participatory Action Qualitative Research that deployed
64-session group discussions and participant observation of 33 learners at a Por-
tuguese University of the Third Age, the necessary course of actions to involve the
end-users in game design were identified. Results suggest four phases: 1. Validate
the content and the materials that will be used during coDesign with experts in the
area, using the Delphi method; 2. Carry out the activities in the end-user’s places;
3. Design the game tool based on the end-users’ context and the content validated
by the experts during the previous phases; and 4. Validate the game-based product
with the end-users. Literature is still scarce in giving standards for designing dig-
ital games for active ageing and most of the solutions on the market tend to focus
on health and rehabilitation rather than on other dimensions, such as security and
social participation.

Keywords: coDesign - Security - Social participation - Action Qualitative
Research - Digital game

1 Introduction

The global ageing population has brought to the fore a renewed interest in identifying a
set of strategies for increasing the participation of older adults in society [1-8]. In fact,
the current framework of active ageing is launched by the World Health Organization
[9], defined as the process of optimizing opportunities for health, participation, and
security in order to enhance the quality of life as people age. The concept was further
refined in 2010 with the addition of opportunities for lifelong learning to the definition
[10], and a boom occurred in the development of the so-called ‘technology for active
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ageing’ [11]. However, the current solutions in the market tend to overlook the end-
user’s involvement in the design process and are too much focused on health-related
issues rather than embodying such important pillars of active ageing as security and
participation in society [9]. The end-user’s involvement in the design process is essential
to understanding the context of the use of a certain technology and there is a lack of
research in the use of coDesign with older adults [12]. Moreover, in the game sector,
there is a need to document practices that need to be undertaken and in which phase of
the product development cycle, which are relevant to build a certain empathy between
the end-user and the interface and meeting the philosophy “for, with and by the users”
[13].

Literature [7, 14] has shown that games can be beneficial to older adults’ physical and
mental health by fostering social connectedness and participation in daily life activities
and contributing to neighborhood, sense of purpose, and a ‘care for place’ culture.
Concomitantly, social disengagement is a key concern as it may affect both older adults’
interpersonal activities and decisions in the political sphere [6]. Yet, in the specific case
of games, coDesigning is a particular challenge because games are often considered as
an art form [15] and a balance between the level of involvement of the end-users and
the creativity and role of the design and development teams is needed. Literature shows
that game design techniques and mechanics can be used to enable players to ‘witness
and experience’ certain phenomenona, collect stories or/and testimonials, and present
daily-life events [16, 17].

This study is part of a larger project that covers all pillars of active ageing, under
the project SeriousGiggle that encompasses the development of the JUMP game, and
health-related domains were reported in other publications [16, 18].

2 CoDesigning JUMP

CoDesign refers to the involvement of the end-users in the design process and may
comprise the following techniques: BrainDraw and Group Elicitation Method (GEM);
PICTIVE,; Strategic Visioning and Future Workshops; Card Sorting; Low-tech Proto-
types; Storyboarding and Scenario Building, Collaborative Analysis of Requirements
and Design (CARD), and Contextual Inquiry.

The game JUMP was developed under the project SERIOUSGIGGLE integrated in
the SEDUCE 2.0research, with the purpose of encouraging a positive attitude towards the
ageing process. The content covered was based on the WHO framework, being divided
into the following themes: Health, Security and Participation in Society. The game
premise was the following: “Sul, the city’s fisherman, is tired of getting stuck to a routine
that he never got used to. Depressed and isolated, Sul has to face the storyteller Nubel,
who forces him to a time travel experience, in order to recover values and significant
meaning to his own life.” Although the game premise was a result of the team’s creative
authorship, the possibility to travel to different places as game activity was based on
the participants’ reported favorite activity during the co-design sessions. Therefore,
time-traveling encompassed the following scenarios: 1) Paris, France 1948 (Palais de
Chaillot in Paris, France, 1948 — The Universal Declaration of Human Rights); 2) Hizen,
Japan 1709 (Hizen Province, The Art of Being a Samurai with Physical and Cognitive
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Challenges); and 3) London, England 1895 (Scenarios of malnutrition and violation of
basic Human Rights).

This paper focuses on ‘Paris, 1948, i.e. missions related to ‘Human Security’” and
‘Human Rights’ that were introduced in order to create awareness of the role of insti-
tutions in Human Rights, through the use of history-related symbols (e.g. Palais de
Chaillot) (Fig. 1). It is worth mentioning that the game settings were based on the place
and date when the Universal Declaration of Human Rights was adopted since adventure
games with problem-solving and history-based narratives are preferred by older adult
gamers [16, 18].

Fig. 1. Game setting — Paris, 1948

Therefore, this paper aims to contribute to identify a set of practices on how to
involve older adults in the design of a digital game for active ageing. The focus is on the
variables of security and participation in society, which are the least considered pillars
of active ageing within the game area.

3 Method

In this project, a Participatory Action Qualitative Research (PAR) was adopted in order
to understand the meaning of a social and mediated experience [19] that is coDesigning
a digital game (JUMP) for active ageing with a focus on the variables of security and
participation in society. The PAR was chosen since it embraces [20]: (a) a holistic view
of the phenomenon; (b) offer multiple perspectives and sources of information, and (c)
context-awareness. Therefore, this method allows us to get a comprehensible knowledge
of a phenomenon for obtaining the best solution and involve the participants in a cyclical
study [21]. The Ethics Committee of the University of Aveiro (Resolution n. 3/2015)
has approved this study.
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3.1 Preparing the Involvement of End-Users

Before involving the end-users in the design process, experts in the area validated
the materials and contents for the coDesign activities, using the Delphi method. The
researchers developed the materials for debating two topics with the end-users. The
first topic was the sense of security (Learning goals: Describe the rights associated with
Human and environmental security; Apply the strategies of security and prevention in
different contexts, and Build a learning program that encourages the sense of security).
The second topic was participation in society (Learning goals: Identify some projects
related to participation in society through the use of Information and Communication
Technologies; and Build a learning program that encourages participation in society).

The Delphi method was employed in order to discuss the content and coDesign
materials with a group of four experts in a wide range of fields: Gerontology, Psy-
chology, Education, and Social Work. The Delphi technique is used to structure group
communication when dealing with a complex problem, gathering experts’ information
and opinions towards the modus operandi, instruments, and materials used for assessing
the participants’ context, and co-design activities by using a questionnaire. Experts were
asked to validate the materials considering: content; sequence of contents; and question-
naires in use. After having the co-design materials and surveys validated by the group of
experts, the Universities of the Third Age were contacted in order to recruit older adult
learners (50+ years old), who were available to be involved in the design process of a
digital game.

3.2 Recruitment of Participants

The participants in this study were selected accordingly with the following criteria: (a)
aged 50+ years old; (b) know how to read and write; (c) voluntary participation, and (d)
interest in learning. The initial convenience sample that was involved in the co-design
sessions consisted of 37 participants. Four participants did not fit within the age bracket
and three did not complete all sessions. The total of participants was 33, 51.5% females;
the average age was 67 years old (SD = 7.06, minimum = 55; maximum = 82) and the
majority had between 10 and 14 years of schooling.

3.3 CoDesign Sessions

The coDesign sessions were then carried out from March 2015 to December 2016,
enabling us to determine the context of use beyond the content, usability and accessibility
issues. The global project comprised a total of 64 sessions (160 h) (Table 1), carried out
with the following purposes: (a) understand the participants’ context and their perception
towards ageing (sense of security and participation in society); and (b) brainstorm the
functionalities of a game-based learning program for active ageing. Although the process
covered all the active ageing pillars (i.e. health, security, and participation in society),
this paper will address solely security and social participation, with the aim of affecting
both older adults’ interpersonal activities and decisions in the political sphere.

The sessions specifically on the topics of security and participation in society are the
five and six (Table 1).
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Table 1. Sessions and activities: Project SERIOUSGIGGLE — SEDUCE 2.0, game JUMP

Designation

Activities

0 [March - 26th 2015, weekly]

Building alliances with the researcher

1 [March 6th, 2015]

Presentation of the Research Project.
Introduce the researcher, the research project,
procedures, the rationale for doing research,
the main goals, the topics to be drawn during
the course, and the chronogram of the learning
sessions

2 [March 13th, 20th 2015]

Debate on physical exercise for active ageing.
Discuss the role of leisure and physical
exercise in encouraging active ageing; Build a
learning programme that encourages physical
exercise

3 [April 10, 17th 2015]

Debate on nutrition for active ageing.
Describe the factors that influence nutrition
and the consequences of malnutrition; Identify
the nutrients that exist in different foods and
diets; Build a learning programme that
encourages healthy diets

4 [April 24th, 2015]

Debate on cognitive activity. Discuss the role
of leisure and cognitive activity in encouraging
active ageing; Build a learning programme that
encourages cognitive activity

5 [May 08th, 2015]

Debate on the sense of security. Describe the
rights associated with Human and
environmental security; Apply the strategies of
security and prevention in different contexts;
Build a learning programme that encourages
the sense of security

6 [May 15th, 2015]

Debate on participation in society. Identify
some projects related to participation in
society through the use of Information and
Communication Technologies; Build a
learning programme that encourages the
participation in society

7 [May 22th, 2015]

Debate on the process of learning. Look at the
different factors of the learning process;
Discuss different elements of the learning
programme

(continued)
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Table 1. (continued)

Designation Activities

8 [Oct 6th 2015-Dec. 6th, 13th 2016, weekly] | Interaction with Information and
Communication Technologies. 1dentify the
learners’ needs and motivations to use and
learn Information and Communication
Technologies, as well as barriers

Like all sessions, these two began with a welcoming message and icebreaker ques-
tions followed by a survey or discussion towards a plan for preventing and address-
ing top threats to Human security. It should also be stated that the project was devel-
oped with the principle of reciprocity and collaboration, i.e. researchers and participants
build an alliance and benefit from these interactions, mostly through knowledge sharing,
context-aware variables, and strength of the relationships (sessions 0 and 8, Table 1).

3.4 Session ‘Sense of Security’

Regarding the topic “Sense of Security”, the sessions aimed to (a) identify some
projects/initiatives that encourage participation in society through the use of digitally-
mediated products; (b) describe the rights associated with Human and environmental
security; (c) apply the strategies of security and prevention in different contexts, and
(d) build a game-based learning program that creates awareness to Human threats and
encourages participation in society. The topics covered were based on the definition of
Active Ageing pillar “Security” (WHO 2002): the concept of Human security; types
of Human security; Human rights; Human development and social intervention poli-
cies; intervention policies in the environment; intervention policies in education; and
intervention policies in health. Extra classes on Information and Communication Tech-
nologies (ICT) were given in order to gain the participants’ confidence and assess the
participants’ motivations, interaction patterns, and difficulties when using ICT.

The methods in the sessions were group discussions, using semi-structured open-
ended questions to generate new insights into the design issues of a game-based app-
roach for community engagement and security and participation in society. Participant
observation was used through an observation protocol with the following structure: ref-
erence number, place, date and time, activity and goals, portraits/ description of the
main actions with the participants’ statements, and references to audio-visual materi-
als/photos/documents. The participants were invited to answer a questionnaire about the
perceived sense of Security and Human Rights. They were given a list of statements
based on the possible threats to Human Security ascertained by the United Nations [22].
The threats are to the survival, subsistence, Human dignity, economy, environment, per-
sonal security, threats to community, and abuse of Human Rights. A 5-point Likert scale
ranging from 1 (totally disagree) to 5 (totally agree) was used to rate the sentences.
Beyond these specific threats, the statement “I do not feel threats to Human Security”
was added in order to assess the participants’ overall perception of their sense of secu-
rity and reduce acquiescence bias. Globally (Table 2) participants tend to feel safe at
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home and have someone to help in case of illness or emergency. In terms of the group
discussions, the participants had to define a plan for preventing and addressing the top
threats to Human Security. The following scenario was posed: “People are not aware
of their rights. As a policymaker and citizen, it is your mission to solve this problem.”
The participants were divided into 2 groups of 15 participants, who had about 10 min to
discuss the problem and how to solve it. In addition, the following strategies were used
to ensure internal validity: (a) carrying out the design session iteratively with the group;
(b) peer debriefing for the content used in the sessions; and (c) triangulating multiple
sources of data collected (i.e. observation field notes, survey results).

Table 2. Sessions and activities: Project SERIOUSGIGGLE — SEDUCE 2.0, game JUMP

Statements Mean SD

1. I feel safe in my home 4.10 0.94
2. I feel safe outside home 3.13 1.21
3. Ifeel discriminated against for some reason 1.94 1.35
4. I feel safe about my health 3.65 1.17
5. Ifeel threatened by the environment 3.31 1.20
6. I feel threatened or harassed 1.90 1.51
7. 1feel pressure to practice religion 1.26 0.99
8. Ifeel my rights as citizen are respected 3.48 1.53
9. I have someone who can help me in case of illness or emergency 4.03 0.82
10. I do not feel threats to my Human Security 3.03 1.68

3.5 Session ‘Participation in Society’

The participants were also given a list of statements with a 5-point Likert scale ranging
from 1 to 5 relative to Human Rights based on the United Nations report [22] (Table 3).
The rights are freedom from discrimination, freedom from violence, social security,
health (healthcare), property and inheritance rights, continuing education, and participate
in political and cultural decisions, to work and have access to justice.

Most of the participants feel that they have access to goods and services regardless
of their age, gender or physical condition (M = 4.3, SD = 0.75) (Table 3). One of the
services that they find to have access to is relative to the health sector (M = 4.30, SD =
0.95). However, they do not feel that their participation in political decisions is valued
M =1.73,SD = 1.82).

A group discussion was carried out in this session in order to gather the partici-
pants’ perspective to ways that they can participate in society through the intervention
in creating solutions and awareness to Human Rights.

The group discussions were carried out in order to define a plan for addressing
two out of the eight of the Millennium Development Goals and the participants chose
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Table 3. Participants’ perception towards Human Rights

Statements Mean | SD
1. T have access to goods and services regardless of my age, gender or physical | 4.30 |0.75
condition

2. I feel protected from verbal, sexual, financial, psychological abuse... 3.57 | 1.59
3. I'feel that I have access to social protection 1.94 |1.35
4. T have access to the health system 3.90 |1.39
5. Ifeel threatened by the environment 4.30 |0.95
6. I have access to learning/training initiatives 358 142
7. I feel that my participation in the political decisions is valued 1.73 | 1.82
8. I'have access to justice and judicial remedies 2.59 |2.02
9. I feel protected against material goods 3.38 | 141
10. I feel that my rights are respected 346 | 1.55

“eradicate extreme poverty and hunger” and “ensure environmental sustainability”. For
each goal, they decided to define: “intervention/resources”, “strategies” and “impact.”
The participants proposed for the following strategies to overcome the goal “eradicate
extreme poverty and hunger”: reuse wastes; minimize social gaps; provide access to
water supply; and run learning programs to manage resources.

In this process of problem-solving, participants suggest four Phases to tackle these
societal problems: 1. Create awareness to Human Rights; 2. Educate to Human Rights
and perceived threats to Human Security; 3. Simulate real scenarios and encourage
changes in behaviors; and 4. Connect the learning content and goals to daily activities.
Figure 2 shows an illustrative example of the application of problem-solving, using
scenario building.

As aresult, a history-based game scenario in which the Human Rights were at risk
was simulated, aiming to encourage the players’ action.

PHASE 4. Connect

. PHASE 1. Create
the learning
awareness to
content and goals

to daily activities Human Rights

[} |

: PHASE 2. Education
PHASE 3. Simulate to Human Rights

real scenarios and .
encourage changes and Perceived
. X Threats to Human
in behaviour .
Security

Fig. 2. Example of the application of problem-solving, using scenario building
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4 Practices for CoDesigning a Digital Game on Security and Social
Participation

The results of this research give two main insights: (A) Four phases of the end-user’s
involvement in the design process of a digitally mediated tool; and (B) Set of design
recommendations to foster security and participation in society.

(A) Phases of the end-user’s involvement in the design process of a digitally mediated
tool.

Following the procedures undertaken in the Method section, the users’ involvement
in the design process of digitally-mediated tools can be divided into the following four
phases:

i. Validate the content and materials that will be used during codesign with experts in
the area, using the Delphi method;

ii. Carry out the activities in the end-users’ places;

iii. Design the game-based tool based on the end-users’ context and the contents
validated by the experts during the previous phases; and

iv. Validate the game-based product with the end-users.

(B) Set of design recommendations to foster security and participation in society.

During the phase “Validate the Game-based product with the end-users”, the follow-
ing design recommendations to address games that foster security and participation in
society can be pointed out:

i.  Offer the possibility of using a game-based tool at home but assist the adult learners
in outdoor activities, since they mainly feel safe at home;

ii. Design missions that ask the participants to act upon their environment and political
decisions and increase awareness to Human Rights through visual novels. The
purpose of visual novels is twofold: give a sense of purpose to the activity and
create empathy with a game character to model a behaviour. Few participants felt
that their participation in political decisions was valued, and self-expression should
also be strengthened with the link to social media and communities;

iii. Simulate real scenarios and encourage changes in behaviour by giving it a purpose
through storytelling and providing a ‘witnessing experience’ through the use of
hints and schemas in the game scenario in which the participants have to interfere.
In the participants’ observation diary, the researchers note: ‘“Relative to the game,
the participants liked the graphics, narrative and they found it easier to interact with
the mouse. They have also revealed that in Paris, there should be hints indicating
the poster ‘Human Rights’ and the newspapers’ seller were clickable and opened
different missions.”;

iv. Foster cognitive challenges to improve the participants’ cognitive capacity. Their
main motivation to play digital games was to train their cognitive capacity and



Older Adults “Jump” into coDesiging a Digital Game: A Field Study 97

games should enable them to practice Problem-solving, Memory and Attention,
Logic and Reaction Time. Education to Human Rights and Perceived Threats to
Human Security should be performed through these cognitive challenges in the
game;

v. Connect the learning content and goals to daily activities, encouraging the play-
ers’ search for information, retaining information and creating awareness of non-
governmental organizations’ (NGOs) actions. As one participant states: “As long as
the learning content is suitable for our daily lives, it is fine.” The participants also
suggested to establish a link between recent news and Violation of Human Rights,
Petitions and Initiatives of the International Amnesty and other organisations.

Together these results provide insight into a set of practices on how to involve older
adults in the design of a digital game for active ageing with a focus on the variables of
security and participation in society.

5 Final Considerations

The aim of this study was to identify a set of practices on how to involve older adults in
the design of a digital game for active ageing with a focus on the variables of security
and participation in society. In specific, the procedures to involve the end-users in the
design process of a game-based tool, and the design recommendations to foster security
and participation in society in older adult learners of the Universities of the Third Age.
Results suggest four phases for involving the older adults in the design process of a
game-based tool: (i) validate the content and the materials that will be used during
coDesign with experts in the area, using the Delphi method; (ii) carry out the activities
in the end-users’ places; (iii) design the game tool based on the end-users’ context and
the content validated by the experts during the previous phases; and (iv) validate the
game-based product with the end-users.

In terms of the codesign recommendations to foster security and participation in
society, results have identified the following phases that are essential to the game design
process: Phase 1. Create awareness to Human Rights; Phase 2. Educate to Human Rights
and perceived threats to Human Security; Phase 3. Simulate real scenarios and encourage
changes in behaviours; and Phase 4. Connect the learning content and goals to daily
activities. Based on these phases and the end-users’ feedback on the game prototype, the
following recommendations can be suggested: (a) offer the possibility of using a game-
based learning programme at home but assist the adult learner in outdoor activities; (b)
design missions that ask the participants to act upon their environment and political
decisions; (c) simulate real scenarios and encourage changes in behaviour by giving
it a purpose through storytelling and providing a ‘witnessing experience’; (d) foster
cognitive challenges to improve the participants’ cognitive capacity; and (e) connect
the learning content and goals to daily activities, encouraging the players’ search for
information, retaining information and creating awareness of the Non-governmental
Organizations’ (NGO) actions. The application of a PAR in this context differ from
regular Participatory design by avoiding abstraction-related activities and low fidelity
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prototypes and establishing strong empathetic connections with the product/service,
relying on scenario-building and contextual information.

The small sample size and the lack of an instrument to design and assess the effec-
tiveness of digitally mediated artefacts to boost community engagement and adherence
to societal initiatives make this study exploratory. Thus, further work needs to be done
in order to improve the game prototype, taking into account the identified design rec-
ommendations and construct a scale for assessing its effectiveness, extend the sample
and compare the results obtained with other initiatives.
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Abstract. Facing with the aging society, more and more companies are moving
their customer segments of their products and services to the elderly users, explor-
ing their needs and pain points. The online survey is useful but relatively complex
for elderly users. So, what challenges will the designers face for a senior-friendly
system, and how to deal with them? This research uses the LELEHO online survey
system as an example to discuss how the design thinking methods can deal with
the challenges from the complex senior-friendly design in reality. The result sum-
marized the challenges faced by designers who design for the elderly user group,
and proposed strategies for the senior-friendly design based on case experience,
simultaneously showed how to properly deal with it through design thinking meth-
ods. In addition, the enlightenment of this research is that when facing practical
problems, design thinking should pay attention to the principle of pragmatic inno-
vation. It is necessary to improve the design details according to the situation and
cooperate with practical design methods to truly complete each level of design

purpose.

Keywords: Design thinking - Senior-friendly design - Case study - Online
survey

1 Introduction

With the decline of global fertility rates and the increase in human life expectancy over
the past 50 years, an aging population has rapidly become a worldwide problem. By
2050, about 50% of the population of mainland China and Taiwan are projected to be
over 50 years old. Facing with the aging society, it seems that we need more information
from older adults to better accommodate their attitudes and preferences for various
design artifacts as well as for various services that help their wellbeing. More and more
companies are moving their customer segments of their products and services to the
elderly users, exploring their needs and pain points.

For research the needs of people, face-to-face research methods such as interviews
or focus groups are often effective ways to obtain deep insights and the contexts. How-
ever, the rapid change and heterogeneous nature of the aging population prevent these
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methods to effectively and efficiently to explore the majority of the elderly group. Ques-
tionnaire surveys are more effective for collecting extensive user information and laying
a foundation for follow-up research. With the appearance of email surveys in the 1980s
and the initial application of online surveys in the 1990s, the internet revolutionized
questionnaire-based research methodology [1]. Online surveys remain a critical means
of collecting user information due to their low cost and high efficiency; the ease with
which they can be recycled; and the possibility of accessing specific ethnic groups [2—4].

However, there is limited research in using online surveys to obtain information
from elderly groups. The typical online survey platform is relatively complicated and
unfriendly especially for senior users who have limited experience with information
technology (IT). There are many mature online survey platforms on the market today.
Commonly-used platforms in Chinese communities include Survey Monkey, Question-
naire Star, Google Forms, and Tencent Questionnaire. Unfortunately, none of these
online questionnaire systems have optimized versions suitable for people with limited
IT experience, so they are not friendly for senior users.

Elderly people are the least presence on the internet. This group is most affected by
the digital divide, with less Internet access, knowledge, and use [5]. Usability is one of
the most important factors that affect the acceptance of product and service systems by
elderly users [6]. Moreover, the online survey platform is relatively complex for elderly
users. So, what challenges will the designers face for establishing a senior-friendly online
survey system, and how to deal with them?

Design thinking is a user-centered innovation process which helps to develop empa-
thy with target audience. It is often used to solve unknown or complex design issues
[7]. In the face of the various challenges of senior-friendly design, how design think-
ing methods can assist designers develop solutions to establish a senior-friendly online
survey system?

This research uses the LELEHO online survey system as an example to discuss how
the design thinking methods can deal with the challenges from the complex senior-
friendly design in reality. While the research presents the practical value of design
thinking, it also analyzes the implementation details and reflects on the revision of
theory and practice. It will also help the advancement of design thinking research and
has academic value. There are three research objectives:

1. Sort out the characteristics of senior-friendly design issues, and what design
challenges of designers when seeking solutions;

2. Put forward suggestions for the senior-friendly design for reference in subsequent
design projects, and summarize how the design thinking methods can help designers
cope with design challenges;

3. Discuss how to expand the connotation of the design thinking method when entering
the real field to solve practical problems for special user groups.

2 Background

This section will discuss the following questions from the elderly design and design
thinking methods: 1) What are the unique needs and challenge for the senior-friendly
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design from the elders’ physical and psychological characteristics; 2) How existing meth-
ods deal with the elderly design issues; and 3) Based on its principles and characteristics,
whether the design thinking method can meet above challenges.

2.1 Design for the Elderly Users

As WHO recently pointed out, when it comes to health, there is no “typical” older person
[8]. The degenerative process of physical, mental, social happen gradually along the way
to getting older. Their memory and physical and mental functions are also diminishing,
such as the response becomes slow [9], poor body coordination [10], and so on. These
degradations significantly affect the experience of interaction with the digital device
or system for the elders, namely the usability issues occur during the process. Recently
research summarized the influence of aging barriers on digital computer use experienced
by older adults and made a list of cognitive, physical ability, perception, and motivational
aging barriers related to the usability of digital technologies [11].

Those mentioned above physical and psychological degradation of the elderly put
forward higher requirements for the elderly design. For example, font size, text layout,
navigation, color adaption, operation feedback, etc. [12, 13] In particular, in the online
survey scenarios, the age-related limitations affect the ability of the elderly users to
use smartphones or computers, including vision, hearing, cognitive and motor function
limitations [14].

Based on empirical research, the National Institute of Aging (NIA) and the National
Library of Medicine (NLM) developed 25 recommendations for designing a senior-
friendly website [13]. The recommendations cover three topics: designing readable
text, improving the user’s memory and understanding of website content, and increas-
ing the ease of navigation. In addition to web design for computers, the popularity of
mobile devices has led to a growing body of academic research focused on the design
of touchscreen-based smartphone interfaces. A throughout the review of studies on
mobile interface design for seniors classified the information contained in guidelines
and checklists into different categories, such as gesture, feedback, font size, button size,
etc. [15].

Various senior-friendly design guidelines provide practical references for web and
mobile interface design for elderly users. However, there are still very few exemplary
cases to illustrate how to design a suitable interface that meets the usage needs of seniors.
Further, Hart, Chaparro, and Halcomb [16] showed that, even if a website meets senior-
friendly design guidelines and improves the success rate of a given task, it may still
not promote efficiency or user preferences and satisfaction during operation. Therefore,
following the design guidelines alone is insufficient for creating a truly senior-friendly
user interface. Simultaneous usability testing is therefore needed to assist in design
decision-making and confirm the effectiveness of the design elements. Therefore, a
design method focusing on user needs and feedback, dynamic adjustment, and follow-up
may be relatively more competent.
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2.2 Design Thinking Method

The term Design Thinking has existed for a long time in design research. It was used
to explore how designers solve wicked problems, and it is also a key issue in Design
Studies. IDEO, which has been promoting design thinking for a long time, has a more
comprehensive definition of it:

Design thinking is a human-centered approach to innovation that draws from the
designer’s toolkit to integrate the needs of people, the possibilities of technology, and
the requirements for business success [17].

The understanding and interpretation of design thinking by different organizations
are divided into different stages, corresponding to different research goals and design
output. However, some common characteristics and principles of design thinking can be
seen, such as emphasizing that design thinking is user-centric, multi-discipline collab-
oration, repeated iteratively through prototypes. All descriptions of the design thinking
process highlight the iterative cycle for exploring design insights and guidelines: gen-
erating innovative concepts through in-depth user research, and then prototyping and
testing, finally choose the best solution [18].

The origin of design thinking is not academic research or theoretical construction, but
the process and experience accumulated in the actual work of design innovation. It does
not provide a prescriptive model for people to follow, but a descriptive model allowing
people to understand the design process in the real context. It makes a design develop
from a vague concept to a clear outline of details, and stops until an ideal and feasible
solution appear. Therefore, design thinking can be used as an appropriate method to
explore the unknown and complex design issues, such as elderly design, and try to help
designers overcome the design challenges caused by the huge cognition and experience
differences between the elderly users and them.

Most of the design thinking literature is the sharing of cases, but there are few
discussions on implementation details. Micheli et al. [19] analyzed 104 core articles in
his systematic literature review of design thinking and deduced the eight categories of
tools and ten attributes. It can be seen that the design thinking method is biased towards
practice-based theories; most of the research is operated on a case study. Therefore, this
research also continues the tradition of describing its different aspects based on cases
to clarify the value of design thinking methods in the real context. Moreover, this study
also analyzes the operational details to reflect on the revision of theory and practice of
design thinking method, giving an academic value.

3 Method

The focus of this research is to present how the design thinking method can help establish
a senior-friendly online survey system, and finally complete a large-scale trend survey
for the elders. Qualitative case studies are a more appropriate method. Case studies have
the characteristics of specificity, descriptiveness, and heuristics [20], which can present
complex and dynamic facts and gain insight into the fundamental issues of the research.
Based on the case in the reality, this study records and analyzes on the development
of the entire project and discusses how the design thinking method play its value in
senior-friendly design.
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3.1 The Case of the LELEHO Online Survey

LELEHO survey is an online survey activity in Taiwan. The purpose of the survey was
to collect public opinion data and provide solutions to seniors by encouraging elders
to voice their needs, pain points, and expectations actively. LELEHO invited people
over 50, and particularly those over 65, to participate in the survey and share it with
their peers via social media. The aim was to improve seniors’ future lives by building a
senior-friendly society. This research chose this project reasons:

o It follows the design thinking process and method, which can be used as a complete
and typical case to summarize the experience of the design thinking method applied
to senior-friendly design and provide a reference for follow-up research.

e After completing the system design, many elderly users filled in the questionnaire by
themselves after launch, we find it can be a successful case to analyze and summarize
how to optimize a senior-friendly design through design thinking.

3.2 Design Process and Analysis

According to the research purpose, the case study divided into two-phase: first, record
the overall process and details of each design stage of the case through participation;
second, analyze and reflect on the various elements and critical points, then explore in
depth from different perspectives: how design thinking methods can help to response
challenges in real-world cases, and their value to related issues.

Among them, the design stage can be divided into three stages: problem distillation,
design iteration, and practice diffusion according to the core characteristics of design
thinking method, corresponding to the Inspire-Ideate-Implement proposed by IDEO
[17], as shown in Fig. 1:

1. Problem distillation: understand users and define problems. In this stage, we need
to recruit elderly users to conduct usability tests and interviews on the existing online
survey system, to understand their habits of using digital devices, and the usability
of the interface.

understand define
stakeholders problems

system promotional

design, test, and optimize e fnaeel .

Conversion Practice

-Inspire- -Ideate- -Implement-

Fig. 1. The three design stages.
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2. Design iteration: design, test, and optimize. Based on the insights of the problem
distillation stage, we need to optimize the design of the existing system, make an
interactive prototype, follow the principles of agile development for user testing,
collect feedback, and continue to iterate.

3. Practice diffusion: final test and promotional activities after the system launched.
On the one hand, the test results are compared with the initial system to evaluate
the optimized design effect. On the other hand, summarize the future optimization
direction combined with offline activities.

4 Challenges and Strategies of Senior-Friendly Design Projects

Based on the case experience of establishing a senior-friendly online survey system
through design thinking, the research analyzes and summarizes how the design team
uses the design thinking method to deal with the challenges brought by the complex
senior-friendly design issues in the real field. The analysis resulted in the identification of
three key themes: 1) gain empathy; 2) usability test method; 3) design content. Hereafter
are the challenges and strategies of senior-friendly design learned by the case.

4.1 Start with Empathy

In addition to age, young designers and elderly users are also very different in physiologi-
cal conditions and life experiences. Therefore, it is not easy to design products or services
that truly meet the needs of elderly people [21]. The design thinking method emphasizes
user-oriented and advocates that designers should explore the needs of elderly people for
products and services based on empathy, which needs to be the basic work of the design
and development team [17]. Based on the case, this study analyzes and summarizes two
key strategies to deal with the challenge of gaining empathy: 1) First determine the target
audience and its characteristics, 2) understand the real needs through user research.

Clarify the Target Audience

Clearly defining the characteristics and ranges of the target audience of the design will
help to focus on the design purpose and evaluate the design results. In quantifying the
indicators of user clustering, in addition to the support of the relevant literature, the
actual usage condition of users is also very important.

Taking our case as an example: with reference to Chadwick-Dias et al. [22], the case
identified one of the grouping axes of the user group was the experience of smart devices,
as shown in Fig. 2, but how to define the baseline also needs to consider the specific
situation in the social context to make dynamic adjustments, for example, in terms of
experience with digital products, we found that the Taiwanese seniors used LINE as a
starting point for accessing smartphones. Therefore, in the test we used “have a LINE
account and can use LINE to send and receive messages to socialize” as a baseline. We
classified seniors who could send and receive E-mail, do online shopping, and use cloud
drives as experienced elderly users.
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Fig. 2. Classification of elderly users and the scope of target audience.

Understand the Real Needs of Elderly Users. During the need research, the design
team will also encounter the following challenges: on the one hand, the cognitive abilities
of elderly users will decline along with aging, making a physical and psychological
impact. it will easier for them to confine their imagination of new technologies and
products to past experiences [21], making it challenging to describe future life and
potential needs; on the other hand, when describing needs, they are more passive than
young people and are not good at expressing their opinions. Young design teams tend
to underestimate the potential challenges of elderly people in the face of new things.
Therefore, user-centered is particularly important. It is necessary to incorporate real users
for observation, interview, and testing at different stages of the design to continuously
confirm the authenticity of user needs.

Constantly and User-Centered Usability Tests. Many seniors did not have contact
with computers and networks from childhood, and as a result, they have very different
operational habits than young people. Therefore, during the development of any senior-
friendly design, it is necessary to involve elderly users in usability problems inquiry.
Inviting the actual participation of elderly users in all stages of the design development
can improve product acceptance, usefulness, information quality, and utilization [23].

Czaja et al. [21] proposed that older adults as a group tend to be more heterogeneous
than younger adults. That means that older adults vary a great deal in their capabilities,
limitations, and experience with technology. During the case study, we found that the
diversity of the elderly is much more abundant than we think. As we do not know enough
about the elderly, we need to continuously explore and confirm the needs of elderly users
through user research.

Design thinking advocates the use of prototypes for testing so that users can have a
real interactive experience, which can provide designers with direct behavioral feedback
and help designers accurately sort out problems. However, it should be noted that When
iterative design and testing in ordinary design projects, low-fidelity design prototypes
can be used to bring interviewees into using context by verbal description, but elderly
users have little experience with digital products. There are higher requirements for the
fidelity of the test prototype. High-fidelity prototypes can provide users with a more
realistic operating experience so that designers can obtain more direct feedback.

In terms of iterative design, when facing time pressure in the real context, the design
team needs to react quickly and constantly modify, and make minor optimizations after
each test. Therefore, it is hard to achieve a clear stage or complete iteration cycle which
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the theory described. This is also one of the differences between the design thinking
method and its theoretical model in the context of reality.

4.2 Comprehensive Consideration of Design Contents

Salman, Ahmad, and Sulaiman [24] found that the usability problems were not only due
to UI design, but some of the problems were also due to difficulties of the elderly in per-
forming the gestures which applied to the corresponding task. Other than that, the clarity
of content is also essential in a case such as the online survey system. We found that even
if usability problems associated with an operation are solved, if seniors cannot under-
stand the content, it will be a significant obstacle to their filling out the questionnaire. In
other words, for the online survey system, the usability is more than the interactive level
which including the user interface and gesture, sometimes the understandable content is
more important.

If taking the design contents in the case corresponds to the five levels of user expe-
rience elements proposed by Garrett [25], we will find that it was essentially solving a
complex user experience design problem. As shown in Fig. 3. The principles of design
thinking methods play a role in different design levels. The following description is
based on different user experience element levels.

Concrete Ny W0 o o h -
/ @ / Visual System: GUI Design
______ LD

Interface System: Interaction Design
Flow: Filling Process

Survey Content: Questionnaire & Options

User Needs & Activity Goals

Abstract

Fig. 3. Correspondence between system design content and UX elements at various levels

Strategy Level. In the early stages of design, based on the principle of user-centered,
the design team conducted user interviews and usability tests to contact with real elderly
users to understand their behavior and establish empathy. In addition to user needs, the
team also needs to understand the goals of the activity initiators and organizers. For
example, it is necessary to attract more elders to participate and voice for their future
life through the meaningful questionnaire content design, and spread them to friends
spontaneously, achieving the diffusion effect of “snowballing”. Therefore, the design
team needs to cooperate closely with the organizer or other stakeholders to clarify the
right direction for subsequent system design at the initial strategy level.

Scope Level. The online questionnaire content comes from the four-year qualitative
interview data related to the aging issue by the research team and has undergone mod-
ification before being converted into a questionnaire. However, there are still many
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problems caused by the content or improper wording in the test at different design
stages. Based on the principles of design thinking of multi-discipline cooperation and
rapid iteration, the design team invited experts to participate in the content’s semantic
test and revise the wording and adjust the content and presentation. Examples of content
optimization are as below:

e Present the questionnaire in a more colloquial way;

e Give the content practical meaning. E.g. Change the “diagnosis” in the ending page
to “healthy tips”, and recommend related articles based on the pain points selected
when the elders filled out the questionnaire.

Structure Level. The cognition of the older adult is gradually deteriorating, and the
experience of using digital products is insufficient. Through multiple tests, it is found
that the elders cannot read and memorize too much information at the same time, and eas-
ily disturbed by the irrelevant information. Moreover, difficulties are often encountered
in inputting something. These difficulties bring higher requirements to the questionnaire
filling process design. Based on prototype testing and user interviews, the questionnaire
filling process has undergone several rounds of iterations. Figure 4 has shown the com-
parison of the filling process between the initial version and the final launched version.
The core principle is not to interrupt the filling process to ensure the smooth submission
of questionnaire data. Examples of process optimization are as below:

e Avoid interfering information during user operations, such as pop-ups after clicking;

e Unlock the clickable state of the next page button after swipe down to browse all the
contents of the page, to avoid the question finish without browsing all the items;

e Set an encouragement page in the process and inform users of their questionnaire
filling progress. The use of encouragement page should pay attention to (a) Clear text
reminder to continue; (b) The number of reminders should not be too many, which
will affect the flow.

Survey Three round Six round
introduction multiple single-choice Select the
> choice > questions for > score of >
Fill in the questions to each need to preference for
required select out select out provided
information two needs. four issues solutions

Do not
participate in | >
the lottery, OR

Instructional video
> > Fillin the
contact
information
Geta
lottery ticket

Survey introduction Three round Instructional
multiple- video
Language selection. |~ > > >
cholos Seloct 1
questions to issues that Select the score of
select out relate to two preference for

Instructional video. two needs needs provided solutions.

Required information.

Fig. 4. Comparison of the initial and final launched version of questionnaire filling process
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Skeleton Level. When using smartphones, elderly users may encounter difficulties in
carrying out meticulous operations, they often repeatedly and rapidly tapped the screen
with a significant force, leading to them accidentally touching other features on the page.
Therefore, the complex interactive model may bring more cognitive load. Example of
interaction optimization is as below:

e User operations were simplified to two simple gestures of clicking and scrolling to
reduce operation difficulty.

Surface Level. As visual abilities decreased with age, the elders have higher require-
ments for color and contrast. They tended to pay attention to the manifest content and
often avoided the content written in smaller text (such as the prompt descriptions for some
questions) unless they were having difficulty with a section. Examples of optimization
for Graphical User Interface are as below:

e The key visual elements are familiar to elderly users and embody a cordial feeling.
The main color of the system was adjusted to warm bright orange to encourage senior
users’ participation.

e For consistency, all buttons were set to orange as a clickable action hint, and during
operation and selection the buttons with shadows when clicked, providing clear visual
feedback (Fig. 5).

Fig. 5. Examples of optimization for Graphical User Interface (Color figure online)

5 Discussion: Expansion of Design Thinking Methods

More and more developers are using design thinking with other design and development
methods, such as agile and lean [17]. As mentioned in the previous section, this research
case takes the design thinking method as the basic framework. Moreover, when carrying
out the system design details, it still needs to cooperate with the experience design ele-
ments to check the design rationality of each part. Besides, when the system is officially
launched, how to carry out publicity and promotion in reality also should be considered
in order to achieve the goal that the organizers want more elders to fill in questionnaires
and widely collect feedback.
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Therefore, this study believes that the good operation of innovation projects from
initiation to implementation cannot be separated from the three levels of the pragmatic
innovation process. Similarly, Design Council [26] has also updated its classic Dou-
ble Diamond model. In addition to the design process, principles and tools, it takes
cooperation between stakeholders and organizations to consider design innovation and
highlights the importance of practical implementation.

Problem Distillation Stage: Combining User Needs with Stakeholder Objectives.
User-centered is the core of design thinking, which operates in the real situation, while
the cases with business goals need to put the stakeholder first. In the case of LELEHO
design, the first thing is to determine the appropriate carrier to achieve the activity
objectives of the organizer, and the second thing is to consider the unique needs of the
particular user groups for the system design. In the demand study aspect, design thinking
method provides the core concept, but it still needs to incorporate with specific methods
to complete the analysis.

e Organizers: in the actual implementing cases, the organizers’ goals significantly
influence the select of design medium, such as design carriers and cooperation teams.
In the early stage of demand study, the stakeholder meeting discussed the activity
goals, technological restrictions, and cooperation methods, which had a far-reaching
effect on the subsequent design and implementation.

o Elderly users: elder users are often regarded as homogeneous groups according to
their age range. However, in fact, in addition to age differences, different physiological
states and life experiences cause different needs and expectations, so we paid more
attention to the diversity of the user groups in the early stage to determine the target
group. Moreover, it is necessary to carry out the in-depth user interviews and usability
tests to enhance empathy and reduce self-centered bias, which might result from the
age differences.

Design Iteration Stage: Cooperating with Other Practical Methods for Details. The
design thinking method provides the basic process of inspiration- ideation- implement
for the innovation cycle in the specific design process. Furthermore, it proposes the
basic principles of prototype testing, rapid iteration, and multi-discipline cooperation.
However, there is a lack of specific methods in the actual design process, which needs
to be combined with other practical design methods. The following are examples from
the case study:

o Usability test: it was carried out at different design phases to find out problems in
time to achieve the goal of rapid iteration. Besides, inviting the research team and
technical team to participate in the test promoted the diversity of solutions.

e Contextual design: the case used Work Activity Note and Affinity Diagram to record
and converge the usability test findings, and then translate them into design strategies.

e Prototyping: designers got the feedback of elderly users’ operation experience
through high-fidelity prototypes in the real context, to improve the effect and reliability
of usability test;
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e UX elements: this practical theory helped designers connect the design details of all
levels, and inspect comprehensiveness and rationality of the system.

Practice Diffusion Stage: Getting a Higher Reaching Rate Through Offline Activi-
ties. When the online survey system is ready for feedback collection, it faces two critical
problems:

e How to let more elders know about this activity;
e How to make more elders willing to spread this activity.

Because of the limitation of resources, the design cannot fully solve these two prob-
lems, especially for rural areas with underdeveloped digital technology penetration.
Therefore, when the project reached the implementing and promoting level, the case
conducted offline activities with the help of the organizer. The face-to-face publicity and
encouragement helped the elders understand the significance of voicing for their future
life through the online survey to identify the value of the LELEHO survey activity.
Only in this way, the design team achieved the goal of the activity and made the survey
activity spread naturally in the social circle of elders. Through the snowball effect of
social media, many sectors of society and NPO participated in the activity to build a
senior-friendly society in the future.

6 Conclusion

With the rapidly aging society, senior-friendly design has become an important research
topic. This research backtracking the design process of the case LELEHO, and analyzes
how design thinking methods can help designers’ response to the design challenges
posed by special user groups and complete a senior-friendly online survey system.

Past research in the field of cognitive psychology has a large number of studies
exploring the various physical, psychological, and social changes brought about by
aging, as well as the possible risks, obstacles and coping strategies that may be brought
about in work and life, but when comes to the real field, the complex use context will
bring more system problems, the results of cognitive psychology research may not be
able to deal with it comprehensively.

Design thinking emphasizes observation, collaboration, visualization, user-centered
and continuous innovation, providing a more flexible and systematic method to properly
deal with the relationship between the context and users. This research summarized the
challenges faced by designers who design for the elderly user group, and proposed strate-
gies for the senior-friendly design based on case experience, simultaneously showed how
to properly deal with it through design thinking methods.

In addition, the enlightenment of this research is that when facing practical problems,
design thinking should pay attention to the principle of “pragmatic innovation”. Design
thinking methods provide core principles, basic frameworks, and process methods to
provide the driving force for innovation. But in the process of developing specific solu-
tions and actual implementation, it is necessary to improve the design details according to
the situation and cooperate with practical design methods to truly complete each level of
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design purpose. This way of reflection in practice can only be accomplished through the
accumulation of experience and the precipitation of knowledge through various cases,
which is also the core value of this research. We believe that this type of research needs
to be promoted, so that knowledge can be better used and presented in the real context,
so that future research can move toward a comprehensive approach to various disciplines
and contribute to society.
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Abstract. Rapid improvements in real-world accessibility conditions
have enabled greater mobility of people with disabilities as well as senior
citizens. However, the most recent information on accessibility conditions
in areas such as suburbs is challenging to obtain quickly because of infre-
quent updates of this type of information along with local information
upgrades. Though volunteer groups continuously check local conditions
to ensure they are safe for people with disabilities, some of them face
difficulty in maintaining the accessibility of information because of the
shortage of members in such groups. In this study, we firstly proposed
a framework named to design an assessment workshop and its support-
ing application based on the schemes of Problem/Project-based learning
(PBL) and the ADDIE (Analyze, design, develop, implement, and evalu-
ate). Based on the framework, we designed the workshop sessions of local
assessments and supported mobile and web applications, then prelimi-
narily evaluated this approach’s availability. The results suggested that
our framework might appropriately enable facilitators to plan workshop
sessions and consider how to facilitate, and also enable participants to
learn the local conditions.

Keywords: Field assessment + Volunteers + Smartphones *
Instructional design

1 Introduction

Smartphones with advanced accessibility features have been spreading not only
to young people without disabilities but also to older adults and people with

© Springer Nature Switzerland AG 2021
Q. Gao and J. Zhou (Eds.): HCII 2021, LNCS 12786, pp. 114-125, 2021.
https://doi.org/10.1007/978-3-030-78108-8_9


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-78108-8_9&domain=pdf
https://doi.org/10.1007/978-3-030-78108-8_9

Designing Local Assessment Workshops and Web-Mobile Applications 115

disabilities. Since smartphones have a similar or better performance than per-
sonal computers that manufactured several years ago, many people can use
advanced tools anywhere and anytime. As a result, the worldwide activation of
the citizen-based scientific activity named Citizen Science have been emerging
and dispersing [1,2].

Our group has conducted research and development to incorporate the con-
cept of Clitizen Science into volunteers using mobile applications to efficiently
share accessibility conditions for people with disabilities, including wheelchair
users and older adults [3-5]. Though accessibility in urban areas and buildings
has progressed more and more rapidly to reduce barriers of mobility for peo-
ple with severe and mild physical disabilities, they have difficulty accessing the
information about such accessibility conditions smoothly due to the disclosure
and fragmentation of the information. We have developed an information system
that allows many people to share and update the accessibility conditions. Then,
several community-based volunteer groups used the smartphone-native version
and web-based tool of the system for facilitating the workshop of the city walk.
As a result, the developed system has contributed to the collection of accessi-
bility information more efficiently and has enabled the participants to organize
information and distribute accessibility maps more easily.

However, the methodology using such information collection tools has not
been established in the context of education and workshops. In the field of edu-
cation technology, most of the cases were carried out mainly in the classroom,
and knowledge outside the classroom has not sufficiently obtained [6,7]. Thus, It
is necessary to establish a methodology that can balance information sharing and
collaborative learning with mobile devices and apply them to educational sites
and NPO activities. Notably, such methodology needs to be applied to various
types of the area, target persons, and the information.

Therefore, in this paper, our objective is to develop and improve a sharing
system of local information for activating assessments, increasing the accuracy
of collected information, and building the methodology to continue such assess-
ments using the system. This paper mainly reports our proof-of-concept frame-
work that unites the designs of events, learning schemes, and applications and
evaluates the scheme at the assessment activity.

2 Related Work

This section presents a study of field information collection. Holone et al. devel-
oped a prototype system to record accessibility conditions on OpenStreetMap,
and evaluated it with volunteers in Oslo. The results indicated that there were
issues in ensuring the quality of the information and security [8]. Goncalves
et al. developed a tool to share accessibility status briefly and evaluated it in
Finland [9]. They found that this tool can raise awareness of accessibility among
people with disabilities. Miura et al. conducted case studies on workshops for
collecting local accessibility and safety information using a smartphone applica-
tion among young and older adult volunteers. They reported that the important
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factors included the context setting to encourage seniors to use the application,
the purpose setting to promote seniors’ awareness of the community contribu-
tion, and other elements regarding interfaces are important [3,4]. Ichikari et al.
developed a scheme and system of virtual mapping parties, which allows various
volunteers to collect information without going to the real places and with using
the remote area by using VR technology [10]. Hara et al. proposed a method
to check the barrier-free status based on omnispherical images in Google Street
View (GSV) [11,12]. In their system, cloud workers are requested to mark the
objects relates to road accessibility, such as a sign or a bus stop in the GSV envi-
ronment. Based on the worker’s labeling results, the system performed machine
learning and automatic recognition of the objects. Sensr, proposed by Kim et al.,
is a collection of easy-to-use measurement and analytical functions to improve the
quality of information collected by citizens, based on the Citizen Science frame-
work [13]. Regarding other local information collection, Frommberger reported
on a system for sharing information on agriculture [14], Omata et al. on local
disaster prevention information [15], and Shah et al. on crime information [16].

The activities and studies described above have led to the increased shar-
ing of information associated with various maps and locations on the Web. In
addition, many volunteers have been working to improve accessibility for people
with disabilities by integrating their work only or mainly on the Web. However,
the construction of a methodology to encourage participants to collect informa-
tion continuously has been a challenge in various cases. Moreover, the tasks for
participants in the studies, as mentioned earlier, were either simple or required
specialized knowledge to participate. In short, there have been few cases that
have explicitly studied how to get participants to learn and summarized it as
a methodology. Therefore, we decided to propose a proof-of-concept framework
and conducted a feasibility study.

3 Framework to Design Workshop and Support
Application

Figure 1 shows an overview of our framework to design an assessment workshop
and its supporting application. The framework generally consists of two proce-
dures: planning a workshop that considers learning elements (left part of Fig. 1)
and organizing the requirements of the support application (right part of Fig. 1).
The process of planning a workshop is based on the method of Problem/Project-
Based Learning (PBL) [7]. In this process, workshop facilitators firstly enumerate
the contents of the driving question, learning goals, collaboration, engaging in
collaborative practice, leaning technology, and artifacts to structure the learning
elements in the participants and what the supporting application should com-
pensate for. Then, the application’s elemental design is detailed based on the
ADDIE (Analyze, design, develop, implement, and evaluate) process [17], which
is a representative framework in the instructional design method. In particular,
the facilitators list the elements such as analyze, design, develop, implement,
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Fig. 1. Overview of the design framework of computer-supported cooperative learn-
ing/work (CSCL/W) for an assessment workshop and its supporting application

and evaluate included in the ADDIE framework to organize the functions to be
satisfied by the application.

Next, the actual local information assessment is conducted based on the par-
ticipatory mapping methodology derived from the participatory learning and
action (PLA) [18,19]. This mapping approach attempts to gather multifaceted
information by involving people with various attributes in the mapping. In order
to involve participants in mapping their points of view, the workshop facilitators
ask them to introduce themselves and their feelings about the area before con-
ducting the field assessment. During these introductions, the facilitators record
the places that the participants have mentioned that are memorable and refers
to it when they walk around the city. Then, the facilitators decide the routes of
the field assessment based on the listed places that the participants have feel-
ings toward and the places that should be assessed (depending on the purpose).
After that, the facilitators arrange the participants into groups. In the grouping
of the participants, the facilitators should match the interests of each participant
and also be aware of the various individual characteristics of them. This group-
ing could promote their motivations because the different characteristics of each
participant make different contributions. Then, the facilitators ask them to walk
through the assigned routes using the supporting application mentioned later.
They will bring smartphones and record information about the area. After com-
pleting the assessment, the collected data are organized by these groups as their
local maps, and the participants take them home as kinds of learning outcomes,
which corresponds to the artifacts of the PBL.
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Table 1. A design example of a workshop session using the PBL framework

PBL element

Details

(1) Driving
questions

What are the best places to know about preferring the
assessment area more? What arises in each participant as a
result of sharing that place?

(2) Learning goals

Creating a map of walking routes in the assessment area

(3) Collaboration

Enumerating participants’ favorite spots in the assessment
area and then walking around the spots with recording the
surrounding conditions of the spots. Besides, while mapping
on these records, creating maps that reflect the individual’s
thoughts and feelings

(4) Engaging in
collaborative
practices

The phases of enumeration and routes determination and
summary: To paste the locations on the map, record, and
organize the descriptions. The phase of assessment: To discuss
and edit pre-populated records on the mobile, enhance the
understanding of the records after observing actual locations,
and refine the records

(5) Learning
technologies

Facilitating data recording during the assessment.
Particularly, organizing these data at the phase of discussion
and associating the data to the GPS coordinates to refer these
data at the assessment. All records should be recorded on
mobile devices and be able to be viewed on the web

(6) Artifacts

Creating a walking route map of the assessment area. During
the reflection of the assessment, participants summarize what
they felt

4 Case Study

4.1 Design of a Field Assessment Workshop and a Supporting

Application

The workshop we designed was to create a map for participants to survive and
live in a state of feeling relax within a specific area of Bunkyo-ku, Tokyo, Japan,
and consisted of three sessions. The objectives of these sessions were as follows:

— To help participants to love the area
— To understand the topography of the area for promoting awareness of disaster
prevention and learning how to help each other at the emergencies
— To summarize the contents of the two workshops and then create the Ikinuki
map (Ikinuki have double meanings such as ‘to survive’ and ‘to relax.’)

The content of each workshop session and its supporting application are
designed based on the framework described in Sect. 2. The design framework
of the specific workshop content and the requirements of the application are
shown in Tables 1 and 2, respectively. These tables show the design of the first
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Table 2. A design example of application requirements using the ADDIE framework

ADDIE element | Details

i. Analyze 1. It is troublesome to reflect the result of route determination in
the desk to the field assessment route

2. It would be better if the participants could list the results of
the assessment routes on a map

ii. Design 1. The users quickly move mapping and route information that
decided at the desk to mobile. Also, the voice recognition
function could be required for helping the participants input the
data smoothly in the discussion

2. The routes registered by the mobile application should be
aggregated into a web-based map. This map should be printable

iii. Develop 1. We decided to use the speech recognition API of iOS

2. We implemented synchronization and upload function of the
mapping data from the mobiles to the web. We also used the
browser’s printing function

iv. Implement 1. The phase of enumeration and routes determination: When
the participants put a sticker on the paper-based map, the
facilitators find the location and records it on the mobile. The
facilitators also input the participant comment as text data by
using speech recognition

2. The assessment phase: The participants edit or add
information during the assessment while looking at the textual
information acquired by the speech recognition

v. Evaluate Evaluation of learning: We decided to conduct a questionnaire to
evaluate the workshop’s impressions and the application to
facilitators and participants

workshop session. The description of the workshop procedure is designed after
enumerated the items shown in Table1 and 2. First, the workshop facilitators
decide the detailed practice and coordination methods based on enumerated the
driving questions and learning objectives. Then, to implement the technologies
and techniques required in this process, the facilitators determine the require-
ments of the application to meet the items in Table 2.

4.2 Developed Applications

Figures2 and 3 show the user interfaces of the support tool of route decision
designed based on requirements described at Table 2, and the mobile data record-
ing application for field assessment.

The tool shown in Fig.2 helps the participants to decide assessment routes
by displaying the locations introduced by them. This tool was coded in PHP 7.3
and the Google Maps JavaScript API v3, and runs on Ubuntu Linux 18.04 LTS.
This tool enables users to view and edit the recorded information displayed as
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Fig. 2. The user interface of the support tool of the route decision. Green lines and
blue icons represent the draft of a route and markers that mean spots to assess. (Color
figure online)
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Fig. 3. The user interface of the mobile data recording application for assessments.
The left figure shows the map view, and the middle and right figures show the data
input views.

markers on the map by using web browsers and the mobile application shown
in Fig.3 for creating the route in advance of the field assessment. It can also
extract the GPS coordinates from the Exif data of photos taken by other tools
and display them as the markers on the map.
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Figure 3 shows the user interface of the mobile application developed for the
assessment. This application consists of two views: the map view and the input
view of the data. We employed Xcode 9.0-11.2 and Objective-C as an integrated
development environment and programming language. This application is avail-
able on i0S devices such as the iPhone 5s-11 (OS: i0S 9.0 or later). The design
of these views was developed based on the scheme of user-centered design (UCD)
[20], and their objects, including button and font sizes, were designed by con-
sulting the Apple iOS Human Interface Guidelines and a guideline for seniors
proposed by Kobayashi et al. [21,22].

The map view shown in the left picture in Fig. 3 is an initial view that dis-
plays the map, current position, and markers that represent location information.
The users can register new information and make modifications through this view.
When a user needs to register or modify the specified conditions associated with
a marker, they can do so by using the input view, the central and right pictures in
Fig. 3, that transits from the map view. The input view provides a marker selec-
tion function in combination with the functionalities of reporting brief conditions,
acquiring pictures, recording voice, converting textual information using speech
recognition API, and entering text input. The current location is identified based
on the global positioning system (GPS). The added or modified entries are accu-
mulated in the SQLite database in the smartphone and can be output in various
formats such as JSON or XML. The contents of this database can be updated in
conjunction with the support tool of route decision, as shown in Fig. 2.

5 Workshop Procedure and Acquired Data

We conducted a series of three workshop sessions designed based on the frame-
work shown in Tablel. The total number of participants was twenty-eight,
including four facilitators. The assessment site was in the Hongo area, Bunkyo-
ku, Tokyo, Japan.

The first session comprises an ice breaker and self-introductions of the par-
ticipants, as well as an introduction of favorite spots in the assessment area.
Then, the participants decided on the assessment routes by checking the spots
displayed in Fig.2, and then conducted an assessment to resister the informa-
tion of these spots by using the mobile application shown in Fig. 3. Lastly, they
reviewed the registered data by using the two systems.

The second session started from a mini-workshop on how to move on a
wheelchair outdoors. During this workshop, the participants experienced to go
through the steps, gentle/ steep slopes, and ramps and then registered the path con-
ditions with the mobile application shown in Fig. 3. After that, they joined in the
successive mini-workshop about the topography of the area. They learned topog-
raphy through the assembly of the cardboard dioramas of the assessment area [23].

In the third session, the facilitators distributed a summary of the results
(map) of the first session to the participants. Then, the participants created
their own ITkinuki map based on their exciting events at the series of workshops.

After completing the workshop, the facilitators reviewed their impressions
based on the KPT (keep, problem, and try) framework [24]. The facilitators
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wrote down and arranged the items to keep (what they think to keep), items
of the problem (whet they think to stop), and items to try (what they think to
do anew). Notably, two of the facilitators who facilitated the second workshop
session reported their subjective introspection before and after the experience
of workshop facilitation. One of the two facilitators was a wheelchair user, and
the other did not have any physical disabilities. They had never experienced the
workshop facilitation before the workshop session.

6 Results and Discussion

This paper presents an overview of the workshop sessions’ results and the intro-
spection reviews by two facilitators.

Figure4 shows an example of the map created through the workshop.
Throughout the whole workshop sessions, the participants registered 73 entries
by the applications we developed. In particular, their favorite spots included
restaurants and cafes, hotels and lodges, cultural and educational facilities such
as community centers, and universities. Also, there was information on difficult
places for wheelchair users to go independently and their supporters to assist
them.

According to the participants’ feedback, the workshop and the application
were useful to find information that was tailored to their needs, to walk through
the route that the wheelchair users independently went though, to strengthen
their attachment to the assessment area, to strike discoveries by meeting people
from different characteristics. This feedbacks suggest that the workshop and sup-
ported application designed based on the proposed framework enable to collect
local information such as accessibility conditions for wheelchair users and also
enable participants to learn fresh perspectives. In addition to the detailed clas-
sification of the data obtained, we will analyze the participants’ introspection in
the future.

According to the feedback from one of the facilitators, anxiety and apolo-
getic feelings toward others had preceded the workshop session, at the time of
workshop planning. Then she had felt a sense of bargaining toward the prepa-
ration situation. After that, she took an elevated view of things, accepted the
situation, and had hope for the workshop session and other facilitators. After
the workshop, she also told us that after the event, she felt a sense of fulfillment,
emotions, and relief and then willing to look back at the workshop session and
to realize various things. Through this experience, this facilitator has acquired
the initiative to organize several workshops afterward.

On the other hand, the other facilitator did not have any negative feelings
about the workshop session’s planning and facilitation because he had already
written down his ideas before planning the workshop session. However, he was
worried that he could not speak loudly or showed how to do it because of his dis-
ability. During and after the workshop session, he felt a sense of accomplishment
that he could produce a vivid atmosphere by collaborating with other facilitators
and the participants. However, he also mentioned that there were challenges in
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Fig. 4. The example of shared information displayed on the map. Markers and balloons
on the map represent the assessed spots and corresponding entries, respectively.

terms of time scheduling and ensuring safety when more people participated in
this kind of workshop.

From the above, this feedbacks suggest that our framework might appropri-
ately enable facilitators to plan workshop sessions and consider how to facilitate
and also enable participants to learn the local conditions. However, how to design
a framework for exact facilitation is future work.

7 Conclusion and Future Work

In this study, we firstly proposed the framework to design an assessment work-
shop and its supporting application. After that, we designed the series of a
workshop and supporting application based on this framework, and then pre-
liminarily evaluated the availability of this approach. Our achievements are as
follows:

— We proposed the framework to design an assessment workshop and its sup-
porting application based on Problem/Project-Based Learning (PBL) and
the ADDIE (Analyze, design, develop, implement, and evaluate) approach.

— Our framework might appropriately enable facilitators to plan workshop ses-
sions and consider how to facilitate, and also enable participants to learn the
local conditions.
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QOur future work is as follows:

— Further analysis of the obtained data and a follow-up analysis of participants’
introspection

— Planning and conducting ongoing mapping events to refine the proposed
framework and design the related framework for facilitation.s
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Interface Adaption to Elderly Users: Effects
of Icon Styles and Semantic Distance
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Abstract. Elderly users constitute the fastest expanding user group of the Inter-
net and smart devices. However, there is a lack of research on the adaptation of
user interfaces with regard to the elderly. This study focused on icons, which
are widely used in today’s user interfaces but often lack proper design. The pur-
pose of this study was to determine how different icon design strategies affect the
user experience of older adults. We mainly studied two factors which were icon
style and semantic distance, and investigated their influence on older users with
different levels of smart phone using experience in terms of identification per-
formance and subjective preference through a set of experiments and interviews.
Results showed that both icon style and semantic distance significantly affected
the preferences and performance of elderly adults. Interestingly, the experienced
participants showed an overall better performance than inexperienced ones, which
indicated that older users can adapt to simplified and abstract icons to a certain
extent through learning and frequent use of smart devices; however, more careful
design considerations are necessary to achieve a better user experience.

Keywords: Interface adaptation - Icon design - UI design - Age-related
preference

1 Introduction

1.1 Problems Encountered by Elderly Users of Smart Devices

With rapid economic and technological development, the elderly are increasingly becom-
ing a major user group of smart devices. The number of older users of mobile Internet
currently exceeds 50 million in China, and is still rapidly increasing. Meanwhile, elderly
people aged over 60 will soon constitute one-third of the labour force in many countries,
and are also the fastest-growing computer and Internet user group (Wagner et al. 2014).
However, research on the theory and practice of adapting human-computer interfaces to
older users is still limited (Vines et al. 2015), despite the adaptation of interfaces, espe-
cially personalization, being a widely recognized issue in design (Arazy et al. 2015). The
inability of the elderly to use smart devices as skilfully as most young users is primar-
ily attributed to age-related cognitive and physical impairment. Although such changes
may have been observed at a young age, it is particularly significant among older adults
(Salthouse 2012). As people age, the decline in the ability of visual perception, selective
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attention, and semantic memory results in slow processing of new information, espe-
cially visual information (Ganor and Te’eni 2016), which affects their understanding
and learning of interactive interfaces. Consequently, older users tend to find it difficult
to understand the concepts of menus and hierarchies (Ziefle and Bay 2004), as well as
metaphors, such as windows and forms (Dickinson et al. 2005).They are also unable to
adapt to complex and precise interactive operations like scrolling, dragging, dropping
(Hawthorn 2003), and double clicking (Dickinson et al. 2005) due to a decline in physical
abilities. Therefore, high costs are incurred toward helping the elderly learn and adapt
to smart device interfaces.

1.2 Influence of Icon Design on User Experience

The graphical user interface (GUI) is still the dominant form of interface applied to
most today’s smart devices. Moreover, icons, typically in the form of small photographs
representing specific functions, are widely used in GUIs as a control and information
transmission mechanism. The use of icons in interfaces can reduce users’ cognitive
load and perceived system complexity (Goonetilleke et al. 2001). Small changes in
the usability of icons have the potential to significantly improve user experience with
computers and mobile devices (Gatsou et al. 2012). Nowadays, icons used in smart device
interfaces cannot undergo the same rigorous testing process as those used in public signs
due to the high frequency of market updates; further, during their design, more emphasis
is often placed on visual presentation rather than usability. As a result, users may struggle
or be unable to understand the meanings of icons encountered during everyday use — a
problem that is particularly pronounced among older users with cognitive decline.

Five cognitive attributes of icons have been widely discussed in research on icon
identification: familiarity, concreteness, complexity, meaningfulness and semantic dis-
tance (Gatsou et al. 1999). Compared with physical attributes, such as icon size and text
font, cognitive attributes have a greater impact on icon identification and constitute up
to 69% of the variance seen in performance (Isherwood et al. 2007). Familiarity is a
description of the user’s past experience, and reflects the frequency of an icon encoun-
tered by the user; concreteness is used to describe the extent to which an icon depicts
real-world objects; complexity refers to the amount of detail in an icon; meaningfulness
describes the amount of useful information contained in an icon; and semantic distance
refers to the closeness of the relationship between an icon itself and the function it
represents. Studies have shown that these five attributes are not independent with each
other. Concreteness is strongly correlated with meaningfulness, familiarity (Mcdougall
et al. 1999; McDougall et al. 2000), and complexity (Garcia et al. 1994). Among these
five attributes, concreteness and complexity describe the morphological characteristics
and determine the style of the icon, while semantic distance describes the relationship
between an icon and its representing function (McDougall and Isherwood 2009).

Research on icon style mainly focuses on the two distinct strategies of flat and
skeuomorphic. Compared with skeuomorphic icons, flat icons are usually more abstract
and simplified, which means they have a lower degree of concreteness and complexity.
Icons used in early electronic product interfaces were usually in the skeuomorphic style,
simulating objects in the real world by metaphor, as well as strategies like shadows,
gradients, 3D perspective, and realistic textures. However, flat design is currently more
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common in interface design. It was first widely used in the UI design of the Windows
Phone 7 launched in 2010 and attracted extensive attention from the design community
(Burmistrov, Tatiana & Anna 2015); three years later, it was fully applied in the 10S
7 smart-phone operating system introduced by Apple. The flat style has a high degree
of abstraction and generality, and mainly depicts the general image rather than the fine
details. Meanwhile, the common three-dimensional elements used in skeuomorphic style
are eliminated, making the overall visual appearance of the interface more concise and
unified. The flat design, together with its modern aesthetic concept, was soon widely
favoured by both designers and users.

On the other hand, flat design has been under heated debate for a long time. Some
earlier studies noted that the over-simplification of flat icons may cause a reduction in
usability. Compared with abstract icons, concrete icons can provide higher recognition
accuracy and shorter response time (Rogers and Oborne 1987; Stammers and Hoffman
1991; Stotts 1998). In visual search tasks, Burmistrov (2015) found that subjects spent
twice as much time finding flat icons as they did for skeuomorphic icons. In addition,
flat icons caused higher cognitive load for participants. Comparative studies among
different age groups indicated that the influence of icon style was related to subject age.
The increased level of detail is more helpful to the elderly than to the young, indicating
that the elderly seemed to rely more on the detailed information in skeuomorphic icons
than young adults (Leung et al. 2011; Mertens and Schlick 2011; Schroder and Ziefle
2008). Moreover, some other studies have noted that older users tend to show a preference
for skeuomorphic icons over flat ones (Backhaus et al. 2018; Cho and Kwon 2015; Tu
and Ho 2018).

1.3 A Gradually Blurred Boundary Between Flat and Skeuomorphic Design

The flat design has evolved for ten years, starting from the release of Windows Phone
7 in 2010. In recent years, some new trends have emerged in UI design. Many newly
developed design languages are no longer confined to flat design principles, and seek
more diversified design elements as a supplement on the basis of simple form. Thus,
they can avail of many elements as opposed to in flat design, such as spatial relationship
and realistic texture, which are often seen in skeuomorphic icons. The introduction of
these new strategies has made today’s user interfaces more diversified and personalized.
Material Design introduced by Google is a good example because it cannot be simply
classified as flat design. Material Design proposed the concept of a “z-axis” in the Ul
interface, providing the two-dimensional user interface a spatial metaphor. On this basis,
Material Design also drew on other metaphors in physical reality, such as texture, light
and shadow, acceleration, and paper simulation, making it easier for users to understand.
Similarly, the Fluent Design System, a new design language by Microsoft, also contains
many elements beyond the category of flat design. Figure 1 shows some of the offi-
cial example icons published by Microsoft. Similar to the “z-axis” of Material Design,
Microsoft introduced the concept of “depth” in UI design to enhance the spatial effects
of icons. Besides, Microsoft has proposed four more design principles: light, motion,
material, and scale, among which the light and material principles advocate the simula-
tion of object states in the real physical world. Hence, newer strategies no longer only
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emphasize simplicity; rather, they focus more on the physical world, trying to create a
more intuitive interactive experience through natural and familiar design elements.
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Fig. 1. Official icon examples of fluent design system from Microsoft.

In this paper, we term this new trend ‘semi-skeuomorphic design’. It inherits the
simple and modern language of flat design but has more diversity in its methods. It
does not completely exclude elements related to the real physical world, but in contrast,
manages to apply and arrange them appropriately with the aim of enhancing the visual
appeal and usability of the interface as a whole.

On the one hand, there has been a gradual reduction in the competition between flat
and skeuomorphic design, and some new styles that draw on the advantages of both have
begun to emerge. On the other hand, the penetration rate of smart devices among elderly
users is increasing rapidly. Their experience and usage frequency of smart devices have
been significantly improved compared with the past. In this context, it is necessary to
conduct more targeted research to include the trends of style evolution and sharp rise of
user base in the research scope.

Thus, the purpose of this study was to determine how different icon design strategies
affect the user experience of older adults. Icon style was considered as an indepen-
dent variable and defined as flat, semi-skeuomorphic, or skeuomorphic according to
the degrees of concreteness and complexity, which are two strongly correlated factors.
Although semantic distance, as a vital cognitive attribute, does not correlate with con-
creteness and complexity, it may have a great influence on the results of the study. There-
fore, the semantic distance was considered as another independent variable. Finally, the
level of user experience was considered as the third independent variable of this study.

In sum, this study mainly focused on two factors: icon style and semantic distance,
and investigated their influence on older users in terms of icon identification and pref-
erence. Smart-phones were recognized as representatives of smart devices, and a com-
parative study was conducted between two groups of older users with different levels of
smartphone-usage experience (one with no experience and the other with rich experience)
to observe the influence of increased experience on the results.

2 Method

This study comprised three stages. First, the researchers collected a large number of
icons and invited elderly adults to participate in sorting icons for the experiment. In the
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second stage, a lab-controlled experiment was conducted, and the data were analysed
in SPSS (Statistical Product and Service Solutions from IBM). Subsequently, a set of
post-task interviews were conducted at the third stage to further understand the thoughts
of the participants with respect to different icons and the problems and doubts that they
encountered during the experiment to supplement the experimental results.

2.1 Preparation of Testing Icons

We collected 202 icons that corresponded to common functions from the interfaces
of smart phones and web pages. First, three designers were required to classify these
icons by style; this was primarily achieved according to the degree of concreteness and
complexity, which were strongly correlated. Icons with a very high or very low degree
of concreteness and complexity were classified into the skeuomorphic and flat groups,
respectively; however, icons with a moderate degree of concreteness and complexity, a
highly generalized form, but with realistic colours, textures, and shadows were classified
into the semi-skeuomorphic group. The three designers first classified all the icons inde-
pendently and then reached a consensus through discussion and negotiation on divergent
opinions.

Icons were then classified according to semantic distance. Twelve participants were
recruited to rate their perceived semantic distance of icons; six participants were design-
ers and the remaining participants were adults aged over 60. Researchers first introduced
the concept of semantic distance to each participant in detail and further explained it
through a case introduction. Then, participants were required to rate the semantic distance
for each icon according to their own judgment. The score was given on a five-point Likert
scale, with point one indicating a very far semantic distance and point five indicating a
very close one.

Two levels, “far” and “close”, were set for the semantic distance variable. In each
style group, eight icons with the highest scores and another eight with the lowest scores
were selected and sorted into six groups (a total of 48 icons) (Fig. 2) as materials to use
in the experiment, while the rest of them were used as interference items.

style
flat i rphi

camera calendar settings

- B & B

weather e-mail contacts

semantic distance

Fig. 2. Icon examples of six different groups.

2.2 Participants

Twenty-four elderly subjects participated in this study and were divided into two groups
according to their experience of using smart phones, namely: the inexperienced group
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(subjects who had never used smart phones) and the experienced group (those who used
smart phones every day for more than one year). The age distribution of the two groups
of subjects is shown in Table 1. A t-test was conducted to compare the mean age of the
two groups, and no significant difference was found (t(22) = 0.44, p = 0.40); thus, the
influence of age on the experimental results could be excluded.

Table 1. Age distribution of participants

Min | Max | Mean | Std. deviation

Experienced |58 |80 69.67 |8.34
12)

Inexperienced |60 |83 71.08 |7.38
12

2.3 Design of Experiment

The mixed design method was used both in the identification experiment and preference
evaluation. There were two within-subjects variables (icon style and semantic distance)
and one between-subjects variable (smart-phone experience).

Ganor and Te’eni (2016) divided the icon recognition process into two steps: visual
search and icon identification. Visual search refers to the subjects’ active browsing of
the visual environment and searching for a specific icon among distractors, whereas icon
recognition refers to identifying the content of the icon and analysing its corresponding
function or name via referential connections stored in long-term memory.
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Fig. 3. Testing tools: (a) interface of icon identification test and (b) part of the icon list used in
the preference evaluation test.

The identification test in this study followed this theory. In each task, participants
were presented with eight icons and a function description at the same time (Fig. 3(a)),
and they were required to pick out the specific icon matching the function description
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as quickly as possible. Among the eight icons, the target icon was selected from experi-
mental materials in the first stage, and the remaining seven were regarded as interference
items. Each participant was required to complete 48 such tasks one by one (i.e., repeated
8 times on each of the 6 independent variable combinations). The 48 tasks were arranged
in such an order that icons in six groups were displayed in turn, whereas the target icon
appeared at a random place. The average response time for the subjects to complete a
task (i.e., successfully identify the target icon) and the identification accuracy for each
icon group were recorded as indicators of performance and analysed in SPSS.

A preference evaluation test was then conducted after the identification experiment.
Participants were shown a list of 48 icons selected in the first stage with function descrip-
tions on their sides (Fig. 3(b)), and were required to rate the extent to which they like the
design of each icon through a 5-point Likert scale with 1 indicating extreme dislike and
5 indicating extreme like. The rating results from both participant groups were collected
and analysed in SPSS.

In summary, all the variables and their evaluation methods in this study are listed in
Table 2.

Table 2. Variables in this study

Independent | Style (3 levels) Semantic | Experience (2 levels)
variables distance
(2 levels)
Name of Flat/semi-skeuomorphic/skeuomorphic | Far/close | Inexperienced/experienced
levels
Dependent | Performance Preference
variables
Measuring | Accuracy/response time 5-point Scale
index

2.4 Interview

Semi-structured interviews were conducted after all the experiments were finished to
further understand the participants’ subjective feelings towards different types of icon
designs as well as any problems and doubts encountered during the experiment. A series
of open-ended questions were asked based on the participants’ performance during the
test, such as:

“What aspect of the icon confused you and did not allow you to identify it?”

“If you don’t agree that this icon can represent this function, could you please try
to sketch out an icon that in your opinion is more proper?”

“Why do you think this icon can represent this function properly, and what elements
of the icon gave you hints?”

“Why did you give this icon a low preference rating and what part did you dislike?”
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The interviews acted as a supplement to the experiment and also helped to explain
the results of the data analysis more effectively.

3 Results and Discussion

3.1 Performance

Three-way ANOVA was conducted to examine the effects of the design style, semantic
distance, and smart phone experience on the icon identification accuracy of participants.
Mauchly’s test showed that the assumption of sphericity was not violated (X 2(2) =3.942,
p = 0.139). The results are shown in Table 3. First, there were significant main effects of
icon style (F(2, 44) = 36.343, p < 0.001), semantic distance (F(1, 22) = 197.813, p <
0.001), and experience (F(1, 22) = 77.216, p < 0.001). This indicates that icons with a
close semantic distance are easier to recognize, and experienced participants were able
to correctly identify more icons in the test. Multiple comparisons among three levels of
design style were then conducted by the Fisher least significant difference (LSD) test.
The results (Table 3) show that the flat icons were significantly less correctly identified
than the semi-skeuomorphic and skeuomorphic ones; however, there was no significant
difference between the impacts of semi-skeuomorphic and skeuomorphic icons. This
indicates that the loss of details and visual clues in flat icons may lead to a reduction in
usability.

Table 3. Effects of style, semantic distance, and smart-phone experience on identification
accuracy.

Items of ANOVA SS df MS F p

style 68.097 2 34.049 36.343 0.000*
semantic distance 212.674 1 212.674 197.813 0.000%*
experience 79.507 1 79.507 77.216 0.000%*
style*experience 6.347 2 3.174 3.387 0.043*
semantic 12.840 1 12.840 11.943 0.002*
distance*experience

style*semantic distance 4.264 2 2.132 2.098 0.135
style*semantic 11.347 2 5.674 5.582 0.007*
distance*experience

Multiple comparisons Mean difference Std. Error p

flat vs. semi-skeuomorphic | —1.479 0.221 0.000*
flat vs. skeuomorphic —1.438 0.152 0.000%*
semi-skeuomorphic vs. 0.042 0.213 0.847
skeuomorphic
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Moreover, interactions between style and experience (F(2, 44) = 3.387, p = 0.043),
semantic distance and experience (F(1, 22) = 11.943, p = 0.002), and design style,
semantic distance, and experience (F(2, 44) = 5.582, p = 0.007) were observed.

Figure 4(a) depicts the interaction between style and experience, which indicates that
experienced participants had an overall better performance towards the identification of
icons of all three styles; however, they seemed to be most adapted to semi-skeuomorphic
icons in terms of accuracy, while inexperienced participants reached the highest accuracy
with skeuomorphic icons. This indicates that as icons get more complex and concrete,
the increase of details and visual cues may effectively help inexperienced subjects to
make the right decision; however, it somehow adversely impacted the performance of
those participants having rich smart phone experiences.

the average number of icons been identified
the average number of icons been identified

X

L + T v - far close

style semantic distance

(a) (b)

Fig. 4. (a) Interaction between style and experience. (b) Interaction between semantic distance
and experience.

It was noted in previous literature that the increase in the complexity of icons could
have two conflicting effects. On the one hand, the increased complexity gives an icon
more details and visual clues, which help to make the icon more concrete (Garcia et al.
1994), more similar to familiar objects, and thus easier to understand (Lloyd-Jones and
Luckhurst 2002; Lloyd-Jones and Nettlemill 2007). On the other hand, high complexity
may bring higher cognitive load to users, which may negatively affect their efficiency in
icon identification (Humphreys et al. 1988; Ellis and Morrison 1998; Alario et al. 2004;
Schroder and Ziefle 2008). Therefore, it is necessary to felicitously control the amount of
details involved when designing icons. Furthermore, Moyes and Jordan (1993) pointed
out that the advantage of concrete icons over abstract ones was significant when they
were first encountered; however, once users had already learned the meanings of icons
and with an increase in their experience, the advantage of concrete icons diminished
(McDougall et al. 1998, 2000; Stammers and Hoffman 1991). This is in line with the
results of the experiment. For experienced participants, too many details may even have
negative effects, while it is still necessary for inexperienced participants to exploit this
extra information to complete the tasks.
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The interaction between semantic distance and experience (shown in Fig. 4(b)) indi-
cates that the changes in semantic distance had a greater impact on the experienced
subjects; that is to say, a close semantic distance could bring about a greater improve-
ment in identification accuracy for them, and it seems that they can better take advantage
of the semantic distance improvement in icon design to achieve a significantly better
performance than those of the inexperienced participants.

Regarding response time, three-way ANOVA was conducted, and the assumption of
sphericity was not violated (X2(2) = 0.280, p = 0.869). The results (Table 4) indicate
that style (F(2, 44) = 16.013, p < 0.001), semantic distance (F(1, 22) = 63.613, p <
0.001), and experience (F(1, 22) = 59.036, p < 0.001) all had main effects on the par-
ticipant response time; however, no interaction was observed. Fisher LSD test was then
conducted to compare the three levels of design style. The results (Table 4) indicate that
experienced participants were able to correctly identify icons in significantly less time.
A close semantic distance could significantly reduce response time, and flat icons caused
significantly longer response time than those observed for the semi-skeuomorphic and
skeuomorphic icons; no significant difference was found between the impacts of semi-
skeuomorphic and skeuomorphic icons. This is basically consistent with the research
results of Burmistrov (2015), which claimed that when performing visual search tasks,
it takes a longer time for participants to identify flat icons than that required to identify
icons with more traditional styles; further, he claimed that flat designs caused higher
cognitive loads.

Table 4. Effects of style, semantic distance, and smart-phone experience on response time.

Items of ANOVA SS df MS F p

style 71.933 2 35.966 16.013 0.000*
semantic distance 186.368 1 186.368 63.613 0.000%*
experience 207.408 1 207.408 59.036 0.000*
style*experience 1.343 2 0.672 0.299 0.743
semantic 0.131 1 0.131 0.045 0.835
distance*experience

style*semantic distance 11.619 2 5.809 3.045 0.058
style*semantic 6.290 2 3.145 1.648 0.204
distance*experience

Multiple comparisons Mean difference Std. Error p

flat vs. semi-skeuomorphic | 0.975 0.305 0.004*
flat vs. skeuomorphic 1.726 0.291 0.000*
semi-skeuomorphic vs. 0.752 0.321 0.029
skeuomorphic
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3.2 Preference

Three-way ANOVA was conducted and the assumption of sphericity was not violated
(X2(2) =2.991, p =0.224). The main effects of style, semantic distance, and experience
were observed, and then a Fisher LSD test was conducted to compare the three levels of
design style. The results (Table 5) indicate that icons with close semantic distance were
rated significantly higher in terms of preference than those with far semantic distances
(F(1, 22) = 25.894, p < 0.001), and participants’ experience could also affect their
preference. Experienced participants tended to give generally higher marks than those
of the inexperienced ones (F(1, 22) = 17.287, p < 0.001). Style was also a critical factor
(F(2, 44) = 23.649, p < 0.001). According to the results of the LSD test, the subjects’
preferences for semi-skeuomorphic and skeuomorphic icons were significantly higher
than those of the flat icons, while no significant difference was found between the impact
of semi-skeuomorphic and skeuomorphic design on the preference rating.

Table 5. Effects of style, semantic distance, and smart-phone experience on preference rating.

Items of ANOVA SS df MS F p

style 19.645 |2 9.823 23.649 | 0.000*
semantic distance 20.062 1 20.062 |25.894 |0.000%*
experience 16.168 1 16.168 17.287 | 0.000%*
style*experience 1.944 2 0.972 2.340 0.108
semantic distance*experience 0.293 1 0.293 0.379 0.545
style*semantic distance 2.053 2 1.026 1.928 0.157
style*semantic distance*experience 0.209 2 0.104 0.196 0.823
Multiple comparisons Mean difference Std. Error )4

flat vs. semi-skeuomorphic —0.695 0.145 0.000%*
flat vs. skeuomorphic —0.849 0.141 0.000*
semi-skeuomorphic vs. skeuomorphic | —0.154 0.105 0.158

3.3 Interview

Semi-structured interviews were conducted after the experiments. According to the par-
ticipants’ performance, we asked a series of open questions to further understand their
feelings and views towards different icon design strategies. The findings were as follows:

First, icon identification is closely related to the activation and extraction of long-term
memory (Ganor and Te’eni 2016). The experienced participants were able to retrieve
and activate useful information from their long-term memories of the physical world
as well as smartphone using (virtual world) experience to complete identification tasks,
while the inexperienced ones relied more on their memories of only the physical world.
For example, 83.33% (10 people) of the participants in the experienced group could
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correctly identify the icon shown in Fig. 5(a), which represents the function of contacts.
However, only 33.33% (4 people) of the inexperienced participants identified it. Through
the interview, we found that participants who failed to identify the icon did not manage
their contacts with a notebook in their daily lives, as depicted in Fig. 5(a). In contrast,
they claimed that they did not have many regular contacts; therefore, they tended to print
or transcribe their contacts on a piece of paper in a large font and place it right next
to the phone or stick it on the wall. On the other hand, the participants with rich smart
phone experience were already accustomed to organizing and managing their contact
information through the contacts app or other social media apps, such as Wechat on their
phone. Therefore, when asked what clues in this icon helped them to correctly identify
it, most of the experienced participants claimed that the shape of a portrait profile on the
cover played the major role, because it was similar to the corresponding icons in their
mobile phones (Fig. 5(b)). In contrast, the inexperienced participants who were able
to identify the icon (4 people) claimed that the notebook-like form provided the main
clue because they had the experience of recording their contacts in a notebook, and they
thought the profile shape on the cover was just a decoration.

(a) (b)

Fig. 5. (a) Contacts icon used in this study and (b) the contacts icon in Wechat.

Secondly, the ability of the participants to understand the meanings of the icons
affected their preference. In the interview, most participants claimed that when giving
preference marks, they usually compared the function description to the icons with their
own opinions. Clearly understandable icons were rated more favourably, while those
that caused confusions were given lower ratings even if they were more aesthetically
pleasing. This partially explains the fact that the results of the preference test are con-
sistent with the results of the performance test. In other words, icons that brought about
better performance also obtained higher degrees of preference. Furthermore, some par-
ticipants argued that the reason why they did not like the flat icons was the monotonous
colour schemes; this is because to pursue a simple visual impression, flat icons often use
large blocks of colours with few details, layers, and brightness changes. In the interview,
participants expressed their criticism of this “dull and tedious” style, especially for the
black and white flat icons. In contrast, they preferred icons in “lively and vivid” colours,
which are more commonly used in semi-skeuomorphic and skeuomorphic icons.

Finally, in the interview, some experienced subjects expressed the difficulty encoun-
tered in identifying the parts of the skeuomorphic icons because the icons were ““so com-
plex that careful observation was needed to identify the details clearly; otherwise they
could not understand the meanings of the icons”. This is consistent with the results that
the identification accuracy of experienced participants for skeuomorphic icons decreased
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to a lower level than that observed for semi-skeuomorphic icons. A typical example is
the icon shown in Fig. 6(a), representing the function of remote control. Only 41.67% (5
people) of the experienced participants could correctly identify it. During the interview,
we further communicated with these subjects, asking for their opinions on how to depict
the icon of remote control function more properly and encouraging them to sketch out
their creative ideas. As shown in several representative sketches (Fig. 6(b, c, d)), partici-
pants tried to depict the function with some simpler and less three-dimensional elements,
and they represented the abstract infrared signal with a variety of shapes. These sketches
were more similar to the icon styles in smart phones they use every day, which indicated
that these elderly participants with rich smart phone using experience have adapted to a
relatively simple icon style to some extent, and the icons with too much detail may lead
to confusion.
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Fig. 6. (a): Remote control icon used in this study; (b)(c)(d): participants’ sketches of their own
ideas.

4 Conclusion

In this study, we investigated how different icon design styles and semantic distances
affect the icon identification and preference of older users with different levels of
smart phone experience. The results can provide references and guidelines for current
user interface design practice. In terms of style, we proposed the concept of semi-
skeuomorphic design, according to the current UI design trend and newly emerged
design languages, and we compared it with the flat design and skeuomorphic design that
have long been under debate.

First, as a vital cognitive attribute, semantic distance had significantly influenced the
subjects’ recognition and preference for icons. The icons with a close semantic distance
were easier to understand for older users, as reflected in the higher identification accuracy
and lower response time. Regarding accuracy, the impact of semantic distance was
influenced by the level of experience of the participants. Those with rich smart phone
experience tended to be more sensitive to the improvement in semantic distance and
could better exploit the resulting increase in usability to achieve greater improvement in
identification accuracy. Meanwhile, participants also preferred icons with close semantic
distance due to usability advantages.
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Second, the design style of icons significantly affect icon recognition and preference.
Semi-skeuomorphic and skeuomorphic icons led to better performance than flat icons in
terms of identification accuracy and response time. Participants also showed greater pref-
erence for these two styles. In most cases, no significant difference was found between
the influence of semi-skeuomorphic and skeuomorphic icons. However, the interac-
tion between style and experience indicated that icon style influenced participants with
different levels of experience in different patterns. As icon style became increasingly
concrete and complex, inexperienced participants could exploit these increased details
and clues to achieve higher identification accuracy. However, experienced participants
were hindered by the overuse of details. Further, in the interviews, consistent opinions
were expressed and a few more concise and abstract icon sketches were created by
the experienced participants as alternatives to the original icon that caused confusion
for them in the identification experiment. We presume that this was related to frequent
use over long periods. The accumulation of experience made them more familiar and
comfortable with the common icon styles in current smart phone interfaces.

In summary, elderly people can nowadays adapt to smart phone interfaces to a certain
extent via learning and frequent use, and compared with inexperienced older users, those
with rich smart phone experience have higher capability to correctly identify icons of all
three design styles. However, more careful consideration from the designer’s perspective
is still necessary to achieve better user experience for older adults.

In the process of icon design for older users, on the one hand, semantic distance should
be considered, and designers should select objects or concepts closely related to the
representing function of the icon to make it as appropriate as possible. On the other hand,
the icon style is a vital factor that should be properly understood and controlled to avoid
excessive simplification or lack of details and visual clues, both of which will reduce the
usability of icons. Appropriate arrangement of shadow, perspective, texture, and other
details that simulate the physical world can make icons more easily identifiable by older
adults. Meanwhile, the fine details and vivid colours rendered by these elements could
also gain more preference from them. Skeuomorphic icons seem to be more suitable for
novice older users because rich details and concrete forms can help them understand and
learn the use of smart devices more efficiently during an early stage. With the increase of
experience, semi-skeuomorphic style would be more in line with older users’ cognitive
habits because the relatively simple and concise form can enhance interaction efficiency
in frequent use for long periods.

One limitation of this study is that only Chinese elderly users participated. Therefore
the influence of cultural backgrounds was neglected and the results may not be valid
among elderly users from other nations. Moreover, interfaces of smart devices consist
of a variety of design elements, including icons, menus, navigation, images, and text.
An efficient and easy-to-use interface requires a reasonable and systematic combination
of all these factors. Therefore in future research, we will focus on more systematic
interaction interface design, and consider the interaction experience of the elderly in
real scenarios. Comparative study between subjects of different cultural backgrounds is
also necessary.
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Abstract. If introduced into aged care facilities, socially assistive robots (SARs)
with mobility functions will expand the applications of robotics through their abil-
ity to take on new tasks, specifically, actively approaching residents and patrolling.
However, because the residents of aged care facilities in Japan are frail, and more
than 90% of them have dementia, robots with mobility functions must be intro-
duced carefully. The purpose of this study is to investigate the possible risks of
introducing SARs with mobility functions into aged care facilities. Consequently,
online semi-structured interviews were conducted with staff of nine elderly care
facilities, and cases highlighting the characteristic behaviors of older people with
dementia were collected and analyzed. Based on the results, we present the pos-
sible risks of introducing SARs with mobility functions into aged care facilities
and proposed countermeasures.

Keywords: Socially assistive robot - Risk assessment - Dementia

1 Introduction

Japan has the world’s highest life expectancy, with a reported aging rate of 28.4% in
2019; the aging rate is the ratio of the population of older people (above 65) to the
total population. However, the declining birthrate and rapidly aging population presents
some peculiar social issues, such as an increase in the number of older people that
require nursing care and a shortage in nursing care personnel. Consequently, toward
achieving a human-centered society that aims to achieve both economic development
and solutions to social issues through a system that integrates cyberspace (virtual space)
and physical space (real space), the Cabinet Office has proposed the Society 5.0 in the
Fifth Science and Technology Basic Plan. In this plan, the possibility of solving social
problems related to nursing care through robotics was previously envisioned [1]. In
particular, socially assistive robots (SARs) offer a variety of benefits to older people, such
as providing opportunities for conversation, improving quality of life, and maintaining
cognitive functions [2, 3]. In an experiment in which a number of SARs were introduced
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into an aged care facility, the quality of life of approximately one-third of the subjects
improved [4]. However, most of the SARs currently used in aged care facilities are
installed in a specific location, such as the corner of a shared space, and long-term
experiments have shown that users become bored with the SARs and stop approaching
them, resulting in a decrease in the frequency of use [5].

In a related study, an SAR with mobility functions was introduced into an aged care
facility, and a method whereby the SAR approaches the user to initiate conversation
was proposed (approach behavior, hereinafter referred to as APB). Owing to the use of
the APB method, the rate of successfully initiating a conversation with older people,
who were not generally actively conversing with the SAR, increased, demonstrating the
usefulness of SARs with mobility functions [6].

However, because many residents in aged care facilities are frail, the risk of injury
through contact should be minimized. In addition, as more than 90% of the patients
have dementia [7], it is necessary to develop risk assessment guidelines that consider
unexpected behaviors caused by the peripheral symptoms of patients with dementia
when introducing SARs with mobility functions into nursing homes. Although there
have been studies on risk assessment frameworks for older people with dementia [8], to
date, there are no guidelines for risk assessment when introducing SARs with mobility
functions to aged care facilities.

Based on this background, the purpose of this study is to develop a risk assessment
guideline for when introducing SARs with mobility functions into aged care facilities.
The study was performed as follows. First, we conducted semi-structured interviews in
aged care facilities to analyze the behavior of older people with dementia and collect
data on related behavioral cases. Then, from the data obtained through the interviews,
we classified the behaviors of older people with dementia and the caregivers’ responses
to them, extracted items that are applicable to interacting with SARs with mobility
functions, and established guidelines for risk assessment based on those items.

2 Method

2.1 SAR

The SAR with the mobility function envisioned in this study is Pepper (Softbank Robotics
Co., Ltd.), shown in Fig. 1. Pepper is 121-cm tall, approximately the same height as a
child, making it easy for older residents and caregivers to recognize and notice its app-
roach. In addition, Pepper is equipped with a mobility function—three omni-wheels—at
its lower end. It can move and talk remotely via Bluetooth. In the future, it is envisioned
that it will be equipped with functions such as autonomous driving, remote control, and
obstacle detection. Therefore, it would be possible to avoid contact between the robot
and older residents in small shared spaces and minimize the risk of injury. Further, the
robot will be able to communicate automatically and remotely, and talk and respond
according to the situation.

Currently, many of the SARs installed in Japanese aged care facilities through govern-
ment projects are not mobile; hence, they are stationary when conducting conversations.
Typical examples are Paro (ND Software Co., Ltd.) and Palro (Fujisoft Co., Ltd.), shown
in Figs. 2 and 3, respectively.
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2.2 Risk Assessment

The risks referred to in this study are the possible injuries and mental anxiety of the
residents arising from the failure of SARs with mobility functions upon their introduction
into aged care facilities. Risk assessment refers to the entire process, including risk
identification, analysis, and evaluation. The extent to which risks can be foreseen is
an important factor in minimizing residual risks. There are four safety standards for
risk assessment that apply to machines with mobility functions (including carts, electric
wheelchairs, etc.) [9].

Standard A: Assessment Standard ISO14121

Standard B: System Safety Standard ISO13849

Standard B: Standard for Functional Safety IEC61508
Standard C: Standard for Life Support Robots ISO13482

The constraints in this study include the following two factors concerning spatial
conditions and interpersonal relationships:

e Spatial conditions of barrier-free, indoor aged care facilities (including day services
and group homes)

e The interpersonal relationship between Pepper, older people, with and without
dementia, care staff, and administrators
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Because many older people with dementia are included in the situations covered by
this study, semi-structured interviews were conducted with professionals in aged care
facilities to establish the reactions and behaviors of older people with dementia toward
SARs with mobility function, which are mainly caused by their symptoms.

2.3 Interviews with Aged Care Facilities

Participants. The recruitment of survey targets was conducted using the opportunity
recruitment method. Various facility types were selected. The interviewees included
a variety of professionals, including caregivers who routinely work with people with
dementia and facility administrators. The target facilities were welfare facilities for older
people (special nursing homes, health care facilities for older people, group homes, short-
stay homes, and small-scale multifunctional in-home care facilities). The interviewees
included nursing and medical staff and management personnel from each of the nine

facilities considered. The basic information on the facilities is summarized in Table 1.

Table 1. Basic information on the facilities whose personnel were interviewed

No. Type of facility Number of residents Average age of | Ratio of male to
residents female residents
1 Group home 9 - 0:10
2 Health care facilities | 100 85 3:7
for older people
3 Special nursing 39/18 88.9/88.1 1:3/1:8
homes/group home
4 Special nursing 60/10 85 1:4
homes/short-stay
5 Fee-based nursing - 85 1:2
homes
6 Special nursing 60/50/20 Range of age 1:4/1:3
care/nursing 80-95/75-95
home/day-care service
7 Small-scale 15/6 90 0:10/1:2
multifunctional
in-home care/group
home
Day-care service 30 82 1:9
9 Special nursing homes | 75 86.7 1:9

Interview Method. Semi-structured interviews were conducted using an interview
guide via online videoconferencing. The data acquired using the interview guide included
basic information, such as facility type and size, characteristics of residents, ratio of males
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to females, percentage of people with dementia, number of people using wheelchairs and
equipment, and age range. Questions pertaining to the introduction of robots included,
“Have you ever been introduced to a robot, and if so, what kind?”, “How did residents
react to and behave toward the robots?”, and “What kind of SAR safety functions do
you think are necessary?”” Other questions pertained to unexpected behaviors of people
with dementia toward objects in the facility other than robots (TVs, sensors, cupboards,
desks, stuffed animals, and dolls) and the facility’s response to such behaviors. The final
set of questions pertained to the unexpected behaviors of people with dementia toward
facility staff and visitors. Facilities that had never introduced robots were asked how
they thought people with dementia would respond to robots, whether they would like to
introduce robots, and what safety-related functions did they think were necessary.

Analysis and Ethics. A verbatim transcript was created from the data of the recorded
interviews, and each statement was labeled. We also analyzed (1) the behavior of older
people with dementia toward objects (excluding robots), (2) the behavior of older people
with dementia, and (3) the behavior of older people with dementia toward robots.

This research was approved by the University of Tokyo’s Ethical Review Committee
(Demonstration Experiment of a Communication Robot with Mobility Functions in
Nursing Care Settings (5), Project No. 20-267).

2.4 Results

Behavior of Older People with Dementia toward Objects. The behavior of older
people with dementia toward various “objects” installed in the facility were extracted
from the interview. Noted typical behavior included “unplugging the TV (ID001-14),”
“stripping a part of the floor (ID004-14),” and “collecting toilet paper (ID007-4)”. In this
section, we categorize the interview data into target “objects,” “behaviors,” and “factors.”

These “objects”, “behaviors”, and “factors” are listed in Table 2. There were 29
types of objects, 22 types of behaviors, and seven types of factors. However, even the
facility staff did not know all the possible factors, and in the survey, “banging on walls”,
“knocking over desks,” “disassembling remote controls and beds,” “pulling and breaking
nurse call buttons and door handles,” “eating different foods,” and “collecting things
(including things that do not belong to him/her)” were mentioned as behaviors specific
to dementia, but no clear causes were provided.

The actions noted to be associated with the behaviors include “unplug,” “wash,” “hit,”
“knock down,” “saw wrong,” “eat (parts),” and “disassemble (or try to disassemble).”
These actions were cited as risks that could damage equipment or affect the residents’
own health. Conversely, positive behaviors (emotional changes), such as calming down
and caring, were also noted. The causes could generally be explained by the core and
peripheral symptoms of dementia (behavioral and psychological symptoms in dementia
(BPSD)). In many cases, staff immediately intervened to limit the impact of highly
destructive behaviors such as eating disorders or violence. Conversely, for less urgent
behaviors, most of the subjects interviewed stated that they would not intervene; rather,

they would subtly distract the patient, if necessary.
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Table 2. Classification of behaviors of older people with dementia toward objects

Objects Actions Factors

Emergency lamp Press a button + Concerned about light
Photo Gather - Mistake it for something else
Sensor Wash + Misunderstand others and
Mirror Eat acquaintances

TV Unplug - Concerned about fragile parts
Fireplace Saw wrong - Feel lonely

Air conditioner Put hands in + Think they have been called
Baby doll Collect + Hallucination

Air purifier Put in garbage (7 types)

Vacuum cleaner Defecate

Humidifier Talk to

Floor Calm down

Trash can Care

Wall Sleep together

Desk Throw

Remote controller Hit

Bed Peel off

Nurse call Knock down

Door handle Disassemble

Room light Push

Soap Pull

Wrinkled sheet Tuck away

Toothpaste (22 types)

Outlet

Soil in vase

Tissue

Toilet paper

Facility items

Other people’s things

(29 types)

Behavior Analysis of Older People with Dementia. The results of the interviews—
including experiences related to the behaviors of people with dementia, support to deal
with them, and the assumptions of caregivers—were extracted and categorized by behav-
ior. The causes of the behaviors were categorized into core and peripheral symptoms of
dementia.

The interviews revealed that there were 35 cases of behaviors that caused problems
for caregivers in residential and day-care facilities for older people with dementia. These
included nine cases of verbal abuse and violent behavior, eight cases of misrecognition
and delusion, five cases of malacia, three cases of abnormal behavior due to anxiety,
three cases of desire to return home, two cases of wandering and related behaviors, two
cases of auditory hallucinations, two cases of persistent verbal behavior, and one case of
crashing into a window. The summary of the causes of the behaviors and the facilities’
response measures is presented in Table 3.
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Table 3. Causes of behavior of people with dementia toward others and facility support

cognition

Symptoms Number of | Behaviors Number | Type of Support | Support
symptoms of
behavior
Excitement 9 Thoughtless 4 Environmental Keep seats apart
words support
Human support | Intermediation
Listening
Interview with
family
Violent 5 Environmental Keep seats apart
behaviors support
Human support | Intermediation
Communicating
in writing
Pharmacotherapy | Medication
adjustment
Delusion 7 Misrecognition | 7 Human support | Supervision (If
there is no effect
on health)
Allotments 5 Misrecognition |5 Human support Supervision (If
there is no effect
on health)
Environmental Getting rid of
support the object
Desiretogo |3 Anxiety 3 Human support | Let them do
home some tasks
Pharmacotherapy | Medication
Roaming 2 Escape 1 adjustment
Lost 1
Defect of 2 Thoughtless 2 Human support | Listening
memory words
Delusion of | 1 Misrecognition | 1
victimization
Hallucination Misrecognition | 1
Auditory hallucination Misrecognition | 1
Decline in 1 Collision 1
spatial
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Verbal abuse and violent behavior were the most common factors that caused concern
for caregivers. Caregivers’ responses to these verbal and violent behaviors included
environmental interventions, such as changing the seating arrangement and keeping a
distance from the patient, as well as social interventions, such as mediation between
conflicting parties, calming the patient down verbally, organizing meetings with family
members to change the patient’s mood, and adjusting medication via therapy.

Caregivers’ responses to misrecognition or delusion were adjusted for each specific
case. However, generally, they did not intervene, especially if there was no danger of
injury, and preserved the patient’s dignity by simply supervising. In the case of malacia,
environmental support was provided, such as removing items that posed a danger to
the patient and supervising the patients to ensure their safety. For thirty-two cases,
peripheral symptoms were indicated to be the main factor, whereas three cases were
presumed to be caused by core symptoms, indicating that the majority of behaviors were
caused by peripheral symptoms. The most common responses by nursing staff were
environmental, such as consideration of seating arrangements, exclusion from the field
of vision, and creation of relaxing environments, followed by the use of human support,
such as mediation, listening, and supervision. It was not confirmed whether the responses
pertained to the peripheral or core symptoms.

Behavior of Older People with Dementia toward Robots We conducted interviews
on the behavior of people with dementia toward communication robots and nursing
care robots. Facilities that had experience with robots were asked to respond based on
their actual experiences with the robots. Conversely, facilities that had no experience
with robots were asked to draw on their imagination to anticipate the possible risks. In
the facilities surveyed, three types of robots had been previously introduced, namely
Pepper, Paro, and Palo, as described in Subsect. 2.1.

It was discovered through the survey that, after introducing the robots, facilities
put up signs, such as, “Please stay away from the robots,” to ensure safe use, had staff
members nearby for supervision at all times, and stored them out of reach when they
were not in use.

Positive impressions of the robot were found to be the result of the robot being an
object that attracts attention or sparks curiosity. The interview respondents also inter-
preted some kind of stimulation as a good response, such as the fact that they were able
to have a conversation, that they tried to communicate, or that people who tended to be
quiet or withdrawn started to talk actively. Conversely, negative impressions of the robot
included mismatches between the cognitive functions of the user and robot, with results
such as eventual boredom with the robot, difficulty in conversation timing, and the robot
being insufficient for people with relatively strong cognitive functions. In addition, there
were some interactions that contrasted the positive experiences, such as handling the
robot roughly, being afraid of it, or receiving limited response from it.
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Based on the data from the interview survey, we classified the possible risks of
introducing SARs with mobility functions into three categories: user-side physical risk,
SAR-side physical risks, and risks that induce mental anxiety in users. For each of these,
we further classified the risks into nine, five, and three categories, respectively. The
opinions of each group are summarized in Table 4.

Table 4. Classification of risks posed by behaviors of older people with dementia toward SARs

User-side physical risks

SAR-side physical risks

Risks that cause mental anxiety
in users

- Contact, Conflict with SAR

- Trapped underneath a fallen
SAR

- Injury from lifting SAR

* Lean on SAR and fall down
together

- Fall down because of being
surprised by a call from behind

- Fall down because of being
surprised
by oncoming SAR

- Eat parts of SAR

+ Induce unnecessary behavior
in users
(e.g. Stand up)

- Follow SAR
(9 types)

- Contact, Conflict with
users

- Beaten by users

- Lifted by users

- Taken down by users

- Fed by users

(5 types)

+ Dependence on SAR

+ Visual illusion induced by
SAR

- Spoken to by SAR
when not feeling
well

(3 types)

3 Formulation of Risk Assessment

Based on the analysis of the interviews, we organized the possible incidents that may
occur when older people with dementia use or encounter a situation where a SAR with
mobile functions is used and summarized them, as summarized in Table 5. The possible
risks and corresponding countermeasures are listed in the left and right columns of the

table, respectively.
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Table 5. Risk assessment

Possible risks

Countermeasures

[Move function]
(1) SAR falls down during movement

- Trapped underneath a fallen SAR

+ Lean on SAR and fall down together

- Injury from lifting SAR
(2) Contact or collision with moving SAR
(3) Fall down without contact with SAR

- Fall down because of being surprised by a
call from behind

+ Fall down because of being surprised by
oncoming SAR
(4) Wander around with SAR

+ Wander around the facility with SAR

- Follow SAR

- Attempt to get out of the facility

- Take SAR somewhere else

[Countermeasures by equipment and
functions)

- Increase the base of support of SAR or
lower the center of gravity (1)

- Make sure that SAR is alerted when it is
about to fall down or when it is subjected to an
external force (1)

+ Reduce SAR’s movement speed (1) (2)

+ Detect obstacles to prevent contact or
collision (2)

- Talk to users before approaching them (3)

+ Do not talk to the person from behind (3)

- Limit the SAR’s movement range (4)

[Countermeasures by environment)

- Limit the distance between SAR and the

person with dementia (1) (2)
[Countermeasures by people]

+ Proximal monitoring by caregivers (1) (2)
“

+ The caregiver moves with SAR and the
person with dementia. (4)

4 Conclusion

To study the characteristics of the behavior of older people with dementia in determining
the possible risk associated with introducing SAR with mobility functions into aged care
facilities, online semi-structured interviews were conducted with facility operators and
staff members of nine aged care facilities. The items extracted for “behaviors of older
people with dementia toward objects” were as follows: objects (29 types), behaviors
(22 types), and factors (seven types). For “behavior of people with dementia toward
robots,” the following items were extracted: user-side physical risks (nine types), SAR-
side physical risks (five types), and risks of causing mental anxiety to users (three types).
In addition, these results were summarized, and the possible risks were extracted in terms
of factor-related, behavior-related, and structure/shape-related risks. As for the “behavior
of dementia patients,” the characteristics were extracted from the perspective of periph-
eral and core symptoms, which were assumed from when the robot was introduced to
the facility.

Finally, we organized these items and classified the countermeasures to the possi-
ble risks of introducing SARs with mobility function into measures by equipment and
function, environment, and people.
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Abstract. Technology companies, when considering the design of their products
or services, tend to configure users by scripting appropriate user interactions with
their technology. Older users are often seen as laggards who take no part in innova-
tion processes. The scripts for technology use planned by technology companies
rarely take older users into account. Hence the role of older adults in participating
in innovation processes, challenging scripts and reconfiguring technologies has
not been well researched. We present four cases in which the role of older adults
in innovation processes is examined: as early adopters (case 1); in playing an
active role in deviating from technology companies’ scripts (cases 2 and 3); or in
clarifying these scripts (case 4). Finally, we present our conclusions and implica-
tions for future innovative practices, focusing on the importance for technology
companies not only to involve younger, but also older people when designing new
technologies with underlying scripts that are useful in their everyday life.

Keywords: Older people - Early adopters - New technologies - Unexpected use -
Innovative use - Technology companies - Scripts - Configuring users -
Reconfiguring technologies - Adoption - Appropriation - Repossession

1 Introduction

In the innovation diffusion literature, older people, if considered at all, are typically
positioned as laggards, i.e., old age is often associated with an increased propensity
not, or only reluctantly, to adopt new technologies [1]. Despite the relative absence of
empirical evidence supporting this viewpoint, widespread stereotypes would have it that
older people cannot be early adopters of new technologies. This paper will present four
counter-intuitive examples that challenge the assumption that older people are laggards
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who are the last to follow technology companies’ planned scripts, and only doing so
long after new technologies have been adopted by young users. We agree with Pinch [2,
p- 247] who argues that:

99 ¢

“Woolgar [3] has shown how designers actively” “configure” users, and Akrich [4]
has argued that the appropriated user interaction with a technology is “scripted”
into its design. Users in turn, can challenge such scripts and reconfigure technolo-
gies (Latour [5], Akrich [4]). (...) Historians have studied how users come up
with (...) completely new uses for technologies. Douglas [6] drew attention to the
role of amateurs operators in the history of radio, Fischer [7] and Martin [8] have
shown how rural women first used the telephone for extended conversations rather
than simply short business calls, and Kline and Pinch [9] documented the use of
the automobile as a stationary source of power rural in the rural United States.”

As far as we know, the role of older adults in challenging scripts and reconfiguring
technologies through unexpected and innovative uses has not been very well researched.
For this reason, we present four cases showing that older people can and do play an
active role in deviating from technology companies’ scripts.

The first case presents the history of the e-bike [10, 11] and the involvement of older
customers who were anything but laggards. Secondly, we present a case describing the
strategic use of deliberate missed calls by older people in Barcelona (Catalonia). The
third case presents the development of the “Are you okay today” app by an 83-year-
old man as part of the innovative start-up-plus program created by the Dutch knowledge
centre, Leyden Academy on Vitality and Ageing. The fourth case is about the experiences
of a 75-year-old woman who took part in testing the use of Google speakers, another
initiative of the Leyden Academy on Vitality and Ageing. This resulted in a how-to guide
for other older users, enabling other older users to make use of this new technology in
such a way that it fit their everyday life needs. This shows what can happen when older
people are given a voice in innovation processes.

Finally, we will present our conclusions and implications for future innovative prac-
tices, focusing on the importance for technology companies to involve older people
when designing new technologies with underlying scripts that are useful for their every-
day life. In our opinion, beyond adoption, appropriation — which happens when users
make a technology their own — becomes relevant as a source of innovation. Bar et al.
[12] argue that “appropriation challenges the initial power structure embedded in a tech-
nology, fostering new practices and new technological implementations.” [12, p. 619].
The appropriation model they propose has three steps: “technology evolution [is] a
three-stage cyclical process of adoption, appropriation, and repossession” [12, p. 624].
Users drive adoption — and further appropriation — and providers react by reclaiming
the resulting innovations. Repossession modes include, on the one hand, learning from
final users’ practices to embed them into successive iterations of the product/service;
and on the other hand, to block or suppress an innovation that technology companies
and providers find too antagonistic. Under this perspective, the four cases discussed here
illustrate how older people’s everyday life needs may be taken into account for a more
nuanced, richer evaluation of innovation processes.
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2 Method

We generate insights into the unexpected and innovative use of new technologies by
older people on the basis of three research projects that were initiated and conducted
by the authors of this paper. We draw on these cases to reflect on older people as early
adopters and their unexpected and innovative use of new technologies. For more details
on the methods, we refer to Sect. 3.1 for case 1, Sect. 3.2 for case 2, and Sect. 3.3 for
cases 3 and 4.

3 Cases

3.1 E-bike

In the literature on innovation diffusion — a notion famously introduced and elaborated
by Rogers [1] — age is a contested topic. According to the theory of innovation diffusion,
acceptance and use of a new technology is driven by social contagion — a notion that
Rogers developed, having been heavily influenced by French sociologist Tarde [13] (see
also [14]). This implies that early adopters — individuals who are particularly quick to
embrace a new technology even before its usability and usefulness have been demon-
strated - serve as important initiators of innovation diffusion. In the prolific literature
on innovation diffusion, the defining characteristics of early adopters remain somewhat
ambiguous. Uncertainty abounds regarding the extent to which these characteristics
must be empirically determined per case (i.e., they are characteristics manifesting in
specific human-machine relations), or whether they are generic traits of certain socio-
demographic groups. In this latter view, which arguably is the most influential in industry
discourses on innovation diffusion, early adopters are often said to be highly educated,
venturesome, have a high exposure to diverse media channels, be socially well connected,
and so forth [15]. Empirical studies that link age to different adopter characteristics are
inconsistent [1]. It is therefore all the more interesting that studies that describe adopter
categories in terms of generic traits of individuals generally associate older age with late
adoption or with being a laggard [16, 17]. To the degree that innovation diffusion theory
has found its way into marketing textbooks and popular business vernacular, this stance
has contributed to the widespread and ageist assumption that older people are an adopter
group of low interest for the diffusion and use of new technologies [10].

Against this background, the history of the electric bicycle, or simply e-bike, is an
interesting one. In the Netherlands, sales of e-bikes outnumbered those of regular bikes
in 2019 [18], and e-bikes are now used across all age groups, including, to a growing
extent, secondary school students. E-bikes these days come in many varieties, but they
are generally sleek and only distinguishable from normal bikes by a fairly inconspicuous
battery underneath the luggage rack. They also come in more expensive and more sportive
variants that carry more obvious signifiers of battery and motor assistance.

However, closer examination of the rise of the e-bike and the diffusion of this tech-
nology over the past 10—15 years reveals that this popularity was a later development.
In the early 2000s, E-bikes tended to be clunky, with glaringly conspicuous electric
assistance systems. They were quite obviously useful only to those requiring assistance
and no longer able to ride a regular bike. Older people were among the first group of
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adopters [11], which meant that during the 2000s, the dominant users of e-bikes were
older people, with whom they became strongly associated. How then to explain why the
diffusion of e-bike usage did not end with this age group, but instead spread to become
popular among Dutch bicyclists of all ages? And what role did the older early adopters
play in this process of innovation diffusion?

These are questions that the second co-author of the present paper addressed in a
2017 study, during which 17 qualitative interviews were conducted with nearly all Dutch
manufacturers of e-bikes [10]. The study focussed particularly on the manufacturers’
recollections of the diffusion history of e-bikes, and how they related features of certain
e-bike designs to the use practices of various age groups throughout this history. From
these recollections, it became apparent that manufacturers frequently related the early
adoption of e-bikes to an imaginary of the fourth age [19]. In their stories of the early
days of e-bikes, they coupled the clunkiness of e-bike designs to the vulnerabilities of
old age. As one of our respondents explained about the first e-bike designs (original
quotes in Dutch, translated to English by A.P.):

“When we began, it was meant as a successor to the Spartamet [a bike with a
gasoline auxiliary engine]; this was thus a target group of individuals that wanted
to continue riding a bicycle, but needed a little bit of assistance. Hence, it was the
somewhat older target group. A fairly old target group. That’s where the success
of the electric bike began.” (R1)

But back then, it was anything but obvious that e-bike use would further diffuse
among older and younger age groups. This became clear from the more ageist lan-
guage used by other respondents in their description of the early adopters of e-bikes, as
illustrated by the following quotes:

“(...) the first bikes that were electric were all for old geezers. Those that rode
them were all old geezers. That’s what it was associated with. [...] ‘And what will
the neighbors think’ — that was the impression given by one of those things [early
e-bikes].” (R2)

“In the beginning, the target group was disabled persons; one could not imagine
a normal human being ...an able-bodied person riding an electrical bike — insane
by definition.” (R3)

These recollections demonstrate that “fourth age” users — as some of the respondents
explicitly called them — were not a preferred group of e-bike users. In particular, they
were not deemed to be promising early adopters, because they would simply not have
the contagion potential to initiate a broader uptake of e-bikes. On the contrary, many
respondents noted that older adopters became the target group for the early e-bikes
precisely because these early designs were not attractive to those not in dire need of
assistance. Even for these e-bike manufacturers, it was difficult, at least initially, to
recognize that older people could be innovative and potentially influential adopters of
this new technology. Although older people were the first to adopt the use of e-bikes, it
was difficult for the manufacturers to view them as early adopters and they consequently
continued to refer to them as laggards.
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In practice, however, these imagined fourth age users turned out to be something quite
different. As our respondents frequently remarked, these early users of e-bikes indeed
had a need for assistance, but they also — probably less surprisingly than our respondents
were prepared to admit — had a keen interest in image and appearance, as well as in
adding a little extra range to their existing bicycling practices. In reality, the imagined
fourth age cyclists turned out to be solidly embedded in the cultural field of the third age
[19]. One of our respondents succinctly described how he eventually recognized that
older people, contrary to the stereotypes expressed above, formed a diverse group:

“Actually, those that consider themselves to still be a little bit young. That’s really
nice, it’s not just the one type. Well, some bikes do actually look like, almost,
revalidation exercise bikes, but that’s not what they want. (...) This 84-year-old
man told us’ this morning I played tennis’ (...) wow, fantastic. So, in that respect,
old people are all seen far too often as, well the stereotypical image, but there is
an unbelievable diversity [in this group].” (R4)

Statements like these illustrated how early contact with older clients led to a shift
in the way this specific target group was perceived by the manufacturers, evoking an
imaginary of the third age as an explanation for the further diffusion of the e-bike. Instead
of focusing solely on aged, enfeebled bodies, to whom clunky designs would not matter,
e-bike manufacturers started to address old age in terms of more complicated and diverse
configurations of evolving disabilities, economic prosperity, recreational practices and
an interest in combining assistance with a sportive appearance:

“I would say, the people that are close to retirement. Who are entering the third
phase, or whatever it is called (...). Those that still cycle in pairs. They are the
baby boomers, right? The people who have just retired and who have money —they
need to have that —, and who have time, because they want to enjoy. That’s a really
nice group. All happy people.” (R4)

Hence, in the early days of the technology, contrary to what many had taken for
granted, actual in-the-flesh older people indeed turned out to be inspiring early adopters,
who enabled e-bike designs to evolve from conspicuous mobility assistive devices to
assistive devices that were not obviously recognizable as such. The very visible and
clumsy battery and motors of the first e-bikes became focal areas of development, as
even these older users indicated they would prefer smaller batteries and motors, that
did not turn e-bikes into signifiers of vulnerabilities and disabilities. In the recollections
of the manufacturers, the cultural field of the third age turned out to be much more
conducive to the diffusion of e-bikes than the imaginary of the fourth age. In that sense,
and in the view of the e-bike manufacturers, older people thus metamorphosed from
a distinctly unpromising group of laggards into an attractive early adopter market that
became an important playing field for new e-bike designs.

What this case clearly demonstrates is the extent to which widely held beliefs about
older people in relation to technology are still fraught with ageist stereotypes. In the
case of the e-bike, these stereotypes turned out to be misleading; e-bike manufacturers,
on encountering real-life older people, were quite surprised about the diversity of this
group, which, over time, led them to question their own stereotypes. They encountered
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a considerable number of unexpected use practices, among which an interest in image
and appearance, the importance of recreational use, a keen interest in gadgetry (and the
spending power to indulge this interest) and an enthusiasm for sheer speed and battery
power. Over time, they grew to appreciate these unexpected use practices as a resource
which could be leveraged for new e-bike designs catering to a complicated configuration
of evolving vulnerabilities with recreational, sports and social practices.

3.2 The Dynamics of Deliberate Missed Calls in Barcelona

This case focuses on older individuals (aged 60 and over). The research project aimed
at a qualitative exploration of the relationship between older individuals and mobile
telephones and the way mobile phones were appropriated (or not) by these older users.
This research project was led by the third co-author, who used a qualitative approach
that involved conducting semi-structured interviews in Barcelona in the period between
2010 and 2011. The 53 participants included 33 women and 20 men aged between 60
and 93. Some 25 respondents were found to rely on missed calls, i.e., short signal calls
that are not intended to be answered. Missed calls emerged as an innovative practice
attached to the mobile phone in the early 2000s [20-23]. As summarized in the paper
[24, p. 286] on which this section is based:

“Deliberate missed calls [DMC] constitute a communication practice per se that is
linked to the economic rationale of maximizing communication while minimizing
the related costs. A DMC is a message that goes in one direction; it might therefore
involve a certain degree of uncertainty because there is no feedback from the
receiver. In this sense, it is a more limited form of communication than a voice call
or SMS. The full use and exact meaning of DMC communication is linked to the
ability to screen incoming calls. In addition, a DMC can have several meanings,
or no meaning at all, since it is just a ring call. For this reason, prior agreement as
to what a sent message means becomes very important. Given that DMCs are not
intended to be answered, they constitute a zero-cost form of communication [as
no call is effectively set up].”

In the present case, it was explored how older individuals used missed calls, some-
thing not usually analyzed from the perspective of the older people themselves. A relevant
finding [24, p. 293] was that:

“Seniors using DMC in the sample correspond to a diversity of profiles, from
sophisticated users who utilize deliberate missed calls to make the most of com-
munications through their mobile phones, to one (...) user who just follows basic
instructions because she is almost illiterate and barely knows how to use the phone.
These results are in line with the fact that DMC use is widespread among different
social strata, as well as among different age groups and genders [25, 26] in societies
where it is a significant practice, as in Catalonia. Most of all, when DMC responds
to a previously agreed behavior, participant seniors enthusiastically explain how
they use them. This attitude challenges the idea that older people are passive users
of mobile phones who “tend to use the technology only when there is no alternative
communication method” [27, p. 891].”
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Of interest here is the fact that DMCs became part of some seniors’ everyday commu-
nication practices. Most commonly, they used DMCs with close relatives, which tended
to be either their spouse or their children and, although less often, the grandchildren.
In some cases, they also relied on DMCs with peers— although that appeared to be less
common.

Within the family or with friends, the most common use of DMCs was micro-
coordination, or “the nuanced management of social interactions” [28, p. 70]:

“Yesterday, for example, my wife said: Send me a missed call and I’ll hurry up if
I haven’t finished yet.” (Man, 69 years old)

“I make a lot of missed calls. If I arrange to meet a friend, when I leave the house,
I give her a missed call.” (Woman, 66)

DMCs were also a way to transfer the cost of communication to the wealthier com-
municant. As before, the meaning of the call must be agreed upon in advance. In some
cases, children would send DMCs to their parents to get a callback, as one 68-year-old
woman reported. On other occasions, the children would assume the cost of the call:

“I send [my son] missed calls and he calls me back ... because it costs him nothing
[as he has a flat rate] and (...) maybe otherwise I would have to pay. (Woman, 62)

[My son] says ‘Look, so you don’t have to pay so much’, (...) send me a missed
call.” (Woman, 76)

Also, participants with a flat-rate contract were happy to assume the cost of voice
calls. One participant used a variation of a DMC to avoid instructing those who call her.
To save her callers money, she showed “an innovative behavior that takes full advantage
of her flat-rate subscription in a context in which most subscriptions are billed per minute
of consumed airtime.” [24, p. 293]:

“[I pick up the phone and say] hang up; I'll call you back. [Because] they already
know why I’m doing that.” (Woman, 66)

The study was conducted during a period when missed calls were a prevalent practice.
Yet, at the time of this paper’s writing, the popularity of DMCs had fallen in Barcelona,
as mobile phone flat-rates had since become pervasive. The communication goals sought
using DMCs could now be achieved via WhatsApp messages or voice calls, which are
more precise and do not increase the final bill. In fact, one participant had already
reported using WhatsApp with her daughter in 2011, although this was not a feasible
method of communication with peers at the time. However, in low-income contexts and
among adults who have pre-paid subscriptions, deliberate missed calls (DMC) remain
a zero-cost form of communication that is (still) commonly used to keep the phone bill
down (e.g., [22, 29, 30]), also among older individuals —see [31] for the case of Lima
(Peru).

Bar et al. [12] argued that DMCs constitute an example of appropriation that chal-
lenges the initial scripts imagined by mobile phone operators. The struggle for control
(over the costs of a service) led to the use of a zero-cost communication service in the
form of deliberate missed calls. It is an unexpected and innovative use that reduces the
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operators’ benefits, as no voice call is set up. In contexts where voice calls are per-
ceived as being too expensive, DMCs rely upon two main features. First, the caller ID
identification, available on all mobile phones by default. Second, the fact that mobile
phones, which are personal, portable and pedestrian [32], are perceived as a tool for
micro-coordination. In terms of Bar and colleagues’ theoretical framework [12], flat
rates can be understood as mobile phone companies’ response to DMCs —at least in
part. The flat rate as a post-paid contract commits the consumer to permanent, monthly
expenses that might be higher than a pre-paid subscription. However, a flat rate enables
users to gain control over their costs in a way a pre-paid subscription does not. Most
consumers, therefore, do switch to different, albeit more expensive plans that allow the
use of mobile data in a safer way than pre-paid subscriptions.

Yet by looking at particular practices of older individuals — in this case, the deliberate
use of missed calls to communicate, a practice that runs directly counter to the planned
scripts set up by mobile phone operators —it is possible to understand the richness and
diversity of digital practices at any age. Clearly, innovation adoption is not static in old
age: DMCs were shown first to be used with relatives and later with peers, as well.
Then, as usage-based charges increasingly gave way to flat rate plans, the practice was
eventually abandoned.

All in all, designers should approach old age as another period of life during which
innovation in digital practices (also) occurs. Such appropriations of products not only
evolve, but are relevant to explore.

3.3 Stimulating Innovative Practices for Older People by the Leyden Academy
on Vitality and Ageing

The Leyden Academy on Vitality and Ageing (https://www.leydenacademy.nl/hom
e-en/) is a Dutch knowledge institution with a clear mission: to increase knowledge about
ageing and vitality, and to make this knowledge accessible to policymakers, healthcare
providers and the general public in order to improve the quality of life of older peo-
ple. One of the programs developed by Leyden Academy was called Start-up Plus, and
directed at senior entrepreneurs:

“Most start-up courses target and are tailored to young entrepreneurs. Given our
increasing number of healthy life years, however, more and more seniors are
considering a second career and wish to create start-ups, which is shown to be
beneficial for wellbeing and health. With Start-up Plus, we will train them to start
their own businesses in healthy living and active ageing. Participants in this free
course do not require any background knowledge, but we will select participants
on the basis of their motivation. In eight weeks, they will follow an adaptive,
individual learning pathway and learn essentials about entrepreneurship. We will
provide individual coaching through face to face and virtual meetings, as well as
expert interviews. (...)” https://www.leydenacademy.nl/start-up-plus-for-senior-
entrepreneurs/)

As one of the participants in the Start-up Plus program for senior entrepreneurs,
83-year-old Han developed an app called “Are you okay today”. The first author of this
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paper conducted an interview with him (December, 3, 2020) to find out more about how
this came about. During that interview, Han explained that his son Thijs had told him
that he wanted to keep an eye on him. Thijs didn’t want his father, who lived alone, to
run the risk of not being able to warn anybody, for example, if he should experience a
fall. Han told his son that, although he understood his son’s worries, he did not want to
install a home camera surveillance system, nor was he prepared to wear a device with
an alarm button. They discussed their concerns, and, as both had a technical background
and had worked — or in the case of Thijs, worked - in technology, were able to come up
with an innovative solution; one that guaranteed Thijs would be warned if something
happened with his dad and that Han’s life wouldn’t be impacted by having to install
a video monitoring system. The two brainstormed together and came up with the idea
for the app. Han then field-tested a prototype of the “Are you okay today” app at 100
locations in the Netherlands for a period of three months. The app is linked to a smart
meter (an electronic device that records information such as consumption of electric
energy that electricity suppliers are currently installing in a growing number of Dutch
households) in the home of the older person. The script of the smart meter, as planned by
the energy supplier, is that the recorded information is communicated to the consumer,
allowing her or him to gain insight into their energy consumption behavior, as well as to
the electricity supplier, allowing the electricity supply to be monitored and facilitating
the billing process. Clearly, Han has deviated - in an unexpected and innovative way -
from the electricity supplier’s script in reconfiguring this technology for a new use fully
adapted to his needs, finding an unobtrusive way to alert a relative or a friend that an
older person at home alone may be in need of help. Han explained how his app works:

“It is based on my electricity consumption. I developed a self-learning system
that registers the electricity consumption pattern of my household’s devices. After
three weeks, the system has ‘learned’ the pattern of my electricity use. In the event
of a deviation from this pattern, the system initiates a phone call: not to my son
Thijs, which would be an intrusion of my privacy, but to me. If I fail to answer,
then something is wrong and the system calls Thijs.”

A deviation in the average pattern of electricity consumption - Han developed an
algorithm for this — will therefore trigger the smartphone app to call him and ask: “Are
you OK today?”. Should the older person using the app fail to respond to the smartphone
call, the warning system is activated and a relative or friend is then alerted through a
phone call. Han is now looking for commercial partners to introduce his app to the
market. He sees this as a promising unobtrusive technological alert device for older
people and their relatives and friends that works by following a script that deviates from
yet at the same time builds on the script originally planned by the electricity supplier.

Another example from the Leyden Academy on Vitality and Ageing is that of 75-
year-old Mary, who, after participating in a Google speakers user test session, decided to
develop a guide for other older users showing how to install the device and how to use it.
Her aim was to enable them to take advantage of this new technology in such a way that
it fit their daily life needs. The point here is that Mary did not wish to deviate from the
Google speakers’ scripts as planned by Google. On the contrary, as part of the older user
group, she created a language that addressed a specific target group (older people) for
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this new technology; a target group that is usually ignored by technology companies. In
this way, she created visibility for older users of the technology and debunked the myth
that older people are unable to learn how to use a new technology script independently:

“[1 developed a little user guide] with tips and showing the order of steps to be
taken. You need to explain how to install the device first, and what you need in
order to be able to do this. And you need to give examples of the purposes you
can use it for, and that you can use your voice.”

4 Conclusions and Implications for Future Innovative Practices

According to Pinch [2], designers tend to configure users [3] by scripting appropriate user
interaction with a technology into the design of their products [4]. We agree with Pinch
[2, p. 247] that “users, in turn, can challenge such scripts and reconfigure technologies
[4, 5]”. In this paper, we have introduced examples of older people cast in the role of
early adopters, rather than laggards, in product innovation (case 1: e-bike); older people
as innovative mobile phone users (case 2: deliberate missed calls); innovative older
individuals able to reconfigure technology by deviating from planned scripts (case 3:
innovative unobtrusive App Are you OK today); or innovating through the development
of a user guide for Google speakers, thus helping older people learn how to use a new
technology script independently by showing them how to install the device and how to
use it (case 4: a user guide for Google speakers developed by an older person for older
persons).

The main conclusion is, therefore, that older individuals are able to learn and innovate
when it comes to using new technologies. However, for older people, getting stakehold-
ers - such as technology companies - to hear their voice is another challenge. Many
stakeholders are unaware that older people have a voice — and quite often, the realization
that, not only do they have a voice, but that they also wish to be heard never dawns at
all.

A final point we would like to make for future innovative practices is the need to
involve users (younger and older ones) at an early stage in the design process, to avoid
having designers create products and services that are designed for a projected user [4]
without regard for the reality of the actual users’ context. The pitfall of I-methodology,
described by Akrich [33, p. x, 32] as the “reliance on personal experience, whereby the
designer replaces his professional hat that by that of the layman”, should be avoided.
Importantly, technology companies should adopt a co-design approach when developing
new technologies, involving both younger and older users to ensure the underlying scripts
fulfil the needs of all users in the future use of these new technologies. One way to do
this would be through the organization of focus groups [34-37].
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Abstract. The age group of 65 years has been described as the fastest growing
demographic in the world. As life expectancy increases, older adults prefer to
remain independent at home. Smart Home systems and Assistive Technologies
have been developed to enable older adults to live in their own homes as they age,
enhancing safety, independence and quality of life. Although considerable Smart
Home mobile applications exist focused on older adult’s wellbeing, they still face
considerable challenges in usability, feasibility and accessibility regarding design
of interfaces. There is a gap in recent research on evaluation of User Interface (UI)
designed or adapted to address older adults needs and abilities. The paper takes
part of an ongoing project evaluation stage, for a smart home and health monitoring
system, applied in two stages: (i) heuristic evaluation and (ii) remote user testing.
The main objective of the paper is to focus on the second evaluation stage, that took
place with end users, applying unmoderated remote usability testing, due to Covid-
19 pandemic. According to the System Usability Scale (SUS) and Net Promoter
Score (NPS) techniques it could be able to quantify the users experience and
measure the level of satisfaction related to the smart home and health monitoring
system. The SUS results identified that the system’s usability was considered
acceptable with a final score of 65,6. It was concluded that the unmoderated test
with a SUS post-questionnaire can be a complex method to apply with older
adults. The SUS questionnaire could lead to mistakes and misinterpretation, some
contradictory results could be related to this complexity among older adults, and
this could lead to a major impact on overall SUS scores. In addition, the NPS
metric was identified as not the appropriate to measure user satisfaction with a
small sample of users as SUS technique. It is concluded that findings should be
supported by applying individual moderated tests with more end users to provide
insights to designers and developers to create more usable interfaces to address
the needs and abilities of the older adults.
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1 Introduction

This paper takes part of an ongoing project that aims to design and evaluate age-friendly
user interface design for a smart home and health monitoring system that increases
independence of older adults, by enabling them to age in their own homes. On the
ongoing project the evaluation was applied in two stages, (i) Heuristic Evaluation and
(i1) Remote User Testing. In the first evaluation, experts identified the potential usability
problems through task analysis that could impact the experience of older adults as they
interact with the Uls [1]. In the second evaluation stage, a design review was applied on
the prototype regarding the problems identified on the first stage to test with end-users.
The objective of this paper is to focus on the second evaluation stage, that took place with
the end users, applying unmoderated remote usability testing due to Covid-19 pandemic.
By incorporating User-Centered evaluation methods (i.e., User Testing), it is possible
to assess the usability with older adults and to obtain more detailed users’ feedback to
improve the usability of a smart home system by applying SUS and NPS techniques.

The ongoing project will propose a system design that explores daily activities by
monitoring, predicting and reminding functionalities, aiming for comfort and indepen-
dent living for older adults ageing at home. The system is based on pressure, motion,
temperature and air quality sensors that monitor the daily activities of the user and send
the information to the system hub. The collected data will set alarms and reminders to
assist older adults and their caregivers in predicting, preventing or providing emergency
support. The project aims to take into consideration age-friendly design guidelines of a
mobile application to address older adults’ users [2]. The proposed system is composed
of three interactive interfaces: Smart TV app, home hub tablet and smartphone app, to
work as a personal assistant at home. In this paper, the smartphone application interfaces
were evaluated with end users to apply the findings on the other system interfaces.

In 2019, as reported by the United Nations [3], the range of 65 years of age was
identified as the world fastest-growing population. Therefore, by 2050, is projected that
the share of older adults population will reach 28.7% of the total population in the
European Union [4]. As life expectancy increase, most of older adults prefer to remain
independently in their own places. [5] The concept of ageing at home enable older
adults to live in their own homes as they age despite health and mobility changes [6].
As life expectancy grows, in many countries the older adults’ population is retiring later
in life [7]. Therefore, it is important not to stereotype the ageing population based on
common perceptions and assumptions when developing comprehensive and accessible
solutions. This outdated stereotypes for older adults’ lifestyle and behavior limits the
comprehension of their problems and the development of innovative opportunities for the
ageing population needs [8]. A new perspective should be taken into consideration for the
future ageing population. This emphasizes the importance of ageing research, especially
innovative solutions (i.e., smart home systems and assistive technologies) that have
significant potential to empower older adults to remain independent, safe and comfortable
at home. The smart home concept can be defined as a lifestyle support that represents
a house installed with sensors and control devices connected through a communication
network [9]. It empowers the users to remotely control household appliances and it can
provide comfort, security, convenience and energy efficiency. A smart home environment
aims to assist and support residents to feel more comfortable, safe and independent at their
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home, using monitoring, warning and remote controlling integrated systems [10]. Smart
and assistive technologies can provide older adults self-care, relieve caregivers support
and also supply new opportunities for personalized healthcare monitoring [8]. Moreover,
it can offer constant health and safety management enhancing their convenience and
comfort in their daily activities [9]. This innovative technology can have a great impact
to improve quality of life and encourage independent living at home so older adults can
achieve long and healthy life [11].

Smart home systems have been highly increased to facilitate assisted living and
health monitoring so older adults can live independently in their home, and also improve
the relationship and proximity with their families and caregivers [12]. Currently, a large
number of existing mobile applications are focused on health monitoring and assistive
living; though, most of the existing systems have not been developed or adapted enough to
older adults needs and abilities [13]. In this sense, the older adults still face considerable
challenges in usability, feasibility and accessibility among User Interfaces (Uls), such
as small fonts, low color contrasts and complex interactions [13]. It is essential to take
into consideration the natural ageing declines that can potentially impact their experience
with the technology and provide them accessible age-friendly products and services [13],
[14]. Technologies, tools and devices, when properly designed to address older adults’
abilities, needs and preferences, can empower their sense of wellness and independence.
Once they are introduced to the basic functions, they feel included to the technology,
and interested in and curious about smart devices that can enhance their daily activities
[13]. Although, when they can’t adapt or understand those tools and devices it can cause
the sense of frustration and isolation [15, Chap. 21].

There are significant studies [2, 16, 17] about the natural ageing, cognitive, sensitive
and motoric declines and how it affects the older adults learning process and experience
when navigating on the web or using mobile applications. Some cognitive abilities, such
as vocabulary, can be resilient to an aging brain and sometimes even improve with age.
However, other abilities, such as conceptual reasoning, memory, and processing speed,
decline gradually over the years. On the other hand, some activities can be associated with
high cognitive function in older adults, such as intellectual engaging activities (e.g., doing
puzzles, reading, using a computer, playing musical instruments), physical activities and
social engagement [18]. Ageing behavior process can be hard to generalize. It always
depends on the context living of the older adult. Although, to assist the development
of age-friendly products and services, there is a slightly gap on recent research on
usability heuristics for Uls to address older adults needs, abilities and limitations [19].
Age-friendly design aims to help older adults read, notice, scan and understand the
information displayed on the interface. Age-friendly guidelines would not only help
older adults, but would also be more user friendly for all users [2]. Developing an age
friendly system design, to a complex smart home and health monitoring system, enables
the opportunity to increase the adoption of assistive technologies by older adults. As
the older adult’s population increases, they turn to be potential beneficiaries of digital
products. The age-friendly design should go further off accessibility, it should also make
the technology attractive, powerful, easy and enjoyable to use [2].

Usability is a key aspect of the multidisciplinary field of Human Computer Interaction
(HCI) to ensure the ease of use of a system, tool or device. When designing and building



Remote User Testing for an Age-Friendly Interface Design 171

interactive systems the user should be first priority. It is about to understand human
capabilities and limitations [20]. In many UI designs, with low contrast colors, small
fonts, small targets, it can make it difficult for older adults easily use and accept mobile
technologies and other smart devices [2]. Among current studies of heuristic evaluation of
mobile applications to support older adults’ users, Silva et al. [21] identified a research
gap of appropriate heuristics to evaluate smartphone applications to be suitable and
inclusive for such user groups. In this sense, this paper shows results of a heuristic
evaluation that identified potentially usability problems which could be faced by older
adults when interacting with a smartphone app for Smart Home.

2 Methodology

User testing is the key component of usability testing. It can include observation, user
satisfaction and interviews [22]. It is the most suitable evaluation for testing prototypes
and working systems. The goal is to determine how usable a product is. Planning a user
testing is crucial to understand which tasks are important for the product and for the user
to test it. To perform a user testing session, tasks should be planned in advance, such as
the performance measures. The session includes recording data using a combination of
video and interaction, and it is recommended to perform the test in controlled ambient
to avoid user distractions [22].

The initial intention on user testing was to conduct individual moderated sessions,
with screen video recording to use this resource to measure tasks performing and
allow detailed analyses of users’ difficulties and feedback. However, due to COVID-19
pandemic, the individual moderated sessions could not be applied.

In order to perform the usability tests, the procedure had to be modified to remote
and non-moderated tests to attend the social isolation protocol due to COVID-19. Yet,
due to the limitations of remote accessible usability tools, the test could not be recorded.

The non-moderated tests were applied using the System Usability Scale and Net
Promoter Score techniques to measure user’s satisfaction when interacting with the
smart home and health monitoring system prototype. According to Tullis & Stetson,
2004, applying the SUS questionnaire with a small sample of users (8—12 users) is it
possible to measure the perceived usability of the system and to get 75% accuracy on
usability assessment of how users get to see the product prototype.

As part of the User Centered methodology, after the design review on the interactive
prototype, individual usability tests were applied to assess its usability with older adults
and to obtain more detailed users’ feedback. Through usability testing it could be possible
to analyze the interactions and reactions of the older adults with the prototype. While
performing the respective tasks it could be possible to perceive its usability and the
relevance of the features presented in the system [22].

2.1 Participants

9 older adults age between 55 and 69 years of age (mean = A, SD = B) participated
voluntarily to the study. Five participants were between 65 to 69 years of age, two
participants were between 55 to 59 and two from 60 to 64 years of age. As home
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aggregates, 4 participants live alone, two of them live in two people, and others three
live in 4 people or over at home. All the participants agreed to participate voluntarily
and anonymously.

2.2 Procedure

The procedure was published online. Each user received the usability test evaluation
sheet with the instructions and list of tasks with the links for each task to perform on the
interactive prototype. Same tasks of the heuristic evaluation, except one, were performed
on the user testing. The exception task is the one that is related to humidity on smart home
features was replaced by the health-related feature “Energia ativa” [1]. The change was
done as health was identified more important than smart home features in the Heuristic
Evaluation. The procedure was done in three stages:

(i) Briefing Stage. In this stage the description and objective of the project was sent
to the users with the detailed information about the goals and procedure of the user
testing.

(ii) Task Performing. In this second stage the users performed tasks according to
the scenarios provided on the document to find if they could complete and understand
each given task. For each task, it was given a link to assess the prototype. This could
help the users to not get lost during the non-moderated test. The flow of each task is
shown in Figs. 1,2, 3,4, 5, 6,7 and 8.
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Fig. 1. User Task 1. Check medication. Imagine that you want to check your medications and
make sure they are on time.
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10: 00 10: 00

Fig. 2. User flow of Task 2. Add medication. You will start a new treatment with Dipyrone 500 g
and want to add to your medication reminder list, starting at 10am, to take every 8 h.

(iii) Evaluation stage. In this stage, the users evaluated the prototype evaluation
according to the System Usability Scale (SUS) and Net Promoter Score (NPS) ques-
tionnaire to quantify the users experience on product satisfaction. The SUS, developed
by John Brooke in 1996 [24], is a 10 items questionnaire using a 5-point Likert scale
numbered from 5 (as “Strongly agree”) to 1 (as “Strongly disagree”) and, if any item



174 A. M. de Silva et al.

Fig. 3. User flow of Task 3. Check daily exercise activities. You want to know how your daily
exercise routine is going. And to Identify the time of the day that you have exercised the most.

Fig. 4. User flow of Task 4. Consult your health checkups. And keep your health checkup ratings
up to date.

gets no answer, it should be assigned as a 3 (the center of the rating scale). The original
SUS 10 items list were developed in English, however, as the prototype was developed
in Portuguese and tested with native Portuguese language users, it was translated to fit
user’s context.
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Fig. 5. User flow of Task 5. Adjust lights. And imagine that you are sitting in your living room
and want to make the lights more comfortable to watch a movie or TV.
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Fig. 6. User flow of Task 6. Control windows. As it is a cold day outside, you want to close the
living room windows without getting up there.

The NPS technique is a method to measure users’ satisfaction level related to a
product, service or company [25]. NPS is a single question method to categorize the
users or customers according to their answer to the question: “On a zero-to-ten scale,
how likely is it that you would recommend us (or this product/service/brand) to a friend
or colleague?” [26]. If they respond from 9-10 rating (extremely likely to recommend)
they are categorized as “Promoters”, on a 7-8 rating, they are “Passives”, and from 0-6
(extremely unlikely to recommend) they are considered ‘“Detractors”. After NPS, an
open-ended follow-up question enabled users to give their feedback to the given rating.
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Fig. 7. User flow of Task 7. Control temperature. Still a cold day, you want to adjust the
temperature of your whole house to warm up to 25°.
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Fig. 8. User flow of Task 8. Control TV. You want to watch a movie, and you have to change your
TV channel to RTP.

3 Results and Discussion

The data were reported quantitively on SUS measure and NPS score and qualitatively
evaluated the correlation of the open-end question to the rating applied. After receiving
the SUS results, to calculate each item’s score contribution the range would scale from
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0 to 4 [27]. For positively worded items (1, 3, 5, 7 and 9), the score contribution is the
scale position minus 1. For negatively worded items (2, 4, 6, 8 and 10), it is 5 minus
the scale position. To reach the overall SUS score, multiply the sum of the item score
contributions by 2.5. Then, SUS scores scales from 0 to 100 [27]. To obtain the final
NPS score, then subtract the percentage of detractors from the percentage of promoters
[25].

Nine participants performed the given tasks on the interactive prototype and answered
the SUS questionnaire. 3 participants scored over 80 points, 2 participants scored over 70
points while 4 participants had lower scores between 37,5 and 57,5 (see Fig. 9). Although,
on the final SUS score the total average score was 65,6. According to Bangor et al. [28]
the score 65,6 can be considered as a marginal high acceptable rate on acceptability
ranges, as it is shown on Fig. 10. The main goal of alternating positive and negative
items on SUS method is to control willing response bias and not to have the impression
that the user is forced to respond only for positive feedbacks [29]. However, Sauro and
Lewis [29] identified that despite the advantages in alternation items that can be safer
against serial extreme responders - participants who respond all high or all low ratings - it
can lead users to misinterpretation and mistakes, especially for remote usability testing.
Users can misinterpret when responding to negatively items reversing responses from
negative to positive and they could accidentally agree with a negative statement when
they mean to disagree.

System Usability Scale
100

SUS per Participant

P1 P2 P3 P4 P5 P6 P7 P8 P9

W 55a59 vears [ 60 a64 years W 65269 years 70a 75 years M 760u+

Fig. 9. SUS individual results

The NPS score can categorize the respondents into three groups that have typically
different attitudes and behaviors: Promoters, Passives and Detractors [26]. Promoters
are the users who respond the NPS questionnaire with a nine or a ten score. They have
the potential to be loyal users and can offer constructive feedbacks and suggestions.
Passives are the ones who give a seven or an eight. They tend to be passively satisfied
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Fig. 10. SUS acceptability range

with the product/service/company but are not properly the loyal ones. And finally, the
Detractors are the ones who give a rating of six or below. Their score can represents
disaffection and disappointment, and they tend to share the bad experience with friends,
family and colleagues [26].

According to Brooke (2013) [27], there could be a relationship between SUS and
NPS scores. When users rate a system with a SUS score around 82 (+£5), they also tend
to be a “Promoter” [27]. Although, between four “Promoters” identified, only one scored
a SUS rating over 80, others two scored over 70 and actually one “Promoter” scored 55.
One of the participants was categorized as “Passive”, however scored a SUS rating of
92,2. Finally, four “Detractors” identified scored between 37,5 to 57,5, as presented in
Table 1. Although, the participants with low SUS scores also gave low NPS ratings due
to their poor usability experience and was consequently identified as “Detractors”.

Table 1. User testing results per participant

SUS Calculation
Participant g1 q2 q3 q4 q5 q6 q7 q8 q9 q10  SUS Score Age NPS  NPS classification
P1 5 4 4 5 5 4 5 4 5 5 550 60a64 | 10,0 Promoter
P2 5 4 4 2 3 3 5 3 5 1 72,5 60a64 9,0 Promoter
P3 4 2 4 5 5 2 3 4 4 4 57,5 55a59 5,0 Detractors
P4 3 4 4 4 2 4 5 4 2 4 40,0 65269 2,0 Detractors
P5 4 4 5 1 4 3 5 1 4 1 80,0 55a59 6,0 Detractors
P6 4 1 5 1 5 3 5 1 5 1 92,5 65a69 8,0 Passives
P7 2 4 1 4 2 2 4 4 4 4 37,5 65 a 69 3,0 Detractors
P8 5 3 4 2 5 1 5 1 5 3 850 65a69 10,0 Promoter
P9 5 4 4 4 5 2 5 4 4 1 70,0 65a69 10,0 Promoter
Average 65,6

In this sense, according to the NPS rating given by the respondents, it was identified
the same percentage of Promoters and Detractors, both with 44%. And 11% was iden-
tified as Passives. To calculate the final NPS score it should subtract the percentage of
Promoters from the percentage of Detractors (illustrated in Fig. 11) [25]. Regarding the
same percentage of Promoters and Detractors, the final result lead to 0.

In the open-ended follow-up optional question, 3 participants gave their feedback
about their rating:
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How likely is it you would recommend us to a friend?

Extremely Not at
likely ] £ 4 © 2 g $ . L all likely

v © &

B — ‘%:NPS

Fig. 11. How to accurate the NPS according to Reichheld and Markey [26]

P1: “It seems to make it practical to manage the house, my daily routine, my obliga-
tions and commitments. It pleases me the possibility to be in touch with others that can
help me in an emergency with one click.”

P3: “A ‘hitech’ house. It’s still very expensive.”
P6: “Interactivity, ease of use, usefulness.”

According to users’ feedback, the system was identified as an interactive, useful
and practical tool to manage daily activities at home. Also, one of them gave a positive
feedback about the emergency support feature. This feature was not mentioned on the list
of tasks, however, as it was given the link of the high-fidelity prototype the participants
explored other active features. It might show some curiosity and interest about the related
feature. Another participant mentioned that smart home is still perceived as an expensive
system.

Through the usability testing with the SUS, it was identified that the system’s usability
was considered acceptable on the score range. On the other hand, the NPS results shows
that it might not be the appropriate metric to measure user satisfaction with the same small
sample of users as SUS technique. Hence that, this study showed that non-moderated
remote tests with older adults can be a complex method to apply. Based on the fact that
the SUS questionnaire could lead to mistakes and misinterpretation, some contradictory
results could be related to this complexity among older adults with no preview experience
in usability studies [29]. Also, Sauro and Lewis [29] highlights the disadvantages when
applying negative and positive items in usability questionnaires, such as SUS, using
non-moderated remote tests because it is more difficult to correct possible mistakes
participants make, and this could lead to a major impact on overall SUS scores.

4 Conclusions and Future Work

This paper presents the user testing stage from an ongoing project that aims to design
and develop a smart home and health monitoring system for older adults, to enable them
ageing independent in their own homes.
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The objective of this paper is to focus on the user testing stage in the ongoing project,
that took place with the end users, applying unmoderated remote usability testing.

As part of the UCD methodology, in user testing, the SUS and NPS techniques
were applied to quantify the users experience on product satisfaction and to measure
user’s level of satisfaction related to the smart home and health monitoring system. The
SUS results identified that the system’s usability was considered acceptable with a final
score of 65,6. However, it was concluded that the unmoderated test with a SUS post-
questionnaire can be a complex method to apply with older adults. The SUS questionnaire
could lead to mistakes and misinterpretation, and some contradictory results could be
related to this complexity among older adults, so this could lead to a major impact on
overall SUS scores [29]. In addition, the NPS metric was identified as not the appropriate
to measure user satisfaction with a small sample of users as SUS technique. In this
small sample of nine participants, the NPS scored zero points, as it was identified the
same percentage of Detractors and Promoters (d%-p% = NPS) [25]. It was concluded
that the NPS did not provide relevant information for this study. It could be applied
other technique to measure the level of users’ satisfaction within the related prototype.
Regarding the open-ended questions, users considered the system practical, easy to use
and useful to support daily activities. Also demonstrated interest on the emergency
support feature, considered important to be easily in touch with relatives when needed,
though, it is still perceived as an expensive system.

As future work, moderated usability tests should be applied with target users. The
same high-level prototype should be used to assess its usability and acceptance to com-
pare with the current SUS score result. The moderated individual tests could provide
more detailed feedback of the main difficulties of older adults when interacting with
the user interfaces. And also, individual and moderated sessions could minimize mis-
understandings and misinterpretations of the SUS questionnaire. Furthermore, the other
interfaces of the smart home and health monitoring system, such as user interfaces of the
Smart TV App and the home hub tablet will be designed following the user evaluation
and user testing findings. According to this iterative design process, it could improve
the acceptance and usefulness of assistive systems among older adults. The intention is
to provide insights for designers and developers to create design more usable interfaces
to address the needs and abilities of the fast-growing older adult’s population.
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Abstract. Nowadays, the research of aging design relationship the relationship
between design and the elderly’s visual perception has been widely concerned
by scholars all over the world. However, as As the elderly grow older, changes
in their eye physiological characteristics directly affect their visual habits visual
perception. At present, For this topic of its research, there is still a lack of relevant
reference data to support design strategy development for the elderly. Especially,
there is no clear test tool for the For e-media experience of the Chinese elderly.

The aim of this study is to improve the aging design experience, enhance the
visual recognition and discover the visual pleasure elements of the elderly, and sort
out the relationship between the visual changes of the elderly and the applicability
of the design elements. This study mainly adapted uses mobile terminal based test
tool to measure the elderly’s visual preference and objective attraction, in order
to find the consistency of subjective and objective visual experience.

Through the analysis of the test results, the objective response and subjective
preference of the elderly to visual elements have obvious differences. By compar-
ing existing data, using SPSS quantitative and qualitative comprehensive analysis,
we sort out the differences in the subjective and objective reflections of the elderly.
Combining interviews and observation methods, mainly from the four dimensions
of color, font, typography, and synthesize, we construct aging design strategies
that meet the physiological and psychological needs of the elderly and their plea-
sure. The contributions of this research i.e.: (1) developed a e-media testing tool
for measuring the visual preference and objective response of the elderly, the data
and analysis results are conducive to the formulation of aging appropriate design
strategy; (2) used qualitative and quantitative analysis of information and data to
form a cross-cutting and empirical comprehensive research method innovation;
(3) The research conclusion can be used as a reference for the future visual design
of the elderly and supplement the existing e-media experience research.

Keywords: Visual test cards for the elderly - Visual pleasure range - Design
strategy suitable for aging
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1 Introduction

1.1 The Growth of the Elderly Population

Population aging has become a global problem and challenge. The United Nations World
Health Organization (who) defines an aging society as a society in which more than 7%
of the population is over 65 years old. At present, the aging of population has become
a worldwide problem. Serrano et al. [1] predicted the global population in 2050, and
believed that the structure of population growth will change fundamentally, and the age
composition presents an inverted pyramid. According to the survey conducted by the
Central Intelligence Agency (CIA) in 2010, the proportion of elderly people over 65 in
Japan and the United States is more than 23%, and that in Europe is more than 17.9%
[2]. In China, according to the sixth national census data, Chinese mainland population
over 60 years old account for 13.26% of the total population. By 2050, China’s elderly
population over 65 will reach a peak of 437 million, and the proportion of the elderly
population will reach 21.83% [3]. In this case, it is more important and urgent to pay
attention to the relationship between the perceptual changes of the elderly and the design:

1.2 Visual Degenerative Changes in the Elderly

Based on the previous survey of this study, the questionnaire shows that more than 65%
of the elderly people in the test questionnaire show that they see objects a little fuzzy or
fuzzy.

The retinal imaging of the elderly degenerates, and the level of the visual system
will drop sharply. Even some 70-year-olds have their vision reduced to only 0.7 due to
various eye diseases, and their color discrimination ability is also lower than 25%—40%.
Teenagers, at the same time, the ability to distinguish colors is 25%—-40% lower than
that of youth on average. The visual decline of the elderly often includes three aspects

[4]:

(1) Dark adaptation: Dark adaptation refers to the process of moving from the bright
place to the dark place, and the visual perception gradually improves. As age
increases, the length of time needed for dark adaptation and the final level of per-
ception that can be achieved gradually change. When the age increases by 13 years,
the speed of dark adaptation decreases by 0.3 units, that is, the brightness of the
target must be increased twice to be seen by the dark adapted eyes.

(2) Color perception: Old people often see colored objects as faded. Because the lens
turns yellow and filters out short-wave light, blue and green, and purple fade the
most, and red fade the least.

(3) Eye adjustment ability: The adjustment ability of the eyes is mainly manifested in
the ability to distinguish the relative position of near and far objects, that is, distance
perception or depth perception, and the ability to distinguish movement and speed
of objects, that is, movement perception. According to research, there is no change
in distance perception between the ages of 25 and 45, but it decreases rapidly after
the age of 45.



An Empirical Study on the Elderly Visual Pleasure 185

1.3 Experience Barriers in Product Design for the Elderly

With the development of the times, products used by the elderly have gradually increased,
and the form of products has also expanded from physical products to virtual prod-
ucts. Elderly people are basically divided into two types when using existing products
commonly used in daily life. One is electronic products, and the other is household
appliances.

Based on the preliminary survey of this study, in the questionnaire, the elderly people
spend more than 60% of the time in contact with electronic devices (phones, computers,
TVs, tablet computers, etc.) for more than 2 h. It can be seen that it is quite common for the
elderly to use electronic products with screens, but the elderly are prone to frustration
when using modern life products. The rapid development of the modern Internet, on
the one hand, has resulted in rapid product iteration, rapid increase and change in the
relationship between functions and product levels, and increased learning and use costs
for the elderly; On the other hand, there are very few design specifications and products
designed for the elderly in daily life [5]. The only remaining electronic products for the
elderly often ignore the physical and psychological status of the elderly, and most of
them are nested on the basis of existing products to delete functions or blindly enlarge
fonts and pictures to lose their aesthetics.

In terms of structural design and material selection of household appliances, there
are many designs specifically for the elderly. But this is not enough. In terms of structure
and material, these improvements for the elderly are mostly for practicality. However,
with the development of the times, we must pay more attention to what kind of design
is a combination of mental comfort and physical practicality for the elderly [6]. What
kind of color the elderly prefer in the design, and what kind of material will cause the
elderly to feel more comfortable, this should be discussed in the future, rather than just
focusing on the description of strong or non-slip.

1.4 For the Lack of Visual Testing Tools for the Elderly

The existing tools related to the elderly vision test are mostly derived from medicine and
sociology, often through the exploration of the eye structure of the elderly or the social
preferences of the elderly. Visual testing tools for the elderly that designers can refer to
are relatively missing. In the field of design, there is no comparison of subjective and
objective test results on the perception and cognition of the elderly. Designers mostly rely
on observation to push the needs of the elderly. This has caused many physical products
and Internet products to ignore the real needs of the elderly, so it is imperative to design
test materials based on multimedia visual perception for the elderly [7]. Men (2010)
based on the physiology and psychology of the elderly, developed a visual test tool for
the pleasure experience of the elderly, and carried out the systematic development of
paper test materials and test materials based on eye trackers, and a comparative analysis of
subjective and objective reflections Define the positive visual experience (PVE) elements
of the elderly [8]. This research focuses on the visual experience of electronic media
products for the elderly. On the basis of the previous research, we will continue to in-
depth and develop the positive visual experience of the elderly in electronic media based
on the development needs of the times.
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2 Research Design

2.1 Research Methods

This research uses the following methods for research:

(1) Literature analysis method: through literature analysis, sort out the overall charac-
teristics of the elderly’s progressive visual changes and the impact on physiology,
psychology and behavior, and find the perceptual obstacles to design elements and
the factors that lead to negative experiences.

(2) Questionnaire survey method: through questionnaire surveys, information such as
statistics, basic needs, cognitive characteristics, and emotional reactions of elderly
individuals are obtained.

(3) Interview method: in-depth interviews with elderly individuals. Deeply explore the
awareness and needs of the elderly for the visual experience of the existing products;
conduct expert consultation to obtain the expert’s understanding of the aging design
and the visual adaptability of the elderly, as well as consultation on the research
experience.

(4) Test method: Use the questionnaire star platform to conduct subjective evaluation
and objective response tests on design elements to obtain statistical data.

In the implementation of the above research methods, standard operating procedures
(SOP) and social science research norms are formulated. The experiment ensures the
standardization of data collection under the condition of obtaining the authorization of
the informant of the investigator.

2.2 Participants

We recruited 50 participants for the study, 29 of whom were women and 21 were men,
with an age range of 60—80 years. Participants are recruited through relatives and friends.
The purpose is to test the preferences of visual elements in electronic products, and
to determine candidates based on their age. Participants must be over 60 years old.
The reason is that according to international regulations, people over 65 years old are
determined to be old, but because the research content involves electronic products, the
habits of using electronic products will continue for some time in the future. The research
should be forward-looking, so elderly people in the 60-65 age group are included in the
research category.

2.3 Test Tool Development

Element definition and selection: In the selection of test elements, five aspects are prelim-
inarily drawn up and designed: color, text, graphics, typesetting, and synthesis. Colors are
divided into hue preference, color contrast preference, purity preference, purity contrast
preference, brightness preference, and brightness contrast preference; text is divided into
font preference, font size preference, kerning preference, and line spacing preference;
Graphics are divided into shape preference, size preference, and expression preference.
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Typesetting is divided into typographic focus area, contrast preference and compre-
hensive typographic preference; comprehensively divided into material preference and
comprehensive preference. In the selection of elements, these five aspects are expanded
from the five most common elements used in electronic products for the elderly. From
specific colors, text, graphics to overall typographic, and finally to comprehensive expe-
rience, there is a clear internal logic, that is, from the micro to the macro, it contains the
visual influence factors of the elderly electronic products. Others, such as perspective,
light and shadow, are not highly related to the design of electronic products, so they are
not within the scope of this test.

Each individual test is divided into two parts, the most comfortable visually and the
favorite visually. By cross-comparing each element in two directions, the visual pleasure
factors of the elderly can be obtained if the results are consistent; follow-up discussion
is needed to analyze the reasons for inconsistent results. This method is based on the
analysis of the most favorite and most comfortable visual elements in the vision of the
elderly to analyze the intersections. This is the most suitable part of electronic products
in the life of the elderly, that is, the element of pleasant visual experience for the elderly.
The entire test material is an extended design of the test material made by Professor
Mendelai in 2011, but the difference is that this test is aimed at the electronic product
experience of the elderly (Table 1).

Table 1. Select element logic and reason

Reasons for
selection

Select element logic (paper size is iPad Pro 2018, size 834 * 1194)

Color Hue preference | RGB color The selection According to the

Lightness
preference

system as the
standard, color
selection.
RGB color
system as the
standard, color
selection

logic is RGB three
values,
respectively select
255, 128, 0 values
for combination
(excluding the
case of the same
three values) to
form a total of 12
color blocks

characteristics of
RGB hue, 12 color
blocks are selected

The selection
logic is RGB three
values, R value
increases from O
to 250 in 25 units,
GB value is 0,
forming a total of
11 color blocks

According to the
characteristics of
RGB lightness
color value, 11
color blocks are
selected

(continued)
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Table 1. (continued)

Select element logic (paper size is iPad Pro 2018, size 834 * 1194)

Reasons for
selection

Purity
preference

Hue preference

The selection
logic is three RGB
values, and the
three RGB values
increase from O to
250 in 25 units at
the same time,
forming a total of
11 color blocks

According to the
characteristics of
RGB purity color
value, 11 color
blocks are selected
to transition from
red to black

Brightness
contrast
preference

The contrast logic
is RGB values,
which are 255 and
0 in turn to form
six color blocks
(excluding the
case of the same
three values), and
cross contrast to
form 15 groups of
contrast graphics
with two color
blocks in each

group

The contrast logic
is RGB value, R
value increases
from 0O to 250 in
50 units, GB value
is 0, forming 15
groups of contrast
graphics with two
color blocks in
each group

Because the test
color block should
not be too many,
so select one of the
color blocks with
characteristics for
comparison

(continued)
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Table 1. (continued)

Select element logic (paper size is iPad Pro 2018, size 834 * 1194)

Reasons for

selection
Purity The selection
comparison logic is three RGB
preference values, and the
three RGB values
increase from O to
250 at the same
time in 50 units,
forming 15 groups
of contrast
graphics with two
color blocks in
each group
Text Font preference | Choose song style, bold style, On the basis of
regular script, Pingfang style, round | regular script,
style, Hanyi Xiaoli style, Yuwei running script and
style, Yu Youren style cursive script, the
more commonly
used fonts are
selected
Font size The font size is 24/28/32/36/40px The selected font
preference size is the
common font size
of text and subtitle
in the existing new
media
Line space The font size is 24px, and the font | Select the line
preference spacing is 0, 50, 100, 150, 200 units | spacing as the
more commonly
used word spacing
in the existing new
media.
Kerning spacing | Select the bold and thin type, the Select line spacing
preference font size is 24px, and the line as the common
spacing is 24, 29, 36, 43, 48 (the line spacing in the
font size is 1/1.2/1.5/1.8/2 times, existing new
rounded) media.
Graphical Shape Square, triangle, circle, rounded Common shape,
preference square, rounded triangle, ellipse, change of fillet
diamond, Pentagon, rounded and irregular
Pentagon, crescent, star, star, heart, | shape

irregular

Size preference

Select 7 circles whose diameter
increases from 0 to 350px in 50px

Common graphic
sizes

(continued)
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Table 1. (continued)

Select element logic (paper size is iPad Pro 2018, size 834 * 1194)

Reasons for
selection

Form preference

Choose realistic, abstract,
geometric, ink, flat, paper-cut form

The commonly
used cash forms in

of rose pattern graphic display of
the elderly
Typographic Typographic On the 135 * 240 white module, The typographic
focus contrast 67.5 * 120, 126 * 120 and 67.5 * includes almost all
preference 231 black blocks (simulating visual | types of
center) are selected to form the typographic area
composition of upper, middle and | comparison
lower, left, middle and right in turn,
with a total of 15
Comprehensive | Using small cages to wrap words Xiaolongbao is a
typographic and pictures, 12 vertical plates of | common food in
preference oblique composition, up-down the life of the
composition, left-right composition, | elderly, and its
diagonal composition and typographic is
quadrangle composition of pictures | changed according
and words, and two horizontal plates to its posters
of left-right composition of pictures
and words are formed
Comprehensive | Material Metal, glass, wood, stone, ceramic, | It includes the
preference plastic, cloth are divided into materials that the
smooth, rough, rough three grades, a elderly often
total of 21 contact with, and
is divided into
three levels
according to the
roughness, which
makes a more
detailed analysis
of the elderly’s
material visual
preference
Comprehensive | Taking the kettle as an example, four] Kettle as the most
preference traditional, modern and future common daily

kettles were selected, with a total of
12 kettle shapes

necessities in the
life of the elderly,
compared with
other products, it
has rich material
changes and color
choices
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Test Steps

The purpose of pilot testing is to establish which environment is more conducive
to the final test. After analyzing the preliminary test results, determine the final
environment required for the test.

Find suitable subjects and make sure that they have no eye diseases that affect the
test results.

Issuing questionnaires: There are two situations: online and offline. After issuing
the recovery questionnaire offline, some supplementary interviews were conducted.
Analyze the data of the elderly visual preference questionnaire and the possible
reasons for the results.

Output the conclusions of the elderly visual preference questionnaire and product
design strategies for the elderly in the future.

Pilot Testing

Five people are selected as the pre-test, the purpose is to test the test environment and
the elderly’s ability to understand the subject. The test content is as follows: (4) Analyze
the data of the elderly visual preference questionnaire and the possible reasons for the

results (Table 2).

Table 2. Pilot test

Test ahead select
element

Reason

Conclusion

Background color
and color reading
comfort

Place the RGB color
ring on a black
background with
100%-0% (10% is a
ladder) transparency

Determine which
grayscale is suitable
for testing color
reading comfort

100% transparency
black (i.e. white) for
color reading comfort

Background
brightness and text
reading comfort
(black)

Place the black “rolling
Yangtze River flowing
east” on the black
background with
100%—0% (10% 1is a
ladder) transparency in
square font

Determine which gray
level is suitable for
testing the reading
comfort of black text

100% transparency
black (i.e. white) is
suitable for black text
reading comfort test

Background
brightness and text
reading comfort
(white)

Place the white
“rolling Yangtze River
flowing east” on the
black background with
100%—0% (10% is a
ladder) transparency in
square font

Determine which gray
level is suitable for
testing white text
reading comfort

10% transpar