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Foreword

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

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

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

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

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



vi Foreword

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

June 2022 Constantine Stephanidis
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Preface

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

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

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

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

June 2022 Qin Gao
Jia Zhou
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Abstract. This paper debates and describes how the use of participatory method-
ologies were useful and flexible to engage and access the digital attitudes and
practices of different generations of participants - from young people to older peo-
ple - involved in two research projects in Portugal: DiCi-Educa and SMaRT-EU.
The paper also describes the methodological decisions and how these impacted
in participants involvement as how they adjusted to different contexts, includ-
ing disconnecting settings and COVID-19 and its digital challenges, in DiCi-
Educa. Both projects used workshops as an active and participatory methodology
to engage the different generations with transformations during COVID-19 pan-
demic context. Despite the unpredictable difficulties, the use of the online environ-
ment also promoted positive ways of better engaging with the participants, namely
in the SMaRT-EU project. Both experiences were very enriching to prepare a third
project we present in the final part of the paper: YouNDigital.

1 Introduction

This paper discusses the use of participatory methodologies to engage and access the
digital attitudes and practices of different generations of participants involved in two
research projects: DiCi-Educa (cofinanced by Calouste Gulbenkian Foundation, Gen-
eral Directorate of Reintegration and Prisons - DGRSP and Lusófona University) and
SMaRT-EU (European Commission, LC-01563446). These methodologies prove to be a
useful and flexible approach with different generational groups contexts: young people,
adults and older people. DiCi-Educa is an action research project with young people
institutionalized in juvenile delinquency educational centres (from now on designated
as ECs), and SMaRT-EU – Social Media Resilience Toolkit involves intergenerational
groups of participants. The two projects followed similar approacheswhere participatory
workshops were privileged to engage participants in thematic sections and reflections
on issues of digital citizenship, media education, and information literacy. Since both
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projects were designed and planned in pre-COVID times, this paper will discuss both
the challenges, obstacles, good practices, and the lessons learned in the field, and the
work the two research teams developed with the participants. We will discuss offline
and online settings since both projects had to adjust to the pandemic and the context of
doing research digitally by default.

Finally, taking advantage of these experiences in the final part of the article we
present a third project designed and recently approved during the COVID pandemic -
which means its methodological approach was designed to consider this strong digitali-
sation of fieldwork: YouNDigital (Portuguese Foundation for Science and Technology,
PTDC/COM-OUT/0243/2021). The project will run from 2022 to 2024, and it will add
a multidimensional element with the inclusion of a digital newsroom, which will have
a participatory focus involving young people to explore their prosuming relations with
the news.

In the first part of the article, we will engage with the existing literature, establishing
connections with the three research projects presented here. In the following sections,
we will detail the methodology and research questions, followed by each projects’ main
results.

2 Literature Review

The participatory culture context [1] amplified by always-on digital environments led to
an increased emergence of core (digital) skills and new forms of (digital) civic and polit-
ical engagement and forms of expressing and participating digitally with responsibility
[2] that need to be deeply understood.

The United Nations Convention on the Rights of the Child (UNCRC) was a cru-
cial document with an impact on children’s status in both domains: in society and in
research. From this moment on, children, as every person aged under 18 years old,
became recognised as social actors worthy of being studied in their own right [3], and
their experiences and perspectives about life became valued to understand this social
group. This shift rescued this demographic group from the previous social invisibility
[4]. Children and young people were no longer seen as a homogeneous group; instead,
they became recognised by researchers as respected and competent informants capable
of making active decisions and critically describing their lived experiences [5]. In this
line of thought, recognising children as ‘agentic’ implies recognising they can and do
“influence their lives, the lives of their peers and that of the wider community around
them” [6]. From passive and invisible beings, relegated to the social context of family
and home, the UNCRC earned for children the active participants role empowered by the
recognition of their right of freedom of thought and expression, capable of contributing
in decisions regarding matters that affect them [7].

This important upsurge in empirical interest in children/young people for the past
decades, and their recognition as participants in research raised new ethical discussions,
dilemmas, concerns, and responsibilities for researchers.

Children and young people’s participation in research is inspired in the ‘ladder of
participation’ proposed by Hart [8], which by its turn is inspired in Arnestein’s citizen-
ship ladder, “a beginning typology to think about children’s participation in projects” [8],
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and better perceive the different levels of children’s active enrolment, and their power
(agency) in decision-making processes. Nevertheless, there are some pitfalls in par-
ticipatory projects, as Thomas [9] alerts by distinguishing between ‘participation’ and
‘consultation’. Participation projects are child-centred when they give children more
power to see their engagement translated into a real social contribution; when it enables
children to be heard and actively involved in decision-making processes about issues
that are part of and affect their lives, whether individually or collectively. Consultation,
on the other hand, as the word suggests, operates by asking for children’s and young peo-
ple’s opinions, which by the way may or may not be considered, and this approach does
not even require hearing the children directly. The risk in consultation is that children’s
voices may be reduced to just a glimpse of their views. Interestingly the same ladder can
be inspiring when putting to test or when considering the level of participation of other
demographic groups in research.

James and James reason children’s and young people’s participation as the oppor-
tunity “to take part in and contribute actively to a situation, an event, a process or an
outcome” [10].

In line with this, the ethical framework that guided the projects mentioned previ-
ously, endorsed the consequentialist model elaborated from the feminist ethic of care
[11] and ‘ethical symmetry’ [12]. To avoid undesirable and instrumental pitfalls, hence,
consideration of ethics was a reflexive exercise that happened “before, after and during
the research” [13].

Corroborating Woodhead and Faulkner’s observation: “significant knowledge gains
result when children’s active participation in the research process is deliberately solicited
and when their perspectives, views and feelings are accepted as genuine, valid evidence”
[14].

Thus, departing from a robust ethical preoccupation in the field of children rights we
move to an intergenerational perspective. We privileged participatory and experimental
methodologies based on dialogue [15] and Freire’s principle that “teaching is not about
transferring knowledge; it is about creating possibilities for its production” [16]. InDiCi-
Educa we mostly worked with young people, while, in parallel, considering the needs
of the staff, and in SMaRT-EU we closely approached an intergenerational perspective.

Recently, COVID-19 pandemic and the turn to the digital, raised other challenges
related with methodological and ethical concerns and pressures that needed careful
thought and reflexivity [17, 18]. For all this, ethical requirements take a crucial place
in the three projects, which follow the standard of Portuguese and European procedures
and good practices to ensure participants safety, anonymity, and data confidentiality,
along with the gathering, analysis, exploitation and dissemination of the data.

3 Methodology

DiCi-Educa focuses on young offenders institutionalized in Educational Centers (ECs),
with whom we took a non-formal education approach and training to support them
develop competencies on media literacy and digital citizenship, based on dialogical
reflexive and critical thinking strategies, with a particular focus on key skills namely,
communication, critical and reflexive thinking, which ultimately translate in their active
and civic participation in the surrounding world and in an increasingly mediatized soci-
ety. The training with the institutionalized young people (aged 12–18) was based on
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situations that offered rich discussion and reflection. The goal was to empower these
participants with a clear lack of awareness about their social role as citizens and make
them reflect on the impact of their decisions and actions participating in their commu-
nity, in their relationships and their (digital) health. Hence, the fieldwork developed in
two dimensions: i) workshops based on a thematic toolkit approaching topics on dig-
ital media literacy and citizenship taking in consideration participants’ views, and life
experiences (e.g. digital rights/duties, competencies for the XXI century). Nevertheless,
it is important to add that the DiCi institutions - the ECs - do not grant internet access
to the youngsters (for security reasons), which means that these very digitally entangled
issues had to be reflected and discussed in a disconnected setting, relying on participants’
memories of their digital experiences. The intergenerational factor in this project was
envisaged by the active participation of ECs staff in the training reflecting with the group
based on their views and personal life experiences. After March 2020, the training was
conducted via video chatting platforms.

The European project SMaRT-EU - Social Media Resilience Toolkit was cofunded
by the European Commission (LC-01563446) and had as the main objective to provide
tools, suggestions, and resources to train young people, old people and educators to be
more resilient and critical in the face of misinformation and fake news in an intergen-
erational perspective. Considering the potential of holding participatory workshops to
actively engage the research team and the project’s participants, as well as to promote
discussions in contexts where it is not usual to talk about specific subjects or to promote
interaction between groups that often do not interact - such as different generations [19]
-, in the scope of SMaRT-EU intergenerational participatory workshops were conducted
to focus on pressing issues related to fake news, critical perspective towards social net-
works and digital footprint. Due to the pandemic context, the workshops took place in
a digital environment, relying on Zoom to gather and reach participants from different
backgrounds and sociodemographic contexts.

After initial brainstorming, the research teamdecided to address six different subjects
in the workshops, all associated with the confluence of media education, digital citizen-
ship and disinformation challenges. The original template was created by the Croatian
team members, in English. Afterwards, the materials were translated and adapted by
the national teams to each country’s specificities, such as language, target groups and
contexts (http://smart-toolkit.eu/participatory-workshops/). The sessions were carefully
designed, seeking to achieve a balance between the provision of information and the
promotion of a learning context that valued the participants’ interventions and opinions.

Lastly, and considering the lessons and the knowledge built from the two previous
projects and the new landscape of digital challenges that emerged with the sanitary
crisis, YouNDigital aims to understand the attitudes and practices that young people have
concerningnews anddigital citizenship.Theproject builds fromestablishing connections
between the younger generations and their relations with the newswhile at the same time
considering the role influential adults have in the building of their news consumption
behaviours and habits. It is expected to get a better understanding of their news interests
and needs, socialisation processes for news consumption either in the family, school, peer
group context, and their experiences as “produsers” of news. This project is anchored

http://smart-toolkit.eu/participatory-workshops/
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in a participatory action-research approach combined with an initial online survey and
a central focus on qualitative methods.

For this paper we will ground our contribution reflecting on three research questions:
(RQ1) what were the most challenging parts of the participatory dimensions of the
projects? (RQ2) What extra challenges were added due to COVID-19? (RQ3) What
were the critical ethical dimensions of these research projects?

4 Results

The first research project, DiCi-Educa, was conceived to be a participatory project with
the objective of offering subjective thinking using an informal and ludic experiences and
approaches to work with institutionalized young people and the staff (e.g., educators,
psychologists, social assistants) that work with them in the ECs. We decided to promote
very hands-on, thematic and reflexive workshops. In the technical (but offline context)
workshops, we used an equipment kit with computers, web and photo cameras, audio
recorders, 360º cameras, and sound editing software. The thematic part of the workshops
was a moment to present and discuss issues around participation, digital citizenship and
otherness. During these moments of the training, they were able to express and bring
what they discussed in the thematic workshop into a digital product (photovoice, 360º
videos, radio shows – podcast, songs). This combination of the theory with the digital
making allowed young people to improve their creativity, communication and critical
perspectives as well as technical and literacy skills, while promoting negotiation and
collaborative work, dimensions quite important in the process of future reintegration in
society.

We can evaluate the level of reflexivity that the participants reached based on the
discussions and the multimodal digital outputs they develop during the training. These
outputs expressed their own views and voices, on how they see the surrounding world
and their own lives (family, friends, past/future lives). Along the project, we were able
to notice signs of positive transformation and maturity of youngsters’ views, and critical
thinking onmatters that were very grounded in very conservative, patriarchal and narrow
views.

Although the training was centred on institutionalized young people needs, we
adopted strategies and contents to take into consideration the educational project, rules
and schedules of each EC (with the assent of theDGRSP, partner in the project) as well as
the characteristics of each group, and interests asmuch as possible. The training involved
also the staff working in the ECs, so they can continue this work after the end of the
project. ECs staff workwith a lot of constraints (including lack of professionals, overload
of paperwork and bureaucracies, lack of digital skills and updated digital resources), so
we were expecting to have professionals more dedicated to absorbing the DiCi-Educa
approach and ensuring its future sustainability, but this was not straightforward. For the
future, we consider that it is fundamental to conceive a training working package for
professionals of the ECs and other professionals that workwith institutionalised children
and young people.

We clarified from the beginning that we wanted to create possibilities for them to
open up and reflect not only in the perspective of their lives but also, and mostly, to
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prospective their future after finishing the tutelary measure. After the workshops, they
shared a richer standpoint in critically evaluating the social appropriation of digital and
demonstrated to have gained a safer consideration of their online behaviour, and of
enlarging the view they had on what participation is.

At the beginning of the workshops, they had a very narrow idea of this concept
and what it entails, and about forms of participation either at a micro or macro level
(unaware of how they could actively participate, for instance in their close communities:
neighbourhood, school, etc.). Later, when asked on how workshops can help them to
prepare a better self and for a better future, some pointed to using digital media to express
emotions through video, to teach others and to use them in their future jobs: “I want
to be a plumber and I can take advantage of digital to photograph damaged pipes, for
example” and “safeguard my privacy, by not sharing personal data and intimate photos”.
In addition, three of these young people started attending courses in multimedia and
sound, an experience that was heavily stimulated by the project.

We believe that DiCi-Educa methodology promotes this philosophy. The methodol-
ogy and approach to the youngsters were prepared to ensure a bottom-up and participa-
tory approach, both when bringing to discussionmore thematic critical thinking topics or
when involving them in more practical and technical moments. We also revised and vali-
dated our strategies by making a dialogic and reflexive evaluation involving the research
team, toweighwhatwentwell and inwhichwaywe needed tomake improvements or use
different strategies. At the same time, was granted a more active and reflexive role from
the perspective of young people. From the 3rd group onwards, we involved youngsters
who already were in the project as ambassadors, not just to give them recognition, but
also to make them feel part of the project, and to have them acting and ensuring a peer-
to-peer education approach. Some of these young people repeated on their own accord
up to 3 times these blocks of workshops. This clearly demonstrates the engagement and
the positive impact the experience of this project had in their lives.

Working at an EC is a twofold challenge, on the one hand, because we are working
with marginalized, stigmatised young people and, on the other hand, because we have
to obey high-security protocols. To keep youngsters motivated and involved we had to
be very committed, but also creative, and flexible enough to perceive and address their
needs and interests.

The challenges were reinforced by the emergency of COVID-19. Further to the situ-
ation in itself, the project had been prepared completely within a face-to-face paradigm.
For security reasons, from the beginning, we knew that we would need to implement
the project about digital citizenship in a disconnection setting. The lockdowns situation
completely changed the paradigm, without putting at risk the security aspects. ECs were
among the first institutions to lockdown in Portugal, in March 2020, and they had for
the first time to give in and to reconsider the access to the internet. During the lock-
down, the DGRSP and the ECs decided to give the youngsters’ access to the internet
to enable video calls to keep closely in touch with their families. Also, classes moved
to online learning. To face these unexpected ordeals the ethical needs to be an ongo-
ing exercise due to the nature and the target of the project. We found some resistance
and narrow views in relation to racism and women/men roles as we highlighted before.
During the training sessions (thematic, practical and reflexive) we adopted the position
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of not looking on the other side when we identified some of these situations or when
we were questioned about these subjects with situations on pluralism and diversity. We
tried to open up their perspectives by bringing to the table diverse examples, but we will
rely on one example to illustrate. In between groups, there was a small mutiny in an
EC we were working on. When we were allowed to return there, during the discussion
on participation, they questioned if a mutiny was a form of participation. This was a
very enriching opportunity by that time to reflect with them on the basis of positive and
negative forms of participation and also in relation to citizenship and the common good.

Regarding SMaRT-EU’s results, we can highlight several aspects related to the online
participatory approach. Firstly, the use of online platforms provided a way to reach both
young and old people, locations and groups, something that would have been extremely
difficult if the project was conducted in the offline world. By switching to an online
model, it was possible tomeet the purpose of promoting dialogue and enrichingmoments
of co-cooperation and co-learning, while giving the opportunity to people with digital
competencies and others with low literacy levels to explore not only new tools and
environments but also new subjects, through learning-by-doing and the exchange of
experiences. As to the research team, the use of online platforms presented itself as a
solution to pursue the research surpassing time and space constraints resulting from the
pandemic, and it allowed the researchers to contact people from different backgrounds
and age groups in the same space. Furthermore, by relying on the online platforms as
a way to conduct research, it was possible to have a closer look into the participants’
routines, habits, and experiences, and to learn from them – aspects that we consider
extremely rewarding and not always possible in research projects conducted in the offline
world.

However, challenges were also identified in the transition to the online training
environment, mainly related to age (digital) gaps. Some of the older participants found
it strange to talk to people on the other side of the screen and participants aged over
90 reported to have never used the internet before and did not know how to use it -
although some of them had used tools such as Skype and WhatsApp to communicate
with their families during lockdown periods. In addition, it was also noticed that while
older people missed physical contact and seeing people in person during the sessions,
youngsters were used to the reality of online contact and online education and did not
find it strange to meet new people and learn through digital tools and platforms.

The research team also had to deal with a number of challenges. First off, by moving
to the online environment the recruitment of participants and scheduling of the sessions
proved to bemore difficult than if the sessionswere to be conducted face to face. Namely,
recruiting older participants and finding viable dates and times to gather all participant
groups was a demanding task. Then, it was not possible to avoid technical challenges and
issues such as bad internet connection, lack of availability of devices, and demanding
technical conditions, constraints that were constant in the sessions. Finally, issues related
to the digital divide also emerged. By working with diverse groups, some of them with
marked economic and social inequalities andwith low levels of access, use or knowledge
of ICTs, it was difficult to address some subjects. The research team encountered several
difficulties related, for example, to the language and terminologies used.
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4.1 YouNDigital: Intergenerational Approach, Departing from the Point of View
of Young People

The lessons learned in the two previous research projects will feed YouNDigital (Por-
tuguese Foundation for Science and Technology, PTDC/COM-OUT/0243/2021), par-
ticularly the newsroom approach with young people. Digital newsrooms allow to bring
together young people worldwide. We aim to capture their interest to participate actively
in the project. This stage is very relevant because it will allow them to participate by
expressing their interests in a learning-by-doing manner. For sure, this part of the project
will benefit from intergenerational experiences where we listen in semi-structured inter-
views and media diaries that will gather together young people and adults, some of
their family members in the discussion about news and digital citizenship options and
influences.

Promoting knowledge transference and societal impact - the creation of the digi-
tal newsroom and of two training courses aimed at youth, educators, journalists and
decision-makers thatwill be available to the international community. These two tasks are
especially relevant to promote and solidify the transference of knowledge at the national
and international level, - corresponding and seeking to overcome societal challenges -
and promote knowledge through a sustainable education perspective.

YouNDigital expects to show valuable results that can underline better understand-
ing about young people’s attitudes and practices towards news with an international
perspective and deepen our understanding on the processes related to digital citizenship
(expectations, action, competencies) that can be fostered by a participatory approach
and with learning-by-doing approach. Learning about news processes, their dynamics,
to better understand how to deal with news and surpass challenges, like fake news and
disinformation. Another important aspect is to collect participants’ own reflections about
the research process in co-collaboration, reinforcing citizen science dimensions. Lastly,
with the training courses, we aim to create awareness about news, digital citizenship and
news literacy.

5 Final Notes and Future Perspectives

These past and in progress projects and the transition to pandemic times evidenced
increasing challenges in being digitally inclusive, and in addressing and ensuring partic-
ipatory dimensions of the research, in particularly, when older people and young people
institutionalized. The same happens regarding the ethical dimensions. The digital con-
text will reinforce these and other unforeseen situations we need to take care of, not only
for tackling those that are always being left behind, but also more operational aspects
related with cybersecurity reasons, and to cover participants’ (digital) rights, including
participation and protection of personal rights.
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Abstract. Research focusing on virtual reality (VR) has increased in recent years
as multiple mobile systems have become available to the mass consumer market.
In particular, there has been greater attention to how VR may serve as a tool
to benefit, promote, and assess health-related and wellbeing aspects for older
adults. However, there are potential risks that researchers need to be aware of
when designing such a study. This manuscript provides an overview of select
usability factors that merit consideration to ensure the safety of potential older
adult participants. This includes cybersickness, balance and falls, vision, hearing,
arthritis, and cognitive limitations.Although not all older adults are at risk for harm
when using VR, researchers need to be aware of potential issues for screening
purposes and ensure safety throughout the study. In addition, older adults need to
be adequately informed about risk factors before agreeing to participate and what
forms of support will be in place to ensure safety.

Keywords: Virtual reality · Older adults · Safety

1 Introduction

Virtual Reality (VR) research has spanned multiple disciplines and areas of study, from
medicine [1] to hospitality and tourism [2]. More so, research in this area has gained
traction since the advent of VR provided on head-mounted displays (also known as
HDMs), including those that use a smartphone. As VR technology has continued to
advance, researchers have been exploring ways that it may serve as a tool to promote or
measure health and aspects of wellbeing. In particular, there has been increasing interest
in VR application and use among select older adult populations [e.g., 3–17].

When considering the design of a VR study and the diversity of functional abilities
and needs within the older adult population, safety considerations must be taken into
account. Not doing so has the potential to put some older adult participants at risk for
harm. In addition, ethical considerations need to be given when exploring potential VR
use among older adult participants, as it cannot be assumed that it would be an enjoyable
experience and of benefit to each person. This manuscript was designed to provide an
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overview of such considerations. More specifically, the aims of this study were 1) to
identify health-related aspects that may influence VR engagement, 2) to investigate safe
options and workarounds for VR use, and 3) to explore ethical considerations for VR
use, among older adult users.

Research Aims:

1) To identify health-related aspects among older adults that may influence VR
engagement.

2) To explore safe options and workarounds for VR use among older adult users.
3) To explore ethical considerations for VR use among older adult users.

2 Background

About six years ago, Samsung’s introduction of Gear VR opened the door for researchers
to explore howVR could be used and applied in varied settings. This was followed by the
mass marketing of newer VR products, such as Oculus Quest. As increasingly affordable
VR systems continue to advance in ways that offer unique experiences, it is reasonable
to suggest that its appeal will continue to grow among tech-savvy consumers. Yet, will
this trend be reflected among older adult consumers?

Consumers in modernized societies typically adopt newer modes of digital technol-
ogy as they are available to the mass market and this rate is reflected in technology
adoption and use among older populations (those age 65 +). For example, a market
report indicated that the proportion of older Americans who use smartphones more than
doubled between 2012 and 2017 and tablet computer ownership also increased to roughly
one-third of the older population [18]. Moreover, a more recent study indicated that 77%
of older adults owned a smartphone by 2020 [19]. These findings indicate a shift in older
adult consumer characteristics as more tech-savvy Baby Boomers transition into older
adulthood.

The origin of this manuscript stems from a pilot study and then primary study that
exploredVRusability and potential application among community-dwelling older adults
[20]. In the primary study 10 older adults were asked to view a series of self-selected
videos on a mobile HDM VR device and navigate through the program with a handheld
remote. Participants were then interviewed to glean insight on their experience. This
was then followed with two focus groups to capture collective perspectives that surfaced
from a guided discussion. Overall, the aim of the study was to identify usability issues
with the participants use of the VR system, preferences for video content, and potential
applications for older adults.

A notable observation and topic of discussion was the number of safety factors that
emerged over the course of both the pilot study and the primary study. Although no
participants were harmed in either, individual interviews and focus group discussions
highlighted concern about how VR could be an uncomfortable – or unsafe- experience
for some older adults, especially those who may be identified as vulnerable.

The key points discussed in this manuscript are a direct reflection of the observations
and findings of the studies described above [20]. In addition, supportive material was
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identified by reviewing related studies that reflected comparable findings (e.g., cyber-
sickness, balance, etc.) Google Scholar and PubMed were used as the primary search
engines.

3 Functional Ability and Health Considerations for Safe VR Use

When technologies are introduced to themass market, it is only natural for researchers to
think creatively about how the technology could be of use to help or enhance some aspects
of a person’s life. This may include those who explore potential technology applications
among older adults with specific needs. However, some of these older adults may be
regarded as vulnerable, either due to physical or cognitive decline that influences their
ability to be fully independent.

Yet before a researcher assesses older individual use of a technology like VR, they
must first have an appropriate level of understanding of their participants’ health status
in relation to the study. For example, a researcher who is assessing the potential benefits
of an app on a smartphone may first need to know that a participant can clearly see
and know how to use the app. So, if the potential participant had significant vision loss
and/or severe arthritis in the hands that would prevent them from holding or using a
smartphone, this may exclude them from the study.

In addition, it is critical for researchers to consider potential safety issues before
assessing the use or application of a specific technology with an older adult participant,
especially those who may be classified as vulnerable. A key component to this is an
adult’s range of functional ability and potential limitations that are a result of age-
related or pathological changes. Naturally, the functional ability of older adults cannot
(and must not) be lumped into one general category based on chronological age because
older adults are the most heterogeneous population in terms of functional ability.

Many of the age-related changes that tend to occur with persons as they age are
normative – meaning, these are changes that are typical of advancing age. This can
include a decline in visual acuity and reaction time. Whereas, other physical changes
that can occur in older adulthood can be traced to a pathological source (i.e., a disease)
and can be chronic in nature. For example, this would include macular degeneration or
osteoporosis.

An adult’s functional ability is also influenced by life course factors that shapes their
health over time. For example, an individual who had a long and physically demanding
career with low-wages and/or health insurance is in a position to experience health issues
in older adulthood due to potential strain on the body over time and limited access to
healthcare to address health-related needs. Whereas, this may not be the case as much
for someone whose job was physically accommodating and allowed them to have easy
access to quality health-related services and forms of self-care.

So, although age can serve as a general indicator, when considering the functional
status and health of older adult participants in a study, one cannot use “age” alone as
criteria to participate. For example, it is possible for a 67-year-old to havemobility issues
and severe hearing loss, yet also for a 84-year old to be independent and active. However,
in either case, a researcher may not be aware of their experience and proficiency with
digital technologies unless it is specifically asked as part of the screening process. These
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are important components to keep in mind when designing a study with older adults and
their current or potential use of digital technologies.

Some aspects of health and functional ability may not be apparent in the screening
process of a VR study but can put a participant at risk for harming themselves. It is these
aspects that merit further consideration before employing a study. This may influence
the formulation of inclusion and exclusion criteria or things to be aware of during the
study to minimize harm to the participant.

3.1 Cybersickness

One of the first considerations that may come to mind when designing a VR study is
cybersickness. Cybersickness is similar to motion sickness. However, they are not the
same, as motion sickness tends to involve stimulation of the vestibular system and that
alone can cause symptoms [21]. Yet, visual stimulation can also contribute to motion
sickness [22]. Contrary, cybersickness can be induced from just visual stimulation alone.

Cybersickness affects persons differently and can be dependent upon the visual
stimuli [23]. Symptoms may include the following: eye strain, headache, pallor, sweat-
ing, dryness of mouth, fullness of stomach, disorientation, vertigo, ataxia, nausea, and
vomiting.

Although cybersickness has been a focus of some VR studies, reports among the
older adult participants have been found to be of minimal [24, 25]. Nonetheless, it
is important for researchers to be aware of it as a potential side effect among study
participants, include appropriate information in the consent form, and closely monitor
the participants for symptoms.

Symptoms do not always occur during use of the VR system but emerge in the
hours following [23]. Participants – and in some cases, caregivers – would need to know
what to be aware of should symptoms of cybersickness appear in the hours following
the study. In particular, cybersickness could be potentially dangerous to those who are
alreadymanaging notable health issues (i.e., residents of a skilled nursing care facility or
nursing home). Similarly, community dwelling adults need to be aware of this possibility
and considerations, such as driving after the study, need to be taken into account.

One way to help minimize the enrollment of older adults who may be at risk for
cybersickness is to incorporate a question that asks about a history of motion sickness
in the inclusion/exclusion criteria. In addition, it may be advantageous to utilize a VR
environment where the older adult participant controls the simulation rather than being
a passive observer [26]. For example, this would be like comparing a VR gaming envi-
ronment where the user controls their virtual actions and movement to a user who is
watching a recorded video and take on a more observational, passive role. If employing
a video in the study, the quality of the video would need to be taken into account. Videos
that include movement and are recorded without a stabilization mechanism are likely to
produce footage that includes shaking, which may induce cybersickness.

Finally, to help minimize harm that may be due to cybersickness after the study, it
would be advantageous for the older adult participant to remain at the location where the
study took place. This is especially important for those who intend to drive afterward.
For some studies, this would be an appropriate time to conduct a follow-up interview or
to provide them with a comfortable environment where they can relax for an hour before
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leaving. And, of course, it would appropriate for a research team member to check with
the adult to verify that they are feeling okay before leaving.

3.2 Balance and Falls

Falls are the single leading cause of injury among older persons. Approximately 30%
of older adults experience falls every year [27], often causing premature mortality, loss
of independence, and placement in assisted living facilities among them [28]. They can
be caused by intrinsic factors – i.e., age-related physiologic changes – and extrinsic
factors – i.e., environmental barriers or hazards. Intrinsic components that influence
balance includes considerations such as increased postural sway, slowed reflexes, gait
speed, reduced peripheral sensation, weakened lower limb strength, [29–31] and changes
in cognition particularly in domains of executive function and working memory [32–
35]. Although falls area associated with adults who have increased risk factors, such as a
chronic health condition, they also occur among those who are regarded as functionally
healthy.

To help decrease – or even eliminate – the opportunity of a fall when using VR, there
are several precautions that can be employed by researchers. An increasing number of
VR games and videos are becoming available where the user is encouraged to stand as a
means to engage. If aspects of balance and standing are being assessed, a stable support
can be made available, like a grab bar, for the user to hold onto. The benefit of standing
in this kind of situation is that it may allow the user to better observe and explore the
visual field of the VR system. In other words, they are better positioned to look in full
range of directions that may enhance the experience.

However, if standing is not being assessed, then the researcher may want to consider
a seated option. Assuming the adult does not have notable balance concerns, a chair
that swivels could be used so that the adult participant could rotate 360 degrees if they
wished. However, it is suggested that such a chair should have any rocking feature locked
or disabled to help provide a greater level of stability. In addition, it would be ideal for
the chair to have secured arms. This would not only help prevent falling off a chair if
disorientation were to occur, but it may also provide a sense of security. If using a chair,
an added measure of safety could also include a research team member to help facilitate
this component of the study. This would be an individual who is immediately next to
the older adult participant to monitor their behavior and provide physical support if the
participant became disoriented or starts to fall off the chair when rotating.

There may be instances when it may not be realistic, appropriate, or advised for an
older adult to use a swivel chair. In these situations, a traditional chair may be best.
Similar to the swivel chair, it would be advised for the chair to have sturdy arm rests
and a dedicated member of the research team to monitor. Although a non-rotating chair
provides more stability, it can limit the visual field within a VR environment. Thus, the
user may try to turn their bodies while seated or extend their head and necks more than
usual so that they may see the VR environment “behind” them. For some, this has the
potential to be dangerous, as this movement may influence the user’s sense of balance
and could result in a fall. This is because sensory manipulation that influences head
position and vision can negatively affect balance [36–40].
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Similar to concerns related to cybersickness, to help minimize feelings of imbalance
and reduce a risk for falling after VR use, the researcher would want to consider having
the older adult remain seated after theVRheadset is removed. Thismay be an opportunity
to ask the participant follow-up questions about their experience and to ensure that they
feel stable. If a community-dwelling older adult is participating in a study at a remote
location, it may be advantageous to suggest in the consent form that they have a ride
home or at least follow-up with a phone call later that same day to confirm that there
were no balance-related effects.

If the older adult in the study resides in a facility, additional supportmaybe required to
ensure their safety when being seated and standing. This would also need to be discussed
with the facility ahead of time, as they may want to be involved with this process as part
of required protocol. This may also be an issue if the older adult participant has greater
levels of immobility and are in seated or reclined in a specialized chair, mobility device,
or bed. Although this may present greater challenges to visually engage and immerse
oneself in the VR environment, it does not mean that the VR experience would not merit
exploration. Indeed, an argument could be made that persons who are more vulnerable
may be in a unique position to value the opportunity to virtually explore environments
that would otherwise be out of reach. Nonetheless, the researcher will want to consider
how this limitation (i.e., not being able to see the full range of the VR environment)
might influence the user’s engagement.

3.3 Vision

A core component to being immersed in a virtual environment is based on the user being
able to adequately see the environment. Visual acuity is a sensory element that tends
to decline in old age [41] and vision impairment among older adults has been related
to challenges with activities of daily living and instrumental activities of daily living
[42–44]. In addition, visual acuity is associated with factors that influence older adult
user experience with digital platforms that employ certain types of technology such as
eye-tracking [see 45 for an overview].

Some VR headsets allow for adjustments that account for interpupillary distance,
“the distance between the center of the pupils in your eyes” [46]. Although this can help
sharpen focus, it cannot adjust so much as to meet the needs of all users. To help account
for this, the researcher may want to incorporate something related to visual acuity in the
inclusion/exclusion criteria of the study’s design. However, it is possible that an older
adult participant may report no visual issues prior to trying the VR headset but soon
discover concerns that cannot be fixed with headset adjustments alone.

To help with this process, it may be beneficial to the older adult participant if they
are shown the components of the selected headset at the start of the study so that they
become familiar with how to make such adjustments. In addition, for VR headsets that
incorporate a mobile phone, the researcher may want to check before use that the phone
is in the secured and accurate position. It is possible for a phone to be locked in but not
centered. This can produce a visual effect of “double vision” for the user.

For those older adult participantswhowear glasses, the researcherwill need to ensure
that the glasses will fit inside the headset without risk of scratching the lenses. This may
be done before the VR headset is placed on the head of the user. In addition, if the headset
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has straps that can be adjusted, it may be helpful to make them loose before the it is
placed on the head and then sufficiently secured after the headset is in place. Depending
on the VR video that is to be used in the study, it may also be helpful to determine if
bifocal glasses could be worn or if wearing them could detract from the experience or
cause headaches.

Just as the researcher may show the VR headset and its features to the older adult
participant before it is used, this should also be the case for those systems that incorporate
a handheld device (i.e., handheld controller). Although this cannot be physically seen
when wearing the headset, seeing the controller ahead of time is likely to help when
trying to use it while navigating the VR environment.

Older adults who have had a strokemay also have visual neglect on the contralesional
side of the body [47]. Visual neglect is an attention disorder, not necessarily vision per se.
Individuals with visual neglect fail to attend to visual stimuli from one side of their body
or visual field despite typical visual acuity. When working with older adults who have
had a stroke, researchers might need to consider providing extra instructions or exclude
the individuals from the study unless the study is designed to promote awareness on
the impaired side. For instance, stroke survivors who have acquired visual neglect can
attend to visual stimuli with simple explicit instructions such as “turn your head to the
left”.

3.4 Arthritis

In general terms, arthritis is identified by joint inflammation and can be caused by “wear
and tear” or be pathological in nature (i.e., a disease, such as rheumatoid arthritis). A
common part of the body where arthritis is found on older adults is the hand area and
can include the wrist and joints in the fingers. This health condition is associated with
varying degrees of stiffness and pain, both of which influences movement, strength, and
control.

Although VR use is largely a visual experience, navigating the system is typically
achieved by use of a handheld device or by manipulating the headset – such as tapping
a touchpad. Handheld controllers have become increasingly common with VR systems,
so this is an important navigational element to consider. Similar to how a researcher may
want to check for or verify sufficient visual acuity, this may also be appropriate when
considering the prevalence of arthritis among older adults. For those who cannot grip
a controller very well - or sufficiently feel the buttons of a controller – a research team
member can hold it instead and ask the adult participant when they are ready to select a
button on the controller. However, this may cause increased confusion or be a point of
frustration for the participant. In addition, the VR may be set up to play a game and this
back-and-forth may be counterproductive.

For those who have been diagnosed with some form of arthritis, it can bemanageable
and may not significantly influence daily activities. However, symptoms can fluctuate
over the course of a day and be painful. For others, symptoms may be so severe that
it precludes them from even holding a controller – or at least doing so comfortably for
an extended period of time. This does not mean that persons with arthritis are to be
automatically excluded from a study, but the researcher should consider if or how older
adults with significant arthritis in their hands could still participate in the study.
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3.5 Hearing

Although engaging with a VR system depends largely on the user’s ability to adequately
view virtual content, the element of sound can greatly lend to the experience. In addition
to offering a sense of realism for a more immersive experience, sound can also provide
audible cues and signals – such as those that may be embedded in a virtual game. Hearing
loss is prevalent in older adults: approximately 80% of functionally significant hearing
loss cases occur in older adults [48]. The prevalence of hearing loss tends to steadily
increase with age [49]. Presbycusis, or age-induced hearing loss, is a prevalent cause of
hearing loss in adulthood across the world. Presbycusis particularly affects the ability to
recognize high frequencies components of sound. In terms of speech sounds, voiceless
consonants such as p and s are greatly affected [50].

When involving an older participant in a VR study, it is critical to screen the indi-
vidual’s hearing acuity – or at least confirm they are able to hear adequately – to provide
a safer VR experience. Based on the screening results, high frequency sounds could be
reduced or the auditory stimuli from the VR environment may be amplified.

In addition, VR systems tailored for individuals using hearing aids are necessary. It is
estimated that over 80% of the old-old population (those ages over 85) have hearing loss,
although degrees vary [51]. A particular concern is that someVR devices, such asmobile
devices that include head-mounted-displays, use and/or adjust the radio frequency and
may interfere with hearing aids [52]. When an older participant cannot hear well due to
the distraction to the hearing aids, the person may face an increased risk of injury.

Similar to visual neglect, individualswhoacquired stroke experience auditory neglect
at times. In case of auditory neglect, the individual demonstrates inability to localize
sound in a sound field, often contralateral to the lesion, despite the normal peripheral
hearing. Given that older adults are as perceptive of audio elements as of visual elements
of VR [53], auditory neglect is a condition to be considered when designing accessible
and inclusive VR experiences.

3.6 Cognitive Impairment

As the life expectancy increases, more older adults experience cognitive impairment
[54]. Cognitive impairment in older adults arises from different causes including but
not limited to side effects of medication, stroke, depression, and Alzheimer’s disease.
Over the past decade, VR intervention has shown significant improvement in different
cognitive domains such as memory [55–57], attention [5], and orientation [58] among
older adults with cognitive impairments. More importantly, VR experiences were found
to improve socio-emotional wellbeing of the individuals [59–61]. Despite the advantages
that VR provides to older adults with cognitive impairments, these individuals may face
challenges in adopting and accepting VR technology.

When conducting aVRstudy, researchers need to consider if the adultswith cognitive
impairments preserve the capability of making a final decision regarding whether or not
to try or adopt the new technology being introduced. In many cases, a legal guardian
or primary caregiver of an individual with cognitive impairment makes a decision on
the individual’s behalf. However, it is critical to provide the older adult with sufficient
and proper information and to ensure that his/her decision should be respected. Some
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individuals with cognitive impairments may be competent to make reasonable decisions.
However, ‘competence’, as Rivera-Mindt [62] asserted, is multidimensional and the
degree of competence varies.

For example, an individual who sustained a stroke in the right hemisphere may
preserve decision-making skills, but his/her reasoning skills may be impaired. Even if
an individual made a solid and sound decision on the use of VR technology, the issue
could arise at any point. In one study [60], peoplewith dementia reported a higher level of
fear and anxiety regarding their VR experience. In case of any discomforting moments,
people with cognitive impairments should be able to communicate about their wants
and needs to cease their participation. If the individuals are incapable, serious ethical
implications around the safety of the user will be raised [63].

In addition, given the varying levels of cognitive impairments and accompanying
symptoms, VR technology should be personalized to the extent possible for each respec-
tive user. With respect to this notion, researchers should consider the strengths, and not
just weaknesses, of an individual with cognitive impairments. These individuals could
offer meaningful information regarding which senses to be used and what VR environ-
ments to implement. This positions the adult with cognitive impairment as the active
participant and provide a person-centered experience.

Another concern that is often raised in VR research among cognitively impaired
users, particularly those diagnosed with a dementia, is the possibility of the adult being
‘hooked up’ to the VR system [64]. When this issue occurs, the VR system may replace
the individual’s social interactions. Meanwhile, some older VR users with cognitive
impairments may gain a misperception that the virtual worlds being introduced to them
are real [65]. In order to prevent this issue, Hodge and colleagues suggested positioning
the person with dementia as an active participant by blending the old with the new, which
enables the person to revisit meaningful experiences as the focal point [66]. Given that
the use of VR for people with cognitive impairments is a relatively new area of research,
more discussions on safety and ethical considerations are warranted.

4 Ethical Considerations

A final point to consider is ethical considerations when assessing VR use among older
adult participants. Depending upon the nature of the VR content, it may be psycholog-
ically harmful to the adult. This aspect was discussed in-depth among the participants
of the first author’s primary VR study mentioned in the “Background” section of this
manuscript. Although it seems largely believed that VR can be beneficial for older adult
users, this must not be assumed. Not everyone has circumstances (or a mindset) that
positions them to take advantage of this digital tool.

For example, an immobile older adult who lives in nursing home (with few or no
visitors) may be at risk of clinical depression because of their situation. Yet, it is noted
that this is not the case for everyone in this situation. If a researcher offered them the
opportunity to virtually explore (i.e., tour) a location, such as the streets of Paris or
even the adult’s hometown, it may be viewed by the adult with enthusiasm. However,
it is also possible that the older adult will feel further isolated, lonely, or functionally
limited – reminded that they are no longer able towalk the streets of their town or travel to
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destinations beyond their residential facility. This experience may reinforce the realities
of their unwelcomed situation which may, in turn, result in the aforementioned ‘hooked
up’ issue among older adult VR users. Although it may be challenging for a researcher
to be aware of this potential for a participant in this circumstance, they should be aware
of its possibility and take measures to address this concern. This may include follow-up
appointments with the adult to ask about their wellbeing and checking with caregivers
who monitor their overall status.

5 Conclusion

This manuscript aimed to answer three research questions, and each was addressed. The
following is a summary.

1) To identify health-related aspects among older adults that may influence VR
engagement.

A number of health-related aspects were identified and discussed. This included
cybersickness, balance, vision, arthritis, hearing, and cognitive impairment. Naturally,
these may not affect every older adult who may use VR, but these considerations should
be taken into account when designing a study that includes older adults.

2) To explore safe options and workarounds for VR use among older adult users.

Not every health-related or functional limitation that may influence VR use has a
workaround option to ensure participant safety. However, there are numerous measures
that can be taken by researchers to enhance safety measures and appropriate use of the
VR system by older adult participants. For example, researchers could screen study
candidates by asking about their history of motion sickness. Another example includes
providing a chair with arms for older adult participants with balance concerns or are at
risk for falling.

3) To explore ethical considerations for VR use among older adult users.

Not everyone who engages with a VR system may find it beneficial. It is critical that
researchers of such studies consider possible circumstances or mental health factors that
may influence recruitment efforts or participant eligibility.

As VR continues to become more sophisticated and available to the mass market, it
is likely that VR research among older adults will also continue. In addition, as more
is learned about its potential benefit, researchers will likely continue to explore new
applications to promote health and wellbeing among select older adult populations.
Nonetheless, it will be important for researchers to carefully consider potential risks
and screening considerations when participants are asked to use VR in a study. This
is especially critical for those researchers who may be unfamiliar with normative and
pathological changes associated with aging and how they may influence VR use or pose
a risk to the older adult participant.
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Aspects discussed in this manuscript include a range of functional ability factors:
cybersickness, balance and falls, vision, arthritis, and cognitive impairment. The older
adult population is considerably heterogenous and every older adult participant – or
potential participant – may (or may not) represent each of these factors. For functionally
health older adults, there may be no issues when using VR. However, it is not out of
the realm of possibility, especially as health-related concerns arise. In addition, most
VR studies at this point that incorporate older adults are those that include older adults
with cognitive limitations. (This is followed by studies that assess balance and falls.) As
VR continues to be examined within aging research, greater attention will be needed to
determine how VR can best be studied while taking into account the safety of the older
adult participants and how to minimize potential risk.
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Abstract. This research ismainly aimed at exploring the recognition andmemory
ability of basic geometric shapes in the elderly, in order to understand the status of
recognition and memory ability of shapes of different complexity in the elderly. It
is mainly carried out through the experimental method. The experimental method
is carried out with 12 shape test samples, and the accuracy of shape recognition
and different time differences are discussed. The subjects were divided into 10
elderly people in the experimental group and 10 college students over the age of
20 in the control group. The results show that there is a gap in the accuracy of
shape recognition among the elderly. The more complex the shape, the lower the
recognition ability. In addition, both groups of subjects made errors in recognizing
the obliquely angled figures. The time difference between 5 s and 30 s between
shape F (original hexagon) and shape I (hexagon with rounded corners) is sig-
nificantly different, and shape I obtains the lowest recognition accuracy rate at a
5-s interval for the elderly. The experimental results also show that the front and
back positions of the shape images in the sequence have an impact on the memory
ability.

Keywords: Elderly · Shape recognition ·Memory ability · Visual cognition

1 Introduction

1.1 Research Background and Motives

As countries around the world have entered an aging society, the demand for product
design for the elderly is also increasing. In particular, in today’s Internet society, the
graphical user interface (GUI) design of many information products is becoming more
and more complex due to the variety of functions, and the aging population is prone to
operational obstacles and difficulties due to the gradual deterioration of physiological
functions. Secondly, the deterioration of the relevant cognitive and memory abilities
of the elderly will also lead to errors in the judgment of the appearance and shape
of some products in daily life. As for the research on vision in shape recognition and
memory, there have beenmany related studies accumulated in the past. In the research on
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shape cognition of different levels of complexity, the research are different orientation,
including: the influence of symmetrical shape on visual cog-nitive attention (Olivers
and Van Der Helm 1998), the discussion of object cognition and memory description
(Biederman 1987; Pentland 1986; Liu et al. 1995), and the difference in attention to the
upper and lower parts of the object shape (Chambers et al. 1999). However, from the
perspective of shape, because most of us perceive the shape of many different products
in our daily life through vision, we need to rely on vision to identify information such
as product operation functions and graphic inter-faces with judgment.

1.2 Research Purpose

This research mainly explores the changes in the recognition and memory of basic
geometric shapes among the elderly, and through the research results obtained from this
research survey, it can help designers when designing products with various shapes or
visual designs such as graphic interfaces can have reference. Secondly, the results of this
study can also be used as a reference for relevant academic researchers who are engaged
in design research on the elderly. Therefore, it is hoped that the results of this study can
serve as the basis for the continued advancement of research on the design of the elderly.
Based on the research expectations and pursuits proposed above, this research has the
following two purposes:

1. Understand the accuracy and extent of the effects of different complex shapes on
visual shape recognition and memory in the elderly.

2. Understand the influence of different time differences on visual shape recognition
and memory of the elderly.

2 Related Research

2.1 Physiological Characteristics of the Elderly

Aging is an inevitable physiological process. From a biological point of view, aging is
the process by which the functioning of cells, tissues, organs and systems in the body
gradually declines over time until it ceases completely (Aguiar andMacário 2017; Haci-
hasanoglu et al. 2012). Aging causes the decline of physiological functions in the elderly,
such as lowmotor control ability, poor body flexibility and coordination, decreasedmus-
cle strength, and the gradual decline of vision, hearing, taste, touch and other abilities
(Huang et al. 2011). Human beings receive more than 70% of external information,
which is received and processed by the visual system. Therefore, many scholars have
also mentioned that with the increase of age, the visual function of the elderly will have
great changes (Haigh 1993; Toshimoto, 1994; Morris 1994; Yoshida 1994; Lee et al.
1998; Hawthorn 2000).

2.2 Cognitive Aging Phenomenon

The aging of cognitive function of the elderly directly affects the daily activities and
problem solving of the elderly. Aging causes cognitive decline, which mainly occurs
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in the process of information encoding and retrieval. If information retrieval fails, it
cannot be recalled. When the environment contains irrelevant information, recall perfor-
mance declines even when individuals make efforts to extract event details (Wais et al.
2010). The cognitive function of the elderly gradually declines, including information
processing speed, attention, episodic memory, spatial ability, executive function, etc.
(Park et al. 2002). Cognitive aging leads to the decline of various abilities in the elderly,
such as often complaining of poor memory, inattention, decreased judgment, and even
significant changes in personality and behavior (Demir et al. 2017), when performing
tasks related to memory, compared to young adults with longer reaction times and lower
response accuracy (Goffaux et al. 2008). Aging deteriorates the short-term memory of
the elderly, especially the ability to update memory, which seriously affects the cognitive
function of the elderly.

2.3 Shape Recognition Cognition

Biederman (1987) has indicated that when the observer observes and recognizes the
shape, the elements in the shape (including structure, secondary shape, and details of
parts, etc.) will affect the observer’s identification, and then produce different cognitive
subjective judgments. Baxter (1995) has shown that the processing of human visual
information can be analyzed in two distinct stages. The first stage is a rapid scan of the
overall visual image to obtain patterns and shapes. The process in this stage is quite
fast and does not require It takes a lot of effort. The second stage is the processing of
the overall visual imagery, which involves attention to the detailed visual components.
However, attention acts like a filter, limiting the amount of information that can be
recognized at one time, followed by pattern recognition. The selection stage is that all
information is recognized, and only some important information is noticed and processed
further, and the next stage of memory is entered. This part will be divided into short-term
memory or long-term memory. Therefore, the pattern recognition stage is an important
stage in the information processing mode, and recognizing the shape of various objects
is one of the important primitive instincts of human beings.

3 Research Method

3.1 Research Objects and Tools

A total of 20 subjects were tested in this study, including 10 elderly subjects as subjects
in the experimental group, and 10 subjects in the control group from university students
over the age of 20. And all the subjects have normal vision, or the visual acuity of 0.5 or
more can be tested after correction. Regarding the gender of the 20 subjects, the elderly
subjects were selected by random sampling, with a total of 7 females and 3 males.
As for the students who were tested, five male and five female students were selected
by intentional sampling. In terms of experimental tool samples, 12 shape test samples
extended from the four basic shapes used are shown in in Fig. 1.

Among the features of these 12 shapes, the figure features in the longitudinal axis
direction are gradually increased in the number of sides, consisting of three, four, five, and
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Fig. 1. 12 shape test samples

six, these four different basic shapes. The graphic features in the horizontal axis direction
are mainly in the shape and angle, and the shape image is changed in different processing
methods, and the requirements for the number of shape sides are maintained. First, in
column A, there are four basic shapes, ranging from the minimum number of sides to six
sides, which have the same shape characteristics as line thickness, left-right symmetry,
etc.; in column B, the graph in column A is rotated 15 degrees counterclockwise; the
graphics in column C retain the characteristics of the graphics in column A, but are
processed with rounded corners in shape processing. The setting of these 12 shape test
samples is mainly used to explore the relationship between subjects’ shape recognition
and memory of different complexity.

3.2 Experimental Design and Steps

In order to understand the influence of the subjects on the recognition and memory
ability of shape features under different time differences, the experimental investigation
design was carried out through three different time differences. Each image sample
was viewed by the subjects for 5 s, 10 s and 30 s, and disappeared immediately after
viewing (Fig. 2. A.). Then play a video of 12 shape stimulus images (as shown in
Fig. 2. B., there are 12 sculpts in total, including 1 original viewing image sample and
11 interference stimulus shape images), and the 12 shapes are numbered according to
English letters. Including: A (square inclined at 15 degrees), B (pentagon inclined at
15 degrees), C (triangle inclined at 15 degrees), D (original square), E (pentagon with
rounded corners), F (original hexagon), G (original triangle), H (square with rounded
corners), I (hexagonwith rounded corners), J (triangle with rounded corners), K (original
pentagon) andL (hexagon inclined 15 degrees). This provides the subjectwith a selection
of image samples that he personally considers to be the original viewing. After each time
difference test, the subjects were allowed to rest for ten seconds before proceeding to
the next test.
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Fig. 2. A. Original viewing image sample and B. 12 shape stimulus images

At the same time as the 12 images of the shape stimulus are played, the time will
also be recorded, so when the subject thinks that the original viewed image sample has
been found, he will stop and record the time spent. In order to ensure the consistency
of the experimental conditions, the random sequence of the images of the shape stimuli
played by each image sample after each time difference is the same (the interval between
the images of the shape stimuli is 1 s). And each subject conducted a total of 12 sets of
experiments. The overall experiment will repeat the above steps until the 12 groups of
experimental stimuli are finished.

3.3 Data Analysis Process

There are two experimental sites in this research, the first place is to arrange elderly
subjects at local community centers. Second place is to arrange students in the re-search
room on campus. In terms of experimental tools, the stimuli were displayed on an Apple
notebook with a 15.4-inch screen and a resolution of 2880 x 1800 pixels. The stimulus
lines on the screen display are black and the background is white. The viewing distance
from the subject’s eyes to the screen is maintained at 50 cm. In addition, the experimental
stimuli were presented in two forms. First, the image was viewed through the computer’s
built-in preview program. Then, the computer to play a sample video in mp4 format for
the sub-jects to watch. The research method of this research is to use the notebook
computer screen to display the experimental samples, combined with the paper record
method. Through the statistical software SPSS, data analysis of relevant experimental
results was carried out.

4 Result and Discussion

4.1 Different Shape Recognition Accuracy

According results, this study sorted out the correct rate of shape recognition obtained
by the experimental group and the control group in three different time tests. First, the
elderly group had the lowest recognition accuracy rate at 5-s intervals for the shape I
(40%). The lowest identification accuracy rate (50%) in the interval of 10 s is the shape
B, shape D and shape L. The lowest recognition accuracy rate (60%) at the interval of
30 s is the shape A and shape I. Among the 12 shapes, only the shape C has a correct
recognition rate of 100% after an interval of 30 s. From this result, it can be found that
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for the shapes with more sides and changes, the elderly will have a gap in the recognition
ability and memory level. Secondly, for the shape with oblique angles, it seems that the
elderly are troubled in shape recognition, and the data are shown in Table 1.

Table 1. The correct rate of recognition of different shapes by the elderly.

Shape Number N 5 s 10 s 30 s

A 10 50% 70% 60%

B 10 60% 50% 70%

C 10 90% 90% 100%

D 10 50% 50% 70%

E 10 90% 90% 80%

F 10 70% 70% 80%

G 10 60% 70% 80%

H 10 60% 80% 80%

I 10 40% 70% 60%

J 10 80% 80% 90%

K 10 60% 60% 80%

L 10 70% 50% 70%

The student’s group had the lowest recognition accuracy rate at 5-s intervals for the
shape D (70%). And in the interval of 10 s, the identification accuracy rate is the lowest
(80%) for the shape C. The lowest recognition accuracy rate (80%) at the interval of 30
s is also the shape C. Although the subjects in this group were the control group, there
would still be errors in the identification of the sample. The shape with oblique angles
are troubled by the same with elderly group, and there is a situation of misidentification.
However, the identification status of most subjects is better than that of the elderly group,
and the data are shown in Table 2.

Table 2. The correct rate of recognition of different shapes by students.

Shape Number N 5 s 10 s 30 s

A 10 80% 100% 100%

B 10 100% 100% 100%

C 10 100% 80% 80%

D 10 70% 100% 100%

(continued)
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Table 2. (continued)

Shape Number N 5 s 10 s 30 s

E 10 100% 100% 100%

F 10 90% 100% 100%

G 10 90% 100% 100%

H 10 100% 100% 90%

I 10 90% 100% 100%

J 10 100% 90% 90%

K 10 90% 100% 100%

L 10 90% 100% 100%

4.2 Comparison of Recognition and Memory of Different Time

According to the experimental data of images recognition performed at three different
time differences, the time difference between the experimental group and the control
group was compared, as shown in Tables 3, 4, 5, 6, 7 and 8. First, from Table 3 that the
average number of seconds between the three time differences in the control group is
smaller than that in the experimental group, and there is a big difference in the average
number of seconds between the two experimental groups of shape A when the interval
is 5 s. The gap is fine, but it can also reflect the impact of recognition accuracy. In the
shape B experiment, the average number of seconds in the experimental group was less
than that in the control group only at intervals of 5 s, but in the subsequent experiments
at intervals of 10 s and 30 s, the average number of seconds in the control group was
smaller than that in the experimental group. The shape B was randomly arranged at the
position of sequence 7, so it can be found that the longer the time difference, the better
the memory ability of the control group than the experimental group for the stimulus
objects placed at the back of the sequence.

Table 3. Comparison of recognition time of shape A&B under different time.

Shape Sec Group N M SD

A 5 s Elderly 10 11.24 10.40

Young 10 4.83 0.94

10 s Elderly 10 6.23 5.33

Young 10 4.79 0.41

30 s Elderly 10 6.23 4.78

Young 10 4.28 1.26

(continued)
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Table 3. (continued)

Shape Sec Group N M SD

B 5 s Elderly 10 6.54 2.46

Young 10 7.18 0.94

10 s Elderly 10 7.89 3.64

Young 10 6.85 1.21

30 s Elderly 10 7.17 2.43

Young 10 6.87 1.15

From Table 4, it can be seen that in the shape C of the experimental group, in the
experiments with an interval of 5 s and 10 s, the average number of seconds in the
experimental group is greater than that in the control group, but the average number of
seconds in the 30-s interval is smaller than that in the control group. In the recognition
accuracy rate of the shape C, the experimental group was slightly better than the control
group. The average number of seconds in the three different time of the experimental
group in the shape D experiment is smaller than that of the control group, but from the
recognition accuracy rate that the experimental group has poor recognition ability in the
shape D. In contrast, the average number of seconds between 10 and 30 s in the control
group was a relatively normal number of seconds. The shape D is randomly arranged at
the position of sequence 10, so it can be found that the longer the time difference is, the
better the memory ability of the control group is than that of the experimental group for
the stimulus objects placed at the back of the sequence.

Table 4. Comparison of recognition time of shape C&D under different time.

Shape Sec Group N M SD

C 5 s Elderly 10 5.35 0.71

Young 10 4.84 0.14

10 s Elderly 10 5.16 0.52

Young 10 4.97 0.40

30 s Elderly 10 5.10 0.71

Young 10 5.32 0.88

D 5 s Elderly 10 7.66 2.15

Young 10 8.86 1.66

10 s Elderly 10 8.82 2.57

Young 10 9.72 0.32

30 s Elderly 10 8.85 2.48

Young 10 9.64 0.52
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From Table 5, in the shape E experiment, the average number of seconds in the
experimental group was only smaller than that in the control group at an interval of 10 s,
but in the experiments with an interval of 5 s and 30 s, the average number of seconds in
the control group was smaller than that in the experimental group. The average number
of seconds in the three different time differences of the control group in the shape F
experiment was smaller than that of the experimental group, and the difference was
huge. The factors that cause the huge difference in average seconds may be related to
the complexity of the shape F. It can be seen from the identification accuracy rate that
the experimental group has poor identification ability in the shape F experiment.

Table 5. Comparison of recognition time of shape E&F under different time.

Shape Sec Group N M SD

E 5 s Elderly 10 7.97 1.80

Young 10 7.91 0.42

10 s Elderly 10 7.76 1.79

Young 10 7.91 0.38

30 s Elderly 10 8.66 3.65

Young 10 7.88 0.24

F 5 s Elderly 10 9.41 7.52

Young 10 3.60 2.16

10 s Elderly 10 8.10 5.30

Young 10 2.83 0.34

30 s Elderly 10 6.91 5.96

Young 10 2.60 0.40

From Table 6, the average number of seconds in the three different time of the
experimental group in the shape G experiment is smaller than that of the control group.
From the identification accuracy rate, the experimental group has poor identification
ability in the shape G experiment. In contrast, the average number of seconds in the
control group at three different times was relatively normal. The average number of
seconds in the three different time differences in the shape H experiment of the control
groupwas smaller than that of the experimental group. The shapeG is randomly arranged
at the position of sequence 12, and the shape H is arranged at the position of sequence
10. Therefore, it can be found that the longer the time difference, the more the memory
of the control group is better than the experiment group.

From Table 7, the average number of seconds in the three different time differences
in the shape I experiment of the control group is smaller than that of the experimental
group, and the difference is extremely large. The factors that cause the huge difference in
average seconds may be related to the complexity of the shape I. From the identification
accuracy rate, it can be known that the identification ability of the experimental group in
the shape I experiment is not good. The average number of seconds in the three different
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Table 6. Comparison of recognition time of shape G&H under different time.

Shape Sec Group N M SD

G 5 s Elderly 10 9.88 3.33

Young 10 11.13 2.63

10 s Elderly 10 10.51 2.92

Young 10 11.98 0.34

30 s Elderly 10 11.44 1.06

Young 10 11.82 0.19

H 5 s Elderly 10 10.78 5.08

Young 10 9.90 0.51

10 s Elderly 10 10.49 3.93

Young 10 9.80 0.30

30 s Elderly 10 11.77 8.10

Young 10 10.49 1.89

time differences in the shape J experiment of the control group was smaller than that of
the experimental group. From the identification accuracy rate, it can be known that the
identification ability of the experimental group in the shape J experiment is not good.

Table 7. Comparison of recognition time of shape I&J under different time.

Shape Sec Group N M SD

I 5 s Elderly 10 9.87 8.11

Young 10 2.49 1.02

10 s Elderly 10 7.64 8.56

Young 10 1.94 0.30

30 s Elderly 10 10.16 9.10

Young 10 1.86 0.19

J 5 s Elderly 10 8.12 4.62

Young 10 6.69 0.29

10 s Elderly 10 9.27 5.87

Young 10 6.66 0.44

30 s Elderly 10 6.97 1.39

Young 10 6.63 0.48
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From Table 8, in the shape K experiment, the average number of seconds in the
experimental group was only smaller than that in the control group at an interval of 30 s,
but in the experiments with an interval of 5 s and 10 s, the average number of seconds in
the control groupwas smaller than that in the experimental group. From the identification
accuracy rate, it can be seen that the identification ability of the experimental group in
the shape K experiment is not good. In the control group, the average number of seconds
in the interval of 5 s was smaller than the number of seconds in the other two time
differences. The average number of seconds in the three different time differences of the
control group in the shape L experiment was smaller than that of the experimental group,
and the difference was not small. The factors that cause the difference in the average
seconds may be related to the shape L complexity. From the identification accuracy rate,
it is known that the experimental group has poor identification ability in the shape L
experiment.

Table 8. Comparison of recognition time of shape K&L under different time.

Shape Sec Group N M SD

K 5 s Elderly 10 7.62 3.13

Young 10 7.61 0.96

10 s Elderly 10 9.56 5.16

Young 10 7.90 0.39

30 s Elderly 10 7.60 1.03

Young 10 7.79 0.12

L 5 s Elderly 10 5.27 3.22

Young 10 3.02 0.21

10 s Elderly 10 9.04 9.20

Young 10 2.83 0.17

30 s Elderly 10 7.28 7.61

Young 10 2.90 0.39

4.3 T-test for Shape Recognition Under Different Time

This research conducted an independent sample T test for the two groups of ethnic groups
to find out whether there were significant differences between the two groups in the
recognition of shapes of different complexity. The test results show that the recognition
of different shapes between the two groups only occurs in the three time differences of
shape F (original hexagon) and the 5-s and 30-s time differences of shape I (hexagon
with rounded corners), as shown in the Table 9, while the rest of the shapes were not
significantly different.



38 K.-H. Chu et al.

Table 9. T-test for the identification of shape by different groups.

Shape Sec df t p (d)

F 5s 10.473 2.346 .040 −1.05

10s 9.072 3.141 .012 −1.40

30s 9.080 2.283 .048 −1.02

I 5s 9.285 2.855 .018 −1.28

30s 9.008 2.883 .018 −1.29

p < 0.05.

5 Conclusion

This research investigates the changes in the recognition and memory of basic geometric
shapes in the elderly. Through the comparison between the experimental group and
the control group, the related research was carried out. According to the experimental
results, there is a gap in the accuracy of shape recognition among the elderly, especially
the more complicated the shape, the lower the recognition ability. Wang (2017) also
pointed out that the elderly people are not good at recognizing image symbols that
are too abstract and complicated. In this study, the control group had a higher overall
recognition accuracy rate than the experimental group, but the subjects in both groups
had errors in recognition of the sample graphics with oblique angles, which involved
people’s cognitive mode of graphics judgment. In addition, the experimental results
show that there are significant differences between the three time differences of shape
F (original hexagon) and the 5-s and 30-s time differences of shape I (hexagon with
rounded corners) under three time differences, and The difference in average seconds
between the two groups is very large. And shape I is the lowest recognition accuracy
rate in the 5-s interval experiment for the elderly. Finally, the experimental results of
the 12 shape test samples are also consistent with Bernbach’s (1975) research results on
sequence effects, that is, the timing of stimulus object presentation affects the accuracy of
subjects’ recall of stimulus sequence locations. In the end, the research results obtained
by this research can not only help designers to have reference and application in product
design or graphic interface, but also provide the basis for the follow-up research of
scholars and experts engaged in the design research of the elderly.
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Abstract. The context, this article aims to present the study on the behavior profile
of the elderly in relation to digital technologies and to survey the opportunities for
the introduction of new digital technological solutions for the elderly. The method
used in this study, was the application of conceptual online tools, in the format of
questionnaires, with structured questions for completion, for a data collectionwith
the elderly, over 60 years old andwith different educational profiles.A convenience
sample was defined, with a total sample size of 50 elderly people, 25 females and
25 males. The present study was conducted in a community of elderly people in
the city of Curitiba, Brazil. The results of this step assisted the researchers for new
strategies, refinement, and configuration of e-focus groups for interactions with
seniors, and new opportunities for both research and product development. Thus,
this article highlights the results obtained, the method employed, the opportunities
for the insertion of Human Centered Design that involve different dimensions and
complexities of science, technology, innovation, but also address, the inclusion
of people with different profiles, such as the elderly, so that they have access to
social welfare in different contexts, including digital.
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1 Introduction - Research Context

1.1 Senior Audience Growth

The increase in life expectancy over the next few decades is a worldwide phenomenon,
and is based on projections from the United Nations (UN), [1] the World Bank (WB),
[2] and Euromonitor International (EI) [3]. The UN presents a projection of 1.5 billion
elderly people by 2050 [1] and Euromonitor International (EI) states in its latest annual
report that the global population over 60 will increase by 65% from 2021 to 2040,
reaching over two billion people [3].

To minimize the impact of population aging, the UN declared the Decade of Healthy
Aging for the period 2020–2030, through UN Resolution 75/131, to encourage actions
that benefit this age group of the world population [4]. In Brazil, in 2017, the elderly
population was estimated at 30.2 million [5]. Aligned with the UN recommendations
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for the decade of healthy aging, Brazil created the program “Estratégia Brasil Amigo
da Pessoa Idosa” (EBAPI) in 2021. This program aims to encourage actions for active,
healthy, and sustainable aging for this profile of the population, through Decree No.
10,604, of January 20, 2021 [6].

1.2 The Elderly and the Use of Technologies in the Pandemic Period

It is estimated that more than three billion people were isolated during the Covid-19
pandemic period, and in this context, digital interactions have changed dramatically,
imposing new behaviors in the use of these technologies. While it has become a conve-
nience for some, for others it has become essential, being necessary to learn and handle
digital technologies in a short period of time [7].

In this pandemicperiod, the elderly public, for themost part had little or noknowledge
of the use of these technologies, but were forced to use the digital resources of theWEB,
while the world became isolated [1].

The elderly to minimize the imposed isolation needed to: assimilate knowledge and
become familiar with technology, obtain digital access services to perform consultations,
online shopping, and interact socially [8]. In this way a greater dependence on this
technology occurred, becoming in some cases, the only means of supplying their daily
needs and social interaction.

In this context, this article aims to present a study on the perception of the elderly
about the use of digital technologies in activities of daily living and perception of use of
social networks in the period of the pandemic, through a questionnaire and the E-Focus
Group Technique for interaction and co-creation of solutions and opportunities for the
introduction of new digital technological solutions for the elderly with the participation
of the elderly.

2 The E-Focus Groups Technique and Its Potential for the Creation
of Products and Services for the Elderly

The behavioral changes of the elderly are transforming and impacting companies around
the world, thus highlighting new demands for product and service solutions, interaction
challenges and elderly user experiences with these technologies [1].

Therefore, it is a challenge to investigate the appropriate strategies for the develop-
ment of products and services for the elderly public. In this sense, design is a connection
point between professionals and users for the co-creation of innovations.

Design centered on the human being, places the user at the center of the process,
to understand their needs and thus propose solutions for the development of products,
systems, services, and experiences, using methods and tools to solve problems [9].

A conceptual design tool for generating ideas and solutions in the interaction with
users is the Focus Group technique, created by Robert Merton in 1946, in the academic
environment and applied initially in qualitative research in the area of social sciences
and later, incorporated into other areas [12].
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2.1 Human Centered Design (HCD)

Placing the human being at the center of the product or service development process
involves identifying user demands in specific contexts, the restrictions of each solution
and thus establishing which priorities should be developed.

The Human-Centered Design (HCD) proposes three pillars: The first pillar is the
user’s desire, his need and what makes sense to him. For each type of user, the product
makes sense or not, according to their values and life context.

The second pillar is practicality, that is, what is technically and organizationally
possible and the last pillar is the financial feasibility for execution, as the best proposal
may not be viable, as it does not have the necessary resources to implement the proposed
solution [10].

For Norman, the principles of HCD are people-centered, and seek to assess not the
symptoms of a problem, but the cause of them. The assessment of the cause leads to the
basic and fundamental problem. From the understanding of what the priority problem
is, the best solution is sought, in terms of technical and feasibility aspects, to meet the
user’s needs [11].

2.2 E-Focus Groups as a Creative Design Tool

The technique is based on an in-depth interview carried out in groups containing,
normally, six to 10 people, lasting 90 min [13, 14].

During the worldwide pandemic, research, data collection, project validation, etc.,
had to reinvent themselves, and new protocols, conceptual design tools, and platforms
for online access were used for interactions with users at a distance [15].

In this context, the Focus Group technique was adapted to the online format, being
called E-FocusGroup (electronic focus groups) that allows conducting virtual interviews
with the help of tools such as e-mail, chats, and video calls, replacing total or partially
face-to-face interactions by synchronous or asynchronous online interactions [16].

In this online format, virtual materials are used, such as slides, videos, images,
articles, and other textual and visual materials that can support the contextualization of
the research problem using free online platforms, therefore, with low operating costs
[12–14].

Conducting the E-focus Group requires more planning, requiring detailed use of
time, and technological resources. The technique can be used alone or in conjunction
with other methods to stimulate the decision-making process of a group of users [13,
14].

Another benefit of using the E-focus Group is a greater geographical coverage, as
people from different regions of the country can participate, allowing greater partici-
pation without distinction of social class or gender, as it is more affordable, since the
person participates home, without the need for transportation costs, which allows for a
more “homogeneous” data collection [13, 14].

In the behavioral aspect, the participants’ initial reactions and opinions tend to be
more spontaneous, which can give researchers more reliable results, as shy participants
feel more comfortable expressing their opinion on some subjects that they might not feel
comfortable with in person. give an opinion [13, 14].
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However, there are somedisadvantages, such as not knowing towhat extent collective
opinion would equal individual opinion. The comments must be analyzed within the
context in which they were said, and therefore, it is up to the researcher to assess which
opinions are relevant to the research. [13, 14].

3 Research Methods and Procedures

This is an exploratory and descriptive study, with an experience report in conducting an
online focus group with elderly people, carried out in the initial prospection stage in the
Doctorate in Design of the postgraduate program in Design at the Federal University of
Paraná, with the objective of identifying the perception of the elderly about the use of
digital technologies in activities of daily living and perception of use of social networks
during the pandemic period.

3.1 Human Centered Design

To conduct the study, the HCD Strategy was defined with the acronyms of the words, H
= Hear, C = Create, and D = Deliver [10]. The strategy has as its main focus, putting
the user at the center of the whole process, as illustrated in Fig. 1.

Fig. 1. Human Centered Design (HCD). Adapted IDEO (2009).

The hear phase corresponds to listening to the user, collecting information to under-
stand their pain and needs. In the context of this study, this step was performed using the
online questionnaire to collect information. The Create phase in this study was called
CO-Create, as the objective was to show the possibilities of co-creation with users, in an
E-Focus Group. The last phase corresponds to Deliver, which is the phase where oppor-
tunities are identified and solutions are delivered, which in this study corresponded to
the solution proposals generated by E-Focus Group.
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3.2 Participants and Questionnaires

A convenience sample was defined, with a total sample of 50 elderly people, with 25
female and25male participants, for asynchronous completion of an online questionnaire.
Elderly with over 60 years old and with different educational and professional profiles,
from an online community of elderly people who meet in Curitiba, Brazil. However, this
group includes people from different other Brazilian states.

The electronic questionnaire was prepared on the Google form platform and a link
was generated with the invitation to send it to the WhatsApp groups of communities
that deal with topics related to the elderly, such as LAB 60 +, CIS LAB60 and Grupo
de elders of Agape Church Curitiba. Access to the questionnaire was programmed to be
released only after reading and accepting the Free and Informed Consent Term. (FICT).

Questionnaires are one of the resources used for extracting information and in qual-
itative research. Researchers use this tool to communicate with the target audience of
their research. They are prepared with open, closed or mixed questions. When preparing
the questions, one should take into account the level of knowledge, attitude, and pref-
erences of the respondents, to maximize the response rate, considering the purpose of
collecting information for the research [17].

The closed questions were designed in the single-answer model with options of yes,
no, perhaps,which limited the respondent to the set of alternatives offered.However, they
offermore accurate data. The open questionswere prepared in the format of justifications
for the answers to the closed questions.

Open questions allow the respondent to express their opinion without being influ-
enced by the researcher. But they have disadvantages due to the need for coding the
researcher’s subjective interpretation in the analysis stage, in addition to requiring greater
cognitive effort and time for the respondent’s responses [17].

Considering the user’s profile, the online format, and asynchronous access, 15 closed
questions were defined for the collection of information. For each question, a space was
made available for the justification of the answer, configured as optional, so that the
respondent could express their opinion and justify their choice in relation to the question,
as suggested by Reja [17].

The questions were designed in order to know the perception of the elderly about
the use of digital technologies in activities of daily living and the perception of isolation
or not, from the use of social networks during the pandemic.

The results of the questionnaires were analyzed and synthesized in order to identify
the main demands identified by the 50 elderly people. The justifications and opinions
of the elderly were grouped in an Affinity table according to similarity, proximity, and
affinity, adding N = number of repetitions of the same idea or argument. [18].

The affinity board is a conceptual tool that organizes ideas and data, also called the
KJ Method, in allusion to the name of its creator, Kawakita Jiro, who developed it in
the 1960s. It is a creative process to organize and consolidate information from complex
problems, describing data without quantifying them [19].

3.3 Conducting the E-focus Group for Co-design with Seniors

Only one onlinemeeting was held, which was recorded, for the realization of the E-focus
Group, using the free online platform of Google Meet and the Jamboard tool, which is
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a digital whiteboard of G Suite, accessed for free from an account from Gmail. Jam-
board has a playful and intuitive appearance, with sticky note features, such as colorful
virtual post-its, which can be used to organize ideas in an interactive and collaborative
way, and can be accessed in online format from anywhere, by different devices such as
smartphones, tablet or desktop.

For this second phase, 5 female and 5 male participants were selected. Whereas
the E-focus Group technique is based on an in-depth interview carried out in groups
containing from six to 10 people [12–14].

The criteria for sending the invitations to the 10 participants for the E-focus Group
were: Expression of the desire to participate in this phase, in one of the answers to the
questionnaire, the respondent has the google email (Gmail) to facilitate access to the
platform from Google meet and Jamboard.

The invitationwas sent viaWhatsApp, which is themeans of communication used by
99% of the participants, according to the responses to the questionnaire. A presentation
in PDF format was also sent, explaining the conduct of the study (Fig. 2).

Fig. 2. Synthesis conducts of the study and moments of participation of the elderly.

3.4 Practical and Viable Idea Generation

The synchronous online meeting for the E-FOCUS GROUP was structured based on
the HCD, divided into four moments: Moment 1: Presentation to the group of partici-
pants, the problems classified according to the answers to the questionnaires. Time was
made available for each participant to present their doubts regarding the conduct of the
dynamics or comments about the results presented.

Moment 2: Reading the arguments of each demand. Voting to choose only one
demand/problem for the next moment. 10 min were available for the activity. Moment 3:
After the vote, the group considered the problem of digital literacy as a priority and, in
sequence, the participants presented proposals for solutions to this problem prioritized
by them.
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Moment 4:After voting, the PrioritizationMatrix [18]was introduced,where instruc-
tions were given on its use, to identify the best proposal, considering the criteria “impact
x ease of implementation” (Fig. 3) at the discretion of the participants. 5 min were
allotted for this activity.

Fig. 3. Proposal prioritization matrix.

Regarding the impact, the largest number of elderly people reached by the solution
should be considered. In the criterion ease of deployment, it was considered which of
the solutions would be easier to implement.

4 Resulted

In the data collection stage, to know the perception of the elderly about the use of digital
technologies in activities of daily living, during the pandemic, the answers to the closed
questions (P1 to P8), are organized with their respective results in Table 1. Regarding
the perception of the elderly about isolation and the use of social networks, the closed
questions (P9 to P15) are organized with their respective results in Table 2.

Table 1. Perception of the elderly on the use of digital technologies in activities of daily living

QUESTIONS ANSWERS

P1. How old are you? Of the 50 elderly people who participated in
this study, 68% reported being between 60 and
69 years old. 30% between 70 and 79 years old
and 2% between 80 and 89 years old

(continued)
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Table 1. (continued)

QUESTIONS ANSWERS

P2. Have you retired? Regarding their professional life, 80%
responded that they were retired and 20% were
still working

P3. During the pandemic period, did you use
digital technologies for medical
appointments?

36% of the elderly reported that they never
used digital technologies for medical
appointments. 48% sometimes, and only 16%
made frequent medical appointments during
the pandemic period

P4. During this period of the pandemic, have
you used digital technologies for online
purchases of medicines, food, and essential
items, in supermarkets, stores, etc.?

24% of the elderly reported that they have
never used digital technologies to purchase
medicines, food and essential items online, in
supermarkets, stores, etc

P5. Were you able to successfully complete
these activities?

76% declared that they were able to
successfully complete online purchase
activities, although they are afraid of the
security of their bank details, preferring to
generate payment slips for online purchases

P6. Did you feel safe to make online
purchases/payments?

72% said they feel safe and buy online because
they trust the supplier or because their children
helped

P7. What equipment did you use the most to
carry out these activities?

Regarding equipment, 58% use their
smartphones for online purchases and
interactions. 26% use a notebook, and only
16% use a desktop

P8. Do you think the use of digital
technologies makes your day to day easier?

98% of the elderly said that technology
facilitates their daily lives

With the answers, the problemsmost cited by the elderly were identified, which were
classified into 3 categories, namely: Equipment and Infrastructure; Digital literacy and
Ageism in the digital divide, drawing up the affinities table (Table 3), with the opinions

Table 2. Perception of the elderly about isolation and the use of social networks

QUESTIONS ANSWERS

P9. Has social media reduced your social
isolation during the pandemic?

78% of the elderly reported that social
networks reduced the feeling of isolation, as
they connected with friends and family, in
addition to looking for news and fun

(continued)
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Table 2. (continued)

QUESTIONS ANSWERS

P10. Which social network did you use the
most?

46% of the elderly use Facebook for these
activities. 30% use Instagram and 20% report
that they do not use social networks

P11. Which social network for sending
messages did you use the most during this
period?

98% use WhatsApp to communicate with
family and friends and 2% use telegram to
send messages

P12. Did you attend or participate in online
meetings (lives, meetings) during the
pandemic?

94% reported having participated in online
meetings during the pandemic period

P13. If yes, did you have difficulty using
these online platforms for meetings/lives?

28% reported having little difficulty with the
platforms and 10% reported having many
difficulties. the biggest problem being the
connection issue

P14. If you had difficulties, who helped you? 54% reported that family or friends taught
them how to use the platforms and 42%
reported that they had to learn on their own

P15. Do you think there is a digital exclusion
of elderly people (over 60 years old)?

46% reported that there is a digital exclusion of
the elderly. 34% think that maybe there is this
digital exclusion, and 20% answered that there
is no exclusion

and arguments of the elderly, made available in the questionnaires, as suggested byViana
et al. [18] and Cesar [19].

The Number of occurrences (*N) of the same idea or argument were organized by
affinities, according to the criteria, similarity, proximity and affinity [18, 19].

The participants, from the E-Focus Group, defined the need for digital literacy for
the elderly as the main problem. For them, this is the central problem, as technology
and infrastructure are useless if the elderly do not know how to use them, and digital
ageismwould beminimized when the greatest number of elderly people are using digital
technologies deftly in everyday life.

The proposed solutions were: Encourage daily practice in the use of technologies,
as repetition generates skill. Creation of free online courses for people over 50 years
old, with didactics suitable for this age group. Family members develop the habit of
teaching their parents about the use of digital technologies that impact their daily lives,
citing as an example, APPS for parking, scheduling appointments, health monitoring,
and services available in the community, among others.

All participants present at the meeting considered that the proposed solutions are of
great impact, but difficult to implement, as they depend on the community and policies.
All proposed solutions were grouped in quadrant 1. The proposals that were in quadrant
2, with low impact and difficult implementation, were discarded.
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Table 3. Proposals organized according to criteria, similarity, proximity and affinity

A.Equipment and
B.Infrastructure

C.Digital Literacy D.Ageísm and digital
E.exclusion

1 “Weak internet. Every tool
has another way to access it”

“The biggest problem is
when you have participants
who don’t know how to use
the tool causing turmoil in
live”

“It is a path where there are
several situations: the
biggest, in my view, is that
of the elderly who
self-exclude or block
themselves, as an example. I
quote my family members
who say “I will never learn
to use this iphone” or… this
WhatsApp”

2 Bad internet connection Who invited me, used an
unknown platform, and
didn’t guide me and I
couldn’t enter. I was very
frustrated!

Many times, we exclude
ourselves, for not having
much knowledge

3 The link didn’t work. I
always had to ask for help
with connections!

I have a lot of limitations
with technology

“I believe that the elderly
are often invisible. Those
who can participate face
difficulties because they
have “inherited devices”

4 Connection, no signal The vast majority of the
elderly population does not
have access to these
technologies, and they would
need to be taught how to use
them well. It is known that
rare relatives lend
themselves to help

Because people still think
that the elderly cannot learn
the use of technologies and
treat us as if we were
mentally retarded

5 The internet that fails a lot Due to the difficulty in
learning and lack of patience
of those who teach

Because we are only elderly
and not useless, we are
capable and still have a lot
of intelligence

6 Internet signal oscillation…
equipment incompatibilities

For lack of adequate
didactics for our age

7 Not having access to devices
and the internet for this - or
due to technical, financial,
family problems, etc

Some people have blocks.
Difficulty learning and
understanding this sequence
of steps, programs, links

F.Equipment and
G.Infrastructure

H.Digital Literacy I.Ageísm and digital
J.exclusion

(continued)
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Table 3. (continued)

A.Equipment and
B.Infrastructure

C.Digital Literacy D.Ageísm and digital
E.exclusion

8 Not everyone can afford a
cell phone

For young family members,
it all seems obvious. So, they
do and don’t demonstrate it
step by step. You don’t have
time with those who are
slower to learn this
technology. Even a certain
arrogance in the attitude
when “teaching” causes the
elderly to give up

9 Not everyone has access to
or financial conditions to
acquire any technology
service

Difficulty finding people
who have detachment,
patience

10 Lack of money, fast internet,
technology lag

Language nomenclature

11 Because many do not have
access to good internet, the
expensive price makes it
unfeasible

Learn, and also who teaches,
because of this they are
isolated

*N = 11 occurrences *N = 11 occurrences *N = 05 occurrences

5 Final Thoughts

The E-Focus Group was conducted, seeking to select the priority problem, not only
looking at the identified demand, but also presenting the arguments and opinions of the
50 elderly people who responded to the questionnaire. The arguments help to identify
the cause of the problem and not its symptoms. We reflect the true essence of Human
Centered Design, as defended by Norman [11].

Regarding the perception of the elderly about the use of digital technologies in
activities of daily living, during the pandemic, the answers to the questionnaire show
that the elderly, for the most part, were protagonists and had an overcoming to absorb
knowledge and master the use of digital technologies in a short period of time and in an
adverse canary of social isolation.

It is necessary to understand that this is a great overcoming, when one takes into
account the available resources, such as the internet and obsolete equipment, in addition
to the learning challenge of interacting with other people in a short space of time and in
some contexts, completely isolated.

98% of the elderly declare that technology facilitates their daily lives, which demon-
strates a high rate of acceptance by this population profile, however, they feel frustrated
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by the lack of skill and dexterity in its use and would like people and courses with
appropriate didactics for this age group that help them in digital literacy.

The elderly argue that there are digital inequalities for the elderly population, as their
retiree income is restrictive to paying for internet access and appropriate equipment, with
up-to-date technology, such as smartphones, notebooks, or desktops.

The collection of information through a questionnaire made it possible to understand
the behavior profile of the elderly in the use of digital technologies during the pandemic
period and to map opportunities for the introduction of new digital solutions for and
with the elderly.

It is concluded, therefore, that the elderly accept and understand the benefits of tech-
nology. But they need to understand its use and need solutions for teaching appropriate
to their context with didactics and content aimed at the profile of seniors, which corrob-
orates the choice of the priority problem defined in the E-Focus Group, which is digital
literacy.

The growth projections of this user profile can be observed, which will promote an
impact on the consumption of goods and services, challenging companies and service
providers from different segments to align their language to meet the expectations and
needs of the elderly, with solutions for digital literacy.

It is noteworthy that the conduct of the E-Focus Group, structured on the pillars of
the HCD, contributes to the research area in Design for the elderly. The results of this
study contributed to the understanding of the perceptions of the elderly in the use of
technologies to adjust strategies and conduct a next stage of research.
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Abstract. The Longitudinal Study on Older People’s Quality of Life during the
Covid-19 pandemic (ILQA-19) is a qualitative study carried out during the 2020
lockdown on 40 older men and women living in the ten villages in northern Italy
subject to the first lockdown in Europe. This study focuses on older people’s lives
and the role of digital technologies during the pandemic, and it has been car-
ried out fully remotely. Despite the need to research the social consequence of
pandemics for older people, there is a shortage of studies that provide guidelines
on how to successfully involve this population in online qualitative studies. This
paper contributes to fill this gap by discussing the use of Information and Com-
munication Technology (ICT) in implementing the different stages of ILQA-19
research. The best practices of qualitative studies conducted through ICTs are
discussed, along with the strategies we enacted to enhance participation in the
study. Specifically, panel engagement, tailoring procedures and building positive
and trustworthy interactions with study members are crucial when researching
older people through online methods.

Keywords: COVID 19 · Qualitative research · ICT · Older people · Online
methods

1 Introduction

The Covid-19 pandemic has radically changed people’s lives, posing serious challenges
to their well-being. Specifically, the containment measures that the government adopted
to contrast the effects of the pandemic had a dramatic impact on the old age population.
There is therefore an urgent need to explore the social consequences of Covid-19 in old
age. With this respect, qualitative research methods are powerful tools to investigate the
changes brought about by Covid-19. However, conducting qualitative research during
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pandemics poses a number of challenges because of themobility restrictions and the need
to avoid close physical contacts. In these circumstances, qualitative research methods
that fully exploit the potential of Innovation and Communication Technologies (ICTs)
are a feasible alternative to face-to-face based researchmethods. This work describes the
procedures we adopted to conduct the Longitudinal Study on Older People’s Quality of
Life during the Covid-19 pandemic (ILQA-19). Specifically, it describes the strategies
we enacted to research older people throughqualitativemethods of online data collection,
with the view to identify best practices. ILQA-19 is a qualitative study that was carried
out during the first lockdown (March 2020); it explores the social consequences of the
pandemic on older people’s well-being and everyday life. ILQA-19 is conducted on a
panel of 40 older men and women living in ten villages located in a rural province South
of Milan (in the Italian Lombardy region) subject to the first lockdown in Europe.

2 ICT Use in Doing Qualitative Research on Older People
in Pandemic Times

There is still a shortage of knowledge on older people’s recruitment and interviewing
for qualitative studies during pandemics (Guha-Sapir et al. 2015). However, research
conducted in the field of sociology of disasters has provided useful guidelines with
this respect (Phillips 2014; Rodríguez et al. 2007). Scholars in this field have acknowl-
edged the importance of early recognition and involvement of community leaders, who
can provide key support in participant recruitment (Cheung et al. 2003; Johnson and
Vindrola-Padros 2017) and encourage reluctant individuals’ participation (Henderson
et al. 2009), thus indirectly reducing selection bias. As for the interview process, they
have stressed the importance of minimizing participants and interviewers’ discomfort
and emotional burden (Lavin et al. 2012; Parkes 2011). Despite their relevance, these
studies have not provided any specific indications for situations in which in-person inter-
views are not feasible, as during pandemicswhen face-to-face social interactions are very
limited or even forbidden.

Research on online synchronous interviewing methods has shown the relevance
of ICT use in conducting social research, providing useful suggestions that can also be
applied when carrying out qualitative studies in pandemic times. For example, Lo Iacono
et al. (2016) have documented the feasibility of doing online qualitative research, espe-
ciallywhen using technologies that allow for interviewer-interviewee visual interactions,
such as video-call apps on computers and mobile devices. Specifically, the authors con-
tribute with some practical suggestions that can be adopted when conducting qualitative
interviews remotely, including in-depth investigation of participants’ ability and will-
ingness to use video-interviews, sending advance preliminary instructions (e.g., shutting
downother applications, silencing phones, choosing a quiet place), and contacting partic-
ipants several times before the interview to establish trust. The authors also recommended
paying attention to ethical issues, such as gaining participants’ informed consent and
warranting data security. Specifically, the choice of the platform for video-interviewing
participants depends mainly on data security evaluations (Lobe et al. 2020).

More recently, some scholars have discussed their research experience when shift-
ing planned research from in-person interviews to online techniques of data collection.
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Conducting virtual qualitative studiesmakes participants’ recruitmentmore challenging,
especially when recruiting populations at risk of social exclusion, due to their limited
or inconsistent access to virtual tools (Saberi 2020; Sy et al. 2020). Indeed, researchers
may need to undertake additional, creative, and purposive efforts to reach their target
population, e.g., using digital technologies and social media, such as Facebook and
Instagram, (Kobakhidze et al. 2021), or extending the study timeline to reach the estab-
lished number of participants (Roberts et al. 2021). Also, dealing with ethical issues,
such as obtaining consent virtually, may become a complex task. On the one hand,
some scholars argue that only minor amendments to the process of obtaining informed
consent are needed (Dodds & Hess, 2020), on the other, some researchers claim that
gaining informed consent, along with the entire online research process, poses new
challenges (Roberts et al. 2021). Obtaining consent via email is the most common way
of replacing in-person consent procedures (Lobe et al. 2020); however, this procedure
does not allow for the two-way conversation necessary for researchers to explain and,
whenever necessary, negotiate the terms of the consent form. For this reason, Roberts
and colleagues (2021) preferred a two-way interaction in real time with a digital signa-
ture, when collecting informed consent for their study. In addition, there are also mixed
research experiences when focusing on remote interviewing. Indeed, there is prelimi-
nary evidence suggesting that participants benefited from feeling comfortable and more
relaxed whereas researchers felt less intrusive and safer not going into people’s homes
(Dodds & Hess, 2020). However, transcriptions became more difficult and sometimes
conversationswere interrupted due to poor connectivity (Kobakhidze et al. 2021; Roberts
et al. 2021). Also, online interviewing increased the workload of researchers because
they needed to attend to technology-related tasks and raised participants’ fatigue due to
the time spent in front of a computer or holding a smartphone. For these reasons, some
suggest that the interview duration should be limited to 30 min (Kobakhidyze et al.,
2021).

Research that we mentioned so far acknowledges the challenges of “going online”
when researching populations at risk of vulnerability (mainly referring to homeless per-
sons or alcohol consumers). However, these studies did not focus specifically on the
older population, which may pose different (or additional) challenges. More often, older
people are deemed not suitable for online research because of the extra effort it requires
in terms of research design and recruitment process (Newman et al. 2021). A recent study
by Richardson et al. (2020) contributed to fill in the literature about researching older
people online. The authors stress that, when researching older people, tailoring is the
key principle that should drive the design of the recruiting and interviewing procedures.
Indeed, the interview mode and interview protocol should meet older people’s prefer-
ences and skills, e.g., offering those who are familiar with technology the opportunity
to collect interviews using video calls, reducing respondent burden. To reach this goal
the interview guide should be short and flexible, interviews should be scheduled at a
time of the day most convenient for participants, the intensity of data collection should
be reduced at specific points of the pandemic (i.e., during the epidemiologic peaks),
as also suggested by Vindrola-Padros et al. (2020). Richardson and colleagues (2020)
also acknowledge the complexity of collecting informed consent when interviewing
older people remotely, because the consent form cannot be discussed in person with the
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interviewers, a procedure that usually enhances study participation, by facilitating trust.
Despite the relevance of Richardson et al. (2020)’s study, their contribution does not
address specifically the methodological issues that arise when conducting qualitative
research on older people remotely. This paper contributes to fill this gap by discussing
the use of ICT in implementing the different stages of the Longitudinal Study on Older
People’s Quality of Life during theCovid-19 pandemic (ILQA-19), a study that is carried
out fully remotely. Specifically, this work addresses the following research questions:

i) what are the strategies that need to be implemented when researching older people
through online qualitative methods?

ii) which online strategies are most suitable for qualitative longitudinal research?
iii) to what extent does ICT use play a role in interviewer-interviewee interactions?

In the attempt to answer our research questions, in the next sections we will illustrate
in detail our research design and discuss the specific choices we made during each stage
of the data collection process.

3 The ILQA-19 Study

ILQA-19 is a qualitative longitudinal study conducted on a purposive sample of 40 men
and women aged between 65 and 80, living in ten villages located in the rural area of the
Lodi province (in the Lombardy region) and belonging to Europe’s first Covid-19 ‘Red
Zone’. The study aims to explore the consequences of the social distancing measures
introduced to contrast the Covid-19 outbreak on older people’s well-being and everyday
life. In addition, it also intends to longitudinally explore the consequences of theCOVID-
19 outbreak on older people’s everyday life practices, exploring the resources enacted
to react to the challenges brought about by the health emergency.

The first wave of the data collection was conducted in spring 2020, during the lock-
down, using semi-structured video-interviews. The interview guide covered the follow-
ing topics: changes occurred in everyday life, role of social relationships and ICT, and
impact of the different containment measures on well-being. The second wave started
in spring 2021 and the interview guide was updated to adapt to the changing context
of the pandemic situation and the related institutional response (e.g., social distancing
measures and vaccination programs). While the research design was planned jointly by
the three authors, Giulia Melis carried out all interviews.

4 ILQA-19 Data Collection Stages and ICT Use

When discussing the use of ICT in the different stages of the ILQA-19 data collection, we
focus on the recruitment (study advertising and participant recruitment), interviewing,
and panel maintenance stages. Figure 1 provides an overview of the data collection
process.
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Fig. 1. Overview of the data collection process

5 Recruiting

In Spring 2020, when the data collection started, Italy was in lockdown. Therefore, in
order to remotely recruit older people, we developed a two-step procedure, i.e., study
advertising and participant recruitment. The protocol is described in detail in Melis,
Sala and Zaccaria (2021a); here, we provide a brief overview of the steps undertaken to
recruit study participants.

5.1 Study Advertising

During the study advertising phase, we informed the general population and the local
authorities about the beginning of the study, published several articles in the local news-
papers, and contacted by email or telephone call the mayors of the ten villages where the
study was conducted, inviting them to advertise the study amongst the local community
(e.g., using the city council website). This strategy proved to be successful; considering
that the majors had to deal with the challenges posed by an unprecedented health emer-
gency, six (out of ten) advertised the study on the city council website or using more
traditional communication media (e.g., bulletin boards) and provided the contact details
of the local stakeholders, e.g., AUSER, the most important Italian voluntary association
in the field of active aging.

5.2 Participant Recruitment

The participant recruitment phase is grounded on community engagement. Specifically,
to start the snowball sample, we contacted the local organizations by email, providing
them with the study description and inviting them to identify, amongst their members,
older people potentially interested in taking part in the study. In addition, we also acti-
vated our weak ties, facilitated by the fact that one of the teammembers had connections
in the area where the study is based. To recruit further study participants, we fully
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exploited the potential of social networking sites (SNS), posting the call to action on
the local Facebook pages. All in all, either through snowballing or through spontaneous
responses to our study advertisement, we managed to recruit 40 participants.

6 Interviewing

ICT played a pivotal role in contacting and interviewing study participants. During the
first wave of data collection, each interview was preceded by a preliminary contact by
telephone. This first call aimed to provide a general overview of the case study, present
the team members, and anticipate the details of the interview process (e.g., the online
nature of data collection). In addition, it also intended to establish a common ground
of trust among the participants and contrast any potential barrier to participation, i.e.,
oppositions due to the fear of scams (Melis et al. 2021a) and unwillingness to conduct
a video-call for personal discretion or lack of basic digital literacy. We responded to
participants’ reluctance by highlighting the advantages of video-interviews in terms of
trust and informality (as also mentioned in Howlett 2021), describing them as a useful
solution to implement during the lockdown. To enhance participation among the less
digitally savvy, we also developed a protocol aimed at enabling each potential participant
to take part in the study regardless of their ICT skills (Melis et al. 2021a). Sometimes,
potential participants contacted us directly to volunteer for the study and ask for further
information. In these cases, obtaining participants’ cooperation was easier. In general,
mentioning the support of local institutions and stakeholders, together with the study
advertisement available on local newspapers and on our own Department webpage were
key to provide a clear and concrete guarantee about the academic nature of the study. All
in all, the contact phase was extremely important to enhance online participation, assess
participants’ digital skills, and present fieldwork documents. For example, the request
for a clear expression of consent was anticipated in this preliminary call and the consent
module was forwarded through text message or email before the date of the interview.

As previously mentioned, the interviews were carried out remotely, using video-
interviews. Once the video-call was started, we ensured participants had access to a
clear internet connection and a place where they could speak freely - e.g., without the
presence of third parties. In addition, we reviewed together the study procedure, asked
for their consent and permission to audio-record (participants’ consent was also audio-
recorded). In contrast to the informality described by Howlett (2021), some participants
showed both eagerness and anxiety for their video-interview: whereas some called in
before the interview to properly arrange their laptops and video-call software, others
introduced themselves dressed up and seemed to privilege the choice of a nice room
instead of the one with better signal. With this respect, whereas for some participants
taking part in research might have been an unprecedented experience, we are unsure
whether ICT use and specifically the use of a webcam (as a medium for the video-
interview) might have played a role in inducing some forms of the so-called observer
effect (Gregory 2020), where the presence of a webcam increased participants’ attention
to their performance and visual aesthetics.

In our review of the literature, the main issues about online research with older peo-
ple are related to difficulties in online interaction (Newman et al. 2021). However, wave
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1 interviews were conducted during the first lockdown: along with technical problems,
the interviewer also had to safeguard participants’ mental health in such a challenging
time. Should any sign of emotional distress arise during the interviews, through verbal
or nonverbal clues, the interviewer was prepared to pause the interview or shift to less
intrusive contents. In the case of significant traumatic experiences, we pointed to the
psychological helpline that was also provided within the research consent module. The
empathic role of the interviewer (as in Lo and Fan 2021) was crucial in dealing with
participants’ perceived vulnerabilities and inmaking them feel listened to. In this case, as
some studies suggest (Lo Iacono et al. 2016), the medium of online technologies should
be put into perspective: as in face-to-face qualitative data collection techniques, inter-
viewer’s efforts in building a positive and trustworthy relationship with the interviewee
might be more important than the choice of the medium. A few days after the interview,
each participant was called back to askwhether any distress (interview-related) emerged.

In general, wave 2 interviews were more fluent and richer than the ones conducted
during wave 1: due to their follow up nature, most participants anticipated the topics
of our interests and provided clear and exhaustive accounts. Compared to the first data
collection (in 2020), the interviewer encountered fewer technical issues ascribed to
participants’ poor ICT skills. Although older people auto-assessed few changes in their
digital literacy, it was quite clear that after a year most of them gained more familiarity
with digital technologies and online interactions within their daily lives compared to
Wave 1 (as is also documented in Melis et al. 2021b).

7 Data Analysis

As we closed the fieldwork for wave 1, we integrally transcribed the interviews’ audio
recordings and conducted the analyses through CAQDAS software (Nvivo 12 Pro).
First, every interview file has been divided into segments, where each chunk of text
corresponds to a meaning unit - e.g., representations, actions, interactions, etc. We then
coded each text segment using a preliminary coding frame, which has been developed
through sensitizing concepts (Blumer 1954; Charmaz 2003) identified in the literature
review and adjusted when new meanings emerged from the data through a recursive
process (Saldaña 2012). We drew on Boyatzis’ (1998) inclusion/exclusion principles to
label each text segment with a code, then we clustered each group of codes to a main
family-code belonging to the same semantic field. In doing so, we collectively discussed
the analysis between research teammembers, adopting an iterative approach: the analysis
report was defined when intersubjective agreement amongst researchers was reached. In
the end, the following macro-themes (each corresponding to a family of codes) emerges
from the analysis: practices of ICT use, social interactions, experience of time, sense of
self.

Wave 2 data analysis is still at its beginning. To perform it we shall adopt specific lon-
gitudinal data analysis techniques. Drawing onGrossoehme and Lipstein (2016) we plan
to adopt the following steps: first, we shall conduct recurrent cross-sectional analysis, to
identify themes and dimensions that are specific to each singlewave; in addition, we shall
perform trajectory data analysis to disentangle changes in older people’s representations
and experiences over time.
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8 Panel Maintenance

Panel maintenance is key for the success of a longitudinal study. To enhance study
participation over time, we developed a specific plan that was implemented between
data collection waves, consisting of sending study participants Christmas greetings and
inviting them to dissemination events (see Fig. 2). This plan, which fully exploits the
potentialities of ICTs, was developed after an evaluation of panelmembers’ digital skills.

Fig. 2. Between-waves panel maintenance strategy

Specifically, for Christmas, we sent WhatsApp (WA) messages with a link to pre-
recorded YouTube videos in which we thanked panel members for their collaboration,
updated them on our scientific activities, and sent them our Christmas greetings. Study
participants seem to have appreciated ourmessages. Indeed, the 2020Christmas greeting
video registered 106 visualizations (on 29/11/2021); given that the link to the YouTube
video was private, this suggests that study participants must have forwarded the link
to their family and friends. In addition, we received several messages in reply to our
Christmas greetings videos; panel members congratulated us for the study, reciprocated
the greetings, and offered cooperation for further waves of the study, expressing gratitude
and joy for having contributed to the research as documented in the followingmessages1.

«Congratulations on your interestingwork. I heartily reciprocate. HappyHolidays,
in high esteem» (Woman, 67).

«Dear Giulia, thank you for the nice Christmas present! I am glad to know that my
small contributionwas useful for your research.MerryChristmas and a (hopefully)
better 2021!» (Woman, 68)

1 There is debate in the literature on how to transcribe qualitative interviews. We have opted for
the literal transcription of the interviews, maintaining typos, use of capital letters, etc.
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«Thank you Giulia for your message. While hoping that I can still help with your
work, I wish you a happy Christmas. Till next time» (Man, 67)

«I am HONORED for having contributed even to a small extent to your research,
and I take the opportunity to offer to all of you my best GREETINGS» (Man, 72)

On March 19th, 2021, we organised an online seminar in the context of the Milano
Digital Week, i.e., one of the cultural events organised by the Milan City Council. On
March 15th, we sent aWAmessage with a link to a pre-recorded YouTube video inviting
study participants to the seminar and informing them of the upcoming second wave of
data collection. Similar to the Christmas greeting videos, study participants appreciated
the invitation; 13 panel members replied to our messages, thanking us for the invitation,
apologising for not being able to attend, or confirming the attendance to the seminar
(five panel members). Interestingly, as some of these messages clearly show, several
participants asked for technical advice on how to participate in the online event, docu-
menting the challenges that they face when using advanced functions of video-calling
applications (e.g., Meet).

«Good evening Giulia, thank you for involving me. About Friday’s event, unfortu-
nately, I won’t be able to participate because of a previous commitment. I remain
available for future initiatives. Kind regards with the hope that everything is going
well» (M, 65)

«Thank you for yourmessage. I would love to attend the event, hoping that I’m able
to log on (my ICT skills are limited). About the possibility of a future interview,
I am always available. Till next time» (M, 67)

«Good morning Giulia .i have seen your video, on my smartphone ,because „on
my laptop it was unavailable,Anyway I would like to attend the conference ,please
explain to me what I should do ,thank you» (F, 66)

It is worth noticing that study members’ involvement in the actions envisaged in our
panel maintenance plan is key for granting study participation over time. Indeed, those
who participated in wave 2 were more likely to reply to our messages than those who
did not (means: 1,3 and 0,9). Given the small sample size, these findings need to be
interpreted with care.

9 Wave 2 Participation

In wave 2, we managed to re-interview 32 participants. As illustrated in the previous
section, when wave 2 recruitment started, a few participants had already shown avail-
ability for a second interview. Participants were contacted in groups of ten people, to
schedule each interview without overlap. Specifically, the interviewer contacted par-
ticipants by text message or phone call in chronological order, from the more distant
to the more recent date from the first interview, before moving to the following group
from the list. Surprisingly, obtaining participants’ cooperation was more difficult than
we expected. Most causes of reluctance were ascribed to shortage of time; with the
easing of government restrictions, older people resumed their daily routines with family
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and friends, as well as volunteering and caregiving activities. For this reason, we had
to increase our efforts in convincing people to take part in the second interview. Many
participants reported less time-availability for our study because of their busy schedule,
so we extended the recruitment phase accordingly. As we introduced wave 2 data col-
lection as a follow up on our first encounter, we also had to reassure participants that
believed to have little to add to their first interview.

10 Engaging with Participants Through ICTs: The Interviewer
Account

ICTuseposes some specific challenges to humane interactionswhen it comes to research-
ing older people. In our case study, generational differences in ICT use added up to the
traits of participants within our case study: a rural community with a long-standing habit
of face-to-face encounters with familymembers, friends, and acquaintances, wherein the
use of digital technologies was unneeded. For that reason, the first issue the interviewer
had to overcome was introducing the necessity to use video-call apps. Until then, as
reported, most participants were only passive-recipients of video-calls. Whereas a few
of them, for reasons related to their life course, had previously learned the basic functions
of most devices, some of them, instead, were not familiar at all with technologies. As
previously mentioned, against the risk that digital technologies could jeopardize study
participation, the interviewer strengthened the efforts to build a positive relationshipwith
each member of the panel. This effort of trust-building came to help when dealing with
various issues experienced during the interview, of technical and emotional nature: in the
first place, the interviewer assisted study participants with ICT issues related to the inter-
view. The positive outcome of this exchange was shown by some participants who felt
at ease in asking technical assistance unrelated to our interview. E.g., one lady asked for
help with her laptop, after the interview, because she wanted to connect her smartphone
and upload her pictures; another one, while showing appreciation for the step-by-step
procedure that guided her through the video-interview, asked the interviewer to teach
her the procedure for starting a video-call on her own; finally, the same sense of ease
in asking for technical assistance was shown during the panel engagement activities,
as previously illustrated in some of the excerpts. In the second place, video-interviews
did not constitute an issue when the interviewer had to deal with emotional distress:
the relationship between the interviewer and interviewees overcame limits of remote
interviewing, thanks to preliminary communication, ice breaking chit chats and more
relaxed communication after the interview. Overall, our study participants felt at ease
expressing emotions and the traumatic experiences related to the sudden changes in
their everyday life through online interaction with the interviewer. An emphatic position
was also maintained in each interaction during the panel engagement process, wherein
the interviewer made use of dissemination activities to also display a more informal
interest about participants’ everyday life, health, etc. Our video-messages of festivity
greetings were perceived as a sign of proximity and care, and were met with an affec-
tionate response. This was also shown by our dissemination activities: when invited to
conferences and seminars, some of the participants asked for technical assistance, thus
showing positive outcomes both in terms of trust and of the effectiveness of our protocol
for ICT assistance.
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During wave 2 data collection, different challenges were documented. On one hand,
as previously mentioned, in 2021 study participants had generally more chances to
spend time with their family and friends, which eventually led to less time to dedicate
to our research. On the other hand, because the pandemic and its corresponding gov-
ernment measures were extended another year, our study participants had the chance to
experiment with online interactions and appeared more confident with ICT use.

Compared to wave 1 recruitment, the interviewer had to dedicate much more time
with text messages and telephone calls, in the hope to grant their participation for a
second interview. Whenever study participants proposed to withdraw because they were
busy with caregiving activities, medical conditions or on holiday, the interviewer had
to dedicate numerous attempts to adapt to their agenda and wait for weeks, sometimes
months, until they felt more comfortable with rescheduling a second interview. Dis-
cussing the extra efforts we went through in this process, we wonder whether this effort
duringwave 2 recruitment was to be expected in longitudinal research or it was due to the
online research design: the impossibility of face-to-face connections might have loosen
participants’ remembrance of previous encounter with the interviewer, along with the
feeling of belonging they initially showed to our research. This dynamicwas experienced
on both sides: in fact, the loss of memory about wave 1, also affected the research team.
However, whereas the interviewer was able to gather all the information collected about
each participant, either through fieldwork notes or through interviews’ transcripts, the
same resource was not available for our panel members.

With regard to ICT use during the second interview, as anticipated, wave 2 partic-
ipants surprised us with more familiarity with online technologies. Covid-19 played a
significant role in this process, as it pushed most of them to experiment with new tech-
nologies and gain more familiarity. When arranging a date for the interview, many of the
participants expressed their preference toWhatsApp, as they increased the habit of using
this app for text messages as well as video-calls in many activities - e.g., one participant
scheduled the interview during his holidays and started the video-call from the hotel
balcony. From wave 1 to wave 2 they experienced multiple occasions to strengthen their
ICT skills and were eager to take the challenge: in one case, one interviewee proposed to
shift fromGoogleMeet to Zoom because of technical difficulties, and the interviewer let
her lead the process autonomously and successfully. About ICT use, one last interview
is worth of notice: the participant was a 73-year-old man who, in wave 1, claimed to be
so many worlds apart from ICT use that, he declared, not only he used his smartphone
for telephone calls only, but our interview was the first video-call he experienced in his
entire life. When we met again for wave 2, he seemed more familiar with his device,
he also contacted us a few hours after our interview to send us some pictures through
WhatsApp that documented some events he previously mentioned.

As discussed before, some participants withdrew from all communication during
the phase of panel engagement. When the interviewer started the recruitment for wave
2 interviews, some dropped out of the study without verbally informing us of their
intention to stop participating.With this respect, although online interactions between the
interviewer and study participants were positive in both waves, we wonder whether ICT
might have played a role in engendering weaker connections between study participants
and research team members that affected their participation in wave 2.
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11 Conclusions, Limitations, and Implications for Future Research

This paper described waves 1 and 2 of the ILQA study, an exploratory case study about
the social consequences of the pandemic for the older people living in the ten villages
that constituted the first area subject to lockdown (i.e., “Red Zone”) in Europe. It outlines
the processes of remote recruitment, data collection, and panel engagement while look-
ing deeper at the role of ICTs in remote qualitative research with the older population.
Specifically, we addressed the following research questions: i) what are the strategies that
need to be implemented when researching older people through online qualitative meth-
ods?, ii) which online strategies are most suitable for qualitative longitudinal research?,
iii) to what extent does ICT use play a role in interviewer-interviewee interactions? We
will summarize the main results and then discuss more in detail the pros and cons of ICT
use in qualitative online research with older people that emerged during our case study.

First, we found that community engagement, building a positive and trusting rela-
tionship between study participants and research team members, and developing a tai-
lored approach to ICT use are key factors to recruiting and interviewing older people
using qualitative online. Second, we documented that planning a panel maintenance
procedure, entailing study participants’ active participation and the production of video-
materials is effective in boosting study participation over time. Third, as previously
mentioned, a positive, trustworthy, and ongoing interaction between study participants
and the interviewer was most crucial in conducting online qualitative research. Indeed, a
positive interviewer-interviewees’ relationship was successful in mitigating the techni-
cal difficulties, e.g., related to study participants’ poor ICT-skills, to the new procedures
concerning gaining informed consent, or more in general to poor internet connection. To
our experience, all these strategies proved effective and are to be taken as good practices
of online research with older people. The efforts in relationship building and the panel
engagement, in particular, allowed us to overcome the limits of online technologies and
successfully research a population that is usually deemed hard-to-reach or with low ICT
skills.

Moving forward, while discussing the specific challenges and strategies enacted
along our research process, this study also contributes to the literature by highlighting
the pros and cons about online research with older people.

The first advantage we gained through ICT use was in terms of cost-reduction: to
this respect, our data collection strategy proved effective, as the research was easily
conducted from home. However, the time we saved from reaching each participant for
a traditional face-to-face interview was dedicated to other steps of the process. Whereas
remote research is easier to start, participants’ engagement might need some extra efforts
during the first recruitment and in-betweenwaves. New and creative solutions are needed
in order to face the challenges represented by ICT use in social research. For example,
we dedicated most of the months between wave 1 and 2 to the implementation of the
panel maintenance activities. To maintain between-waves participation, we developed a
systematic panel engagement protocol that proved effective and obtained a solid response
rate.

The positive outcome of the panel engagement activities has to be put into perspec-
tive when considering the extra effort it sometimes took to reschedule the interview
in wave 2: compared to face-to-face interactions, study participants are more difficult
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to catch through online communications and it was not always easy to reconfirm their
participation. To this respect, further research is needed to better discern between the
influence of Covid-19 and the role of ICT use in engenderingmore detached interactions.

In our opinion, the ICTs might have played a more important role during wave 1
of data collection: on one hand, the establishing of trust between study participants and
the research team members was at its beginning, and, on the other hand, more technical
difficulties were experienced in 2020. By contrast, in wave 2 ICTs appeared to have been
gradually embedded within participants’ habits and daily routines. As anticipated, it is
unclear whether remote video-interviewing could engender a more relaxed and informal
setting, as some literature suggests (Howlett 2021), or instead create the conditions for
an ICT-related observer effect (Gregory 2020).

Online research with older people also presents some pros and cons regarding ethics
issues. In our experience, no significant online-related difficulties were found when
dealing with traumatic experiences: as long as trust was established, the interviewer was
able to reassure study participants and go on with the interview. Regarding the consent
module procedures, tailoring our documents to participants’ needswas key, as also recent
evidence suggests: e.g., asking our participants where they preferred to receive our study
documents, along with pivoting to verbal consent, allowed our panel members to read
them in advance and store them in their preferred device.

Regarding informed consent, another positive outcome of online social research is
worth mentioning. In our experience, online technologies provided the possibility to
drop out of the study without any further explanation (by declining to respond to calls
and text messages, as did some of our participants). While observing once again the
role that ICT might have played for some of the participants in allowing more detached
interactions, we cannot help but compare participants from wave 1 that abruptly drop
out of the study with the ones that instead accepted to take part in wave 2. As online
interactions grant the possibility to withdraw from communication, avoiding any further
explanation as well as our attempts to prolong their participation, we might presume that
by responding to our calls wave 2 participants actively chose to express their consent.
Ironically, the downside of ICTs on one side might also become a sign of a more solid
informed consent on the other.

In this dynamic, however, it is necessary that study participants are able to trust
research team members and especially the one/s that will conduct the online fieldwork.
In order to establish a trusting interaction, it is crucial that study participants receive
clear and trustworthy communication by the research team members. As already noted,
the interviewer-interviewees interaction is the key aspect to consider when researching
older people through ICTs. When technical issues were encountered, the interviewer
had a crucial role in mitigating the negative effects of remote research, thus balancing
this intermediation by establishing trust and seeking contacts whenever possible. In our
opinion, drawing onLo Iacono and colleagues’ suggestion (2016), the effort in building a
basis for human interaction is far more important than dealing with the effects of online
technologies. This has been shown by the excerpts and the fieldnotes we previously
discussed.
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11.1 Limitations

Although this work provides useful suggestions on how to successfully involve the old
age population in online qualitative studies, it has two main limitations. The first limita-
tion can be brought back to the context in which ILQA-19 is set, i.e. a rural area of the
Lombardy region characterised by very strong interpersonal social connections. Such
“strong ties” (Granovetter 1973) may have facilitated the remote recruiting of study
participants. However, researching older people living in different contexts may pose
additional challenges to the recruitment process, because of the greater fragmentation
of social connections (e.g., in urban areas). In such cases, a different remote recruiting
strategy may therefore be developed. The second limitation concerns the characteris-
tics of the study participants. Although we adopted an inclusive approach, aimed at
interviewing older people with different levels of ICT proficiency, older people with no
familiarity with ICTs (e.g., those who do not own a smartphone) were excluded from our
study. It is currently unclear what strategies need to be implemented to remotely recruit
and interview this specific group of older people, who are very likely to be excluded
from social research.

11.2 Implications for Future Research

Overall, our study has shown the performative potential of ICTs in researching older
people: from a segment of the population that is excluded, more often than not out of
mere prejudice, from online techniques of data collection, our research has shown that it
is still possible to engage older people during social distancing periods and, additionally,
to profit from online qualitative research as a medium to spark their interest in ICTs.
However, a segment of the older population is still excluded from ICTuse and ICT-related
social research, as more recent literature documents (Sala &Gaia 2019). Given that there
is a group of older people with no ICT skills, there is an urgent need to develop specific
remote recruiting and interviewing protocols targeted specifically to this sub-population
and ensure that their views and opinions are reported in social research.
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Abstract. A global demographic turn is observed with senior citizens increasing
in number, resulting on wellbeing concerns. That culminates into challenges and
opportunities for creating tools, such as digital storytelling and gamification, to
promote senior citizens’ interest and motivation to certain activities. While digital
storytelling involves the narrative’s potential to facilitate the construction ofmean-
ing and sharing experiences with information and communication technologies’
languages, gamification elements can trigger senior citizens’ motivations. How-
ever, so far, little attention has been paid to the potential of digital storytelling in
gamification. In this context, an iterative approach involving storytelling narra-
tives and gamification should be designed to enhance cyclotourism experiences.
The aim of this position paper is to discuss the senior citizens’ digital storytelling
applied to gamified cyclotourism to foster participatory strategies and inclusion,
exploring their life story while connecting them with others. In specific, it pro-
poses the delivery of a storytelling sessions model to senior citizens integrated
with gamification aspects in the cyclotourism context.

Keywords: Senior citizens · Digital storytelling · Gamification · Cyclotourism

1 Introduction

The rise in longevity enables the incessant ageing of the world population. According to
World Health Organization [1], the proportion of the world’s population over 60 years
old will double between 2000 and 2050. Owing to that, concerns about an active and
healthy ageing are acquiring significant importance in scientific, academic, and politic
studies. Active ageing can be defined as “(…) the process of optimizing opportunities
for health, participation and security in order to enhance quality of life as people age.”
[2, p.2]. Being active refers not only to the functional capability of being physically
active, but also embodies the individuals’ willingness to participate in other activities
(i.e. social, economic, cultural, spiritual and civic matters).

Research into senior citizens’ participation in civic matters has increased noticeably
over the last 55 years [3], as also practices and policy initiatives aimed at promoting active
ageing. This growing interest often relies on the assumption of mutual beneficial for both
individuals and their communities in a participatory culture. It unites individuals and
communities who feel a certain degree of social connection with each other in a culture
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with relatively low barriers to artistic expression and civic engagement, strong support
for creation and shared creations of each, and some type of informal orientation, in
which what is known by the most experienced is passed on to beginners [4]. The flow of
information through multiple media and the fact that the media industries are interested
in exploring a wide range of sectors, also contributed to the emergence of new ways of
telling stories.

The narrative consists of the account of real or imaginary events, supported by human
capacities of imagination and empathy, operating in the process of representation and
elaboration of reality, helping to understand the most varied topics. Reminiscing and
storytelling are significant human processes related to wellbeing, since individuals can
make sense ofwho they are, build their identities, create, and transmit culture and support
social cohesion [5]. Specifically, narrative gerontology is a practice where senior citizens
tell their life story. It occurs between the storyteller and the story collector, through
informal learning for both parties and provide a strategy for active ageing [6].

Stories form a valuable part of people’s identity and communication, providing a
chance to explore the self, the culture, and others [7]. Moreover, the act of sharing
and reflecting upon life narratives may contribute to increased self-knowledge and self-
actualization, and consequently to a sense of wellbeing. Following that practice, digital
storytelling can provide senior citizens with an opportunity to become digital producers,
interlink with others through their story, explore their memories and imagination of life,
and feel treasured.

According to Maslow [8], the fundamental levels of the hierarchy of human needs
(i.e. love and belonging, esteem and self-actualization) are considered as motivational
factors, being the most challenging and needed to achieve. Senior citizens may have a
great deal of interest in intangible goods, such as respect and status, and these forms of
motivation are the same principles that are part of the basic concept of gamification [9].

While observing the use of storytelling and gamification approaches in a range of
sectors, such as tourism, in parallel there is also noticed a tendency of preference to
the cycling activity [10]. With that, cyclotourism emerges, as it combines tourism and
physical exercise, two sectors linked to motivation and active ageing. Cyclotourism
epitomizes a niche market associated to strong mobility practices and changes in social
practices connected with rising debates around quality of life, participation, and senior
citizens’ motivation [11].

Little has been published on the use of digital storytelling with senior citizens.
While there is literature about its application in educational and tourism settings, and
potential therapeutic implications, there is a lack of understanding about the use of digital
storytelling with gamification to foster active ageing. Therefore, the aim of this position
paper is to explore the benefits of digital storytelling in senior citizens and the use of
narratives in gamification strategies, in order to apply it to the context of cyclotourism.
Also, an iterative process of storytelling to senior cyclotourism is given by addressing on
how digital storytelling and gamification can contribute to senior citizens’ participation
and sharing of cyclotourism.

This position paper is structured as follows: Sect. 1 is introductory and exposes
the problem of an ageing population and the importance of their participation; Sect. 2
addresses the storytelling impact on senior citizens’ wellbeing; Sect. 3 presents the use
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of narrative strategies in gamification; Sect. 4 establishes the use of storytelling narra-
tives and gamification in senior cyclotourism context; and Sect. 5 reflects on possible
limitations and contributions.

2 Digital Storytelling and Senior Citizens

Storytelling is an intrinsic part of humankind and can be declared as one of the oldest
habits of social life, communication, motivation, teaching and learning. Some of the
advantages of storytelling are that it promotes the use of imagination, creativity, and
teamwork [12]. Since the act of narrating implies revealing stories and experiences
through memories, as well as organizing them so that they make sense and transmit
information, narrative and experience are, therefore, two concepts that are related [13].
It is possible to consider it event-centered and experience-centered, since the storyteller
connect story with experience, in order to provide meaning.

Digital storytelling recovers the idea of the storyteller to assembled audiences, no
longer on the verge of bonfires, but rather around electrical systems, forming virtual
tribes. Thus, one of the specificities of the term is the importance of the digital medium
and how it can help to involve and attract more public attention. It conveys life expe-
riences, offer therapeutic and emotional opportunities, bear witness to one’s life, and
foster social support within communities [14].

Digital storytelling is the method of introducing a story based on a combination of
different digital media (e.g. texts, images, sounds), that often starts with a narration that
is further converted and expanded using digital elements. The final product can be easily
read by others, allowing storytellers to share their stories with a wide audience [15].
Currently, digital storytelling, is studied and considered to be an innovative and creative
tool to bring ideas and knowledge to people.

Life stories gathered during narrative gerontology can be transcribed to digital forms
of storytelling, thus technology and storytelling are beneficial for senior citizens’ wellbe-
ing. By telling their stories, they may gain from the possibility for emotional expression,
the ability to express their identity, and the experience of being listened to [16]. Partic-
ipating in digital storytelling may contribute to an individual’s capability to prosper by
providing experiences to support their emotional, psychological, and social wellbeing
[17].

Digital storytelling may be used with senior citizens as a tool to enhance mood,
improve memory, increase social connectedness, and encourage intergenerational learn-
ing [15]. Guillemot and Urien [13] consider 6 motivations for narrative gerontology: (i)
flattering ego, (ii) fixing the ego, (iii) not being forgotten, (iv) sharing, (v) spreading,
and (iv) bearing witness. It contributes to the storytellers’ life quality, but also to the
community’s health improvement, through the exchange of the narrative with the col-
lector (i.e. listener). This happens because the work of narrating, recollecting, creating,
and sharing not only promotes a sense of wellbeing for the storyteller but also to the
listener and future audiences, who may introspect into their own emotional responses
and empathize with the storyteller.

Cybulski [18] identifies the narrative as a linguistic practice capable of making the
speeches clearer, contextualizing the information in order to be closer to the participants’
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reality, making it easier to reinterpret the data and create more understandable analogies.
But narratives can also be used as approaches in health and social care of senior citizens.
Care can be conceptualized as a narrative endeavor, since it can be an effective, inter-
active, vibrant, and dialogic co-creation of experiences. Thus, it entails playfulness and
world travelling, that acknowledges not only the empathy for the perception of the story
told by others, but the creation of new stories to live by, whereas curiosity, attentiveness,
and relations are the key factors [19].

In fact, the narrative work of storytelling is often linked to toughness and healthy
ageing promotion, since it “aids the development of personal resilience and provides
opportunities to celebrate the hardiness of participants who recount their stories of dif-
ficulty and adversity” [14, p.17]. Getting to know others’ stories frequently encourages
the development of greater understanding and sympathy by delivering a wider context
to understand oneself‘s life experiences.

When personal stories are shared, they can provide meaning, consciousness, and
understanding, which develop resilience in the listener and storyteller. Through com-
municating stories, senior citizens can express their identity, personal story, beliefs, and
interests, which inspire a feeling of connection with each other. It may also lead to
the development of a social network through the sharing of stories in groups, reducing
feelings of loneliness or isolation.

While creating a digital story, senior citizens have the opportunity to rewrite their
story (i.e. how they perceive it now). Pecorini and Duplaa [6] suggest that narrative
gerontology paired with digital storytelling could have some powerful benefits for well-
being in late adulthood, as already proven in both narrative work with senior citizens and
digital storytelling results. This position paper defends that gamification, combined with
these, may improve the intended goal of motivating towards an activity, participation,
inclusion, and active ageing.

3 Narratives in Gamification

A narrative is a form of communication that improves self-development and implies a
sense of cultural and self-identity, since individuals may produce meaning by expressing
and reconstructing their memory. It is part of the process of getting to know people,
getting to know communities, beliefs, values, and knowledge, all through stories that
are collectively and individually constructed, being sources of studies with great value.

When the narrative begins to be produced in digital environments, its characteristics
are transformed into multiform plots, in which interactors start to develop actions and
build stories, within a navigable space, in the most varied environments and times. Since
the narrative is a phenomenon of cognitive construction, its relevance in the digital
environment is reflected on the openness to new readings that this medium suggests.
A media will be considered relevant in narrative terms if it has an impact on the story,
the speech or the social or personal use of the narrative [20]. For Ryan [20, 21], digital
(versus analogue) has the following properties that can favor narrative discourse: (i)
the interactive and reactive nature; (ii) the multimedia competence; (iii) the ability to
network; (iv) the volatility of digital images; and (v) the characteristic of reproduction,
combination and transformation of objects (i.e. modularity).
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The discussion about narratology, and even ludology, no longer dominates the main
arenas of game studies, but one cannot underestimate the potential that stories have
in the strengthen of engagement, motivation, and commitment effectiveness of users.
Although there is a scarcity of articles that cite the narrative elements in gamification,
there are some studies that intend to combine storytelling and gamification, often within
the education sector (e.g. [12, 22]). Based on the results from these studies, it is believed
that similar results can be obtained in the matter of this paper.

Gamification can be defined as the use of game design elements and techniques in the
non-games’ context, to motivate users to carry out a serious activity [23]. Werbach and
Hunter [9] proposed a game element hierarchy for gamification (i.e. DMC Pyramid),
divided into three levels in which an evolution principle is applied: (i) Components
are the basis of gamification elements (e.g. achievements, badges, unlocking content,
rankings, and points); (ii) Mechanics are the rules’ set and techniques to gamify some-
thing and motivate the user (e.g. challenges, cooperation and competition, feedback,
and rewards); and (iii) Dynamics are based on the users’ behaviors (e.g. relationships,
emotions, constraints, and progression).

McGonigal [24] lists four intrinsic rewards of games, transponible in gamification,
that would help to build users’ happiness: (i) the rewarding work, (ii) the experience
or hope of being successful, (iii) the search for social connection, and (iv) the chance
to be part of something bigger than themselves. The use of game design elements in
contexts external to games can make gamification valuable for changing routines, by
making activities more fun, motivating, and engaging [23].

Gamification is a technique used in different domains, from the entertainment indus-
try, education, tourism, or health. Based on the premise that everything that exists has the
potential to be fun, gamifying a product or service does not mean simply offering virtual
badges each time the user performs a certain action [25]. Gamifying means drawing up
a plan in order to motivate the players to take a set of tasks with pleasure, seducing them
to a certain quantifiable objective.

It is perceived that the main purpose of gamification is to reproduce experiences
lived in games and portray them to real contexts, in order to promote powerful emotions.
It can be assumed that, through the extensive practice of these activities, even negative
emotions becomepositive, or that userswill develop personal qualities thatwill transcend
the game, such as persistence, creativity, and resilience [24].

Even though the narrative is part of a game element that can be used in gamification,
is not often mentioned in the literature. Nevertheless, it is known that narratives have
the potential to be motivational, as it can arousing interest, increasing engagement and
improving participants’ satisfaction towards specific activities [26].

Salen and Zimmerman [27] define narrative for digital games in one of the most
complex ways, distinguishing two types of narrative (i.e. embedded and emergent).
The authors considered it as a composition of rules that are experienced through play,
in order to facilitate the player interaction within the possibility of actions, enabling
them to explore and work together with the game’s universe. The embedded narrative is
presented as a pre-generated content, aiming to give a meaningful stake or motivation to
the player through the storyline, which provide a dramatic plot to the player’s interactions
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and journey [27]. Whereas the emergent narrative is generated from the interactive
experience of the player (i.e. organic consequence of the player’s autonomy) [27].

Sattoe and colleagues [28] cite narrative as an element of gamification that allude
to personification (i.e. roleplaying), as it is a feature that is commonly used and can be
understood as the process in which the users construct their own experience through a
certain content, employing their autonomyof choice in a certain space and time, delimited
by the logic of the gamified system [22]. This can favor participation in order to allow
the proposed objectives of an activity to be fulfilled. The combination of gamification
with narrative, and possible personification, is an example of an activity that can be
used in therapeutic contexts to encourage behavior change and improve self-regulation
conditions in individuals with chronic illnesses [28].

Furthermore, narrative engines can also engage users to participate with greater
commitment in tasks [29], so when properly designed, narratives in gamified contexts
are likely to make users feel a greater sense of immersion. In fact, using narratives or
storytelling helps to provide coherence and can have a big impact on the other elements
of the entire gamified experience [29].

Contradistinguishing, Toda and colleagues [30] define narrative and storytelling,
highlighting that a narrative targets at users’ motivation and storytelling stimulate users’
engagement. The authors describe the narrative element as an “Order of events where
they happen in a game. These are choices influenced by the players’ actions” [31, p. 87],
conversely, storytelling “(…) is the way the story of the game is told (as a script). It is
told within the game, through text, voice, or sensorial resources” [30, p. 87].

Narratives in a digital media (i.e. digital storytelling) are naturally attached to the sys-
tem from which it derives. Since both storytelling and gamification depends on the user
experience (UX), it is important to consider the Human-Computer Interaction (HCI) and
playcentric approaches of testing and evaluation [31], concepts inherent to a participatory
culture, as it provides a proper distribution of roles between users and technology.

In order to be able to use narrative as an element for the design of gamified projects, it
is essential to cover the following features: (i) the presence of the actor (i.e. the user/senior
citizen), (ii) the element of choice, (iii) interactivity (i.e. the systemmust be responsive),
(iv) sequence of events (i.e. logical chain of actions), (v) space (i.e. the gamified space),
and (vi) information [22].

Even though there is still little work about the combination of gamification and
narratives, probably because the terms ‘narrative’ and ‘story’ blend together and are
often confused, for this paper it will be considered that the narratives accrue from stories
and storytelling. Therefore, the use of these two tools (gamification and storytelling) can
be a combined strategy to enhance and improve specific contexts, as demonstrated in
the following section.

4 Senior Citizens’ Stories in Gamified Cyclotourism

Cyclotourism is an unexploited sector with great potential for health promotion, par-
ticipation, and social inclusion [11]. Hence, the senior citizens’ motivations for cyclo-
tourism indicate physical and mental health, economic impact, ease and convenience of
transportation, physical exercise, relationships formed, pleasure inherent to cycling and
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the surroundings [32, 33]. Also, Ortet and colleagues [32, 33] found that gamification
elements are important and can motivate senior citizens to cyclotourism, highlighting
competition and challenges, feedback, rewards, and social sharing. The same authors
also stated that a future work of their research would be the inclusion of narratives in
this gamified context, being the exploration purpose of this paper.

A specific or supported model for the creation of digital stories does not exist, since
the steps to be followed in the construction of digital storytelling will depend on who
does it, the author from whom the research is sustained or the technique that is intended
to be used. The ability to map and control the user experience, in order to guide the
senior citizen through the content, is considered as one of the pathways on the usage
narrative as an element for gamified cyclotourism.

Since there are almost non-existent studies or reports that cover the case of gamifi-
cation in cyclotourism, storytelling in gamification, and storytelling in gamified cyclo-
tourism (specifically when addressed to senior citizens), it is important to acknowledge
that this process should be iterative, following a participatory approach. Therefore, this
process should follow a cyclic or spiral course, by embodying analysis, design, evalua-
tion, and revision activities, which are iterated until a satisfying balance between ideals
and realization is achieved.

In order to provide a sharing environment, focus groups sessions or storytelling
courses must be used to gather senior citizens and collect their stories. As Hausknecht
and colleagues [34] have designed and tested digital storytelling workshops with senior
citizens successfully, some guidelines must be taken into consideration when reproduc-
ing to the cyclotourism context. As the authors suggested, the process should be divided
into two phases: (i) story creation and (ii) digital production, so that participants have
a full story to work with, and to understand it as a digital story script and not just a
story. Even so, for this paper, other phases should be considered, such as the phase of
the previous cyclotourism experience that senior citizens wish to tell (i.e. phase zero,
since is not mandatory), and the ICT learning phase taken before the digital production
phase.

During the first sessions, participants should (ideally) have already practice cyclo-
tourism, learn about story creation, and share ideas and drafts of their stories. After
brainstorming and peer feedback from story creation, participants should digitize their
work by merging voice, images, music, and sounds to explain their narrative. Most of
these components can be taken from the cyclotourism experience and use of apps like
Jizo or Strava [32].

Participants must think on an occasion or moment in their lives that stood out, related
or not to cyclotourism, that can be used in this context. In cases where participants do not
have something relevant to add to a story, elements of intertextuality or even imaginative
events can be considered. Digital stories must be, typically, 2 to 3 min in length, and
though short, must efficiently communicate compelling narratives that inform the user
on a specific issue, concept or practice related to cyclotourism.

The point of using narratives in a gamified context is not only to provide a richer
experience, but also to foster a participatory culture in senior citizens. Using the Jizo
app [32] as example, it may contain stories from senior citizens related to: (i) choosing
a route; (ii) exploring tips on how to take care of the bicycle; (iii) absorbing knowledge
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on how to prepare for a ride; (iv) selecting days of the calendar for riding planning; (v)
following friends; (vi) exploring nearby conveniences; among others.

An addon proposal, being the main contribute from this study, is to try to incorporate
senior citizens’ storytelling to points of interest (POI) in the moment of cyclotourism
practice. Hence, when senior citizens are using the app and stop at a local (e.g. restaurant,
monument, street), emergent narratives arise. These narrativesmay be stories fromusers’
experience, curiosities of the POI, suggestions on directions, and calls to action. Here,
gamification elements such as rewards and social interactionmust be included. Strategies
of augmented and virtual reality, and mechanisms of artificial intelligence may be also
useful to incorporate with the created narratives.

In fact, the appmay also be a bridge between the activity and the storytelling sessions
through challenges, adding points for the ones who join and complete the task. Also,
linked to that, a social media or website for sharing stories or sessions events may be
created to promote participation, inclusion, and community. Rankings and leaderboards
could also be included to motivate content generation.

Therefore, gamification with narratives becomes an excellent mechanism in this
task, as it transforms the gamified cyclotourism environment conducive to providing
enthusiasm, fun, protagonism, cooperation and innovation. Also, these two approaches
may contribute to senior citizens’ participation and sharing of cyclotourism.

5 Final Considerations

Technology and communication are tools that can improve the senior citizens’ wellbe-
ing, offering the opportunity for creative expression and sharing experiences. Digital
storytelling could inspire senior citizens to communicate their stories, become digi-
tal producers, express creativity, and improve digital literacy. Stories may evoke in all
involving participants unforeseen emotions, ideas and ultimately, unexpected selves. It is
through stories that experiences gain meaning, and through reflection and interpretation
such meaning is transformed into knowledge, changing perspectives on comprehension,
constructing and deconstructing understanding.

Since it was found that gamified cyclotourism tend to be a motivating activity, it is
believed that storytellers, while narrating it, would feel important, appreciated, valued,
and active, which would reinforce their resilience, confidence, motivation, and self–
esteem, and therefore their wellbeing. It is expected that by increasing the senior citizens’
motivation, a favorable environment occurs and may improve the active ageing process.

Even if there are still few, and somehow scattered, research on these topics, this
position papers supports the following of an iterative process when using senior citi-
zens storytelling in gamified cyclotourism. To do that, it is important to delve into user
experience concepts and cross them with gamification interaction. Not forgetting that
the engaging capability is, amongst other things, precisely connected to the experience
and satisfaction resulting from the interaction process.

However, a few limitations should be considered for this study. Firstly, this research
is innovative and the aforementioned topics are not found altogether in the literature,
being a position paper based on replication or adaptation from other similar studies. Sec-
ondly, specific skills essential for the narration collection (e.g. interviewing techniques,
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sound recording, attitudes for a secure sharing environment) should be acquired before
starting the process. Thirdly, in terms of feasibility, due to the context of COVID-19
pandemic, this research seems very needed, but also arises concerns of senior citizens’
safety. Following the last point, it is worth noting that the pandemic has been extremely
impactful in the future of tourism, whereas the senior citizens’ feeling of loneliness and
marginalization has also been noticeable.

Despite this, it is considered that this work should have a high potential impact
on senior citizens’ inclusion and, accordingly, participatory culture. It may contribute
to the promotion of active ageing, especially with a focus on the pillars of health and
participation. It may also open the door to develop similar strategies for different subjects
(other than education), thereby improving the experience significantly. This researchmay
also contribute to the field of gerontechnology by providing a deeper understanding of
senior citizens relation with storytelling and technology, and the benefits and challenges
this provides. It also offers insights into the experiences senior citizens may have within
digital storytelling sessions and examines the way in which storytelling and multimedia
can play a role in cyclotourism.
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Abstract. There has been an increasing interest in gerontechnology due to the
growth of an ageing population and subsequent challenges in interface design
development. Methods of user-centered design and gamification have demon-
strated to be powerful, leading to an excellent user experience, and also motivat-
ing and changing senior citizens’ behaviors. Applying user-centered design and
gamification is starting to gain its importance in the design field, but there is still
a lack of studies regarding the use of these concepts with senior citizens and/or
applied to the cyclotourism context. The goal of this paper is to provide a state-
of-the-art review on user-centered design, user experience and gamification, to
outline and propose an approach for senior cyclotourism. The approach is based
on user-centered design to senior citizens, followed by gamification design guide-
lines to the development and testing of products or prototypes. It is recommended
that the method should be iterative, unequivocal, and inclusive, performed by a
multidisciplinary team and should followed phases of requirement gathering and
analysis, design, implementation, and evaluation with subsequent design guide-
lines. This study may also deliver maneuverable and adaptable guides on how to
conduct a method of user-centered design and user experience with gamification
for senior citizens applied to other contexts.

Keywords: User-centered design · User experience · Gamification · Senior
citizens · Cyclotourism

1 Introduction

Declining fertility rates and growing longevity will ensure the continued ageing of peo-
ple. According to United Nations’ World Population Ageing Report [1], the global pop-
ulation aged 60 years or older has registered a total of 962 million people in 2017 and
this number is expected to double by 2050. As the ageing population continues to grow,
there has been an increasing interest in the subject of gerontechnology, since encour-
aging senior citizens to use information and communication technologies (ICT) may
stimulate their cognitive abilities, autonomy and engagement in interpersonal relations
and productive activity in performing everyday tasks [2].

Gerontechnology is the transdisciplinary study of ageing (i.e. social science: geron-
tology) and technology [3] – to adapt the environments in which senior citizens live and
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work so they can have their independence and be able to participate and contribute to the
society, as well as working better with health, comfort and safety –, aiming to respond
to the challenges of a digital society with an aged population [4]. Hence, gerontechnol-
ogy represents a concept that includes research, development and conception of new
technologies aimed at improving the quality of life of the senior citizens. It presents a
wide scope for action from health and safety, assistance with mobility, to communica-
tion and stimulation [5]. Consequently, it has brought age-related challenges in product
development and interface design.

The various changes in ICT come with the relationships between people, products,
and services. Seeking this understanding, interaction design allows for the structuring
of tasks, making it possible to design the interaction to support the users’ goals. In this
scenario, the user can be placed at the center of the design process for the development
of products and artifacts. Thus, Human-Centered Design (HCD) is usually defined by:
(i) the active participation of users, in order to have a clear understanding of user and
task requirements; (ii) a proper distribution of roles between users and technology; (iii)
an iteration of design and evaluation processes; and (iv) a multidisciplinary approach
[6].

Derived from HCD, User-Centered Design (UCD) emerge, being a more attentive
and concise version with greater analysis of the target audience, highlighting that the
primary purpose of a system should be helping the user, rather than the technology. As
example, it is possible to mention the emotional design [7], based on the visceral (i.e.
product’s appearance that rely on rapid judgements and human’s senses), behavioral (i.e.
pleasure and experience of use) and reflective (i.e. acts at a conscious level and expresses
through self-image, personal satisfaction and memories) dimensions, which intertwine
simultaneously with emotions and cognitions in design.

Following that, the term meaningful gamification arises with the integration of UCD
and game design elements into non-game contexts. It suggests that is feasible to design
game elements that are meaningful to users through information interaction between
users and designers [8].

The purpose of this paper is to provide an overview on the state-of-the-art review
of user-centered design, user experience and gamification, in order to apply some of
the methods and techniques into the cyclotourism for senior citizens’ active and healthy
ageing. On the one hand, gamification is considered a persuasive strategy that can influ-
ence changes in user behavior through the stimulation of motivation by elements and
techniques of game design [9]; and, on the other hand, active and healthy ageing is
the process of optimizing health, participation, and safety opportunities, in order to
improve the quality of life and the functional capability as people age [10]. Further-
more, cyclotourism, enhanced with gamification techniques, may foster an active and
healthy ageing.

This paper is organized as follows: Sect. 2 gives an overview of user-centered design,
user experience and gamification, also exploring its potential when applied to senior
citizens; Sect. 3 contextualizes the ageing paradigm and importance of cyclotourism for
an active and healthy ageing; Sect. 4 presents a method of user-centered design methods
applied to gamified cyclotourism for senior citizens, by proposing an UCD approach
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with gamification guidelines; and Sect. 5 shares some concerns and limitations, while
highlighting the contributions of this paper.

2 State-of-the-Art Review

One of the major concerns in an increasingly ageing society is the overdependence in
ICT and the subsequent challenges faced by senior citizens, owing to the limitations of
the Human ageing process [2]. Furthermore, ICT still represents a major challenge for
senior citizens, as many are fearful and anxious of damaging hardware and/or software,
are unaware or have aversion of digital languages, and there is also an unavailability of
equipment adapted to this audience [11]. According to Fisk and colleagues [12], UCD
helps designers to create a balance between demands imposed by products on users and
the mental and physical resources of the (older) users.

Brox and colleagues [13], have proved the success of UCD aimed at the use of game
elements with particular focus onto this target audience, especially when dedicating time
in order to gain senior citizens’ trust so that communication can be easier, and users’
opinions can be documented. Following this point of view, playing digital games has
become increasingly popular amongst senior citizens [2], and considering that their age
group is becoming one of the biggest consumers, it is important to understand which
and how game elements can motivate them to adhere to activities. Beyond individual’s
extrinsic motivations (e.g. rewards), intrinsic motivations (e.g. respect and status) play
an important role in changes in behavior and characterize the concept of gamification.

Hence, some methods such as user-centered design, user experience and gamifica-
tion can be considered suitable when applying to this target audience. These methods
rely on the human-focused design principle and are often concerned with the users’
characteristics and needs, in order to provided them a valuable experience and shaping
behaviors. The following sub-sections provide an overview on UCD and UX, as well on
gamification.

2.1 User-Centered Design and User Experience

Norman and Draper [14] presented the philosophy of user-centered design, changing
the way people think of the interaction between humans and computers, being a process
framework in which the usability goals, user characteristics, environment, tasks, and
workflow of a product, service, or process receive extensive attention at every stage
of the design process. In other words, UCD is an iterative design process that allows
for direct end-user engagement and participation, arguing that the interaction has a
relationship between the system and the context, in order to understand the users’ needs
and expectations in relation to a given product or service [15–17]. It considers the
social, physical, and cognitive aspects of the audience, and uses an approach that does
not impose preferences and solutions [15, 16]. In contrast to product-centered design, it
reflects and translates the public’s desire, in addition to encouraging them to understand
their own needs through the final solution of the project.

The relevance of including users into the project, or product/service development,
lies in the fact that designers are not always able to understand the reality of users,
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which makes their participation fundamental [15–17]. The level of user involvement
in the project can vary according to each team or methodology chosen, but typically,
participants will be involved both in the initial stage –when designers need to understand
the requirements – and in the final stages of usability testing. According to [16], not
always the same users should be involved in all phases of the project, since someone
who has been part of developing a solution may not be the best user to test it out because
they probably know what to expect as a result.

The ISO standard [6] provided six key principles for UCD to follow: (i) the design
should be based upon an explicit understanding of users, tasks, and environments; (ii)
users should be involved in the entire design development process; (iii) the design should
be driven and refined through user-focused evaluations; (iv) the process should be itera-
tive; (v) the design should address the whole user experience (UX); and (vi) the design
team should have multidisciplinary skills.

Therefore, UCD is considered a process to achieve a whole and good (UX). While
UCD implies the process or approach employed to engineer experiences, UX addresses
specific experience users have with the product or service they use, being much more
than just assessing product’s usability and utility. Also, all “(…) instance of human-
object interaction has an associated user experience, but, in general, UX practitioners
are interested in the relationship between human users and computers and computer-
based products” [18: p.5]. It is worth mentioned that is only possible to design for a
user experience, rather than the user experience itself, since it is crucial to understand
the users’ needs and values beforehand in order to design and evaluate a prototype or
validate the proposals, and given that:

“(...) it is about how people feel about a product and their pleasure and satisfaction
when using it, looking at it, holding it, and opening or closing it. It includes their
overall impression of how good it is to use, right down to the sensual effect small
details have on them, such as how smoothly a switch rotates or the sound of a click
and the touch of a button when pressing it” [19: p.25].

User experience is also considered to be the key concern in the heart of product
development [20], because it brings a much more humanistic approach by relating the
hedonic level of personal Human needs and values, which motivate people to use a set
of products and help managers set UX targets for product development.

Morville [21] emphasizes seven factors – based on the balance between user, context
and content – to be considered when designing UX, as they will be vital to dictating the
success or failure of a product: (i) Useful: concerns about not only the degree of utility,
but also non-practical benefits (e.g. fun aesthetic appeal). If the product is purposeless,
it is unlikely to be able to compete with other meaningful and useful offerings.; (ii)
Usable: allows users to easily, effectively and efficiently achieve the ultimate goal that led
them to use the product; (iii) Desirable: involves the user’s emotional elements, usually
transmitted through branding, image, identity and aesthetics; (iv) Findable: refers to
the users’ ability to find what they needs, namely, the product or service’s features; (v)
Credible: is closely related to the user’s ability to trust the product or service, not only
for design reasons, but also for the fidelity of the content it presents; (vi) Accessible:
the experience offered must serve a wide and diverse range of users, so that anyone can
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access or interact with the product, regardless of their condition (e.g. visual, hearing,
motor or learning disability); and (vii) Valuable: the productmust translate into a bilateral
value (i.e. both for the product’s sponsors/creators and for the user who buys it and uses
it).

The concept of UX is commonly confused with the term usability. While the lat-
ter is simply a study technique and a contribution that validates the usage and better
understands the UX, the UX, despite needing usability, exceeds it, in the sense that it
focuses on more facets. The user experience reaches the individual before, during and
after performing a task. Thus, it is concerned with the users’ emotional responses when
they interact with a certain product or service, considering the user’s perception and
subjectivity. However, there is a clear interdependence between the two terms, since
usability is a quality attribute that evaluates the user-friendliness of a user interface, and
it also refers to the methods used during the design process that aim to improve the ease
of use of a product [22].

2.2 Gamification

According toMaslow [23], people may have interest in intangible goods, such as respect
and status, and these forms of motivation are the same principles that are part of the basic
concept of gamification [24]. Gamification is often defined as the use of game design
elements and techniques in a non-game context, attempting to motivate and engage the
user to carry out a mundane activity [9], increasing specific behaviors, social interaction,
and the quality and productivity of their actions.

Although its popularity, gamifying something does not mean simply giving badges
and insignias for an action performance, involving a plan to persuade the user to perform
a set of tasks with enjoyment and seducing them to a specific measurable goal [25].
Ultimately, gamification explores the individual’s empathy to meet their intrinsic and
extrinsic motivations.

McGonigal [26] identifies the following use of games elements on intrinsic motiva-
tion: (i) increase in user satisfaction (i.e. the end-user’s progress results from attainable
personal goals and immediate feedback, giving a perceived sense of high individual
performance); (ii) conveyance of optimism (i.e. gamification enables self-determination
and the feeling of accomplishment); (iii) facilitation of social interaction (i.e. gamifica-
tion enables social exchange and/or competition because, normally, the user enters to
a community); and (iv) provision of meaning (i.e. gamification fosters daily life chal-
lenges, helping to overcome individual’s limitations). In terms of extrinsic motivation,
gamification has also an important role by encouraging changes on behaviors through
points, badges, leaderboards (i.e. PBL triad) and other formal game elements that, when
used correctly, are considered powerful, practical, and relevant.

Werbach and Hunter [24] proposed a game element hierarchy for gamification (i.e.
DMCPyramid) – based on the origins of theMDA framework (i.e.Mechanics, Dynamics
and Aesthetics) [27], that form the core of a gamified design and the playful experience,
both from the point of view of the designer and the end-user. – which covers differ-
ent categories of game elements. The pyramid is divided into three levels, in which
an evolution principle is applied: (i) Components that include achievements, avatars,
badges, boss fights, collections, combat, unlocking content, gifting, rankings, levels,
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points, quests, social chart, teams and virtual goods; (ii) Mechanics that encompasses
challenges, chances, cooperation and competition, feedback, acquisition of resources,
rewards, transactions, turns and win states; and (iii) Dynamics which embody narrative,
relationships, emotions, constraints and progression.

In this context, the potential of gamification is now being studied to deliver more
effective and personalized services to senior citizens and to encourage and persuade
them to undertake physical, cognitive, and social activities according to their individual
capabilities and needs, thus contributing to their overall wellbeing and to motivate to
pursuit more active and healthy lifestyles [28].

In order to build a gamified system, it is important to have a gameful thinking to
apply motivation techniques [24], since it will deal with potential problems, enabling the
inclusion of the right game elements and having in account users’ behaviors and moti-
vation in the proposed context. In fact, gamification can be categorized as Gamification
of Behavioral Change [24], as it seeks to generate and motivate new habits beneficial to
the population in order to produce desirable results in society, such as active and healthy
ageing.

3 Ageing Context and Cyclotourism as a Solution

The rise in longevity enables the incessant ageing of the world population, obvious
through the inverted European demographic pyramid, where the senior citizen repre-
sents a vulnerable group for social and digital marginalization, sedentary routine and
subsequent mobility limitations, health deficiencies and mortality [29, 30]. According to
World Health Organization [31], the proportion of the world’s population over 60 years
old will double between 2000 and 2050. Owing to that, concerns about an active and
healthy ageing are acquiring significant importance in scientific, academic, and politic
studies.

Moreover, the phenomenon of active and healthy ageing in the information and com-
munication society and the use of digital platforms have been the main topics of interest
for gerontechnology. This new info-communicational era, characterized by interconnec-
tions, flows and networks [32], highlights the digital inclusion or exclusion in the social
appropriation of ICT. Thus, gerontechnology adjusts and/or creates the technological
environments in which senior citizens live and work so they can be active contributors
to the society, while their quality of life and wellbeing is being improved [4, 5]. In fact,
research into senior citizens’ participation in civic matters has increased noticeably over
the last 55 years [33], as also practices and policy initiatives aimed at promoting active
and healthy ageing. This growing interest often relies on the assumption of mutual
beneficial for both individuals and their communities in a participatory and inclusive
culture.

When thinking of an activity that may influence senior citizen’s motivations for con-
tinuation and attendance, improving physical andmental health, cyclotourism arises – by
combining cycling and tourism – as it tends to be enjoyable and may contribute to active
and healthy ageing. As a physical health activity, it has several benefits and can act as a
disease preventor, muscle toner and joints strengthener. Furthermore, it is an unexploited
sector with great potential for participation and social inclusion [34]. According to Cavill



86 C. Ortet et al.

[35] cyclotourism encourage sociocultural exchange and the culture of communities. In
addition, maintaining social contacts contributes tomental health, wellbeing, and quality
of life, and is particularly important for senior citizens and vulnerable populations. It
also contributes to the humanization of cities and promotes the exercise of citizenship,
and participation in public life, reducing inequalities, increasing the sense of community,
and individual and collective wellbeing [36].

Cyclotourism has also been through a digital growth, noticeable not only in ICT
solutions, but also in the evolution of the bicycle itself and related equipment. On the
one hand, regarding ICT, the use of bicycles boosts websites, social networks, and virtual
discussion groups, adding the value of sharing experiences, their motivations, problems
encountered, facilities and difficulties on a certain route or infrastructure [36, 37]. Also
the dissemination of applications and mobile devices for localization and monitoring
of activities in real time is a trend that is growing, with technical improvements being
required to meet the new demands and expectations of practitioners. On the other hand,
regarding the bicycle evolution, beyond bicycle types (e.g. road, gravel, mountain, city),
its buildings resort to a variety of materials (e.g. steel, aluminum, carbon, titanium) that
can be used in different parts of the bicycle, being adapted to the users’ preference and
financial capacity.

Likewise, strategies for active and healthy ageing [38], and cyclable mobility [39,
40] have common ground with the goals of gerontechnology, UCD and UX – in the
inclusion, appreciation, understanding and enhancement of the senior citizen as a user –
by wanting to maximize the health benefits of citizens, providing them with healthier
lifestyle habits, and also by promoting cooperation and intersectoriality.

4 An Approach to Senior Cyclotourism

Based on the results obtained by Ortet and colleagues [36, 37], the senior citizen’s moti-
vations for cyclotourism refer to physical and mental health, economic impact, ease and
convenience of transportation, physical exercise, relationships, cycling pleasure and the
surrounding scenery.Also, in this studywas possible to observe the appreciation of senior
citizens’ opinion in co-design techniques and usability tests for the participatory cre-
ation of a gamified app prototype. Findings suggest that gamification elements, divided
into pre-, in loco and post-cyclotourism experience, can trigger senior citizens’ moti-
vations towards the activity, highlighting social relationships, progression, challenges,
competition, feedback and rewards [36].

Considering the pertinence and relevance of Brox and colleagues [13] study on UCD
for senior citizens, and Chen [41] study on UCD in gamification, it was possible to cross
and adapt some relevant guidelines explained in the following sub-section.

The selection of these authorswent through a search of published papers from the last
5 years, due to being more recent in the matter, in Scopus andWeb of Science databases,
on the main keywords of this paper (i.e.User-Centered Design, User Experience, Gami-
fication, Senior Citizens). The criteria fall on peer-reviewed publications that have these
keywords or related topics in title, keywords and body, with the logical conjunctions of
“and” and/or “or”. From 13 papers, only these two were considered relevant, providing
feasible, validated, and tested protocols and guidelines.
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4.1 Method

Based on the aforementioned authors, an adaptation of UCD for senior citizens approach
[13] and design guidelines for using UCD in gamification development [41] is proposed
in this paper.

For ensuring the success of the experiment, the participants recruitment must include
different profiles of senior citizens, not only to expand the sample, but also to be more
inclusive and adapted to the users’ reality of life. That is, senior citizens (i) interested in
ICT and/or cycling or cyclotourism; (ii) not involved/interested in ICT and/or cycling or
cyclotourism; (iii) physically and mentally healthy; and (iv) with physical and mental
impairments.

Since this approach benefits from an experimental research design, a set of ethical
concerns must be anticipated for the participants’ protection and assure the integrity of
this research: (i) participants or their caregivers’ consent and understanding to take part
in the research project; (ii) protect participants’ identity and treat them with respect; (iii)
explain the purpose, procedures and the duration of the investigation and included group
discussion, interviews and testing sessions; (iv) assure the quality of the content; and (v)
ask for permission for data gathering, coding, analysis and publication of the results.

Considering ISO [6] and the authors in which the proposed approach is based on
[2, 8, 13, 20, 36, 37, 41], it should be iterative, explicit, and inclusive, performed by a
multidisciplinary team and following these phases with subsequent design guidelines:

i. Requirement gathering and analysis – The goal is to gather requirements for an
initial design by collecting basic needs of the end users, as well as requirements
for the gamified product to be developed. Hence, it is important to have a multi-
disciplinary team that can conduct a literature review, apply users’ characterization
questionnaires, and organize group discussions about the cyclotourism context and
playability of gamification elements.

Some design guidelines must be used in this phase, for instance it is important
to understand the main goals regarding which problems to solve and which users’
behaviors to change towards ICT and/or cyclotourism; briefing on the gamification
goals and solutions for short term and quick wins, to get approval before further
development; design progress pointers according to the available budget and time,
and long-term/short-term goals; and explore what motivators factors have already
been successful.

ii. Design – the initial design of the gamified context should give users a real oppor-
tunity to give feedback and, therefore, influence the outcome. Techniques such as
direct observation, semi-structured interviews and focus groups should be applied.

Establish a collaborative environment for co-design with users and gamification
design decisions on dynamics, mechanics, and components should be made; create
the narrative and aesthetic elements that can enhance users’ motivation; map the
users’ interests to the researchers’ interests; and attempt to learn users’ intrinsic
motivations through their participation in the design process.

iii. Implementation – Aspects of the design may need to be adjusted. Such aspects
may be discovered through observation in focus groups and interviews.

Create levels and progress to observe how users grow in the experience; keep
the design interesting and innovative by constantly introducing new challenges and
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renewal elements; and offer users meaningful choices and purposes to explore their
hidden potential within the ICT and/or cyclotourism context.

iv. Evaluation – Test and evaluation of the final prototype. Common approaches may
include pilot tests, although smaller new user groups can also give significant
contribution. It is important to evaluate UX rather than only usability.

Test the prototype iteratively throughout the protocol with small pilot groups
beforemaking it available to all users; perform lab and real context testing; supervise
stepwise cognitivewalkthroughwith users;measure user usage and satisfaction; and
consider users’ reasoning and motivations behind their actions.

Having in mind the aforementioned recommendations, it is also important to
acknowledgewhat should not be includedwhen designing to this target audience. Visual,
auditory, cognitive, haptic and motor skills need to be taken into consideration and,
according to several authors [12, 42, 43], the designer should avoid: (i) elements that
obliges high levels of physical agility; (ii) time or speed limits to perform a task; (iii)
an overload of menus: (iv) large quantity of disorganized and complex information; (v)
serif fonts without scalable text; (vi) non-familiar icons without identifiable text; (vii)
sound as the only feedback; (viii) technical or specific terms; (ix) pastel colors; (x) not
using back and undo tasks, among others.

4.2 Suppositions

In this paper, a method of user-centered gamified cyclotourism for senior citizens is
given. The principle of design by users and for users may provide better results and
higher success than only relying on the designer’s role. Nevertheless, it is important to
acknowledge that senior citizens have some difficulties dealing with digital devices and
technologies, which may compromise the establish approach.

According to the state-of-the-art review and the results of co-designing a cyclo-
tourism app prototype with and for senior citizens [36, 37], it is expected that user-
centered design can motivate senior citizens to the co-design of a gamified solution,
whereas user experience of gamification can be a promising tool for cyclotourism
motivation and adherence.

Regarding the sample collection, involving senior citizens as end users is essential
and it will allow for a more inclusive process. Thus, it may result in a gamified app
designed for all profiles of senior citizens, enabling to explore the solutions’ fragilities
and strong points aimed at such wide audience.

Adopting UCD will allow the development of more effective, efficient, and safe
senior cyclotourism gamified solution, since it aims to actively involve different pro-
files of senior citizens at every stage of the design process. Hence, for the researcher’s
perspective can be the success or failure of the solution, as it saves time, cuts cost and
improves satisfaction. If a product results from this process, it will make a great contri-
bution to science and especially to the life, adaptation and inclusion of a socially and
digitally excluded group.
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5 Final Considerations

As the ageing population continues to grow, it is important to focus on the role of
gamification to senior citizens’ wellbeing and meet their needs and preferences. Also, it
is imperative to recognize that senior citizens have some problems dealing with digital
devices and technologies, therefore, human-centered design approaches may help to
overcome some of the difficulties.

Design is not only a reflective activity, but also an emotional and intuitive process.
Thus, user experience is the main aspect in the heart of product or service development,
since it brings amuchmore humanistic approach by relating the hedonic level of personal
humans’ needs and values, which motivate people to use a set of products. This means
that user-centered design is still the key to design for a good UX, because it is crucial
to understand the users’ requirements and values beforehand, in order to design and
evaluate a prototype or validate proposals.

It is noteworthy that most of the gamification design frameworks are based on UCD
methods [44]. A meaningful gamification is believed to motivate engagement to an
activity, helping users to find individual connections to it. For designing a gamified
solution, understanding motivation is also essential to interlink the end-user’s behavior
with persuasive design. Gamification designs are effective in increasing engagement and
modifying behaviors, but that success depends on a good implementation. Therefore,
applying UCD with gamification elements, having in consideration the UX, appears to
be a recipe for success. Yet, there is still a lack of research on these three topics.

As Ortet and colleagues [36, 37] have demonstrated, the co-design process and the
gamification elements selectedby the users’ expectations on the cyclotourismactivity can
contribute to the prototype success. Even so, this paper proposes an approach to cyclo-
tourism, following an adaptation of UCD protocol to senior citizens and gamification
design guidelines, to try to offer a good UX. That experience is expected to be mean-
ingful and pleasant, since such plan is created to incorporate the users’ requirements,
but also to motivate them to the process and, ultimately the activity (i.e. cyclotourism).
It is important to remember that the process must be cyclic or spiral until a satisfactory
balance between ideals and development is achieved.

However, a number of limitations should be considered for this research. Firstly,
the context of gamified cyclotourism for senior citizens is an unexplored topic, there-
fore this research is innovative and not a replication, rather an adaptation from other
studies. Secondly, the proposed approach and design guidelines were not tested in the
gamified senior cyclotourism context, which may result in some adjustments throughout
the development and testing phases. Thirdly, recruiting the suggested sample may be an
incomplete process, since it is more difficult to engage people who are not interested in
the studied context. Finally, as a participatory scenario usually requires a safe environ-
ment for participation and sharing, participants’ trust must be gain, which may lead to
biased results.

Regardless such constraints, this cogitation of methods is expected to be a scientific
contribution that canhave ahigh impactwhile promoting senior citizens’ digital inclusion
and their participation in the info-communicational era, therefore, promoting an active
and healthy ageing. Itmay offer a reflection prior to the creation of gamified solutions and
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open the door to develop similar strategies for different subjects and contexts, thereby
improving the experience significantly.
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Abstract. Digital media technologies have been gradually integrated into teach-
ing activities over the past few years, providing teachers with more possibilities
for teaching. This study examines the teaching effects of an interactive AI based
image-processing platform in assisting as a teaching aid for children painting
education. In this study, we compared the learning interest, learning attitude, and
continuous learning intention of 96 children aged 5 to 13 in the process of paint-
ing education. The subjects were divided into two groups: the experimental group
used AI image processing for painting education, and the control group utilized
traditional teaching methods for painting learning. Results showed that the use of
AI image-processing tools in painting education reduces girls’ learning attitudes
and continuous learning intention, while stimulating boys’ learning interest.

Keywords: AI-art · Learning interest · Learning attitude · Continuous learning
intention · Painting education

1 Introduction

Painting is a way for children to learn about the world and to explore it as they grow up.
Children may engage in the process of painting by using their observational skills, their
critical thinking abilities, and their ability tomake decisions concerning the composition,
colors, etc. of their paintings. With the help of graphic representations, children develop
a greater capacity for cognitive development and improve their skills in visual thinking,
as well as their ability to use painting as a method of communication to solve problems
[1].

A positive learning attitude towards art is not only important to artists, teachers,
designers, and other professionals involved in the field of art, it is also important for
students to participate in art activities as adults, because art is important in everyday
life as an alternative way of demonstrating intelligence [2]. Laura Chapman emphasizes
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that in the three responsibilities of children’s art education that drawing should promote
students’ personal fulfillment and creative development [3]. In the digital age, high-
tech products are rapidly transforming children’s way of life and cognitive abilities.
Meanwhile, the digital transformation is also having a significant impact on education.
In the context of the development of digital technology in the modern era, it is essential
to integrate art education in a manner that is more conducive to children.

A study by Cutcher and Wilks (2012) suggests that adopting new methods or new
technologies in the teaching process can strengthen the teaching and learning effect [4].
With the development of computer vision technology, AR, VR, real-time positioning,
etc. have brought new experiences to all aspects of people’s lives. A growing number of
scholars are also integrating it with education [5, 6]. In contrast to the fields of science and
language education, there is little research that has been conducted on the children’s art
education. In computer vision, artificial intelligence is easier to implement and promote
because it requires relatively low-cost equipment. Actually, Artificial intelligence has
been widely applied in the field of education. With the development of the adversarial
network gradually becoming more mature and user-friendly, users can utilize the trained
style or online training machine to generate their own style without programming. If it
is applied to the field of art education, students will be influenced by machines while
creating artwork, and the large student group will also add new nutrients to machine
learning, thus, both human and machine learning can be mutually improved.

Thus, this study explores the use of an interactive AI image processing platform as
a teaching tool for children’s art. A study is conducted to examine its effects on learning
interest, learning attitude, and continuous learning intention of different genders toward
painting education. It is difficult for teachers to pay attention to each student’s learning
in traditional art class instruction. With the collaboration between AI and educators,
students are exposed to new visual stimuli, more personalized learning experience. Cur-
rently, AI image processing functions are primarily utilized by artists. This study also
provides a reference for AI image processing function designers to apply it in the field
of education.

2 Literature Review

2.1 AI-art

The concept of artificial intelligence refers to the human-like function of reasoning,
interacting, and learning [7]. AI in education (AIed) can be traced back to the 1980s,
marked by the first publication of the International Journal of Artificial Intelligence in
Education in 1989 and the establishment of the International Association for Artificial
Intelligence in Education (IAIED) in 1993 [8]. There are twomain categories of artificial
intelligence in education: first, AI-based tools for class instruction; second, using AI to
understand, measure, and improve students’ performance [9]. Computer science and
social sciences account for 56% of AI education in Scopus, while arts and humanities
constitute only 1% [10]. Therefore, there is still considerable room for advancing AI
education in the humanities and arts.

In the late 1960s, AI art was still regarded as traditional algorithmic art whose
aesthetic rules depended on coding. A typical example is Harold Cohen’s AARON
art program [11]. New algorithms for visual generation have been developed with the
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advancement of technology, such as: Fractal Flame [12, 13], Computational Aesthet-
ics [14], hybrid methods [15], neural style transfer [16], and deep learning-powered
adver-sarial evolution [17]. At present, the most widely used platform is the Generative
Adversarial Network (GAN) launched by Goodfellow in 2014 [18].

This study utilized the Playform, which was specifically designed for the creation
of visual arts. The platform solves the problem that GAN needs to learn a great deal of
images over a long period of time. The user has the option of using the generated style,
or training the machine to generate a specific style image. The process of drawing can
be assisted by artificial intelligence (AI), which allows children to process images and
receive a variety of visual stimuli.

2.2 Learning Interest

Interests consist of situational and individual interests [19]: situational interest includes
trigger interest and maintenance interest [20–23]; individual interests include emerging
individual interest and well-developed individual interests [24]. Situational interest can
directly enhance learning by increasing attention and engagement. Thus, interest is often
used as a traditional measure of educational success [25].

According to Reininger and Hidi, the basic measures of intervention in contex-
tual interest in education are known as “triggers for interest” [26]. Organizing learning
activities that capture the student’s attention is one way to stimulate interest. Berkeley
identified a number of collative variables that are capable of influencing and arousing
attention [27]. He found, in his series of studies that varying the novelty, complexity,
surpriseness, and incongruity of visual stimuli cause attention, arousal, and interest to
increase. In the stage of children’s painting learning, the AI image processing platform
is used to change objects. The different images provided by AI will expose students to
new visual stimulations, which may enhance students’ situational interest.

Based on a four-stagemodel of interest development (trigger situational interest; sus-
tain situational interest; develop individual interest; well-developed individual interest),
situational interest is triggered by specific situations, and situational interest develops
over time so as to become a more enduring individual interest [19, 28] . Engaging
in meaningful activities can maintain situational interest [23, 29–33]. The use of the
AI image processing platform in the painting teaching process will help maintain stu-
dent situational interest and may further stimulate individual interest, by allowing them
to interact with the machine according to their subjective preferences. When situational
interests become individual interests, students aremore likely to have deep learning [34].
In other words, in order to maximize students’ in-depth learning, the teacher should turn
students’ situational interests into the individual interests.

2.3 Learning Attitude

Attitude refers to a mental and emotional entity, which is either inherent in a person
or characterized by that individual [35]. It can be used to interpret emotional reactions
[36]. Some scholars argue that attitude and satisfaction are essentially synonymous. The
only difference between them lies in the measurement time, attitude is part of the pre-
acceptance dimension, and satisfaction is part of the post-acceptance dimension [37].
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Some studies speculate that as a direct determinant of continuous intention, attitude
is similar to satisfaction in the technology acceptance model (TAM) and expectation-
confirmation model (ECM) mode [38]. Nevertheless, there are many researchers who
consider attitudes and satisfaction as conceptually separate variables [36, 39]. The atti-
tude is future-oriented (i.e. the sense of future use). A person’s satisfaction is related to
previous experiences, but the benefits of the past are not sufficient to explain the future.
A future-oriented approach is more evocative than looking back [39, 40]. Furthermore,
attitudes are emotional reactions to specific behaviors that improve the accuracy of
intent-predicted behavior, as opposed to satisfaction based on past experiences.

In the field of arts education, attitudes toward learning are often neglected. There are
some theoretical models of teaching art believed that knowing the abilities of students
will facilitate effective teaching, and the focus is on students’ learning abilities [41,
42]. Most textbooks on the teaching of the arts make an indirect reference to attitudes
when considering how to promote students’ understanding [43, 44]. In order to promote
learning, it is important to understand students. It is vital to understand students not only
by considering their developmental levels, abilities, and learning strategies, but also by
considering their motivations, prior knowledge, and attitudes toward the subjects they
are studying [2, 45].

According to technology acceptance model, attitudes directly affect continuous use
intentions. Thus, in this study, different gender students were used in the experimental
group and the control group to explore the impact of the AI image processing function
on their attitude towards learning to paint, as well as assess its effect on continuous
learning intention. Meanwhile, it can also test the students’ expectations for future use
of the interactive AI image processing platform as a painting tool.

2.4 Continuous Learning Intention

The concept of continuous learning refers to individuals continually acquiring knowl-
edge, skills, and competence in response to changing demands within their professional
lives [46, 47]. The learner’s continuous learning intention refers to their specific desire
to learn.

Research in the field of digital teaching methods indicates that students’ willingness
to learn is affected by a variety of factors, including the content of the course, the system
quality, and the services students receive etc. [48–50]. However, interactive experience
has been identified as a key factor in the willingness to continue learning [51, 52]. In
general, student learning motivation theory states that learning motivation is affected
by learning intentions, as well as a direct relationship between motivation and attitude.
According to the TAM, students’ perceptions of the ease of use and utility of technology
determine their behavior and use intentions. It is possible to predict students’ continuous
intention to learn from their learning attitudes [53, 54]. Perceived ease of use may influ-
ence behavior intentions of students, which might be moderated by perceived usefulness
[55].

According to TAM, attitudes directly affect continuous use intentions. Thus, in this
study, through the use of AI image processing functions, the psychological changes in
student attitudes towards painting learning were utilized to further analyze students’
continuous learning intentions.
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3 Research Design and Method

In this study, Playform [56] was used as the interactive AI image processing platform. As
an AI Art studio, Playform allows artists to experiment and explore the use of generative
AI in their creative process without the need for coding. For GANs, huge amounts of
images (tens of thousands) and long hours of training are required, whereas Playform
has developed optimized versions of GANs that can be trained with tens of images and
can provide reasonable results in one or two hours. Furthermore, it is user friendly, as
the users do not have to be familiar with programming languages or the terminology of
the AI libraries. A variety of creative projects and artists use Palyform, including HBO,
Christie’s, SCOPE and NYU. It is possible to train Playform to obtain a particular style,
or to simply use the trained style.We use the trained style in this study to process images,
as a tool to assist children in learning to paint. The function is shown in Fig. 1. After
experiencing the function in painting learning, the subjects were asked to complete a
questionnaire.

Fig. 1. The interactive AI image processing functions of Playform

3.1 Questionnaire Design

In this study, we adjusted and optimized the final questionnaire, which based on the
established scales that have been verified in relevant literature, in accordance with the
characteristics of interactive AI image processing. Study subjects were divided into two
groups: the experimental group using the AI image processing platform for painting
learning and the control group using traditional teaching methods for painting learning.
Each group of questionnaires is divided into two parts, the first part collecting the basic
information of users, and the second part measuring the behavior of the subjects. In
this study, a Likert five-point scale was used to measure the constructs, with 1 repre-
senting strongly disagree and 5 representing strongly agree. The questions are shown in
Table 2.
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3.2 Data Collection

Based on the psychological theory proposed by Colin Martindale, the Art and Artificial
Intelligence Laboratory of Rutger University developed AICAN, which focused on the
process of creation and the evolution of artists from the standpoint of perception and
cognition [57]. Playform for visual creators, developed by the Art and Artificial Intelli-
gence Laboratory at Rutger University, is used in this study to access AICAN technology
without the need of coding.

AICAN used by Playform differs from GAN, which requires long training periods
and tens of thousands of image for training. The algorithm of this system only requires
less than 100 photographs, which means that it can be trained to create its own style
within one or two hours. Creative Adversarial Networks (CAN) mimics the way artists
draw from previous works and then develop new styles [58]. Novelty is achieved through
“stylistic ambiguity”. The machine is trained between two opposing forces: one forces
the machine to follow the aesthetics of the art being shown (reducing deviations from
the distribution of art), and the other that forces the machine do not to imitate a currently
existing style (maximizing style ambiguity). The “least effort” principle of Martindale
suggests that too much novelty is not easily accepted by the audience. The novel aspects
of the art produced are ensured by the opposing forces and without straying too far from
acceptable aesthetic standards. The algorithm utilizes 80K images spanning from five
centuries of Western art history, simulating the growth and learning process of an artist,
without focusing on any particular style. In contrast to general AI art, the process of
CAN generating art works is a creative process [58].

Images generated by AI art could provide children new visual stimuli and promote
their learning interest. This study examines the possibility of using an AI image pro-
cessing platform as a teaching tool for teaching children to paint. The target population
is children aged 5–13 years old. This study was conducted with 96 children in an art
training facility in Xiamen, Fujian, China in January 2022. Comparing the changes
in learners’ learning interest, learning attitude and continuous learning intention when
utilize the AI image processing function as a teaching tool in experiment and control
groups. The subjects, after participating in an interactive AI image processing platform
and a painting lesson, fill out an online questionnaire immediately. The questionnaire is
phonetized verbatim, based on the subjects’ age and literacy level, and a teacher explains
the content of the questionnaire to the subjects, in order to ensure the questionnaire’s
efficiency (Table 1).

Table 1. Basic data of the respondents.

Sample Category Number Percentage

Gender Male 34 35.42

Female 62 64.58

Education background Pre-school 12 12.50

Elementary school 84 87.50
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Table 2. Measurement scale.

Latent variable Coding Item Source

Attitude AT1 It is a good idea to learn to
paint (with AI)

Jiangjie Chen, Yen Hsu,
Weiwei, Chun Yang
(2021)AT2 The idea of (using artificial

intelligence to help students)
learn to paint appeals to me

AT3 It is enjoyable to learn to paint
(using AI as a tool)

Continuance Intention CI1 I plan to continue to (use AI as
a tool in) painting learning in
the future

Yen Hsu, Jiangjie Chen,
Chao Gu, Weilong Wu
(2021)

CI2 I plan to (use AI as a tool in)
painting learning often in the
future

CI3 Generally speaking, I intend to
continue to (use AI as a tool in)
painting learning

Learning
Interest

LI1 I am more interested in
painting learning than (I was)
previously (since using AI as a
teaching aid)

Chu, H. C., Hwang, G. J.,
& Tsai, C. C. (2010)

LI2 I have been more interested in
painting learning (since taking
the AI as a teaching tool)

LI3 Learning to paint (with the aid
of AI) will make the learning
process (more) enjoyable

LI4 I (am impressed with this
innovative method of learning
and) am interested in learning
more about painting method

LI5 (Using the AI tool to learn)
painting stimulates my
painting learning motivation

4 Results

The results show that Mean= 4.19, SD= .54, Cronbach’s α= .62 in the construct of LI.
In the AT construct, Mean= 4.21, SD= .67, Cronbach’s α= .61 and in the CI construct
Mean= 3.83, SD= .72,Cronbach’s α = .63. For all constructs, the Cronbach’s alpha is
greater than0.6 indicating that the itemshave reliability [59]. This result is consistentwith
the normal distribution hypothesis [60] as the absolute value of the skewness coefficient
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for each item is less than 2 and the absolute value of the kurtosis coefficient is less than
7. The correlation test results are shown in Table 3. Results of the Pearson correlation
test indicate that a significant pairwise correlation exists between the constructs, with
a coefficient of r > .60, p < .05. In addition, the correlation coefficient of r < .90
indicates that there is no multivariate collinearity between the constructs. Thus, the data
are assumed to follow a linear distribution [61].

Table 3. Results of Pearson’s correlation test.

AT CI LI

AT –

CI .418** –

LI .592** .538** –

Note.*p = .05,**p = .001.All tests were two-tailed

Table 4 presents the results of the data distribution test. The Box’ Test result shows
that F = 1.70, p = .03. Box’ Test, however, is sensitive to the number of samples, so
its significance standard should be relaxed to a more relaxed level [62]. Accordingly,
p > .01 is meant to represent the assumption that the covariance matrix is equal [63].
Further, the results of the interaction between the teaching method and gender showed
that F < 1.96 and p < .05 were not significant in all three constructs. In other words,
teaching method and gender have a fixed impact on the learning of painting and will not
be affected by the change on the other side.

Table 4. Distribution test results.

Box’ test Interaction
TM*G

Constructs Box’M F Sig. F Sig.

AT 33.12 1.70 .03 1.21 .27

CI .08 .78

LI 3.03 .09

The paired comparison results are shown in Table 5 and Table 6. The results of the
Pairwise comparison indicate a significant difference betweenmale and female students’
LI (p<0.5,MeanDifference= .46), after the use ofAI to participate in painting teaching.
The results between the experimental group and the control group of male students (p
< 0.5, Mean Difference= .42) indicate that The use of artificial intelligence in painting
teaching has greatly increased boys’ interest in painting. In contrast, female students in
the experimental group and the controls did not demonstrate effective engagement in
learning (p < 0.5, Mean Difference = .00), suggesting that artificial intelligence in this
experiment is not attractive to girls.
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There was also a significant difference between the boys and girls in the two groups
in terms of their painting learning attitude (p*0.5, Mean Difference= .41). These results
indicate that the girls’ AT (p < 0.5, Mean Difference = −.37) have decreased in their
learning attitude towards drawing after using AI as a teaching tool. Boys did not demon-
strate a significant change in their attitude toward painting learning (p < 0.5, Mean
Difference = −.05).

In terms of continuous learning intention, there were slight differences between
boys and girls in two groups. Results of the experimental and control groups (p < 0.5,
Mean Difference=−.45; p< 0.5, Mean Difference=−.37) suggest that using artificial
intelligence to support painting instruction in children reduces female students’ continue
learning intention.

Table 5. Pairwise comparison1.

Dependent
variable

Group (I)gender (J)gender Mean
difference(I-J)

Std.error Sig.b Cohen’s
d

Effect
size

AT 1 1 2 .41 .21 .06 .77 .36

2 1 2 .09 .20 .66 .14 .07

CI 1 1 2 .11 .23 .62 .20 .10

2 1 2 .03 .22 .90 .03 .02

LI 1 1 2 .46* .17 .01 .19 .51

2 1 2 .04 .17 .80 .07 .03

Table 6. Pairwise comparison2

Dependent
variable

Gender (I)group (J)group Mean
Difference(I-J)

Std.Error Sig.b Cohen’s
d

Effect
size

AT 1 1 2 −.05 .24 .84 −.10 −.05

2 1 2 −.37* .17 .03 −.55 −.26

CI 1 1 2 −.37 .26 .16 −.46 −.22

2 1 2 −.45* .18 .02 −.69 −.33

LI 1 1 2 .42* .20 .04 .91 .41

2 1 2 −.00 .14 .99 −.00 −.00

5 Discussion

In this study, we examined students’ perceptions of using AI image processing functions
as an art learning tool by evaluating three constructs: learning interest, learning attitude,
and continuous learning intention.
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For the student’s learning interest (LI). Using AI image processing to teach painting
significantly improved boys’ interest in painting learning, but did not have a similar
effect on girls’ interest. The results of this experiment contrast with other studies in
which girls were found to be more interested in using new technology than boys [64].
According to contemporary theories, personal and situational interests are interrelated
in the development of learning interests, and individual interests are promoted by sit-
uational interests [19]. Situational interest is generated when the learner interacts with
the learning environment. Furthermore, the key factors that influence this interaction are
the learning content and learning environment [65–67]. In other words, male painting
learners can interact with AI graphics processing functions to generate new learning con-
tent, thus stimulating students’ situational interests through machine-generated images
and nurturing them into individual interests. Additionally, if this instructional device is
used with female students, it is imperative to pay attention to the direct experiences that
female students have while painting, and to adapt the environment and related learning
content accordingly.

In terms of the student’s learning attitude (AT). The use of interactive AI image
processing functions during the instruction of children’s painting has a negative effect
on the learning attitudes of female students, but have no significant impact on male
students. Based on social psychology and gender roles, the results could be explained by
gender differences in behavior. Social psychology indicates thatmen aremore pragmatic,
task-oriented, and result-oriented thanwomen [68].Aswell, the literature on gender roles
has indicated that men possess the traits of greater self-confidence, a greater sense of
adventure, and a greaterwillingness to take risks. As opposed tomen, females prefer light
and routine tasks and dislike taking risks [69]. According to this theory, the new learning
experience of using AI image processing to assist painting learning could be compared
to an adventure that leaps out of the comfortable zone of usual painting environment.
Therefore, most female students hold a more negative attitude than male students.

For students continuous learning intention (CI), the use of AI image processing
as a teaching aid participating in children’s painting instruction, negatively affect the
continuous learning intention of the female students.

A widely used technology acceptance model states that behavior is determined by
the intention to perform it, while the intention could be predicted by attitude [70, 71].
According to this experiment, using the AI image processing function to assist teaching,
the girls had a negative attitude towards painting learning. A t the same time, their contin-
uous learning intention weakened, which was consistent with the prediction of attitudes
and intentions in the TAM. In the technology acceptance model, the user’s acceptance of
a technology is determined by the perceived usefulness and ease of use of the technol-
ogy. Research has shown that technical characteristics and individual characteristics are
the most influential external factors in the learning process [72]. Using this approach,
experiments can be conducted at the level of perceived usefulness and perceived ease of
use in order to examine the factors that influence males and females. We can take full
advantage of the beneficial effects of technology, and explore the practical application of
artificial intelligence in children art education if we could understand and control these
factors.



A Study of the Effects of Interactive AI Image Processing Functions 103

6 Managerial Implications

This study indicates that students of different genders have different reactions to the use
of AI interactive image processing to participate in the teaching of painting. It increases
the interest of boys in painting learning, however, it reduces the interest of girls in
painting learning and students’ continue learning intention.

To use artificial intelligence image processing as a universally applicable teaching
tool to assist painting learning, developers should pay particular attention to the female
students. Adjusting the factors that affect perceived usefulness and perceived ease of use
leads to improving students’ attitudes toward learning and strengthening their intentions
for continuous learning. Adapting the program to the characteristics of students of dif-
ferent genders is needed. The role of artificial intelligence for image processing can be
explored in terms of delivering differentiated and individualized of art education. Fur-
thermore, in traditional school classrooms, the teacher cannot give attention to and guide
all students at the same time. However, when using artificial intelligence’s functions to
collaborate with the teacher, the AI can be tailored according to the needs of different
students, and is more suitable for the adaptation of teaching activities for each student.
The student may select the style in which they wish to express themselves, and may use
images generated by the computer for inspiration. At the same time, when the interactive
AI image processing functions are applied to painting teaching, the machine will also
be continuously trained, so the processes of human learning and machine learning will
complement each other.

7 Theoretical Contribution

This study uses interactive AI image processing as an auxiliary teaching tool in painting
teaching, and explores the changes in students’ learning interest, learning attitude and
continuous learning intention. The results of this study provide a theoretical foundation
for the integration of AI technology and the teaching of art disciplines. Specifically,
this study examines the differences in social psychology and gender roles in human
behavior, as well as the academic hypothesis in technological acceptance models that
through behavioral attitudes could predict the intention to perform. Academically, this
research advances the practical application of AI technology in art teaching. Meanwhile,
it also provides a reference for the developers of interactive AI graphics functions for
the purposes of designing interactive systems for the field of art education.

8 Conclusion

In the midst of technological advancement, education is embracing the digital transfor-
mation. The challenge of integrating new technology into teaching, building a coopera-
tive relationship between humans and machines in the field of education, and fostering
the personalization of education are challenges faced by educators in various disciplines.

The implications of this study are significant for AI education. The use of artificial
intelligence (AI) technology in education is becoming increasingly prevalent, however,
there is little study on its application to humanities and arts, and in particular to children’s
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painting education. On the other hand, interactive AI image processing that utilizes
generative adversarial networks has attracted significant attention from art practitioners,
and has been applied to the production of art works in various scenarios and styles. In
spite of this, there has been little investigation of applying this function to the teaching
of children’s art.

Electronic products such as robots, story machines, drones, and children’s smart
watches are changing the lives of modern children as technology develops. In some
ways, the interaction between humans and machines is influencing the way we perceive
traditional things in the post-human era. Education is exploring new paths for digital
transformation by incorporating AR, VR, AI and other technologies, and artificial intel-
ligence plays an important role in it. According to a report on artificial intelligence in
the US education market, the number of AI in education has increased by about 50%
from 2017 to 2021. However, there are fewer cases of AI being utilized in the teaching
of humanities and arts. In this study, we have explored the possibility of AI applications
in art education, and have provided a reference for the interactive AI image processing
platform for its use in art education.

The study results indicate that the use of artificial intelligence (AI) image processing
tools to participate in the teaching of painting has a negative impact on female stu-
dents’ learning attitude and continuance learning intention. In contrast, it significantly
stimulates boys’ interest in painting.

There are still certain limitations remain in this study. This study was limited in size
by the fact that it was conducted among students of a training class in art; all participants
came from Fujian, a relatively small region. In this case, there is a wide margin of error.
In the following experiments, the number and size of the selected samples should be
increased. Students are grouped according to content rather than age in experimental
art training classes. As the class is used as the unit of experimentation, this leads to a
different age distribution in the sample, affecting the comprehensiveness of the data.
Future experiments should consider grouping test subjects according to their age range.
Moreover, the subjects of this study are children. Although the questionnaire has been
reworded and the testers have provided assistance in interpretation, some young children
may still have difficulty understanding the content of the questionnaire, which will also
affect the accuracy of the study. When subjects are grouped by age, it is possible to tailor
the questionnaire expression to match the cognitive abilities of children in different
age groups for more effective communication. In addition, the amount of experimental
equipment is limited, which may adversely affect the user experience when interacting
with AI image processing platform. The number of lab equipment can be increased in
the future to enhance the students’ user experience.

The findings of this study demonstrate that the use of AI image processing tools to
participate in teaching painting reduces female students’ intention to continue learning
painting and negatively affects their learning attitudes. However, it has significantly
influenced boys’ interest in learning to paint. So, new research can be conducted from
the perspective of gender differences in technology acceptance models. Analyze what
factors affect both male and female students’ continuous learning intentions on painting
learning when utilizing AI image processing tools. Adjusting these variables will allow
the development of a more differentiated and personalized method of teaching painting
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and explore the possibility of incorporating interactive AI image processing functions
to art education. At the same time, since the existing AI image processing platform is
not specifically designed and developed for the field of art education, this study also
provides new development ideas for the designer and developer of AI image processing
platforms.
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Abstract. This study investigated how environmental boundaries and road reg-
ularity influence people navigating through Virtual Reality (VR) and construct-
ing cognitive maps. Thirty-six younger adults participated in the VR experiment,
where they navigated in twodifferent roads (a regular road and an irregular road) on
three types of environmental boundaries (no boundary, square boundary, and trape-
zoidal boundary) to learn virtual environments and locate a reward. The results
of the experiment showed that environmental boundaries and participants’ spatial
ability had significant influences on cognitive map construction. In regular road
environments, participants constructed worse cognitive maps when navigating in
the trapezoidal boundary than in the square boundary. In addition, the better spa-
tial ability the participants had, the better cognitive map they constructed. These
results give insights into researches on how older adults use spatial geometric cues
including environmental boundaries and road regularity when navigating.

Keywords: Environmental boundary · Road regularity · Cognitive map ·
Navigation · Virtual reality

1 Introduction

Head-mounted display virtual reality (VR) applications offer a 3D viewing experience,
and many of them, such as game applications and traveling applications, allow users to
navigate in immersive environments. Despite the unrivaled experience, a problem has
arisen with VR spatial disorientation [1–4]. Users do not acquire spatial knowledge in
VR as well as they do in the real world [5–7].When navigating in the real world, humans
adopt visuospatial perception andpath integrationwhich is related to physicalmovement,
proprioceptive, and vestibular inputs [8] to obtain navigation information [9, 10]. Various
attempts have beenmade tomimic real-world navigation in terms of the sense of presence
[11–13],ways of teleportation [1, 3], and the presentation of landmarks or routes [14, 15].
However, directly transferring spatial navigation in the real world to VR is challenging,
because VR changes the interaction between humans and the environment and thus
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the role of navigation information (e.g., vestibular information, [16])and the use of
navigation strategies [17, 18]. The dynamic changes during interaction call for an in-
depth understanding of spatial cognition to provide a relatively stable stepping stone to
intervention.

Neuroscience research on spatial cognition unveils how the brain’s GPS works and
might throw light on the disorientation problem. The discovery of place cells, grid cells,
border cells, and other navigation cells opened up a new era of research in the field of
navigation in cognitive and behavioral neurobiology (for a review, see [19]). In these
studies, environment boundaries have been shown to affect the firing fields of navigation
cells [20–23]. These studies concentrated on how environmental boundaries affected
animals’ ability to locate targets in the real world, and only a few studies considered
how environmental boundaries influence people navigating in a virtual environment. It
is possible that environmental boundaries could be a fixed reference frame in egocentric
navigation [24]. Participants have better navigation performance in a VR environment
with a square boundary than an environment with a trapezoidal boundary, and the dis-
tortion of their spatial memory is related to grid cell activity [25]. However, navigation
usually involves travel within environments with various boundaries and roads. It is still
not clear whether the regularity of roads would influence people’s experiences of navi-
gating environments with various boundaries. Therefore, this study aims to investigate
how environmental boundaries and road regularity affected people navigating in virtual
environments.

2 Literature Review

2.1 Effects of Environmental Boundaries on Navigation

Behavior Studies of the Effects of Environmental Boundaries on Navigation.
Environmental boundaries influence how species navigate in environments. Certain
species could use environmental boundaries as a visual cue to help them reorient in
certain environments, for example, ants could use the panoramic skyline to orient them-
selves in deserts [26], and humans could locate a target more accurate when the target
was located near environmental boundaries than when the location of the target was
far from environmental boundaries [27] and their reorientation performance gradually
decreased with the increase of the rotational symmetry of the environmental boundary
geometry [28, 29]. Hartley et al. [30] explored the influence of expanding and compress-
ing the virtual environment on spatial memory. The results show that the participants
tend to maintain a fixed distance from a nearby wall when the environment is expanded,
and when the environment is compressed, the participants tend to maintain a fixed pro-
portional distance from the wall [30], which indicates that the environmental boundary
might be used to help spatial memory. These studies have shown that environmental
boundaries have a positive effect on animal navigation in space. However, recent stud-
ies have shown that the geometry of environmental boundaries affected people’s spatial
memory of the location of an object. People located a target in a trapezoidal environ-
ment more inaccurately than in a square environment, especially in the more polarized
parts [25], which suggested that the polarized geometry of environmental boundaries
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might distort cognitive mapping. However, another study showed that participants ori-
ented a target as well in square rooms as in trapezoidal and rectangular rooms [28].
Although both studies were testing people’s spatial memory of the target’s position, the
former required a higher accuracy of the object’s position and focused on the offset of
the object’s position, while in the latter, the participant was given several positions to
choose from, which might have led to their different results.

Neural Bases of Navigation Related to Environmental Boundaries. The influence
of environmental boundaries on spatial navigation and spatial memory are related to
the neural mechanism in the brain. A number of studies showed that environmental
boundaries would influence the firing field of place cells, boundary cells, and grid cells.
Extending the geometry of environmental boundaries would stretch or split the firing
field of place cells in the extended direction [31]. Studies also showed that the hexagonal
firing fields of grid cells would be distorted, and the firing field of boundary cells and
place cells would be shifted in polarized enclosures [21, 22], which might lead to the
inaccurate memory of the locations of objects. However, the environmental boundary
has the effect of stabilizing the firing field of the grid cell. Studies have shown that the
coding errors of grid cells with regular firing fields will accumulate with the increase
of travel time and distance, and the environmental boundary could help correct coding
errors [20]. In addition, the closer animals are to the environmental boundary, the more
precise the egocentric boundary representation of egocentric boundary cells is, and the
firing fields of the egocentric boundary cells were not affected by the environmental
boundary’s visual appearance, a change in the size of the environment, and the rotation
of boundaries [24]. Neural activity related to the boundary distance has also been found
in the human subiculum [27].

2.2 Road regularity’s Effect on Navigation

In a new environment, people first learn about distinguishable landmarks; then, they
connect different landmarks to form a route and finally construct a cognitive map of
the environment in their minds [32, 33]. Navigators could acquire information about
the location and route after visiting them. Road patterns affect people’s navigation and
wayfinding. The complexity of straight roads was considered to be lower than that
of curved roads, and participants tend to select straight roads to minimize complexity
during navigation [34–36]. However, if only the aesthetics are considered, participants
preferred curved roads to straight roads [37].Additionally, the type of irregular road could
provide navigation clues for navigators. A study suggested that participants spent more
time processing information and paid more attention when they navigated on irregular
roads, rather than on regular roads, during the orientation and shorter route selection
tasks [38].

Thus, in this study, our hypotheses are as follows:

1. Participants have higher spatial navigation performance in regular road environments
compared to irregular road environments, and they havemore difficulty in generating
a cognitive map in irregular road environments than in regular road environments.
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2. Participants have better spatial navigation performance in a trapezoidal environment
than in no boundary and square boundary environments, but they could generate
better cognitive maps more easily in the square and no boundary environments than
in the trapezoidal boundary environments.

3 Materials and Methods

3.1 Tasks

The tasks were based on research involving the virtual Morris Water Maze (vMWM),
which required subjects to repetitively learn an environment and was widely used to test
participants’ spatial memory and ability to construct a cognitive map [39, 40]. In our
experiment, participants wore a VR helmet and used a gamepad to navigate in virtual
environments and were asked to quickly and precisely locate a hidden reward. When the
reward was found, participants had 15 s to observe the surrounding environment. Six
trials were conducted in this experiment. In each of the trials, the location of the reward
was fixed, while the location of the starting point changed. After six trials, participants
needed to draw an overview map of the virtual environment they navigated.

3.2 Variables

In this study, we conducted a mixed factorial experiment. The independent variables
were environmental boundaries (the between-subject factor) and road regularity (the
within-subject factor), as shown in Table 1. Environmental boundaries had three levels:
no boundary, square boundary, and trapezoidal boundary. Road regularity had two levels:
regular road and irregular road. A regular road was defined as a road with orthogonal
intersections and linear shapes, and an irregular road was defined as a road with non-
orthogonal intersections and curves [38].

The dependent variableswere reciprocal speed and cognitivemap construction. Since
the total lengths between the regular road and irregular road conditions varied in the
virtual environment, we used the reciprocal speed which was calculated by taking the
total time (the sum of the times of the six learning trials) divided by the road’s total
length as the dependent variable, (see Eq. (1)). We divided the road net into 10 roads
(see Fig. 1). The accuracy of cognitive map construction was calculated by the following
criteria: (1) If both the placement of the road relative to the reward and the shape of the
road were correct, add 1 point; otherwise, add 0 points. (2) If the participants draw an
extra road, 1 point will be deducted. The maximum score is 10 points.

reciprocal speed = total time/road length (1)

Since spatial ability and spatial memory might affect participants’ performance,
spatial ability and spatial memory were included as covariates. Computer experience
which was the experience of participants in using VR, using gamepads, and playing 3D
games was also included as a covariate.
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Table 1. Design of the experiment

Environmental boundaries Road regularity

Regular road Irregular road

No boundary P1-P12 P1-P12

Square boundary P13-P24 P13-P24

Trapezoidal boundary P25-P36 P25-P36

Note: P represents participant

3.3 Participants

Thirty-six participants (M = 23.64, SD = 1.175, ages ranged from 20 to 26) who came
fromChongqing University were recruited. Sex was counterbalanced in this experiment.
Volunteers who had nausea and dizziness were excluded from this study.

3.4 Procedure

The experiment was conducted on two consecutive days. On the first day, the experi-
ment required approximately 60min. First, participants needed to complete a background
information questionnaire, and then, their spatial memory and spatial ability were tested.
Second, participants practiced in a smaller virtual environment that was similar to for-
mal environments to familiarize themselves with the VR environment and the use of
the gamepad, and to allow us to exclude participants who had 3D vertigo. Third, par-
ticipants began the formal experiment of learning the environment and locating the
reward six times. Participants stood up during the experiment. During the experiment,
we recorded the time participants spent on each trial. Participants were allowed to take a
break every three trials. After six trials, participants needed to draw an overview map of
the environment. The next day, participants did the second experiment, which required
approximately 40 min. Participants did six trials in which the environment was different
from the previous experiment. After six trials, they drew a sketchmap of the environment
that they learned. Finally, we recorded the amount of time participants used the gamepad
to navigate on a road in the virtual environment, in order to test how participants used
gamepads.

3.5 Apparatus

Software. Six prototypes (i.e., two levels of road regularity × three levels of environ-
mental boundaries) were designed in this study, as presented in Fig. 1.We used Unity 3D
to develop VR environments. The area of the square enclosure was the same as that of
the trapezoid enclosure. The number of intersections was the same between regular road
environments and irregular road environments. There was a reward, which was hidden,
and it was always in the same place in the virtual environment. When the participants
were close to the reward, the reward was visible. An example of experimental virtual
environment is shown in Fig. 2(a, b).
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(a) Scene 1 (b) Scene 2

(c) Scene 3 (d) Scene 4

(e) Scene 5 (f) Scene 6

Fig. 1. The star symbol represents the reward. The white lines are the environmental boundaries
and the black lines are roads. The prototypes in this experiment: (a) Scene 1 (S1)—no boundary
and irregular roads environment; (b) Scene 2 (S2) —no boundary and regular roads environment;
(c) Scene 3 (S3) —square boundary and irregular roads environment; (d) Scene 4 (S4) —square
boundary and regular roads environment; (e) Scene 5 (S5) —trapezoidal boundary and irregular
roads environment; (f) Scene 6 (S6) —trapezoidal boundary and regular roads environment.

Equipment. This experiment was conducted in the HCI Lab of Chongqing University.
A paper folding test was used to test participants’ spatial ability [41]. In the paper folding
test, participants were asked to imagine the folding and unfolding of pieces of paper.
The test included two parts. Participants were given 3 min to complete each part of the
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test. Spatial memory was tested by the KJ-I spatial location memory span tester which
had 16 (4 x 4) buttons with LEDs. Participants needed to correctly remember the order
in which 2–7 buttons randomly lit up. Then, they were required to press the buttons
according to the order in which buttons were illuminated. The step was repeated, and
the number of lit buttons increased. A higher score meant that a participant had better
spatial memory. We used HTC Vive (consumer version), which had a head-mounted
display (HMD), two single-hand gamepads, and a positioning system (lighthouse) that
tracks both the monitor and the controller in space, to run the VR software. HTC Vive
had an effective resolution of 1200 x 1080 for one eye, a combined resolution of 2160 x
1200 for both eyes, and a refresh rate of 90 Hz. The experimental scenario is shown in
Fig. 2(b).

(a)         (b)               (c) 

Fig. 2. (a) One virtual environment in which participants navigated with first-person vision; (b)
a top view of one virtual environment; (c) participants navigating in the virtual environment.

4 Results

4.1 Background Information

The demographic information of the participants is shown in Table 2. The spatial ability
of the participants ranged from 9 to 20 (M = 15.22, SD = 2.674). The spatial memory
of the participants was in the range from 3.66 to 5.00 (M = 4.496, SD = 0.36). Three
of the participants reported they had mild vertigo in the later stage of the experiments.

Table 2. Demographic information

Variable Category num %

Education Bachelor’s 2 5.6%

Master’s 34 94.4%

Experience
using VR

With 20 55.6%

Without 16 44.4%

(continued)
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Table 2. (continued)

Variable Category num %

Experience
using gamepad

With 19 52.8%

Without 17 47.2%

Experience
playing 3D games

With 29 80.6%

Without 7 19.4%

4.2 Performance

Covariance analysis (ANCONA)was used to analyze the effects of independent variables
(environmental boundaries and road regularity) on the reciprocal speed and construction
of a cognitive map. The spatial ability, spatial memory, and computer experience of
participants were included in the analysis model.

Reciprocal Speed. Except for one participant who had been navigating in an environ-
ment for too long and could not locate the reward, all other participants could locate the
reward successfully in this study. Therefore, we removed this abnormal data. The results
of the covariance analysis showed that environmental boundaries and road regularity
had no significant effect on the reciprocal speed. Spatial ability, spatial memory, and the
computer experience of participants also had no significant effect on the reciprocal speed.
There was a learning effect in this experiment (see Fig. 3).We observed that in trials 1–3,
participants randomly searched for the reward while observing their surroundings and
remembering the shapes of roads. After getting familiar with the environment, in trials
4–6, most of the participants were able to locate the position of the reward according to
the environmental boundaries and road shapes.

Fig. 3. Participants learned the environment in six trials.

Cognitive Map Construction. In this study, we invited two other experts on human-
computer interaction to grade the sketch maps of the participants and calculated the
consistency of the scores. Kendall’s coefficient of concordance (W) was used to analyze
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the consistency. Kendall’s W coefficient was equal to 0.957, which indicated that there
was a high level of consistency in grading the cognitive map scores and that the data
were reliable.

Accuracy of cognitive map construction. The data were analyzed by using ANCONA
and Turkey’s HSD. The covariates were spatial ability, spatial memory, and computer
experience. The results have shown that environmental boundaries had a significant
main effect on the accuracy of cognitive map construction (F(2, 62)= 5.4786, p< 0.01,
partial ï2 = 0.16), and there were significantly different performances between square
boundaries and trapezoidal boundaries in regular road environments (diff = -2.88, p <

0.01), as shown in Fig. 4(a). Spatial ability had a significant effect on the accuracy of
cognitive map construction (F(1, 62) = 7.5157, p < 0.01, r = 0.35). We divided the
spatial ability into two levels (low and high) by using the median of the tested scores of
the spatial ability. The results showed that participants with higher spatial ability drew
more accurate cognitive maps than those with lower spatial ability (F(1, 69) = 5.519, p
< 0.05), as shown in Fig. 4(b).

List of Drawing Errors on Sketch Maps. We checked participants’ sketch maps and
found that 66.2% of sketch maps were drawn well (the cognitive map construction score
is 8–10 points), 23.9% of sketch maps were medium (the cognitive map construction
score is 5–7 points), and 0.1% of sketch maps were bad (the cognitive map construction
score is 0–4 points). In order to analyze the factors that make it difficult for participants to
construct cognitive maps, we counted the reasons for the errors in drawing sketch maps
from four aspects: the shape of the road drawn by the participant is incorrect, extra roads
are drawn, the roads drawn are in incorrect locations, or there are missing or incomplete
roads on the map. In the collected sketch maps, 21 (29.6%) of sketch maps were com-
pletely consistent with the environments. In incorrect sketch maps, 29 (40.8%) of sketch
maps had incomplete roads ormissing roads, 27 (38%) of sketchmaps had incorrect road
shapes, 8 (11.3%) of sketchmaps had some roads thatwere incorrectly positioned relative
to the reward, and 4 (5.6%) of sketch maps had extra roads. The frequency of errors per
participant was computed from the total frequency divided by the number of participants
whomade a unique error in a sketchmap (as shown in Table 3). In addition, because there
was a significant differencebetween the trapezoidal boundary and the square boundaryon
the accuracy of cognitive map construction in regular road environments, we counted the
frequency of the four types of errors under different environmental boundary conditions
in the regular road environment (as shown in Table 4).

Environmental boundary effects. In this study, we found that participants seldom
noticed environmental boundaries. The statistics data showed that only 10 (41.7%)
participants who navigated in the square and trapezoidal boundary environment (24
participants) drew 16 environmental boundaries (34%) in their sketch maps, as shown
in Fig. 5(a, b). Additionally, only 5 participants drew 6 correct environmental bound-
ary shapes (37.5%) in the square and trapezoidal boundary condition experiments. In
the trapezoidal environment, participants drew the environmental boundary into other
shapes, such as a square and a non-isosceles trapezoid, as shown in Fig. 6.After the exper-
iment, we interviewed participants. Participants said that they seldom pay attention to
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the environmental boundaries or said that they thought the shape of the environmental
boundary was square, which could not help them navigate, so they did not use the envi-
ronmental boundary to locate the reward. Instead of taking the environmental boundary
as a whole, some participants (5 participants) located the reward based on the far one
side of the environmental boundary (the trapezoidal side) from the end of the road.

We analyzed the data to discover whether drawing environmental boundaries could
help people navigate in environments. The results showed that participants who drew
environmental boundaries took significantly less time than participants who did not draw
environmental boundaries (F(1, 45)= 5.4082, p< 0.05), and the time to locate the reward
was reduced by 15.2%, as shown in Fig. 4(c). However, there was no difference in the
accuracy of cognitive map construction. We also explored whether the correctness of
the environmental boundary drawn by the participants would affect their performance.
The results showed there was no significant effect of the correctness of environmental
boundary shape on the time they spent to locate the reward and the construction of the
cognitive map.

(a) (b)

(c) 

*

* 

* 

*

*

*

Fig. 4. (a) The main effects of environmental boundaries on cognitive map construction; (b)
the effect of spatial ability on cognitive map construction;(c) the effectiveness of drawing an
environmental boundary based on the reciprocal speed.
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Table 3. List of drawing errors on sketch maps with different environmental boundaries

Environmental
boundaries

Incorrect
shape

Incorrect
position

Drew extra
roads

Missing or
incomplete
roads

Total

T.Num
(P.Num)

Ave T.Num
(P.Num)

Ave T.Num
(P.Num)

Ave T.Num
(P.Num)

Ave T.Num
(P.Num)

Ave

No boundary 18 (11) 1.64 5 (3) 1.67 0 0 18 (10) 1.8 41 (24) 1.71

Square
boundary

9 (7) 1.29 3 (2) 1.5 4 (2) 2 13 (9) 1.44 29 (20) 1.45

Trapezoidal
boundary

18 (9) 2 4 (3) 1.33 4 (2) 2 43 (11) 3.91 69 (25) 2.76

Total 45 (27) 1.67 12 (8) 1.5 8 (4) 2 74 (29) 2.55 139 (69) 2.01

Table 4. List of drawing errors on sketch maps with regular road environments

Environmental
boundaries

Incorrect
shape

Incorrect
position

Drew extra
roads

Missing or
incomplete
roads

Total

T.Num
(P.Num)

Ave T.Num
(P.Num)

Ave T.Num
(P.Num)

Ave T.Num
(P.Num)

Ave T.Num
(P.Num)

Ave

No boundary 4 (1) 4 2 (1) 2 0 0 9 (5) 1.8 15 (7) 2.14

Square
boundary

0 0 2 (1) 2 2 (1) 2 4 (2) 2 8 (4) 2

Trapezoidal
boundary

8 (3) 2.67 0 0 2 (1) 2 29 (6) 4.83 39 (10) 3.9

Total 12 (4) 3 4 (2) 2 4 (2) 2 42 (13) 3.23 62 (21) 2.95

Note: T.Num: Total number; P.Num: number of participants; Ave: average number

Relationship between accuracy of cognitive map construction and reciprocal speed.
We did a linear regression analysis to verify whether the time spent in the environ-
ment would affect the construction of cognitive maps. The results showed that there was
no significant influence of total time on the construction of cognitive maps (t = -0.574,
p = 0.568).
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Fig. 5. (a) The number of participants who drew the environmental boundary and did not draw
the environmental boundary on their sketch map in square boundary environments and trapezoidal
boundary environments, respectively; (b) the number of participants who drew the environmental
boundary and did not draw the environmental boundary on their sketch map in regular road
environments and irregular road environments, respectively.

(a) (b)

Fig. 6. (a) The overview map of the regular road with trapezoidal boundary environment, where
the environmental boundary shape is isosceles trapezoid. (b) The cognitive map perceived by par-
ticipant 27, who navigated in the regular road conditions with a trapezoidal boundary environment.
In (b), the participant perceived the environmental boundary shape as a square shape, and roads
➀,➁,➂,➃,➈,➉ were distorted according to the environmental boundary shape.

5 Discussion

Environmental boundaries and participants’ spatial ability affected their performance
in constructing cognitive maps. Adding an environmental boundary is not necessarily
helpful for navigation, but it is useful for spatial cognition; participants constructedmore
accurate cognitive maps and had fewer drawing errors in their sketch maps in square
boundary environments than in no boundary environments. However, the effects were
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influenced by the geometry of the environmental boundaries. Participants constructed
worse cognitive maps and had more errors in their sketch maps while navigating in
trapezoidal environments with regular roads than in square boundary and no boundary
environments, whichmight indicate that participants in the regular road environment had
a better spatial cognition of the roads in the square boundary environment than in the
trapezoidal boundary environment. One possible reason might be that participants had
to remember roads to locate the reward in the regular road environments with the square
boundary, where there were fewer cues to help participants determine the direction of
the reward. However, in the trapezoidal boundary environment, participants could rely
on the geometry of the environmental boundary for orientation, so that they did not have
to deliberately remember all roads. Our data also shows that 60.9% of participants who
navigated in the trapezoidal boundary environment drew the environmental boundary in
their sketch maps, while only 8.3% of participants who navigated in the square boundary
environment drew the environmental boundary in their sketchmaps, as shown inFig. 5(a).

The shape of the environmental boundaries did not affect the navigation time needed
to locate the reward, while other studies indicated thatmobile animals (such as rats, birds,
fishes) tended to use the geometry of environmental boundaries to help them navigate
[29, 42]. We thought that the result might be related to the perception of the environ-
mental boundary. Participants seldom noticed the environmental boundary during the
experiment and had difficulty perceiving the shape of environmental boundaries. There
are three reasons that might account for these results. First, participants did not have
good recall of environmental boundaries, because there were no other cues (such as
different colors) on environmental boundaries. Second, the color of the environmental
boundaries was similar to the sky color, whichmight cause the environmental boundaries
to be less noticeable. In addition, because all sides of the environmental boundary were
a blue color, geometric edges and corners were not salient in square and trapezoidal
boundaries, which might make it difficult for participants to distinguish the geometric
shapes of the environmental boundary. The third reason is that possibly the scale of the
environment was too large for the participants to notice the boundaries. Studies have
shown that in large enclosures, participants rely more on feature information than geo-
metric information [43, 44]. Possibly, the walls were too long for participants to see the
entire wall, and thus, they had difficulty perceiving the geometry of the environmental
boundary. Two participants in our study said they only noticed on the side of the envi-
ronmental boundary around the reward and took it as a cue to locate the position of the
reward.

In this study, road regularity did not influence the time that took for participants
to locate the reward and construct a cognitive map. This might be because there were
not too many landmark cues, which made it was easier for the participants to find the
corresponding geometric clues to help them locate the reward.

This study gives insights into researches on how older adults use spatial geometric
cues including environmental boundaries and road regularity when navigating. In pre-
vious studies, landmark cues, rather than geometric cues, were generally considered to
be the most helpful environmental factors for older adults to navigate [45–47]. This was
mainly because aging led to processing defects of spatial and self-localization represen-
tations in the entorhinal cortex [48] and hippocampus [49–51]. Thus, the transformation
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of spatial information processing structure from hippocampus to caudate nucleus during
aging was promoted [52]. However, some researchers suggested that geometric cues
were the key cues older adults use to self-orient and navigate in environments. A recent
study found that when geometric cues were conflict with landmark cues, older adults
relied more on geometric cues to locate the target objects [53]. Besides, when older
adults were trained to locate objects, they learned to integrate geometric cues around the
object, rather than landmarks [54]. According to the above researches, how older adults
use the geometric cues in the environment when navigating is still not clear. Therefore,
subsequent studies should be considered to focus on the geometric environmental cues
used by older adults. Since spatial ability declines with age [55], reciprocal of speed and
accuracy of cognitive map construction could be inferred to get worse with age.

Furthermore, older adults’ use of geometric cues in space may be affected by the
size of environments. A screen-based virtual reality study showed that older adults had
difficulty in redirecting using marker cues [56]. Conversely, another study based on
virtual reality found that older participants were hindered in learning the location of
objects using environmental boundaries, that is, they had difficulty navigating using
geometric cues [57]. It should be noted that the former study conducted experiments
at a room scale, while the latter study at a larger spatial scale. Therefore, subsequent
studies on older adults should be considered to include the independent variable of
environmental scale.

There are several limitations that should be noted. One limitation of our study is
that the irregular road environments included regular roads, which might cause partic-
ipants to select linear roads rather than curvy roads for orientation [58]. Second, the
height and color of the environmental boundaries are fixed, and they are not taken into
consideration in the experiment. Third, in the experiment, participants were standing
up without walking, which was different from navigating in a real environment, where
animals could rely on locomotion and accompanying activation to orient and navigate
[8, 16]. In addition, we only tested one type of trapezoidal boundary. In the future, more
geometric shapes of environmental boundaries need to be tested.

6 Conclusions

In this study, we examined how environmental boundaries and road regularity influ-
enced people navigating in a virtual environment and constructing a cognitive map.
With respect to navigation performance, we found that environmental boundaries and
road regularity did not influence the time participants took to locate the reward, but there
was a learning effect: as the number of trials the participants navigated in the virtual
environment increases, the time for them to find the reward decreases. For cognitive
construction, the results showed that when participants navigated in trapezoidal bound-
ary environments, they constructed worse cognitive maps and made more errors, i.e.,
not being able to recall the roads, than when they navigated in no boundary and square
boundary environments. What is more, we also found that participants seldom noticed
the environmental boundary, but participants who drew environmental boundaries in
their sketch maps took significantly less time than participants who did not draw envi-
ronmental boundaries. However, participants could not correctly perceive the shape of
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the environmental boundary; that is, some participants drew the environmental boundary
in an incorrect shape.
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Abstract. This study aims to understand the synesthesia phenomenon between
color senses and different musical scales of the Chinese musical instrument
“Guqin”, the research method is a quasi-experiment design method. Twenty-one
observers were invited to join the assessment of the experiment in synesthesia
between the color and musical scales of Guqin by using convenient sampling.
Three tasks should be finished on each observer. These include increasing the
lightness task, decreasing the lightness task, and selecting the target color when
hearing the eight musical scales of Guqin.

This study analyzes the difference between the observers who have music
training backgrounds or do not, using the independent-sample T-test. It is also
to understand the synesthesia between the musical scales of Guqin and the light-
ness/color. The study results show no significant difference between music and
arts backgrounds observers in the lightness adjustment task. Result also shows a
positive correlation between lightness and musical scales. The saturation of color
is no significant correlation with musical scales, the pilot study figures out the
robust results, which provide the next stage in experiment design.

Keywords: Color synesthesia · Lightness · Saturation · Music scales of Guqin

1 Introduction

Based on Tsai’s research points, the high-level’s information processing should be con-
sidered the “semantic understanding” in the information process system (IPS) and the
“task-oriented” in the cognition processing system (CPS) for visual assessment tasks
(Tsai et al. 2018). Synesthesia has related two senses and a high-level process in humans’
cognitive activity. Lynn Kaye Goode (2010) points out that synesthesia is a peculiar neu-
rological phenomenonwhen two senses combine. Thus, the peoplewho experience these
two sensations are called “synesthetes.” Such as, when people hear a high musical tone
or see the bright colors and then feel the lightness are types of synesthesia. According to
Tsai’s model of perceptual image quality assessment. The top-level shows that visual or
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image assessment considers complex cognition issues. It is directly related to semantic
understanding and the task-oriented concept (Tsai et al. 2016; Tsai et al. 2018). The
research papers also point out the critical assessment items for visual assessment at the
high level of cognition when assessing brightness, colorfulness, etc. This study is to
understand the human’s feeling in brightness and color when they hear the different
musical scales. This pilot study focuses on a uniform color patch, not a complex image.

2 Literature Review

2.1 Synesthesia Phenomenon

Synesthesia is when an individual experiences a neurological sensation in which some
of the usual senses are not separate but seem to be cross-wired (Hanlon 1991). Many
research papers discuss the grapheme-color synesthesia phenomenon. For example, the
experiment task asks observers to describe or speak the color of the ink for certain words
where the single word shows a different color (see Fig. 1). Ward (2008) argues “that
sensory mixing is the norm even though only a few of us cross the barrier into the realms
of synesthesia.” Synesthesia is meant to stimulate one of the human senses and several
other senses. In other words, the feeling of visual and sound may be commingled or the
taste and the touch.

Green  Red YellowBlue

Fig. 1. The example of a study on the grapheme-color synesthesia phenomenon.

2.2 The Synesthesia Between Color Feeling and the Music Scales

Many studies have discussed synesthesia phenomena about 64% in grapheme-color
synesthesia in past years. Achromatic letters or digits automatically trigger a distinctive
color perceptual experience (e.g., the letter ‘m’ induces blue color percepts). Substantial
advances have been made in the understanding of synesthesia, and hence more globally
in the comprehension of perception and consciousness (Safran and Sanda 2015). To
understand the synesthesia phenomenon between color senses and different musical
scales. A pilot study focuses on the relationship between color feeling and the Music
scales. The “Guqin” is a Chinese culture-historical and typical musical instrument.

2.3 The Guqin

Guqin is one of the oldest musical instruments in Chinese culture. According to Chinese
historical records, it was created more than 3000 years ago. The appearance of the
modern Guqin dates back to 1500 years ago during the “Wei, Jin, Southern and Northern
Dynasties.”
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The most common tuning of Guqin’s seven strings are 5 6 1 2 3 5 6 in relative pitch,
and the absolute pitch is about CDFGAc d.Guqin has three basic tones according to the
ways of playing: “San” (Open String), “Fan” (Harmonics), and “An” (Stopped string).
Through different playing methods, the players can obtain a range of four octaves, and
most listeners feel that the Guqin has a calm tone, giving people a sense of tranquility.

3 Research Method

3.1 Experimental Instrument “Guqin”

The experiment material of sound is made from the typical Guqin in which the entire
length is 122.5 cm, and the effect of the scale length is 112 cm. The Guqin’s strings
were made of modern nylon-flat wound steel strings. The tuning standard set as the A
is equal to 440, according to the standard pitch to locate the string position. The play
method of the right hand is to hook the string of Guqin1, which records the timbre. The
right-hand position is also located between the 1st Hui and Yue Shan, about 8 cm from
the Yue Shan. To get the uniform timbre of each sound, all the sounds were played with
the press method. Table 1 shows the position of each string and its scale length had set
in the musical scale of Guqin.

Table 1. The position of each string and its scale length.

Tuning Left thumb position Scale Length

C position 10 of the forth string 84

D position 9 of the forth string 74.5

E position 7.9 of the forth string 67

F position 7.6 of the forth string 63

G position 7 of the forth string 56

A position 6.5 of the forth string 50

B position 6 of the forth string 45

c position 5.6 of the forth string 42

3.2 Observers

A quasi-experiment design method has been set in this study. The 21 observers with
normal color vision were invited to join the assessment of the experiment in synesthesia
between the color and musical scales of Guqin by using convenient sampling. There
were six males and 15 females. Twelve observers had been recruited from the depart-
ment of visual arts and design; 9 observers had been recruited from the Department of
Ethnomusicology. All students who join the experiment and their major for more than
two years in the bachelor program at Nanhua University.

1 Use the middle finger of the right hand to pluck the string inward.
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Fig. 2. An example of the left fingers’ position is related to playing the Guqin.

3.3 CIELab Color Space

The International Commission on Illumination (CIE) defined the CIELab 1976 color
space, which describes the three dimensions, including X, Y, and Z, which are the
tristimulus values of the stimulus, and Xn, Yn, and Zn, which are the tristimulus values
of the reference white point (CIE 1986; Fairchild 2005). The CIELab color space sets up
the color as three dimensions of theCIEL* for lightness from zero (black) to one hundred
(white) and the CIE a* and CIE b* for the hue and chroma. The CIELab color space was
also designed as a “perceptually uniform or uniform color space,” which means that “the
same amount of numerical color value change corresponds to roughly the same amount
of visually color perceived change” (CIE 1986; Brainard 2003). This study displays the
RGB color patch translated from the CIELab value (Tsai 2019). The color judgment
includes the hue and chroma dimension. The CIE L* value was calculated in tasks 1 and
2, increasing and decreasing the lightness judgment. The CIE a* and CIE b* values had
calculated in task 3, which judgment the color when hearing the musical scale of Guqin.

3.4 Experiment Setting and Analysis Method

The eight sounds had created by the professional musician of Guqin. Each sound was
recorded separated into a single mp3 format file with 256 Kbps. The experiment inter-
faces were designed by using the Visual Basic Program. The duration time of judgment,
the CIEL value on tasks I & II, and the CIELab value on task III were collected.

In task III, the calculated values of distanceswere reported in terms of deltaEab using
the CIELab color difference formula (see Eq. 1). Figure 2 shows that the delta Eab was
calculated the distance between each target Eab value and the center area which the Lm
* is equal to 50, the am*, and bm* are equal to zero. The target Ln *, an*, and bn* values
will be generated from each observer selecting the current color on the monitor by using
the mouse arrow and clicking the left key when they hear the single sound of Guqin (see
Fig. 3).

To analyze the difference between the observers who have music training back-
grounds or not by using the independent-sample T-test. It is also to understand the
synesthesia phenomenon in which the lightness/color is affected by the different Guqin
musical scales.
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Fig. 3. Hints of the distance (delta Eab) calculation between median value and all Ln*, an*, and
bn* in the CIELab color space.

�Eab∗ =
√

(Lm − Ln)2 + (am − an)2 + (bm − bn)2 (1)

where the delta Eab is the distance between each pixel and the center area of the
CIELab color space and each color.

3.5 Experiment Procedure

Three tasks should be finished on each observer. These include increasing the lightness
task (a task I), decreasing the lightness task (task II), and selecting the target color when
hearing the eight randomly musical scales of Guqin (task III). These three tasks were
randomly shown to each observer. Figure 4 shows the procedure of the experiment in
this study. After the observer reads the introduction of the experiment, then do two
or more exercises of an experiment for understanding the procedure and its operation.
Usually, below the 15 min to finish all the tasks. For example, observers judge the
lightness increase from black to white when hearing a randomly single sound in task
I. 8 sounds were randomly played in task I. Figure 5 shows the procedure of the task;
the observers adjust the lightness/color on the monitor through the mouse arrow after
hearing the sound. They could replay the sound one more time by themselves if needed.
The random noise image will show after the observer clicks the confirmation button to
avoid the after image effect (Fig. 6).

Fig. 4. The flow chart of the experimental procedure.
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Fig. 5. Task procedure flow in the experiment.

Fig. 6. Experiment screen in tasks I, II (left image), and task III (right image).

4 Data Analysis

The results show that the significant difference between the two tasks (tasks I and II) is
increasing and decreasing the lightness judgment. Generally speaking, the decreasing
lightness’s average CIEL value of the decreasing lightness is significantly large than the
increasing lightness. Thus, the follow-up analysis should be merged those CIEL values
from two tasks to balance the difference between the two tasks. On the other hand, the
different major has no significance in each sound ofmusical scales (see. Table 3). Results
also show that the marginal mean distribution of the lightness is significantly affected
by the different Guqin musical scales. (Unit: CIEL value). Figure 7 shows the lightness
sensation growly based on the different pitches of musical scales from the item as “Do”
(tunning C) to the item as hDo (tunning c) (Table 2).

Table 2. The results of independent-sample T-Test in between the different tasks (Unit: CIEL
value)

Musical scales Task N Min Max Mean S.D Levene test Sig

Do I 22 0 82 28.14 19.31 .569 .085

D 20 11 84 38.90 20.235

Re I 22 0 68 30.23 19.31 .563 .003*

D 20 24 83 49.85 20.37

(continued)
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Table 2. (continued)

Musical scales Task N Min Max Mean S.D Levene test Sig

Mi I 22 21 86 55.30 19.35 .792 .001*

D 20 5 73 32.86 19.211

Fa I 22 10 84 42.64 20.60 .706 .003*

D 20 33 100 61.90 19.04

So I 22 18 90 51.14 19.04 .470 .001*

D 20 38 100 69.35 14.90

La I 22 12 89 52.59 19.44 .937 .003*

D 20 30 100 71.60 19.28

Si I 22 12 96 62.27 21.78 .165 .012*

D 20 32 98 77.80 15.58

hDo I 22 43 97 63.50 16.36 .649 .001*

D 20 29 100 80.90 16.27

Note: the I task is to increase the lightness from black to white; the D task is to decrease the
lightness from white to black. * p < .05

Table 3. The results of the independent-sample T-test between the majors. (Unit: CIEL value)

Musical scales Major N Min Max Mean S.D Levene
test

Sig

Do M 18 0 71 30.28 20.71 .690 .418

A 24 4 84 35.50 20.54

Re M 18 0 76 37.44 21.95 .745 .592

A 24 2 83 41.17 22.28

Mi M 18 10 86 45.78 23.59 .768 .570

A 24 5 84 41.79 21.34

Fa M 18 10 100 49.67 25.11 .261 .603

A 24 14 84 53.42 19.59

So M 18 18 100 61.00 24.23 .010 .751

A 24 19 86 58.92 15.1

La M 18 36 100 65.22 21.91 .773 .354

A 24 12 89 58.96 21.07

Si M 18 12 98 67.22 25.79 .019 .539

A 24 36 95 71.50 15.60

hDo M 18 29 100 69.72 22.38 .035 .558

A 24 43 97 73.33 14.99

Note: the M is major in Ethnomusicology the A is major in art and design
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Fig. 7. The marginal mean distribution of the lightness is significantly affected by the different
Guqin musical scales. (Unit: CIEL value)

5 Results and Discussion

The study results show no significant difference between music and arts backgrounds
observers in the lightness adjustment task. The result also shows a positive correlation
between lightness and musical scales, and the saturation of color is no significant cor-
relation with musical scales. This study also to understand the synesthesia phenomenon
between color senses and musical scales. Many studies have discussed synesthesia phe-
nomena in grapheme-color synesthesia in past years. This pilot study focuses on the
relationship between color feeling and the Music scales, which figures out the robust
results. It could provide the basis of experiment design in the following study.
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Abstract. With the spread of COVID-19, Saudi Arabia implemented a policy to
keep people physically distanced. Mandatory pandemic-driven mobile technolo-
gies have been utilized in the country to limit the spread of the coronavirus. The
current study aimed to explore and understand the experience of Arab elderly
people with the pandemic-driven mobile app Eatmarna. We conducted a task-
based usability test, followed by a satisfaction questionnaire and interview with
Arab elderly between 65 and 85 years old. This study has provided an insight
into the challenges that were faced by older adults when using pandemic-driven
apps. Identification of these challenges contributes to a better understanding of the
situation and can lead to appropriate solutions and plans to improve such apps.

Keywords: COVID-19 · Pandemic-driven mobile technology ·Mobile apps ·
Saudi Arabia · Elderly · Pilgrims · Eatmarna · User experience

1 Introduction

When the COVID-19 coronavirus outbreak spread worldwide, theWorld Health Organi-
zation (WHO) announced COVID-19 as a global pandemic in March 2020 [1]. Almost
all aspects of our lives were suspended, and lockdownwas regulated in several countries.
Saudi Arabia is one of the countries that was greatly affected by the worldwide pandemic
since a large number of Muslims from around the world visit Saudi Arabia for Umrah
and Hajj—the two biggest mass gatherings in the world. Umrah and normal daily mass
prayers in all mosques including the two holy mosques were suspended [2, 3].

During the pandemic, mobile technologies including mobile health solutions
have been utilized in the country to control the spread of the coronavirus [4, 5].
Coronavirus-related mobile apps have several functionalities, such as COVID tracing,
self-assessments of symptoms, and enforcing social distancing, which are used to help
limit the spread of the virus. One of the major apps that was launched by the Saudi Data
and Artificial Intelligence Authority (SDAIA) was Tawakkalna [6]. It is considered the
kingdom’s national health app during the pandemic. It was used to manage electronic
permits during the curfew period. It is also used for infection tracing and exposure con-
trol. It is a mandatory application that must be used by every adult in order to enter or
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engage in any social activity (e.g., going to grocery stores, universities, shopping malls,
etc.) to help prevent the spread of the coronavirus. It displays the health status of its
users through colored QR codes.

The mosques in Saudi Arabia were reopened towards the end of 2020, but with
COVID-19 restrictions. Eventually, entry to the grand mosques in Makkah and Mad-
inah was allowed only for immune people (vaccinated with two doses) who obtained
electronic permits through the Eatmarna app [2, 7]. The Eatmarna app was launched
by the Ministry of Hajj and Umrah to enable immune pilgrims to book appointments to
perform Umrah or to visit the two grand mosques. The Eatmarna app issues electronic
permits according to the capacity approved by the concerned authorities to ensure the
provision of a protected and safe environment that satisfies health precautionary mea-
sures and controls. Additionally, the Tawakkalna app was used by the health inspectors
at the grand mosques’ entrances to verify and confirm the health status of the permit
user (immune, incomplete vaccination, nonimmune, …..).

According to recent statistics, as of 2019, elderly individuals who are 65 years
of age or older represented almost 4.2% of the total population in Saudi Arabia [8].
Several aging-related changes occur for the elderly, including changes in vision, hearing
and motor skills. Moreover, as people reach old age, in general, their cognitive skills
deteriorate, which may affect their learning capabilities [8]. Because of enforced social
isolation and quarantine, loneliness and mental health issues of the elderly increased
during the pandemic [10, 11].

During the pandemic, older people in Saudi Arabia were overwhelmed by the urgent
and unplanned adoption of mobile technology. They were urged to learn and use certain
apps in a short period of time in order to engage in any social or religious activity, such as
visiting the grand mosques for prayers or umrah, which could have negatively affected
their physical and mental well-being [9]. For individuals, especially the elderly who live
in Saudi Arabia, religion and religious practices are an integral part of life and existence
[12]. One form of religious practices is visiting the grand mosques for prayers or Umrah.

Previous studies show that understanding older users’ experiences would help in
designing better technology and increase the use of it [9, 11, 12]. However, previous
studies have not paid enough attention to them, especially when it comes to the use of
mandatory pandemic-driven apps [10]. Therefore, in this study, the aim was to examine
and understand the experience of elderly Arab people in using the obligatory pandemic-
related mobile app Eatmarna.

In this paper, related work is discussed in Sect. 2. Researchmethodology is presented
in Sect. 3. Section 4 discusses the results. Section 5 concludes with a summary of the
paper and recommendations.

2 Related Work

In SaudiArabia, innovativemobile technology-based solutions have been adopted during
the COVID-19 pandemic to help fight the virus and reduce its spread [2, 3, 5, 14].
Examples of pandemic-driven mobile technology, include Tawakkalna [6], Tabaud [15],
Sehhaty, Tataman in the healthcare sector,Madrasati, Rawdhatii in the educational sector,
Eatmarna in the Islamic affairs sector [7].
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Studies investigating those technologies and their use are increasing [10, 14, 16–18].
Experience of older adultswithmobile appswas investigated in [10].Research conducted
in [14] assessed the performance of three COVID-19 mobile apps related to the health
sector. The results showed the effectiveness and high performance of those apps. Public
attitude toward health applications used during the COVID-19 pandemic was explored
in [16]. Citizens’ satisfaction with the e-government services and health care appli-
cations during the COVID-19 pandemic in Al-Madinah region was measured in [17].
The study conducted by [18] aimed to measure the user experience of Tawakkalna by
collecting data from the intended users in Saudi Arabia using the User Experience Ques-
tionnaire. Although the results showed a good user experience, the study recommended
improvements in the user interface.

As noticed, previous studies focused primarily on mobile health technologies intro-
duced in Saudi Arabia during the pandemic. The user experience with pandemic-driven
mobile apps that serve other purposes, such asHajj andUmrah have not been investigated
in the literature.

There have been many studies in the literature investigating the use of mobile tech-
nology among Arab elderly people [19–21]. However, there appears to have been little
effort to understand the elderly Arab experience with mobile technology adopted during
the COVID-19 pandemic [10]. Religious practices are crucial for the elderly who live
in Saudi Arabia [12], however, seniors’ experience with pandemic-driven apps, such as
Eatamarna have not been addressed in previous studies. Therefore, the current study
aims to fill this gap by exploring and deeply understanding the experience of older users
of such applications.

3 Research Methodology

The study was conducted in the period between August 2021 and October 2021. The
data gathering process is comprised of a number of steps, as explained in the sections
below:

3.1 Recruiting Participants

A total of 25 (12 males, 13 females) Arab elderly - between 65 and 85 years old - partic-
ipated in this study. All of the participants have used Eatamrna before. The participants
were recruited by using a mixture of purposeful and snowball sampling techniques. The
purposeful sampling technique is the most common sampling technique [22]. In this
technique, the researcher actively selects the most suitable sample for the study. In this
research, senior citizens were sought through social media platforms (Twitter andWhat-
sApp). In the snowball sampling technique, the current participants were used to recruit
further participants [22]. The profile of all participants is shown in Table 1.
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Table 1. Profile of the Arab elderly participated in the study

# Age Gender Education
level

Career
domain (if
any)

Experience
with smart
phone apps

Difficulties in
vision/hearing/movement

P1 65 Female Bachelor
Degree

Retired
teacher

Yes No

P2 67 Female Master’s
Degree

Retired
teacher

Yes Vision

P3 66 Male Bachelor
Degree

Retired
engineer

Yes No

P4 65 Female Bachelor
Degree

Retired
teacher

Yes No

P5 69 Male Bachelor
Degree

Retired
teacher

Yes No

P6 71 Male PhD University
Professor

Yes No

P7 65 Female Bachelor
Degree

Retired
teacher

Yes Vision

P8 65 Male PhD University
Professor

Yes No

P9 66 Male High School Retired
Soldier

Yes No

P10 72 Female PhD Lawyer Yes Vision

P11 71 Male PhD Retired
university
professor

Yes No

P12 85 Male Intermediate
School

Retired real
estate agent

To some
extent

Vision

P13 71 Female Bachelor
Degree

Retired
teacher

Yes Vision

P14 66 Female High School Housewife Yes Vision

P15 68 Female Intermediate
School

Housewife Yes Vision

P16 65 Female Bachelor
Degree

Retired
teacher

Yes No

P17 68 Male Nephrology
Professor

Nephrology
consultant

Yes Vision

P18 66 Female Bachelor
Degree

Retired
teacher

Yes No

(continued)
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Table 1. (continued)

# Age Gender Education
level

Career
domain (if
any)

Experience
with smart
phone apps

Difficulties in
vision/hearing/movement

P19 83 Male Intermediate
School

Businessman To some
extent

No

P20 80 Male High School Retired
Soldier

To some
extent

No

P21 73 Female High School Housewife Yes No

P22 70 Male Master’s
Degree

Retired
University
Lecturer

Yes Vision

P23 69 Male PhD Retired
University
Professor

Yes No

P24 78 Female Intermediate
School

Housewife Yes No

P25 76 Female High School Housewife Yes No

As noticed from the table above, all the participants are literate and their education
levels vary between PhD (24%), Master’s degree (8%), Bachelor degree (32%), High
School (20%) and Intermediate School (16%).Most of them (88%) have good experience
withmobile apps, while 12%of themhad less experience. School teachingwas the career
for 32% of the participants, working in academia was represented by 16%, whereas 20%
of the participants are housewives.Around 8%used towork as soldiers, other jobs such as
engineer, lawyer, real estate agent, businessman, nephrology consultant are represented
by 4% each. Among the participants, 36% have vision defects and wear prescription
glasses.

3.2 Pilot Study

Two HCI researchers were invited to pilot the materials presented in the study and the
interview questions. This was to gather comments and recommendations regarding the
questions. Each was met individually, and comments were made. Some questions were
recommended to be deleted, and the phrasing of some questions was found to be unclear.
By the end of the pilot study, the interview questions and other materials were ready to
be presented to the participants as shown in the next sections.

3.3 Procedure

The testing session was conducted with each participant individually. In each session,
the participant was given a brief explanation of the study and its purpose. After that,
demographic data (Table 2) was collected.
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Table 2. Demographic data

Gender

Age

Education Level

Career Domain (if any)

Any difficulties in vision, hearing or movement. If any clarify how it would affect you in using
the app

Experience with smart phone apps (Yes, To some extent, No experience)

How did you get to know Eatmarna?

Usability evaluation entails three elements: Efficiency (time on task), Effectiveness
(task success and number of errors) and Satisfaction (participant’s opinion). The partic-
ipants were given a number of general tasks (1 & 7) and core tasks (2 - 6) to perform on
Eatmarna (Table 3) and their performance was observed. No support was provided to
them while carrying out these tasks. During the task, the participant’s interaction with
the app was observed and the time it took to do each task was recorded. The number of
times the participant made errors until the task was completed was also counted.

Table 3. Usability Test Task List

Task# Task List

Task1 Log in Eatmarna

Task2 Request permit for Umrah

Task3 Request permit for Praying in the Grand Mosque

Task4 Request permit for Tawaf with companion

Task5 Check your previous permits

Task6 Cancel one of your active permits

Task7 Change your login password

After that, participantswere asked to rate their satisfaction using the SystemUsability
Scale (SUS) [23]. This scale was chosen because it is a very easy scale to administer to
participants, it can be used on small sample sizes with reliable results and is valid which
means it can effectively differentiate between usable and unusable apps [24, 25]. It was
adapted by replacing the word “system” in every question with “app”. Each question is
a statement and a rating on a five-point scale of Strongly Disagree to Strongly Agree, as
follows: [23].

(1) I think that I would like to use this app frequently.
(2) I found the app unnecessarily complex.
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(3) I thought the app was easy to use.
(4) I think that I would need the support of a technical person to be able to use this

app.
(5) I found the various functions in this app were well integrated.
(6) I thought there was too much inconsistency in this app.
(7) I would imagine that most people would learn to use this website very quickly.
(8) I found the app very cumbersome to use.
(9) I felt very confident using the app.
(10) I needed to learn a lot of things before I could get going with this app.

In addition to SUS, the participants were interviewed to help understand their expe-
rience more deeply and to discuss any issues related to challenges or barriers in the app,
Eatmarna. The open-ended questions were asked as shown in Table 4.

Table 4. Interview questions

Question# Question list

Q1 How would you describe your experience with the app?

Q2 What kind of issues and barriers did you face when using the app (if any)?

Q3 Based on your experience, do you have any suggestion for the app?

Q4 Do you recommend this app to others? Why?

The study was conducted in Arabic and the interviews were audio recorded after
obtaining participants’ permission.

4 Results and Discussion

Table 5 summarizes the results obtained after performing the tasks listed in Table 3; the
results are presented as averages for both the time and error rate. We can notice that the
efficiency time of the tasks were in the range between 15.7 to 121.8 s. The tasks that
took longer time to accomplish (1, 4 and 7) involved typing or entering information.
Effectiveness of the app was measured using task success and number of errors. In
terms of task success, all tasks were completed easily expect Task 4 (Request permit
for Tawaf with companion) and Task 7 (Change your login password) where at least
four participants failed to complete the task. In terms of number of errors, participants
encountered errors while performing Tasks 1, 2, 4 and 7, yet the error rate was less
than 0.5 for all of them except Task 7, which indicates that the tasks were successfully
accomplished.

The results of responses to SUS were calculated as suggested in [23]. The average
SUS score for all participating users was 77.8 -higher than the threshold 68- which
was categorized as good and could be improved [23]. As can be seen from Fig. 1, the
scores for all participants are above the threshold except P12, P19 and P20 who have
less experience with mobile apps.
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Table 5. Usability (effeciency and effectivenesss) evaluation results

Task# Task description Efficiency
(time in seconds)

Effectiveness

Task success Number of errors

1 Log in Eatmarna 91.3 Completed easily 0.16 (4 of 25)

2 Request permit for
Umrah

64.5 Completed easily 0.12 (3 of 25)

3 Request permit for
Praying in the Grand
Mosque

59 Completed easily 0

4 Request permit for
Tawaf with companion

121.8 Completed with
difficulty

0.2 (5 of 25)

5 Check your previous
permits

15.7 Completed easily 0

6 Cancel one of your
active permits

53.5 Completed easily 0

7 Change your login
password

114 Completed with
difficulty

0.6 (15 of 25)
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Fig. 1. SUS scores

To analyze participants’ responses to the interview questions, the interviews were
transcribed and saved into NVivo. NVivo is a software tool used to manage and under-
stand textual data, and make the most of it. Participants’ responses were tagged using
NVivo according to analysis themes and components, collected together into groups,
then synthesized. A thematic analysis approach was followed [26], looking for similar
themes and patterns among the collected data.
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The answer to the first interview question (Table 4) revealed that 84% of the partici-
pants had enjoyed using the app and had a satisfying experience. However, 16% did not
enjoy the experience and stated that they would prefer it if a family member used it for
them.

In response to the second interview question (Table 4), the participants mentioned
a number of issues and barriers that hindered their interaction with the app and caused
them to make mistakes. One of these issues was related to the presentation of time and
date. Around 60%of the participants pointed out that the 24h time format was confusing,
and that they were not used to it in their daily lives. Date format in the app was another
issue mentioned by 44% of the participants. Participant P12 emphasized this issue by
saying: “We have been using Hijri date format in all our life occasions, so when I try to
issue a permit, I have to change the default date presentation from Gregorian to Hijri
which is unnecessary effort if the Hijri format was the default”.

The cultural background of users is considered one of the attributes that might affect
users’ performance and satisfaction while interacting with the interface. As suggested
in [27], one way to achieve surface level of localization is by providing the users with a
familiar date and time format.

Log in and verification code was another issue mentioned by 40% of the partici-
pants. They justified that by the need to look at the sent code as fast as they can or they
have to go to the messages to retrieve it, memorize it and then write it in the app for
verification purposes. Participant P21 explains “We are used to the idea of verification
codes, and we see it in all government-based apps, but I think it is exhausting in terms
of the need to be quick and focused to remember the code and write it down in the app
to allow us to log in”. Participant P20 pointed out that he sometimes asks for help to
retrieve the code as it takes him a long time to do it.

Another challenge that was reported by 52% of the participants is the need to enter
information that might not available on-hand, such as missing or lost information.
Issuing a companion’s permit in Task 4 required entering the ID number and the date of
birth for the companion, which explains why this task took a long time to accomplish.
In this matter, participant P4 stated “When I tried to add a companion, the app asked me
for information I didn’t have at that moment. Even if I had it, it would’ve taken me time
to enter and check their validity”. More than half of the participants struggled with login
information (Id and password), as sometimes they could not remember the password.
P24 referred that to the number of apps they are mandate to use during the pandemic and
the amount of login information they have to remember. P25 explained how to overcome
this issue, “I write down the login information for all apps I use in the Notes app on my
iPhone. I used to ask my children to keep the information safe for me, but now I rely on
myself to do it”.

Difficulty reading small text was a challenge for 56% of the participants. They
complained that the text was relatively small especially when they tried to pick a date
for prayer or Umrah. Participant P6 suggested adding an option to the app to allow the
users to enlarge the font size whenever it is needed. Difficulty reading text was also
pointed out as a challenge faced by the Arab elderly when they use pandemic-driven
apps [10]. This issue needs careful design consideration in order to provide readable text
with the option to enlarge the text size.



148 A. S. Alayed

The last challenge faced by 60% of the participants was invisibility of constraining
instructions. To change the password, the app asked them to enter the old password
once and new password twice for confirmation. However, they received error messages
because the password must be more than 7 characters containing upper case and lower-
case letters. The constraining instructions to change the password should be clear and
visible as commented by participant P7: “The instructions for password change should
be visible and clear before we have the first attempt to change it. Appearance of error
messages would bother me and lower my confidence in using the apps”. Both visibility
and constraints were promoted to be design principles that would be used by interaction
designers to aid their thinking when designing for the user experience [28], since they
prevent the user from incorrect actions and thereby reduce the chance of making a
mistake.

When the participants were asked about their suggestions to improve the app (third
interview question), their responses were around resolving the difficulties they had when
using the app as clarified above. Suggested improvements include, making the instruc-
tions clear and visible for the user, giving more time to enter information especially if
it needs typing or remembering, providing readable text size, and presenting date and
time in a format the user is familiar with.

In response to the fourth interview question, 76% of the participants reported that
they would recommend the app to family and friends. The participants who have less
experience with mobile apps (12%) admitted that they would prefer to have someone use
the app for them if they planned to make Umrah or visit one of the grand mosques. They
also admitted that the need for using new pandemic-driven apps during the COVID-19
lockdown had forced them to use the technology and decrease the need for help from
others. As a result, the fear of technology decreased, and their confidence and self-esteem
increased.

Task observations revealed some issues thatwere not stated clearly by the participants
in the interviews. It was observed that the small screen size was an issue experienced by
the elderly where accidental taps of buttons adjacent to the target buttons occurred for
almost 40%. This issue was corroborated by the results of a study conducted by [29],
where the authors suggested providing better feedback through both audio and visual
when a key is pressed.

Around 16% of the participants showed slow response and hesitance when carrying
out the tasks. They were expecting assistance, but they were told the tasks should be
performed independently in order to measure their performance accurately.

As a result of facing such challenges, elderly people would ask for help from others
in using the app. Doing so in public places would raise their chances of virus infection
as they might violate the social distancing restrictions. Therefore, pandemic-driven apps
should be improved by taking into consideration the challenges and barriers faced by
older adults.

5 Conclusion

The results from the current exploratory study indicated the good user experience the
Arab elderly had with one pandemic-driven mobile app used in Saudi Arabia (Eata-
marna). Nevertheless, several challenges and barriers faced by the elderly were observed



Pandemic-Driven Mobile Technology in Saudi Arabia: Experience 149

and reported. To overcome those challenges, different aspects of Eatamarna would be
improved in order to enhance the experience of the Arab elderly. Following the design
principles for interaction designers, such as visibility and constraints is one aspect that
would make the instructions clear and visible for the user. Giving more time to enter
information especially if it needs typing or remembering is another aspect to improve
according to Web Content Accessibility Guidelines (WCAG) [30]. Providing readable
text size and ability to resize the text was also recommended by [30]. Localization should
be emphasized by presenting date and time in a format the user is familiar with. Making
such improvements would not just enhance the elderly experience, but it would also
enhance the experience of other categories of Eatamarna users as well.

It is worth mentioning that mandatory pandemic-driven mobile apps have had a
positive impact on the Arab elderly in decreasing the need for help from others as they
get to know how to use them. As a result, the fear of technology decreased, and their
independence, confidence and self-esteem increased.

Engaging elderly people in all phases of the mobile app design process would con-
tribute to designing more accessible and usable apps. Conducting several usability and
accessibility studies on different pandemic-driven apps to evaluate them was planned to
be future work.
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Abstract. The older adults, who were born and grew up in an analog era where
digital technologywas not part of their lives, lookwith some suspicion on currently
existing digital artifacts, such as the smartphone. This damaged trust relationship
not only refers to the technology itself, but also to the way these older adults users
interact with it. Thus, in this scenario, the interface is highlighted as a gateway to
interaction for being, inmost cases, responsible for the presentation and translation
of systemic elements into graphic results that will serve as a subsidy for the entire
cognitive process of the user. Based on this context, through the case study carried
out with three users from exploratory research and qualitative questionnaires. The
present work identified that visual representation on the graphic interface of apps
has a direct impact, being negative or positive, on the trust relationship of older
adults users in the using of the smartphone depending on their characteristics of
real-world representation and facility of use.

Keywords: Older adults · Smartphone · Trust · UX

1 Introduction

Inherent in the human condition, aging is both an inevitable and an expected process
in the population. For the World Health Organization, the definition of older adults
includes individuals aged 65 years or over in developed countries and 60 years or over in
developing countries [1]. For this study, people aged 60 years or older will be understood
as older adults.

According to the Brazilian Institute of Geography and Statistics, in 2018 the Brazil-
ian population had about 13.5% of older adults people aged 60 years or older in its
composition [2]. This represents approximately 28 million older adults citizens who end
up experiencing various situations related to aging, such as reduced motor skills, vision
problems, cognition and memory problems, and even problems with interpersonal inter-
action. These older adults belong to an analog generation, characterized by growing up
in a time when digital technology was not directly present in their daily lives, which in
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many cases, ended up not keeping up with the evolution of technology and today they
view the digital environment with suspicion.

Garrett [3] defines the user experience from the interface of a software or application
as a set of five layers (strategy, scope, structure, skeleton, and surface), where the most
external and primary to the user is the surface, that by your concrete and visual charac-
teristics, behaves as the user’s gateway to the interaction being proposed by the system
architecture. It directly or indirectly represents all the elements necessary to carry out
the proposed activities concretely and directionally for the user’s understanding.

Based on this context, through the case study carried out with three users from
exploratory research and qualitative questionnaires, the present study aims to verify the
existence and reflect on the impact of the interface on the trust relationship of older
adults users during smartphone usage.

2 Literature Review

Currently, the world population has almost seven billion eight hundred million inhabi-
tants, and this number may reach 8 billion within 5 years and ten billion inhabitants by
the year 2055 [4]. In Brazil, there are almost two hundred ten million inhabitants, with
a percentage of 13.5% of older adults, which corresponds to something around 28 and
a half million older people [2]. Burlá [5] highlights that the 21st century is the age of
aging, emphasizing the considerable increase in the population aged over eighty years
[2].

The statute of the older adults raises concerns about the importance of this part of
the population to stay up to date with modern life, oriented lately by technologies. It
is proposed the discussion about the interaction of the older adults with technological
instruments to be able to work and enjoy the independence for their day-to-day activ-
ities when performing regular activities, taking as an example the use of common and
everyday technological tools such as an ATM without the aid of an assistant [6].

Based on data released by the IBGE, in 2013 more than half of the older adults
population in Brazil (51.6%) used and owned a smartphone. Ownership of devices such
as these by the older adults is related to education level and family income, according to
Anderson and Perrir [7]. In developed countries like the USA, the number was extremely
higher, with a total of 81% with high family income and 27% for those with lower
incomes.

With the arrival of older age, we can identify the occurrence of loss of cognitive,
psychosocial and motor skills according to Nielsen [8]. Capacities such as hearing,
vision andmemory also begin to decline where, according to Veras [9], these older adults
people have a greater burden of diseases and disabilities, that in themselves, characterize
a phase of life that requires care. Despite information like this, the habits of individuals
influence the entire aging process. According to Bizelli et al. [10], the changes caused
by the improvement in quality of life are caused by an increase in cognitive stimuli,
motor and muscle activities, and also by the good experiences of social, face-to-face and
technological approximation, thus making it important to search for practices that can
help to slow down these losses.

When thinking about applications for the older adults audience, the formal charac-
teristics of the interface are of vital importance for their acceptance and good use, as can
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be seen in the study conducted by Carmien and Manzanares [11], about the needs and
requirements of according to and for older adults users, related to mobile applications.
A sequence of three different application designs was developed and tested with the
older adults using the focus group technique. It was noticed that to serve this audience,
smartphone applications must be easy to use, they must present only the most important
tasks and use simplified words, where information must be short and instructions clear,
with large buttons, in the least amount possible.

Based on Williams et al. [12], it can be identified that these devices help the users
in their understanding and quality of life, being that the proper design is one of the
most important considerations. An application can be both useful to a new user and to a
problematic one, if the design presented is inadequate to understand how best to use it.

Reflecting on the difficulty of creating a relationship of trust between the older adults
users and the smartphone, Phiriyapokanon [13] observes that much of this difficulty
is related to the older adults user’s distrust of technology, its use and contact with the
equipment.Williams [12] relates that simplicity is keywhen designing visual displays for
seniors -while visual displays for teensmayneedflash andbounce to catch their attention,
too much color and action in an interface can cause confusion and even frustration for
older adults users.Hunter [14] considers that the existence of problems related tomemory
impairment associatedwith age causes “a harmful effect on exploratory learning”, where
the ability to create mental models of a given task is significantly reduced and can be
commonly perceived in the difficulty that seniors end up having a more significant role
in navigation-based tasks.

From the interface, trust in the application is understood, where the older adults have
fear and distrust of the unknown at high levels, in addition to difficulties to assimilate
learning with new technologies. Thus, the applications need to adapt in order to allow
access for those who live under different conditions and have different information
absorption abilities [15].

3 Research Methods

In order to assess confidence while using the smartphone, the evaluation protocol was
structured in two sections of activity constituted by a task and a questionnaire to evaluate
the subjective aspects of the subject in relation to the newly performed task. In both
activities, touchscreen smartphones with the Android operating system were used.

The initial hypothesis, based on the reviewed literature and the researchers’ previous
experience, is the idea that themore direct and correlatedwith the realworld the graphical
interface of the application, the greater the perception of trust of the older adults users,
and that, consequently, a more abstract interface tends to require a higher level of both
digital literacy and cognitive processes,making users feel less confident during activities.
In this way it was observed, as a determining factor for the choice of applications, its
interface. For the first activity, an application was selected that contained, in addition to
large and easily accessible icons, also its graphic representation directly associated with
elements of the physical world, such as a paint bucket for color selection. For the second
activity, an application was selected that presented similar functions to the first, but that
had its graphic representation in an abstract way, without a direct relationship with the
real world.
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In the first section, subjects were proposed to paint a previously selected drawing,
using the application “Jogos para colorir: animais”1 (Fig. 1a), free distribution through
the Play Store. While in the second activity, it was proposed similarly to what happened
in the first task, that the subjects colored the same drawing, but in this one, using a
second application called “Ibis Paint X”2 (Fig. 1b), also freely distributed through the
Play Store. In both the first and second activities, the subjects had no time limit for their
performance, just signaling to the applicator when they had finished the painting.

Fig. 1. Activity 1 screen on the left (a) and Activity 2 screen on the right (b)

The objective of the protocol was not the evaluation of items such as the usability,
effectiveness or even efficiency of the applications, but the experience that users would
have during their use. At the beginning of each activity it was explained, not only which
task the subjects should perform it, but also how they would perform it, including where
the tools were and how to use them in the application.

After completing each step, a questionnaire consisting of 3 closed questions was
applied. Using a five-point scale, the first question was aimed at verifying whether the
subject was lost or confident during the activity. The second, was aimed at verifying
subjective aspects of the user’s perception of the task, through the semantic differential
technique, with 3 pairs of adjectives, observed in Fig. 2, and finally, the third question,
intended to verify whether or not the subjects would repeat the activity at home with
a five-point Likert scale. In the questionnaire, applied after activity 1, a question was
added in order to directly verify whether the subjects thought it was safe or not to make
purchases or payments over the internet, and in the questionnaire applied after activity

1 https://play.google.com/store/apps/details?id=com.coloring.book.animals (11/02/2022).
2 https://play.google.com/store/apps/details?id=jp.ne.ibis.ibispaintx.app (11/02/2022).

https://play.google.com/store/apps/details?id=com.coloring.book.animals
https://play.google.com/store/apps/details?id=jp.ne.ibis.ibispaintx.app
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2, a question was added to identify in which of the two activities the subjects felt more
confident.

Legal (Cool) / Entediante (Boring) 

Difícil (Difficult) / Simples (Simple) 

Bonita (Beautiful) / Sem graça (Unsightly) 

Fig. 2. Adjective pairs used in the semantic differential

Yin [16] states that the protocol in a case study is more than an instrument. It contains
the procedures and guidelines that must be followed throughout the experiment, being
one of the main tools to increase the reliability of a case study. Thus, to ensure a greater
chance of success in carrying out the study, the protocol was previously tested with two
volunteers, not participating in the sample, for possible corrections of the procedure.

As volunteers for the research, former students of the “3rd Age Connected” course
were invited, a digital inclusion project for the 3rd age, carried out by Assomary (Asso-
ciation of Residents of Mary Dota), a neighborhood in the city of Bauru, located in in
the interior of the State of São Paulo, Brazil. As a requirement for participation in the
study, volunteers should be 60 years of age or older and use a smartphone in their daily
lives. The invitation was made through the communication application via “WhatsApp”
messages, enabling sampling of 3 older adults people.

The protocol was applied in July 2019, collectively, at the association’s building
(Fig. 3), where the older adults routinely meet for recreational and educational activities.
The application had three mediators to ensure its smooth running and control. The entire
protocol was filmed with a camera positioned to capture the image of the entire room,
providing better further analysis and control. For the entire procedure to be constituted
transparently and adequately, the subjects read, agreed and signed the Free and Informed
Consent Term (FICT) for participation in the research and authorization for the use of
their image for exclusively academic purposes.

The protocol lasted approximately 20 min, with an uneventful performance. It is
worth noting that, right at the beginning of the activity, it was clarified that at any
time, if they had any doubts, the subjects could request help from the mediators. It
is also important to emphasize that the completion of the post-activity questionnaires
was monitored by the applicators, in order to guarantee the best possible degree of
clarification regarding the questions and their correct forms of filling, always taking care
not to influence the content of the answers of the subject.

In addition to collecting data through post-activity questionnaires, participant obser-
vation was also carried out. This has been used by researchers in recent years to collect
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Fig. 3. Users during application of protocol

data and insights about facets of subjects that may not be as easily visualized using other
methods, identify the results of specific processes, and document physiological events
and psychological [17]. Thereby, facilitating the act of carefully observing the details,
resulting in the insertion of the researcher as an integral part of the observed reality,
so that he can understand the complexity of the psychosocial aspects, allowing a more
efficient dialogue with the studied group [18].

4 Results and Discussion

The first activitywas performedwithout intercurrences or even limit situations in relation
to the use of the application. After the activity was explained, the painting process was
practically instantaneous. The use of “paint buckets” for paintingwas quickly assimilated
and their use ended up being intuitive. Even raising initial doubts of “how do I paint?” or
“how do I get this color”, it was observed that the questions raised were much more of
a self-affirming nature than requests for help. At this point, a previous validation of the
first part of the hypothesis can be observed, noting a high perception of trust when using
the application with a concrete graphical interface and with a direct correlation to the
real world. The room was buzzing, but there was no sign of tension. All subjects talked
to each other, freely, while carrying out the activity in a concentrated manner. During
the realization process, conversations about emotional and affective issues can clearly
be observed, such as, for example, what color to use in each item of the drawing.

Similar to the first activity, after the initial explanation, the subjects started painting
their drawings. Even with the interface graphically constructed in an abstract way, the
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activity took place without any overt signs of tension or concern. The main doubts raised
were how to select the color and how to change the color of an already painted area. In
this activity, some subjects asked more than once how these procedures were performed.
As perceived by the applicators and later verified in the protocol recording, the room
was slightly more agitated, with more parallel subjects and less concentration on the
activity, with the subjects dispersing throughout the period.

It was not possible to observe, comparing the first and second activities, significant
differences in tension, anxiety, or even concentration between the subjects. In both
activities, the volunteers were comfortable talking about parallel subjects while they
were doing it. It is possible to notice a greater number of requests for help when using
Ibis Paint X, an application that contains an interface constructed in an abstract way to
the physical world. Thus, suggesting that the simpler, more intuitive and objective the
interface is, the easier for cognition and meaning will be for the user, directly impacting
its use. It was not possible, however, from the performance of the second activity, to
establish a relationship of lower perception of safety on the part of the subjects when
using the abstract interface, thus not being possible to validate the second part of the
initial hypothesis.

Analyzing the data collected in the post-activity evaluation questionnaires, the first
question, which was intended to reveal how much the subjects felt lost or confident
during the activities, it was observed that 66% of the subjects declared themselves fully
confident and 34% partially confident. In the first activity while 100% of the volunteers
declared themselves fully confident in activity 2, which demonstrates that despite having
requestedmore interventions from the applicators in relation to how they should perform
the task, the subjects did not have a perception of lack of confidence in what they were
making.

The second question, aimed at verifying subjective aspects of the user’s perception of
the task, that had an absolutely identical answer in both activities, declaring the subjects
to have found both activities to be fully beautiful, fully legal, and fully easy.

The last question to assess the subjects’ preference between the two activities, 66%
declared that they felt more comfortable and motivated in the second activity, preferring
it, while only 1 volunteer preferred the first.

Observing the totality of perceptions raised via the questionnaire, the impact that the
interface offers on the perception of trust on the activity that the subjectswere performing
is not clearly established, and a slight inclination of preference for the interface can even
be observed. more abstract.

However, in an informal conversation after carrying out the protocol, the subjects
ended up declaring the difficulty in knowing what the screen says and in assertively visu-
alizing where to touch the display for the correct action to take place, as a fundamental
point for knowing that what they are doing is right, and as a result, have confidence in
their own action. This can be exemplified with the answer of one of the subjects to the
third question of the questionnaire after activity 1, where he declares that he does not
think it is safe to make payments or even purchases over the internet because he does not
know how to “move” the application, because it cannot understand exactly what each
“drawing” means and consequently what it will do. Along with these perceptions, con-
cerns about security in general were also expressed, with the cloning of cards and with
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processes that transcend the interface layer in applications and materialize in concepts
and processes overall interaction with the internet and technology.

5 Conclusion and Suggestions

It is clear and apparent the difficulty with which the older adults population assimilates
technology, and consequently makes use of it. Mendes [19] says that people’s desires
and aspirations change alongwith technological means, which portrays the reality of this
population niche. Now, the older adults want to use technology and take advantage of
the facilities that the digital information age brings to their lives. But, being a generation
that was born and raised in another era, where digital technology was not part of their
daily lives, this Integration encounters several obstacles, especially when it comes to
trust not only in the technology, but trust that they are handling it correctly, that they
are playing in the right place and carrying out interactions properly. At this point, the
interface is an important factor in building the relationship of trust between the older
adults users and the technology.

Although, it cannot be clearly stated through the research carried out that the interface
constructed with clear icons and objective representations of reality, for older users
directly impacts the improve of their relationship of trust with the task to be performed.
Thus, it was possible abstractly to identify this feeling not only throughout the protocol
applied, but also in post-activity conversations.

As a caveat to the study carried out, the proximity of the subjects to the responsible
researcher may have influenced their attitudes and responses during the protocol, and
a discrepancy between the answers obtained in the questionnaire and the content of
informal conversations after the activities could be noticed. It is also important to point
out that this is a pilot study, and its reproduction and suitability for a significantly larger
sample are referred to as referral, to extract more solidly and directly related to the
influence that the interface has or does not have on the trust relationship in the use of
smartphones by the older adults users.
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Abstract. In 2021, the key indicators of the seventh national census released
by the National Bureau of Statistics of China showed the deepening population
aging. Nowadays, the Chinese government vigorously promotes a series of elderly
care measures at home and encourages the development of smart wearable devices
combined with Internet technology for monitoring elderly health. However, due to
the complex functions and low aging suitability of smart devices, their acceptance
by the elderly is very low. Therefore, this paper divides the elderly into three
groups on the basis of age to study their basic health status. Based on the KANO
model, the real needs of the elderly in different age groups for smart wearable
devices are calculated, providing a reference for the development and design of
smart wearable devices for the elderly. Moreover, it helps to settle the uneven
distribution of resources caused by the wave of population aging.

Keywords: Smart wearable devices · Elderly users · Kano model

1 Introduction

1.1 Aging Population in China

On May 12, 2021, the National Bureau of Statistics of China released key indicators
for the seventh national census. Compared with the data from the sixth national census
(2010), the population in mainland China increased from 1.33972 billion to 1.41178
billion, with an average annual growth rate of 0.53% [1]. Meanwhile, the number of
people aged 60 had overreached 264.02 million, accounting for 18.70% of the total
population, and the number of people aged 65 had overreached 191 million, 13.50% of
the total population. Compared with 2010, the percentage points respectively increased
by 5.44 and 4.63. The old-age dependency ratio(ODR) reached 29.5%, that is, about
3.4 working-age population (16-59 years old) supported one older people (over 60 years
old) [2]. Figure 1 suggests that China’s aging population is extending, only one step
away from deep aging. According to the China Development Report 2020— Trends and
Policies of the Aging Population, the proportion of the Chinese population aged 65 and
above will reach at 27.9% by 2050. Such a rapid wave of aging is both an opportunity
and a challenge for China.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
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Fig. 1. The forecast of the changes and trend of China’s elderly population (Data source: National
Bureau of Statistics)

1.2 Aging Population in China

Influenced by Confucian culture, no matter what stage of history is, “filial piety” is
an important criterion for the society. Under the traditional influence, family care is
the first choice for most of the aged and their children compared with institutional
care. Internationally, the developed countries and regions like the United Kingdom, the
United States, Japan, and Singapore have gradually formed a “community integrated
care” model for the elderly [3]. “Home care” is the trend for the aged in China and even
human society.

According to foreign research, home care service was originated from the British
“Community Care” which was defined as “community care for the elderly” by most
scholars. It means that the elder live in their own families and enjoy the services provided
by the community-related care institutions [4]. In China, home caremeans that the family
undertakes the main responsibility and aspects of supporting the elderly, taking care of
their lives, providing spiritual comfort, and helping and supporting the elderly [5]. In
2016, the 13th Five-Year Plan for the Development of Civil Affairs officially proposed
to “completely build a multi-level elderly care service system at home by relying on
communities, supplementing institutions, and combiningmedical care and nursing care”.
It is the first time that China’s Guiding ideology clarified that pension is based on home
care.

So far, China’s home care mainly has five stages of development, specific time, and
the corresponding policy support, as shown in Fig. 2 [6].

1.3 Aging Population in China

In recent years, dominated by the Internet of Things, information technology, big data
and cloud computing, the fourth technological revolution has greatly promoted the devel-
opment of elderly care services. Many emerging technologies are the driving force for
home care progress, of which smart wearable devices are an important part [6]. The
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Fig. 2. Main policies of China’s smart home for the elderly care

pervasive use of smart wearable devices could ease the social burden of the growing
demand for health care and assistance for the elderly [7].

China had a strict policy of birth control since 1982, leading to severe population
aging problems in the early stages of economic development. Comparedwith the “getting
rich before getting old” in developed countries, China’s dilemma of “getting old before
getting rich” limits the development of comprehensive intelligent technology. The pro-
motion of smart products is not in place, and competent elderly care is still in its infancy.
In addition, smart medical devices for the elderly are policy-rather than demand-driven
products. Therefore, many older people do not have a deep understanding towards it,
and it is a bit hard to conceptually understand how to make smart technology facilitate
lives [6]. A study shows that only 27% of China’s elderly can properly understand smart
elderly care [8].

The positive side is that the country’s active policy promotion effectively expands the
consumers of smart elderly care services, gradually transforming China’s home-based
model of elderly care into an intelligent and network model.

Therefore, it will be effective to ease the plight of China’s rapidly aging population by
following the trend of development and vigorous promotion of smart wearable devices
suitable for the elderly under the situation of insufficient resources for the elderly.

2 Literature Review

2.1 CHARLS: A Survey of the Basic Health Status of the Elderly in China

TheChinaHealth andRetirement Longitudinal Study (CHARLS) project of PekingUni-
versity is a longitudinal survey. It aims to collect a set of high-quality micro-data about
the middle-aged and the elder aged 45 and above in China to analyze the problem of
China’s aging population so as to promote interdisciplinary research on aging issues. The
CHARLS baseline survey covers 150 countries/regions and 450 villages/urban commu-
nities involving 17,708 people in 10,257 households, which is highly representative to
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reflect the basic situation of China’s collective middle-aged and elderly population [9].
This paper uses the fourth issue of CHARLS (2018), officially published in September
2020, for theoretical analysis.

According to the international standard for the definition of the elderly, 60-74 years
old are pre-elderly (Group A), 75-89 years old elderly (Group B), and 90 years old and
above (Group C) long-lived elderly. As a consequence, this paper only analyzes 10,818
respondents (aged 60 and above) born in 1958 and before in the CHARLS 2018 data.

Self-report Health Status. Among the 10,818 respondents, excluding blank data, the
effective samples of this questionnaire are 9,898. The total number of samples was
7958(80.40%) in Group A, 1907(19.27%) in Group B and 33(0.33%) in Group C (Table
1).

Table 1. Descriptive analysis of self-assessed health.

Very good Good Fair Poor Very poor Total

Group A 818 (10.28%) 909
(11.42%)

3856
(48.46%)

1836
(23.07%)

539 (6.77%) 7958

Group B 152 (7.97%) 207
(10.85%)

880
(46.15%)

513
(26.90%)

15 (8.13%) 1907

Group C 1 (3.03%) 5 (15.15%) 16
(48.49%)

10
(30.30%)

1 (3.03%) 33

Total 971 (9.81%) 1121
(11.33%)

4752
(48.01%)

2359
(23.83%)

695 (7.02%) 9898

Investigation of Basic Physical Condition. TheCHARLS questionnaire asked respon-
dents about their basic physical condition such as whether being physically disabled
or having mental health problems, hearing problems, vision problems, or speech
impediments [10].

Excluding the blank data, 2,141 of the 10,818 elderly respondents experienced
these physical discomforts, among which, hearing problems was the immediate physical
change faced by 750 (35.03%), following vision problems by 506 (23.63%), and mental
retardation by 428(19.99%) (Fig. 3).

Fig. 3. Investigation of basic physical condition



164 X. Chen and S. Li

Investigation of Chronic Diseases. By screening the CHARLS survey on chronic dis-
eases of the elderly over 60 (Fig. 4), we found that the most common chronic diseases
on top three were hypertension, dyslipidemia and heart attack in Group A, hyperten-
sion, stroke and dyslipidemia in Group B, and hypertension, memory-related disease
and stroke in Group C. In summary, the three chronic diseases that have the greatest
impact on the elderly over 60 are Hypertension, Dyslipidemia, and Heart Attack.

Fig. 4. Common chronic diseases and their proportions affecting the elderly in China

2.2 An Analysis on Existing Smart Wearable Devices for the Elderly

At present, whether at home care, community care, or institutional care, it is impossible
to monitor the elderly 24 h a day in real time. The use of smart wearable devices has
largely filled this gap.

As an emerging technology, the smart wearable device is a body with comprehen-
sive performance which integrates such multiple functions as microprocessor-controlled
embedded systems and computer network communications. It can provide a full range
of efficient and multi-functional services for the elderly at home [11]. The existing smart
wearable devices are mainly smart bracelets/watches. According to the research, from
the perspective of user psychology, ease of use, and readability (Fig. 5), the wrist is the
most suitable place to wear smart devices, then the neck, and the arm at last [12].

Fig. 5. Average satisfaction with wearable products for common body in three parts [12]
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Smart Wearable Bracelets/watches. There are two main types of elderly smart
bracelets/watches, one focuses on the functional comprehensiveness, the other focuses
on the specificity of emergency prevention and control.

Part of emergencies may have serious consequences due to the decline of physical
function in the elderly group. For example, fractures and strains from falls can lead to
bedridden conditions. The resulting stasis pneumonia and lower extremity deep vein
thrombosis are common causes of death in the elderly [13].The Everthere (Fig. 6-a),
a wearable medical alarm device, launched by AT&T in 2013 focuses on detecting
whether the wearer has fallen and automatically alarming when an accident occurs, so
as to timely rescue the elderlywho have fallen and reduce subsequent injuries. Compared
with Everthere, the elderly smart bracelet (Fig. 6-b) released by Tempo in 2014 pays
more attention to the functional comprehensiveness. The device has a variety of built-in
sensors that can monitor physical data such as exercise, sleep, and heart rate.

At present, the functions of smart wearable bracelets/watches are gradually trans-
forming into health management and entertainment. Besides the two bracelets above
designed especially for the elderly, many smart wearable bracelets/watches for the gen-
eral public in theChinesemarket have adoptedhealthmanagement as their basic function.
Taking the APPLEWATCH S7 launched by APPLE in 2021 as an example, the function
of testing blood oxygen saturation has been added when compared with the APPLE
WATCH S6.

Table 2 summarizes the common functions and services of several elderly smart
wearable bracelets/watches that are sold well in the mainland market. There are mainly
five categories, health management, safety, entertainment, basic parts, and outlook. The
necessity of these functions will be continuously and deeply discussed in the following
sections.

Table 2. Common features of wearable devices.

Function/service

Health
management

A1 Call for help by one-key SOS

A2 Provide more professional and accurate
measurement of heart rate, blood pressure, and
other body data

A3 Remind you to seek medical attention when
abnormal data is detected

A4 Share body data with family doctors online for
chronic disease management

A5 Possess voice memos, reminders for daily
medicines, or other matters

A6 Fall detection and notification of family members in
critical moments

(continued)
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Table 2. (continued)

Function/service

Safety B1 Share GPS location and real-time location with
family

B2 Set the range of activities, and notify family
members if the area is exceeded (electronic fence)

B3 Record daily activity track and time

B4 Query location with one-click

Entertainment C1 Possess music play, audiobooks, and other
entertainment functions

C2 Make video call

Basic parts D1 Rely not on a cell phone that can be used
independently

D2 Bind your family’s mobile phone for auxiliary use

D3 Have long battery life

D4 Have bigger screen, bigger volume

D5 With color screen

D6 With physical buttons

Outlook E1 With personalized look and different color choices

Wearable Exoskeleton. In addition to such wrist wearable devices as watches and
bracelets, exoskeleton support devices for the protection and assistance of other body
parts have also successively come out.

Aurora Powered Suit (Fig. 6-c), an exoskeleton suit for the elderly with reduced
mobility, mainly aims at supporting the core parts of the human body (spine, hip, and
pelvis). The built-in exoskeleton can help the elderly sit still, stand, andwalk. The Spring
Loaded Technology Bionic Knee Brace (Fig. 6-d) focuses on improving knee pain. As
for Steadiwear Anti-Shake Gloves (Fig. 6-e), a hand exoskeleton support product for
Parkinson’s patients, its anti-shock technology that is similar to buildings can effectively
reduce hand tremors. Active Protective (Fig. 6-f) a body-worn airbag, can be quickly
inflated to protect the hip bones of the elder when falling. Chronolife T-shirts (Fig. 6-
g) add embedded sensors to the clothing to measure in real-time the six key factors
without affecting daily life, namely electrocardiograms, chest lung, belly breathing,
body temperature, and general physical activity.

Although these exoskeleton products have comprehensive functions and various
forms, their popularity and user acceptance in mainland China are very low due to tech-
nology and cost limitations [14]. Therefore, this paper will conduct an in-depth analysis
of smart wearable bracelets/watcheswith relatively high popularity and relativelymature
technology.

Although these exoskeleton products have comprehensive functions and various
forms, their popularity and user acceptance in mainland are very low on account of
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Fig. 6. Existing senior wearable devices

technology and cost limitations [14]. As a result, this paper will conduct an in-depth
analysis of smart wearable bracelets/watches with relatively high popularity and mature
technology.

2.3 Summary

This section uses data from CHARLS 2018 to find out the basic health status of the
elderly in China, the most common changes in physical function, and the most far-
reaching chronic diseases, by doing so, to provide a reference for the design of smart
wearable devices for the elderly under the home-based care model in the future Chinese
market.

Secondly, the existingwearable devices for the elderly are summarized as and divided
into wearable bracelets/watches and wearable exoskeletons. This paper concentrates on
the common functions of wearable bracelets/watches, based on which the follow-up
research will further discuss the needs of the elderly at different ages for these functions.

3 Research Methods

This paper uses the KANO model to clarify the demand for smart wearable
bracelets/watches of the elderly at different ages (Group A/B/C). The KANO model
is an instrument for classifying and prioritizing user needs in the analysis of the nonlin-
ear relationship between product performance and user satisfaction. The higher the user’s
satisfaction towards the product performance, the stronger the user’s demand for this
product function. This method consists of the following three steps, Kano questionnaire,
Kano evaluation table, and Kano Results Assessment [15].

3.1 Kano Questionnaire

Each group contains positive and negative questions about a product attribute in theKano
questionnaire. The positive problem refers to the user’s satisfaction with the product that
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has certain function, and the negative problem to the user’s satisfaction with the product
that has none. Respondents need to answer from the five levels of dislike, live with,
neutral, must-be, and like.

Taking the SOS one-key call for help function as an example, the corresponding
positive and negative problems are as follows.

How would you feel if the SOS one-button call for help was provided?

•Dislike • Live with • Neutral •Must - be • Like
How would you feel if the SOS one-button call for help was not provided?

•Dislike • Live with • Neutral •Must - be • Like
This KANO questionnaire is based on the functions and services summarized in

Table 2 from five aspects of health management, safety, entertainment, basic parts, and
outlook. There are 19 groups of questions are set to investigate the real needs of smart
wearable bracelets/watches of the elderly at different ages.

3.2 Kano Results Assessment Method

According to the cross summary between the positive and negative items in the KANO
questionnaire, six attributes can be obtained (Table 3).

Table 3. Kano evaluation table [16].

Functional Dysfunctional

Like Must-be Neutral Live with Dislike

Like Q A A A O

Must-be R I I I M

Neutral R I I I M

Live with R I I I M

Dislike R R R R Q

Note: A-Attractive; O-One dimensional; M-Must-be; I-Indifferent; R-Reverse; Q-Questionable

The user’s sensitivity to function/service level changes can be determined by using
the Better and Worse values. The calculation formulas of Better and Worse values are,

Better = (A+ O)/(A+ O+M+ I),

Worse = − 1× (O+M)/(A+ O+M+ I).

The Better value is between 0 and 1. The larger the value is, the higher the sensitivity
and the priority will be. The Worse value is between−1 and 0. The smaller the value is,
the higher the sensitivity and the priority are.
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4 Findings

4.1 Analysis of KANO Questionnaire Results

This questionnaire adopts the method of on-the-spot research, showing some functions
of APPLEWATCH SE and HUAWEI Band 6 to the respondents to establish the relative
understanding of smart wearable bracelets/watches. 150 questionnaires were distributed,
with 139 valid questionnaires, of which 72 questionnaires were returned by Group A,
50 by Group B, and 17 by Group C.

The results of the questionnaire were coded and analyzed by SPSSAU. Correspond-
ing to the Kano evaluation table, the proportion of the six attributes is calculated on
the basis of each problem and the final classification result (referring to the attribute
corresponding to the highest proportion of the six). Furthermore, the formula is used to
calculate the Better and Worse values.

In this survey’s results, Table 4 shows the changes in the demand for various func-
tions/services in different age groups, the corresponding attributes, and Better andWorse
values.

Table 4. Better and Worse values.

Function/service 60–74 (Group A) 75–89 (Group B) 90 + (Group C)

Results Better Worse Results Better Worse Results Better Worse

A1 I 30.88% −33.82% M 28.26% −58.70% M 25.00% −56.25%

A2 M 34.43% −52.24% M 28.27% −48.98% I 25.00% −31.25%

A3 I 33.33% −28.79% I 28.57% −19.05% I 25.00% −25.00%

A4 I 25.76% −18.18% I 23.08% −25.64% I 25.00% −12.50%

A5 I 30.43% −18.84% I 26.19% −28.57% A 58.82% −29.41%

A6 I 31.34% −28.36% M 29.17% −54.17% M 29.64% −64.71%

B1 I 23.08% −29.23% M 25.53% −46.81% O 37.50% −62.50%

B2 I 16.67% −18.52% I 29.17% −18.75% I 31.25% −31.25%

B3 I 32.86% −31.43% I 28.89% −20.00% I 23.53% −29.41%

B4 I 30.99% −28.17% I 28.26% −34.78% I 29.41% −11.76%

C1 A 71.43% −34.29% A 38.64% −27.27% I 35.29% −35.29%

C2 O 65.15% −71.21% O 65.12% −65.12% O 68.75% −68.75%

D1 I 32.31% −32.31% I 26.67% −31.11% I 31.2% −31.25%

D2 I 25.40% −31.75% I 28.57% −32.65% I 26.67% −33.33%

D3 M 25.00% −76.39% M 28.00% −68.00% M 23.53% −64.71%

D4 I 20.90% −29.85% M 22.00% −58.00% M 25.00% −62.50%

D5 I 31.75% −33.33% I 26.53% −16.33% I 17.65% −17.65%

D6 I 24.14% −34.48% I 28.57% −36.73% O 41.18% −41.18%

E1 A 61.19% −34.33% I 20.00% −33.33% I 11.76% −11.76%

The results in the table change into the Better-Worse scatter plot according to the
coordinates, where the absolute value of the Worse is taken as the abscissa, the Better
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as the ordinate, and then the scatter plot is divided by the absolute value of the Better
and the Worse, so the following four-quadrant diagram is obtained (Fig. 7).

Fig. 7. A coefficient analysis on Better-Worse

The first quadrant is the One-dimensional Quality. If the Better value is high and the
Worse value high in absolute value, it is necessary to satisfy this function/service first.
The second quadrant is the Attractive Quality. If the Better value is high, but the Worse
value low in absolute value, it is necessary to satisfy this function/service first. The third
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quadrant is the Indifference Quality. If the Better value is low, and the absolute value
of Worse value low too, it is unnecessary to provide this function/service. The fourth
quadrant is the Must-be Quality. If the Better value is low, but the Worse value high in
absolute value, it is of necessity to fulfill this function/service.

4.2 Sensitivity Analysis

A sensitivity matrix can sort these requirements. Example in GroupA (Fig. 8) can draw a
circlewith the originO as the center andOP the radius.Within the circle, it is Indifference
Quality, unhelpful to improve product satisfaction and generally not considered in the
process of product design. Outside the circle, the farther the distance from the center O
is, the higher the sensitivity and the impact on product satisfaction will be, and the more
priority needs to be given. In addition, function/service provisioning priority is usually
sorted sequentially by the level of Must-be Quality, One-dimensional Quality, Attractive
Quality and Indifference Quality.

In SUM, the demand order of Group A is obtained, that is, D3 > A2 > C2 > C1 >
E1.

Fig. 8. Demand sensitivity matrix

In the same way, the demand order of Group B and C is obtained,
Group B: D3 > A1 > D4 > A6 > A2 > B1 > C2 > C1
Group C: A6 > D3 > D4 > A1 > C2 > B1 > D6 > A5

5 Analysis and Discussion

Figure 9 shows the demand for smart wearable bracelets/watches functions by the elderly
in three different age groups.
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Fig. 9. Demand scenario

Group A: M-D3, A2; O-C2; A-C1, E1
Pre-elderly aged 60–74 have relatively good physical functions, requiring not much

health management-related functions. However, due to chronic diseases such as hyper-
tension, it is desirable to obtain accurate blood pressure and heart rate data (A2). At
the same time, entertainment functions (C1, C2) can also increase its satisfaction. It is
worth mentioning that among the three groups, only group A lists “Personalized look
and different color choices” (E1) as an attractive quality.

Group B: M-D3, A1, D4, A6, A2, B1; O-C2; A-C1
Older people aged 75–89 have an increasing demand for health management. Owing

to their declining physical functions, to settle injuries caused by emergencies has become
a priority. Therefore, SOS one-key call for help (A1) and fall detection (A6) are classified
as Must-be Quality. The long-term impact of chronic diseases makes physical data
measurement (A2) still a Must-be Quality. In terms of safety, group B classifies GPS
positioning (B1) as a less sensitive function among the Must-be Quality. The demand
for entertainment functions (C1) of group B has dropped significantly, which belongs to
Indifference Quality. What’s more, such family-related functions as video call (C2) are
still classified as One-dimensional Quality.

Group C: M-A6, D3, D4, A1; O-C2, B1, D6; A-A5
Long-lived elderly over 90 years consider fall detection (A6) as their top need. On

account of the obvious decline in vision and hearing, the demand for bigger screens and
volume (D4) has also significantly augmented. Another obvious change is that because
these elderly people are not accustomed to using touch screens, it is the first time to
have physical buttons (D6) as a One-dimensional Quality. According to CHARLS 2018,
32.43%of the elderly over 90 suffer frommemory-related diseases, supported also by the
data in the KANO questionnaire. Therefore, for the first time, the voice memo function
(A5) is classified as Attractive quality.

The demand for video calls (C2) of the three groups tends to be the same with the
complex operation of smartphones and low suitability for aging, resulting in the low
popularity of the elderly group. Therefore, the elderly are eager to seek a simpler way
than WeChat video call to maintain family relationships and meet their spiritual needs.

Another requirement that tends to be consistent is the long battery life (D3). It
is because the way to wear the bracelet/watch and the lack of standardization of the
charger that make charging process complicated for the elderly with poor memory.
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During the survey, some elderly users who gave up using bracelets/watches present that
long charging time and poor battery life are important factors.

6 Conclusion

By screening the survey data of CHARLS 2018, this paper obtained the record of the
basic health status, main changes of physical function, and common chronic diseases of
the elderly over 60 years old in the mainland, accordingly, a reference for future smart
wearable devices designed for the elderly in China is provided.

Most of the existing wearable smart bracelets/watches for the elderly have numerous
complex functions. However, many functions are not often used by the elderly, resulting
in increased operational complexity and cost. This paper summarizes their common
functions in recent years by using the KANO model to conduct a group study on the
elderly over 60 years old, so as to discuss the changes in different needs of the elderly in
three age groups. It should be noted that the research object in this paper is the elderly
living in Shenzhen, China. Thus, the study results may have certain limitations with
the changes in the region. The inconvenience of surveying the elderly over 90 also led
to the small sample size of Group C. In addition, the conclusions may change over
time if smart wearable devices are gradually transform into being aging-friendly and
convenient, correspondingly the needs of the elderly may increase.

In general, the research and application of smart wearable devices in elderly care is
a hot trend in the future development of China and even the world. For this reason, it is a
topic worthy of in-depth study to improve the cost-effectiveness ratio and the suitability
of elderly smart wearable devices, meet the individual needs of the elderly based on
being safer, more convenient, and lower in cost.

Acknowledgments. We thank the Foundation for Young Talents in Higher Education of
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Abstract. For older adults Voice Controlled Devices (VCDs) could offer
an easy way to access to digital services. This paper provides a systematic
literature review (N = 60) of the state of research on learnability, usabil-
ity, and use of VCDs and older adults. Furthermore, the paper highlight
the predominant study methods used and identify positive and negative
characteristics of VCDs. In addition, it presents reservations and bar-
riers that prevent older adults from using VCDs. This work extends
related work by conducting a literature review within the databases
Goolge Scholar, ACM Digital Library, IEEE Xplore, and ProQuest. The
structured literature review was conducted using the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) proposed
scheme.

The results show that as of 2018, the number of researches on VCDs
and older adults is steadily increasing, and this population group is
receiving increasing attention. Most of the studies (40%) used mixed
methods for data collection and analysis. The literature review clearly
shows that older adults have few problems learning and using VCDs.
Older adults face problems caused by faulty speech recognition of com-
mands or a non-existent display that visually shows input and output of
commands. Obstacles are largely privacy and data protection concerns.

Keywords: Voice Controlled Devices · Voice User Interface · Voice
Assistant · Intelligent Virtual Assistant · Human Computer
Interaction · Learnability · Usability · Reservations · Older adults ·
Elderly

1 Introduction

Devices with interfaces controlled by natural language processing (NLP) [20]
have been known for some time. Manufacturers of digital devices such as Apple,
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Google, Amazon, Microsoft, Samsung, and IBM have recognized the market
potential of voice interfaces and integrated them into their products as part
of the operating system or as a stand-alone solution in loudspeakers known
as smart speakers. These voice interfaces are also used in navigation devices,
satellite receivers, vehicles, and other devices.

Interaction with Voice Controlled Devices (VCDs) is through natural speech
input and output and is similar to human-to-human communication. Due to the
similarity to human-to-human communication, it could be assumed that this
form of interaction reduces the barriers to the use of digital technologies that
exist mainly in the population of older adults [52], enables more straightforward
operation of digital technologies, and easy access to digital services. Older adults,
in particular, could profit from this type of human-machine interaction by easing
their access to digital services. However, there is a lack of studies considering
how older adults interact with VCDs. [83]

The essential motivation of this work was to provide an overview of the
scientific literature of what research has been done on using VCDs and older
adults. Sayago et al. [83] already criticized in their work the insufficient atten-
tion given to the population group of the older adults in scientific research
related to voice interfaces. Literature reviews have already been conducted by
Stigall & Caine [96], Stigall et al. [97], and Sin & Munteanu [90]. These works
were limited to investigating the databases ACM Digital Library1, SAGE Pub-
lication2, and American Association of Retired Persons, known as AARP3.

The formulation of the relevant research questions (RQ) is specified according
to the Patient/Population-Intervention-Comparison-Outcome (PICO) scheme,
which originated in evidence-based medicine but served as a template for other
scientific disciplines [9]:

– Population The population of research interest is the group of older adults.
The United Nations (UN) defines older adults as persons who have reached
or exceeded the age of 60 years. [105]
In this paper, however, the age limit was corrected to persons 55+, since
specifically, the birth cohorts 1963 and 1964 were the cohorts with the highest
birth rates in Germany. Their share of the total population in Germany in
2019 was 3%, and these cohorts were already 55 and 56 years old, respectively,
at that time. The 55–59 age group is relevant because statistics show that the
proportion of people in the labor force is already declining from the 55–59
age group onwards, which means they are no longer participating in the labor
force. [94] Huebner [46] considers age phases from a sociological perspective
from a life course perspective, in which normative phases are terminated
or initiated by transitions and life events. Huebner lists the transition to
retirement as a classic life event. [46]

1 https://dl.acm.org.
2 https://uk.sagepub.com.
3 https://aarp.org.

https://dl.acm.org
https://uk.sagepub.com
https://aarp.org
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According to official data, 69% of 50–54-year-olds in Germany are still
employed, while the share in the 55–59 age group is only 62% and in the
60-65 age group only 45%. [94,95]

– Intervention The main research interest lies in technical devices with inte-
grated voice interfaces, intelligent assistance systems, and smart speaker that
can be operated via voice.

– Comparison In connection with the learnability, operability, and use of the
devices, possible barriers that prevent older adults from using them will also
be investigated.

– Output The knowledge objective of the literature review focuses on a better
understanding of how specifically the group of older adults perceives the use
of VCDs, for what purposes they are used, and what reasons prevent them
from using them.

The following research questions (RQ) are deduced from the specification of
the research interest according to the PICO scheme:

RQ1 What is the state of research on the learnability, usability, and usage of
VCDs among older adults?

RQ2 What are the predominant methods used for empirical findings in the
context of VCDs and older adults?

RQ3 What positive and negative characteristics of VCDs and older adults have
been identified?

RQ4 What reasons prevent older adults from using VCDs?

Based on the research questions, a structured literature review was con-
ducted. The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) scheme guided the description of the approach to selecting
articles for analysis. [74]

This work provides a comprehensive overview and extends the work of
Stigall & Caine [96], Stigall et al. [97], and Sin & Munteanu [90]. The findings
should help further research understand how older adults interact with VCDs.
This work will also help provide device developers and designers with insights
into what older adults want when designing voice interfaces. In addition, the
paper aims to provide an incentive to continue not forgetting older adults, as
digitization accelerates, in research.

Section 2 presents the methodology, the databases used to select the liter-
ature, and the inclusion and exclusion criteria. It also explains which search
terms and search strings were used, how many contributions were found by the
search in total, and which contributions were irrelevant or removed in advance
due to duplicates found. Section 3 presents preselection results by categorizing
the contributions according to the year of publication, the language interfaces
or devices used, the methods used, sample sizes, and the age groups studied. In
addition, this section discusses the positive and negative characteristics of voice
interfaces, as well as reasons and reservations that prevent older adults of their
use. The limitations of the paper are described in Sect. 4, the findings and the
inconsistencies in literature are discussed in Sect. 5. In the end, the whole paper
is summarized in Sect. 6.
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2 Methodology

For the selection of literature sources, the search was conducted in:

1. Google Scholar4: Database for a broad search of scholarly literature across
many disciplines ad sources.

2. ACM Digital Library5: Database of full-text articles and bibliographic liter-
ature covering computing and information technology.

3. IEEE Xplore Digital Library6: Research database for discovery and access
journal articles, conference proceedings, technical standards, and related
materials on computer science, electrical engineering and electronics, and
allied fields.

4. ProQuest7: Collection of many databases that provide access to thousands of
journals, magazines, newspapers, dissertations, and other publications.

It should be noted that Google Scholar can only be searched in the document title
or the full text. Therefore, the search was performed exclusively in the document
title since a search in the full text would lead to results unrelated to the search
terms. For example, a search for the terms ‘smart speaker’ and ‘elderly’ would
show all results in which both search terms occur at least once without context
in the text. Furthermore, Google Scholar searches excluded citations, and all
databases omitted acronyms in the document title of voice-activated devices
(e. g., ‘VA’ or ‘VUI’). Because abbreviations for terms not in common use do
not appear in the document title and should be introduced first. [22]

All search results were printed and archived.

2.1 Inclusion Criteria

No temporal restrictions were applied to the search in the selected databases
for a comprehensive overview of the available literature to answer the research
questions. Regardless of publication date and type of article, any publication
that met the search criteria was included in the selection.

2.2 Exclusion Criteria

No exclusion criteria were applied.

2.3 Search Terms

For searching the relevant databases, the terms generally referred to in litera-
ture for VCDs were used. In contrast to Stigall & Caine [96], Stigall et al. [97],
and Sin & Munteanu [90], the names of the voice interfaces Alexa, Siri, or
4 https://scholar.google.com.
5 https://dl.acm.org.
6 https://ieeexplore.ieee.org/.
7 https://www.proquest.com.

https://scholar.google.com
https://dl.acm.org
https://ieeexplore.ieee.org/
https://www.proquest.com
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Google Assistant were included in the search query. Furthermore, the term ‘smart
speaker’ was included for the voice interfaces integrated into popular speakers.
This terms complement and extend the work of Stigall & Caine [96], Stigall
et al. [97], and Sin & Munteanu [90].

For searching in the selected databases, the commonly used terms for VCDs
(including common acronyms) were combined with terms related to older adults
as search terms, explained in Table 1.

Table 1. Search terms.

Search terms VCDs Search terms older adults

Voice Assistants (VA) Older adults

Voice Assistants Elderly

Intelligent Virtual Assistant (IVA) Older

Intelligent Personal Assistant (IPA) Senior

Smart speaker

Alexa

Siri

Google assistant

Voice User Interface (VUI)

Voice user interfaces

A variety of terms and acronyms for VCDs are used in the related literature:
Voice Assistant (VA), Intelligent Virtual Assistant (IVA), Virtual Personal Assis-
tant (VPA), Voice-Activated Personal Assistant (VAPA), Natural User Interface
(NUI), Intelligent Personal Assistant (IPA), Voice User Interface (VUI), to name
a few. However, the most commonly used terms are Voice Assistant (VA), VAs,
Voice User Interface (VUI), Intelligent Virtual Assistant (IVA), and Intelligent
Personal Assistant (IPA), so the search was limited to these terms.

The search terms were entered into the databases on September 21, 2021.

2.4 Search Strings

The search in Google Scholar was done in two search cycles to avoid field length
limitations in the input. As mentioned above, the search in Google Scholar was
performed in the document title only. Two search cycles were started in the
ACM Digital Library and IEEE Xplore Digital Library (search in the document
title and search abstract). The acronyms used were also included in the search
in the abstract. When searching the ProQuest database, the acronyms were
omitted. Especially in this database, many acronyms are used in other contexts
(e. g., medical abbreviations), and thus, many papers were irrelevant for the
work.
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The individual search strings used for searching in databases are explained as
supplementary material to this paper.

No automated tools that filter results were used. Furthermore, the results
were verified by an independent reviewer who checked the discovered datasets
for completeness and relevance concerning the research questions.

2.5 Documents Retrieved

A total of 112 (n = 112) documents were identified via the search in the
databases. In additional thirteen (n = 13) documents were added to the overall
selection from cross references (N = 125).

Eight documents (n = 8) were removed from the preselection in the first
review which are explained below. From the ProQuest results list, five papers
[24,69,80,93] (n = 5) were removed due to the lack of reference to VCDs that
were exclusively medical technical topics, or only a listing of reviewers by name
[50]. Two papers (n = 2) were removed from the IEEE Xplore database because
one was a commentary on Artificial Intelligence [75], and one was a personal
portrait of a keynote speaker [48]. One (n = 1) entry was preliminary removed
from the ACM Digital Library results from the search that described only a
content summary of a conference keynote [1].

The initial screening also identified in summary sixteen duplicates (n = 16)
of identical papers in two or more selected databases [23,56,66,71,77,78,83,96,
97,101,107,112] which were also removed from the preselection.

Thus, 101 (N = 101) records were included in the preselection. The abstracts
of the preselected 101 records were reviewed in the next step.

Fig. 1. Flow for systematic screening.
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In the reviewed process, 33 (n = 33) articles had to be removed from the
preselection that had no reference to VCDs or older adults [2,4,6,7,13,14,16,21,
26,29–32,35,37,40,43,44,51,51,54,55,57,60,61,63,73,79,80,100,102,106,108].
Five articles (n = 5) were identical in content (duplicates) [41,87,90,92,101], and
three articles (n = 3) were not studies but exclusively product descriptions in
which no more detailed statements were made about the use of VCDs [27,28,33].

The flow chart for systematic screening is shown in Fig. 1.

3 Results

A total of 60 (N = 60) documents were included in the full-text analysis and
were categorized by author, year of publication, population group considered,
sample size and, the methods used (see Table 2).

Table 2. Documents included in the full-text analysis.

Author Year Population Sample size Methods

Apergi, Lida Anna et al. [3] 2021 Mean age 55–56.5 y. 30 Questionnaire

Balsa, Joao et al. [5] 2020 67–80 11 SUS 8

Blocker, Kenneth A. et al. [8] 2020 66–89 18 Interview

Bolanos, Manuel et al. [10] 2020 not stated 24 Interview

Bonila, K. &

Martin-Hammond, A. [11]

2020 60+ 7 Interview

Budd, B. [12] 2020 not stated 20 Interview

Chen, C. et al. [15] 2021 not stated 16 Interview

Cheng, Amy et al. [17] 2018 not stated 10 Questionnaire

Choi, Y. et al. [18] 2018 65+ 19 Interview

Choi, Yong K. et al. [19] 2020 not stated 37 Mixed

Colombo-Ruano, Lorena et al.

[23]

2021 62–79 9 Mixed

Conde-Caballero, David et al.

[24]

2021 65+ 34 Mixed

Cordasco, Gennaro et al. [25] 2014 not stated 42 Mixed

Gollasch, David & Weber,

Gerhard [34]

2021 55+ (6) 6 Questionnaire

Graf, B. et al. [36] 2002 not stated not stated No Study

Gunathilaka, L. A. S. M. et al.

[38]

2020 60–95 20 Mixed

Gusev, Marjan et al. [39] 2017 not stated not stated No Study

Hellwig, Andre et al. [42] 2018 60–95 20 Mixed

Huang, Jung-Tang et al. [45] 2021 not stated not stated Experiment

Huisingh-Scheetz, Megan et al.

[47]

2020 not stated 5 Focus group

Ilievski, Andrej et al. [49] 2019 not stated not stated Proof of C.

Jaskulska, Anna et al. [53] 2020 mean age 73.14 9 Interview

Tan et al. [101] 2020 not stated not stated No study,

Kim, Sunyoung [56] 2021 74+ 18 Interview

(continued)



182 D. Jakob

Table 2. (continued)

Apergi, Lida Anna et al. [3] 2021 Mean age 55–56.5 y. 30 Questionnaire

Kowalski, Jaroslaw et al. [58] 2019 64–89 7 Mixed

Larsen, Alison [59] 2019 not stated not stated Interview

Luengo-Polo, Jeronimo et al.

[62]

2021 65+ 20 Mixed

McDowell, Saba B. et al. [65] 2020 50+ 46 Survey

Meliones, Apostolos &

Maidonis, Stavros [66]

2020 not stated not stated No study

Mirheidari, Bahman et al. [67] 2019 56–69 61 Experiment

Mizak, Aaron et al. [68] 2017 79–100 18 Mixed

Mtshali, Progress & Khubisa,

Freedom [70]

2019 not stated not stated No study

Nallam, Phani et al. [71] 2020 60–76 10 Interview

O’Brien, K. et al. [72] 2021 not stated not stated Mixed

Peres, Karine et al. [76] 2021 60–83 53 Mixed

Pradhan, Alisha et al. [77] 2019 65+ 7 Mixed

Pradhan, Alisha et al. [78] 2020 65+ 7 Mixed

Reis, Arsenio et al. [81] 2018 not stated not stated No study

Sanders, Jamie &

Martin-Hammond, Aqueasha

[82]

2019 60–76 10 Mixed

Sayago, Sergio et al. [83] 2019 not stated not stated No study

Scherr, Simon André et al. [84] 2020 68–83 11 Mixed

Schlögl, S. et al. [85] 2013 mean age: 70.22 18 Focus group

Schlomann, Anna et al. [86] 2021 not stated not stated Mixed

Sengupta, Korok et al. [88] 2020 not stated not stated No study

Shalini, Shradha et al. [89] 2019 mean age: 80 23 Mixed

Sin, Jaisie & Munteanu,

Cosmin [90]

2020 50+ 5 Mixed

Sin, Jaisie & Munteanu,

Cosmin [92]

2021 not stated not stated Literature review

Stigall, Brodrick & Caine,

Kelly [96]

2020 not stated not stated Literature review

Stigall, Brodrick et al. [97] 2019 not stated not stated Literature review

Striegl, Julian et al. [98] 2021 70–85 9 Mixed

Sun, Ningjing [99] 2020 79–89 6 Experiment

Ting, Chawchen et al. [103] 2020 not stated 39 Mixed

Trajkova, Milka &

Martin-Hammond, Aqueasha

[104]

2020 67–97 38 Focus group

Valera Román, Adrián et al.

[107]

2021 not stated 3 No study

West, A. J. [109] 2019 50+ 53 &192 Mixed

Wulf, Linda et al. [110] 2014 65–83 10 Interview

Yamada, Satoshi et al. [111] 2018 65+ 33 Mixed

Zeng, Zhiwei et al. [113] 2016 not stated not stated No study

Ziman, Randall & Walsh,

Greg [114]

2018 65+ 15 Mixed

Zubatiy, Tamara et al. [115] 2021 mean age: 78 20 Mixed
8 European Portuguese System Usability Scale, [64]
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When analyzing the publications, it can already be seen that many differ-
ent terms are used for VCDs. The most commonly used terms are voice/virtual
assistant (VA), Voice User Interface (VUI), and intelligent voice/virtual assis-
tant (IVA). However, the motivation for using them remains unclear and is not
explained in detail.

Voice-based interfaces can be integrated into product developments to assis-
tive robots, media technologies (i. e., smart TVs, TV receivers, smartphones,
tablets, and PCs), or used as stand-alone systems in smart speakers. Since intel-
ligent speakers, in particular, are referred to as assistants, it is not easy to differ-
entiate between the devices. Therefore, based on the designation, the term VCD
is used since it accurately describes all possible device groups.

3.1 Presentation of the Publications According to the Year of
Publication

Most of the publications found for the older adults were from 2020 (n = 21).
[5,8,10–12,19,38,47,53,65,66,71,78,84,88,90,96,99,101,103,104] In 2021, five-
teen (n = 15) papers were identified by the cutoff date. [3,15,23,24,34,45,56,62,
72,76,86,92,98,107,115] Eleven (n = 11) papers from 2019 [49,58,59,67,70,77,
82,83,89,97,109] and six (n = 6) from 2018 [17,18,42,81,111,114]. In the period
from 2002–2017, only a total of seven (n = 7) papers [25,36,39,68,85,110,113]
were found on the topic, which means that interest in research on older adults and
VCDs was shallow during this period, even though Apple’s Siri, and Google’s
Assistant were already implemented in smartphones, tablets, and PCs. Only
since 2018 has there been a steady increase in publications, which the rising
popularity of smart speakers could explain. The survey corresponds exactly to
the total number of 60 articles found (N = 60).

Table 3 shows the number of publications chronologically.

Table 3. Number of publications by year and type in chronological order.

Year of

publication

Number of

Journals

Number of

Papers

Number of

Books

Number of

Grey

Literature

Total

2021 (until

2021-09-21)

8 6 1 0 15

2020 7 9 3 2 21

2019 2 8 1 0 11

2018 1 4 0 1 6

2017 1 1 0 0 2

2016 0 1 0 0 1

2014 0 2 0 0 2

2013 0 1 0 0 1

2002 0 1 0 0 1

Total 60

The numbers illustrate that research on VCDs and older adults begun as of
2018 and indicates an increasing interest in research of this population.
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The number of journal articles was nine-teen (n = 19) [3,5,8,18,19,24,
47,56,59,62,68,71,72,76–78,86,96,107], whereas five (n = 5) were book chap-
ters [10,12,15,65,109]. The majority of publications were in conference papers
(n = 33) [10,17,23,25,34,36,38,39,45,49,58,66,67,70,81–83,85,88–90,92,97–
99,101,103,104,110,111,113–115]. Three (n = 3) contributions were unpublished
publications (gray literature) [42,53,84].

3.2 Kind of VCDs Used

The VCDs used varied widely in the publications. Most studies predominantly
focused on interfaces, or devices, from the Amazon , commonly known as ‘Alexa’.
Smart speakers without a display from Amazon were found in sixteen pub-
lications (n = 16) [8,10,12,19,38,42,49,56,59,68,70,77,78,81,104,111]. Smart
speakers with a display from the same company were dealt with in four (n = 4)
papers [8,47,84,89], while three (n = 3) papers used the Amazon Voice Inter-
face [3,18,23]. Ten (n = 10) papers used Google Assistant in their publications
[15,38,42,45,49,53,58,89,107,115], while Apples’ Siri and Microsofts’ Cortana
were used in only five (n = 5) papers [81,85,86,88,110]. In four (n = 4) papers,
the voice interface used was not further defined [25,36,39,91].

3.3 Categorization of Publications by Research Methods Used

Of the total sixty (N = 60) publications selected, forty-one (n = 41) used qual-
itative or mixed methods. Seventeen works was conducted qualitative (n =
17) [3,8,10–12,15,17,18,34,47,53,56,59,71,85,104,110], and twenty-four stud-
ies uses mixed methods (n = 24) [19,23–25,38,42,58,62,68,72,76–78,82,84,86,
89,90,98,103,109,111,114,115].

For qualitative methods, data collection focus on interviews with participants
(n = 11) [8,10–12,15,18,53,56,59,71,110], focus group meetings and interviews
(n = 3) [47,85,104], and questionnaire surveys (n = 3) [3,17,34].

Mixed methods, interviews, questionnaires, participant observation, diaries,
user logs, account-activity logs, ‘Wizard of Oz’ applications, or customer reviews
are mainly used. A total of six (n = 6) contributions were also identified, which
present the development of engaging, own applications using voice interfaces
[5,45,49,65,67,99]. Three (n = 3) contributions present a literature review about
older adults and voice interfaces [90,96,97].
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3.4 Categorization of Publications by Age Group Studied

Three studies (n = 3) investigated people aged 50+ [65,90,109], a further three
studies (n = 3) focus on people aged 55+ [3,34,67]. The 60+ age group was
of interest in eight (n = 8) publications [11,23,38,42,58,71,76,82], and twelve
studies (n = 12) examined the 65+ age group [5,8,18,24,62,77,78,84,104,110,
111,114]. A further eight (n = 8) studies relate to people aged 70+ [53,56,68,
85,89,98,99,115]. Twenty-six authors (n = 26) did not specify the age group in
their studies [10,12,15,17,19,25,36,39,45,47,49,59,66,70,72,81,83,86,88,92,96,
97,101,103,107,113].

3.5 Identified Positive Characteristics of VCDs

A total of thirty-five (n = 35) studies reported predominantly positive features
of how participants perceived VCDs [5,8,10,12,17,18,23,25,38,49,53,56,58,65,
67,67,68,71,72,76–78,82,84–86,89,92,97,98,104,110,111,114,115]. Among the
positive aspects of using VCDs was the ease of learning the systems (n = 7)
[25,34,53,56,58,77,114]. Thus, the simplicity of the systems was rated as high
due to their voice-based use. However, it was noted in this context by three
authors (n = 3) that older adults also encountered problems in the usage that
could be solved by training or training courses as well as printed manuals on the
devices [72,85,85].

Furthermore, seven authors (n = 7) particularly emphasized the devices’
‘good’ to ‘very good’ usability [5,17,56,77,84,98,110].

Thus, six authors (n = 6) see a potential of the systems for personal health
management [18,38], in home care [49], people living alone [38], people with
cognitive impairments [76], and incipient dementia [98]. Four papers (n = 4)
describe that the use of VCDs increases well-being and quality of life among
older adults [12,18,38,98].

Another positive aspect is the convenient control of heating thermostats and
light sources (n = 2) [42,68].

The older adults consider the devices not only as an assistant but in three
(n = 3) contributions as a companion and even as a friend [38,77,84].

The participants found the usage options of VCDs provided primarily by
smart speakers to be positive. The majority of participants used the devices at
least once a day. The older adults used functions such as listening to music,
checking weather reports, asking questions about general knowledge, current
news or recipes, setting reminders or timers, making video calls, or creating
shopping lists [12,18,38,53,56,68,78,84,104,111,115].

VCDs with an additional display were preferred by the participants in two
publications (n = 2) because the visual output is possible in addition to voice
output (e. g., Google Assistant, Amazon Echo Show) [8,89].
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3.6 Identified Negative Characteristics of VCDs

In addition to a large number of positive aspects about VCDs, five authors
(n = 5) also expressed negative viewpoints in their contributions. For example,
the participants have concerns about privacy and data protection. On the one
hand, privacy statements are difficult to interpret, and, on the other hand, they
are not fully read due to their length [11,15,23,25,34].

Frustrations among participants occurred because of the complexity of the
technology [15], the sometimes faulty speech recognition [15,89,110], and dis-
crepancies between the perceived and expected functions [15].

Some participants misunderstood how the devices worked by assuming that
the participants themselves had to store the information in the device [56]. The
studies also revealed that older adults prefer a slow step-by-step dialog [34,99],
simple sets of commands [34,99], error feedback, and confirmatory feedback at
the end of the interaction [99,114]. In addition, older adults have difficulties with
functions that can only be activated roundabout and require technical affinity
[115].

Other adverse facts about the non-use or lower acceptance of VCDs in the
studies were a lack of interest in technological innovations [24], the lack of proac-
tivity (system only interacts with the user when prompted) [107], and a lack of
benefit [104], after which participants partially discontinued their activities with
the VCDs. The authors disagree on the control of smartphone components.

Some participants appreciated the convenience of controlling heating sys-
tems, lights, or other sensors [68]. Others found the comfort rather negative,
as it could give the impression that one is no longer active and dependent on
support. [53]

Negative impressions were also left by the devices - predominantly models
of smart speakers - that do not have a display and thus do not provide an
additional visual representation of the answers. Here, models with displays are
clearly favored by older adults [8].

4 Limitations

As a limitation of this work, it should be noted that the literature review refers
primarily to older adults aged 55+, and the screening was conducted only in
four selected databases. Quantitative studies across different age groups are not
considered in the present work.

The acronyms in the ProQuest database were omitted, as the acronyms are
also commonly used in medical contexts.

Another limitation in this work is the restriction of the search to the terms
VA, VAs, VUI, VUIs, IVA, and IPAs.

Furthermore, as described in Sect. 2, the search terms were formulated and
submitted to the databases exclusively in English. Therefore, this work focuses
on English language published literature.
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5 Discussion

In general, VCDs are perceived positively by older adults [97,111,115]. In their
studies, the authors notes potential in VCDs for older adults as a conversational
partner [111], as a counseling support device in health issues [71], in health
management [18], or as a friend/companion [77,84]. The authors notes benefits
of VCDs [23,53]. These benefits lie in the reduction of loneliness of the older
adults [84] and in the efficiency in the use of the devices [56]. In addition, VCDs
are noted as helpful for people with disabilities [58], or for people living alone
[38]. High levels of acceptance and trust in the technology are also noted [17,
68,76,84,97]. Basically, VCDs are considered useful and interesting [10] and are
even liked [8]. The focus of this paper refers specifically to how older adults
assess learnability, usability, usage RQ1, the barriers, and reasons that prevent
them from not using RQ4. Some of the literature has differing opinions on this.
Which is outlined in the following sub-sections.

5.1 Learnability of VCDs

In four of the studies investigated (n = 4), older adults found VCDs to be
basically easy to learn [25,58,78,114]. In contrast, one study (n = 1) states, that
the VCD (investigated: Google Home) is difficult to learn for older adult [17].

In numerous studies, the independent learnability of VCDs is not investigated
or not investigated neutrally. For example, some authors instructed study par-
ticipants in advance on how to use the VCDs [8,56,77,78], provided manuals, or
offered individual support [76,78,115], which bias the independent learnability.

Kowalski et al. [58] and Peres et al. [76] notes that less or no training is
needed or just some support is required for older adults to learn how to use
VCDs.

Regarding the learnability of VCDs, it can be summarized that, according to
Kowalski et al. and Peres et al., it is not necessary to provide support for learning
to use VCDs. However, numerous study designs on VCDs are conceptualized in
such a way that study participants nevertheless receive support in handling or
learning VCDs in advance or during the study. This suggests a gap in research
in the context of the independent learnability of VCDs.

5.2 Usability of VCDs

Literature particularly emphasized the ease of use of VCDs for older adults
[12,25,78,110,111,114]. Cheng et al. [17], Balsa et. [5], Striegl et al. [98], and
Peres et al. [76] also stated high usability of VCDs for older adults in their
studies. VCDs also allow easy access to digital services [78], and older adults
were aware of how VCDs works [115].
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However, the otherwise positive usability is negatively impacted by the diffi-
culty of setting up the devices, according to Chen et al. [15]. Difficulty formulat-
ing commands to VCDs was noted as another negative aspect by Kim [56] and
Sun [99] added, that older adults requires more time for formulating the com-
mands. Interaction with VCDs was also aborted if the action command [110,114]
followed immediately after the wake-up word was uttered.

Further, criticized in relation to the usability of VCDs was the partly faulty
speech recognition [15,110,114].

The complexity of VCDs and occurring technical glitches (e. g., Internet
connection termination) also negatively affects usability [15]. Kim [56] found
in her study that the functionality of VCDs was not understood by the older
adults because the participants thought they had to first provide the system
with information before they could use it.

According to Peres et al. [76], negative usability limitations arise specifically
for people with cognitive impairments needing assistance in using VCDs.

Engaging in the context of usability is the fact that older adults prefer VCDs
with a display for confirmatory feedback of successful command. They favor
VCDs with a display opposite VCDs without a display [8,58,89,114].

Overall, there is a consensus in the literature on positive usability of VCDs,
although some aspects (e. g., difficulty of setup, reliability of speech recognition)
still need to be improved.

5.3 Usage and Usefulness of VCDs

The use of VCDs by older adults during participation in the studies varied
between daily use [104,115] and regular use [12,68,82], indicating high willing-
ness to use. A negative effect on willingness to use VCDs, according to Kim [56],
is that there is a dismissive attitude among older adults because of the belief
that one can no longer do things for oneself.

Basically, older adults see a benefit in VCDs [8,78] and are considered as help-
ful (e. g., with health issues or for health management) [71]. Reasons why VCDs
are considered as less useful were identified by Conde-Caballero et al. [24] due to
a lack of interest in technical innovations. Trajkova & Martin-Hammond [104]
stated in their study that usage was also discontinued by participants due to
lack of usefulness.

5.4 Reservations and Barriers to Use VCDs

The negative features described in Sect. 3.6 (e.g., privacy and data protection,
faulty speech recognition) and Sect. 5.3 (e.g., lack of usefulness) also prevent
older adults from using VCDs.
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Older adults have the most reservations about their privacy and data protec-
tion [11,15,23,25,34]. They prevented from using VCDs by the difficulty of for-
mulating command sentences [56,99] or misunderstanding how the VCDs works
[56]. Lack of utility [104], usefulness [104], and the ability to ask the device to
do something they can still do themselves are other barriers [56,104]. The par-
ticipants want full control over who manages data (e. g., health data) and want
to retain their autonomy about a VCDs [82].

However, engaging in this context is that the recording of conversational
dialogues does not elicit any reservations [78].

6 Conclusion

This work provides a comprehensive systematic literature overview of VCDs
concerning older adults and is consistent with the previous work by Stigall &
Cain [96], Stigall et al. [97], and Sin & Munteanu [90]. However, additional
databases and thus additional literature were used in this work, extending the
previous reviews. The overall goal of this work was to identify the state of
research on the learnability, usability, and usage of VCDs among older adults
RQ1. Reviewing literature (N = 60) shows, that there is a gap in research in the
context of the independent learnability of VCDs and older adults. Regarding to
usability of VCDs it can be stated, that there is a consensus in the literature
on positive usability of VCDs, although some (technical) aspects still need to be
improved. Basically, the literature also shows that VCDs are considered useful
for older adults and are perceived as useful by them.

A further goal was, to identify the predominant methods used for empiri-
cal findings in the context of VCDs in literature RQ2. It could be determined,
that the majority of the studies used mixed methods and qualitative research
methods.

It also aimed to determine what positive and negative characteristics older
adults associate with VCDs RQ3. In literature, older adults rated the simplicity
of VCDs as high due to their voice-based use. Negatively, the studies described
privacy concerns by older adults and a faulty speech recognition of the systems.

Finally, to answer RQ4, we were investigated in the reasons that prevent
older adults from using VCDs. Once again, mainly concerns and obstacles exist
primarily due to privacy concerns.

This paper reveals that there has been an increase in research on VCDs and
older adults in recent years. The review also shows that there are still gaps
in the research, especially in terms of independent learnability, and should be
investigated in more detail in future work.

Supplementary Material

Search strings used for searching in databases.
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Database Search in Search string

Google Scholar,

1st search run

title allintitle: (“Voice Assistant” OR “Voice Assistants” OR

“Smart Speaker” OR “Alexa” OR “Siri” OR “Google

Assistant” OR “Voice User Interface” OR “Voice User

Interfaces”) AND (“Elderly” OR “Older” OR “Older

Adults” OR “Senior”)

Google Scholar,

2st search run

title allintitle: (“Intelligent Personal Assistant” OR “Intelligent

Virtual Assistant”) AND (“Elderly” OR “Older” OR

“Older Adults” OR “Senior”)

ACM, 1st

advanced search

run

title (“Voice Assistant” OR “Voice Assistants” OR “Smart

Speaker” OR “Alexa” OR “Siri” OR “Google Assistant”

OR “Voice User Interface” OR “Voice User Interfaces”

OR “Intelligent Personal Assistant” OR “Intelligent

Virtual Assistant”) AND (“Elderly” OR “Older” OR

“Older Adults” OR “Senior”)

ACM, 2st

advanced search

run

abstract (“Voice Assistant” OR “Voice Assistants” OR “Smart

Speaker” OR “Alexa” OR “Siri” OR “Google Assistant”

OR “Voice User Interface” OR “Voice User Interfaces”

OR “Intelligent Personal Assistant” OR “Intelligent

Virtual Assistant” OR “VUI” OR “VA” OR “IPA” OR

“IVA”) AND (“Elderly” OR “Older” OR “Older Adults”

OR “Senior”)

IEEE Xplore, 1st

advanced search

run

document title (“Voice Assistant” OR “Voice Assistants” OR “Smart

Speaker” OR “Alexa” OR “Siri” OR “Google Assistant”

OR “Voice User Interface” OR “Voice User Interfaces”

OR “Intelligent Personal Assistant” OR “Intelligent

Virtual Assistant”) AND (“Elderly” OR “Older” OR

“Older Adults” OR “Senior”)

IEEE Xplore, 2st

advanced search

run

abstract (“Voice Assistant” OR “Voice Assistants” OR “Smart

Speaker” OR “Alexa” OR “Siri” OR “Google Assistant”

OR “Voice User Interface” OR “Voice User Interfaces”

OR “Intelligent Personal Assistant” OR “Intelligent

Virtual Assistant” OR “VUI” OR “VA” OR “IPA” OR

“IVA”) AND (“Elderly” OR “Older” OR “Older Adults”

OR “Senior”)

ProQuest, 1st
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document title (“Voice Assistant” OR “Voice Assistants” OR “Smart

Speaker” OR “Alexa” OR “Siri” OR “Google Assistant”

OR “Voice User Interface” OR “Voice User Interfaces”

OR “Intelligent Personal Assistant” OR “Intelligent

Virtual Assistant”) AND (“Elderly” OR “Older” OR

“Older Adults” OR “Senior”)

ProQuest, 2st

advanced search

run

abstract ab(“Voice Assistant” OR “Voice Assistants” OR “Smart

Speaker” OR “Alexa” OR “Siri” OR “Google Assistant”

OR “Voice User Interface” OR “Voice User Interfaces”

OR “Intelligent Personal Assistant” OR “Intelligent

Virtual Assistant” OR “VUI” OR “VA” OR “IPA” OR

“IVA”) AND (“Elderly” OR “Older” OR “Older Adults”

OR “Senior”)
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Abstract. Supervised Learning is a Machine Learning technique where a pre-
dictor is trained using a set of labeled data where each data point has a label
associated with it. The technique can be used for Affective Computing where a
person’s physiological signals are measured and used in conjunction with labels
to create a predictor for affective states. However, creating this labeled dataset is
labor-intensive and prone to human errors. To alleviate some of the costs of man-
ual labeling, a data annotation tool is needed to create labels that can eventually
be combined with physiological data to create a fully labeled dataset. The goal
of the tool is to streamline the steps from data collection and data annotation to
creating an effective computing agent. A use case and initial development of this
tool stems from a socially assistive robotics system setting with older adults who
have cognitive impairment and dementia. However, the tool was further developed
to be adaptive to the needs of any data annotation. In this paper, we present a data
annotation tool that can be adapted to any domain for streamlining the process of
data annotation.

Keywords: Data annotation · Supervised learning · Affective computing

1 Introduction

An estimated 14% of the older adult population above the age of 71 in the United
States are diagnosed with dementia, with an estimated 5.8 million adults ages 65+ with
Alzheimer’s. The expected population of older adults (65+) is projected to rise by 32
million over the next 30 years [1]. This leads to a disparity in the number of both formal
(paid) and informal caregivers for older adults and the number of older adults in need of
caregivers [2]. For those with Alzheimer’s and related dementias, apathy is an expected
emergent behavior that leads to cognitive decline, social isolation, and reduced quality
of life [3]. Current treatments promote the development and use of activities that foster
social, physical, and cognitive skills [4]; however, they require the use of limited finite
personnel resources [5].
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Due to limited personnel resources, several technological systems with Socially
Assistive Robots (SAR) have been developed and explored. Yu et al. and Šabanovic
et al. used a therapeutic baby robot seal PARO to foster social-engagement and improve
overall mood [6, 7]; however, interventions such as these are passive and require the
personnel or older adult to take the initiative and need a trained therapist to be effective.
Other implementations of SARs for older adults include a fitness coach that demonstrates
exercises to older adults and provides feedback based on their performance [8–10], a
robot that assists older adults in ameal eating activity [11], and a robot that can recognize
and synthesize voices, navigate, remember appointments, manage shopping lists, play
music, and can be used as a video conference system for the care of older people [12].
While these systems are promising, many of them are built for very specific applications
and are limited to the type and variety of tasks they can perform. In addition to SAR
systems, the use of Virtual Reality (VR) has been proposed [13], but research shows that
participants are likely to respond better to instructions from physical robots rather than
from a VR system [14, 15]. To address the personnel limitations and lack of engagement
with pure VR systems, a novel system was developed which combines social robotics
with non-immersive VR to create activities for older adults that are both cognitively and
physically engaging while encouraging social engagement [16]. This system needs to be
sensitive to the affective states [17] experienced by the older adults during the activities,
specifically stress [18–21] for a natural interaction. For example, if a user is feeling
stressed while they are taking part in an activity, the system can observe this emotion
and automatically adapt the difficulty to lower stress.

For the development of an adaptive system, multimodal data capturing information
about the older adult’s mood and feelings, needs to be collected and processed for affec-
tive computing. Physiological signals are a response to the Autonomic Nervous System
(ANS) communicating and operating between the Central Nervous System (CNS) and
the various organs or muscles. The ANS is composed of the Sympathetic (SNS) and
Parasympathetic (PNS) nervous systems. The sympathetic nervous system prepares the
body for emergency action, “fight or flight”, by activating the adrenal glands [22]. This
response leads to measurable physiological signal changes such as heart rate, blood flow,
and increased muscle activation which can be mapped to affective states. On the other
hand, the PNS helps sustain homeostasis during rest by decreasing and maintaining
physiological signals in measurable ranges [23]. Since ANS activity is involuntarily,
responses cannot be manipulated or masked by an individual. Therefore, physiological
signals are a preferred modality in affective computing, especially for stress detection.

A collection of useful algorithms for affective computing come from the field of
Machine Learning (ML). ML can be broadly defined as a collection of computational
techniques which use past information to improve prediction performance [24]. Specif-
ically, Supervised Learning (SL) algorithms are useful for the detection of affective
states; however, they require a fully labeled dataset as each point of past data requires
a label to be associated with it [25]. Creating a fully labeled dataset is expensive and
labor intensive. To alleviate some of these constraints, this paper proposes an online
and offline annotation and meta-data, such as time of experiment and experiment ID,
collection tool to be used in conjunction with a data synchronization module to generate
a fully annotated dataset.
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Acquired unlabeled multimodal data needs to be annotated for supervised learning
[26]. Previous studies have shown the use and effectiveness of an online annotation
tool used by trained professionals [27]; however, they can be improved through offline
data annotation, meta-data collection, and real time application adaptability. Our tool
addresses the lack of offline annotation through a four-page tool design: (1) information
of the activity and caregiver, (2) online tool to collect data (live annotation), (3) offline
tool to collect data (recorded session annotation), and (4) summary of the session. The
annotation tool is used to collect meta-data about the system through the trained pro-
fessional such as the observed effectiveness of the system and social engagement and
mental load of the older adults. Additionally, the users of this tool have the ability to
modify it for their labeling needs such as increasing the number of labels by addition or
deletion. Following the annotation step, a synchronizationmodule is used to synchronize
the multimodal data and annotations for a fully labeled dataset. With the annotation tool,
we aim to streamline the steps from data collection and data annotation to creating an
affective computing agent. Current techniques are labor intensive and require signifi-
cant time, and this tool will alleviate limitations from older techniques. While the data
annotation tool and data synchronization module were built in the context of SARs for
older adults, it can be used with any multi-modal data, including physiological and other
informative data, that needs annotation and synchronization.

The development of a SL affective computing agent requires a pipeline that begins
with physiological data collection, data annotation, and data synchronization. This paper
will follow the structure of the pipelinewherewedescribe the tools used for physiological
data collection, current state-of-the-art data annotation techniques, our more streamlined
data annotation tool, and data synchronization.

2 Multi-modal Data Acquisition

For the SAR systems to be adaptive, several modalities of physiological data are col-
lected such as Heart Rate and Skin Conductance along with other informative data such
as Facial Expressions and Skeleton Information. The Empatica E41 watch is used to
collect the physiological data, including blood volume pulse, electrodermal activity, and
temperature, as well as acceleration data. A webcam is used to collect facial expres-
sion and a Tobii EyeX is used for eye tracking as a means of additional multi-modal
information. The physiological data collected from users along with a labeling system
is used to train SL algorithms for affective computing. The data collected from these
sensors is individually saved with a timestamp associated with each sample and stored
in common types including text, CSV, and JSON files. Figure 1 shows an example of
what automatically generated EDA and BVP data from the E4 sensor looks like. Various
data types have different timestamps and sampling rates associated with them.

1 www.empatica.com.

http://www.empatica.com
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Fig. 1. Example of EDA and BVP data, respectively, where the first row are Unix timestamps,
second row are sampling rates, and the rest are samples.

To produce an effective SL algorithm for affective computing, the sensor data needs
to be fused together using the generated files and combined with affective state labels
for the algorithm to use for training. An example of different modalities and activity data
that can be acquired during a human-computer interaction is presented in Fig. 2 along
with the data annotation and synchronization steps which lead to a fully labeled dataset.

3 Data Annotation

This section will begin with the current state-of-the-art data annotations techniques
for the generation of labels followed by a discussion of our data annotation tool for
asynchronous multi-modal data leading to a more robust system. Finally, we will discuss
the structure of the generated labels.

3.1 State-of-the-Art Data Annotation Techniques

While collecting physiological data from sensors is inexpensive, SL needs ground truth
labels associated with the data for the learner to accurately classify affective states. In
practice, there are several methods of data collection and annotation each with distinct
advantages and disadvantages. Schmidt et al. created the Wearable Stress and Affect
Detection (WESAD) dataset, which is one of the most widely used public dataset for
affective computing [28]. It contains neutral, stress, and amusement affective states
where stress was induced by asking participants to perform certain tasks. The E4 wrist
sensor and RespiBAN chest sensor were used to collect Accelerometer (ACC), Elec-
tromyography (EMG), Respiration (RESP), Temperature (TEMP), Electrocardiogram
(ECG), and Electrodermal Activity (EDA) from 15 subjects. The authors of the dataset
provide four ground truth labels: Baseline, Stress, Amusement, and Meditation. These
are considered ground truth based on what the participants were asked to do during
the time when the labels were collected. For example, the participants were asked to
perform a stressful task such as mental math and public speaking, and the time spent
on the task was recorded as stress. However, ground truth extracted from this technique
is not always reliable as a participant might not be stressed while performing mental
math or not amused when presented with amusement stimuli. Another form of creating
a labeled dataset involves a novel game-based emotion elicitation method designed to
induce emotions while accounting for the particularities of individuals such as different
perceptions and feelings of stress as developed by Bevilacqua et al. [29]. This method
is also based on eliciting certain emotions from the users, but the expected emotion
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Fig. 2. Example of a pipeline from the collection of raw multi-modal data to a fully annotated
and synchronized dataset

cannot always be guaranteed. While ground truth generation using emotion elicitation
is inexact, it can be useful for certain tasks and is inexpensive to generate compared to
exact ground truth.

On the other hand, high quality labels can be generated with an expensive process
of manual observation and annotation by a trained therapist. Zheng et al. conducted an
experiment where problem behaviors were elicited in children with autism spectrum
disorder to train models that can detect these behaviors in the future [27]. For their data
annotation, they built an application that allows for trained therapists to observe sessions
in real time and generate labels of problem behaviors. While this application was useful,
it was lacking robust meta-data collection, offline data annotation, and adaptability to
modify the application in run time. Manual labeling can be labor intensive and prone
to errors, but applications such as these aim to reduce the complexity of annotation and
allow for experts to focus on subjects and therapy. Therefore, a robust and easy to use
annotation tool is essential for high quality labels where the alternative is expert-based
manual annotation. The tool developed in this paper is an improvement on previous
annotation tools for meta-data collection, online and offline annotation, and real time
modifiability.

3.2 Structure of the Data Annotation Tool

Our application consists of four pages that allow for robust and adaptive data annotation.
The flow of use for the tool is presented in Fig. 3. In the first screen, the menu page, the
experts or labelers who use the tool are prompted to enter themeta-data of the experiment
they are running. Figure 4 shows the UI of the menu screen where the meta-data such
as the name of the trained therapist can be entered, experiment code, session number,
and patient ID. Additional fields can be added as needed during run time. The rest of
the available fields are options that can be entered by the experts to modify the tool in
real time for their labeling specificities. Following this page, the data annotation can
be conducted in an online or offline manner. The online section of the tool allows for
the experts to observe an experiment in real time and log their notions, and the offline
portion allows the users to view recorded videos and annotate on past experiments.
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Fig. 3. Flow of the tool for online and offline settings in terms of the application pages

Figure 5 displays the UI details of the online page where the expert can observe
and annotate. The buttons made available to the expert are generated based on the input
provided in themenu page. For example, a use case is presented in Fig. 5where the expert
is observing an experiment for the stress sensitive SAR and VR system for older adults.
In this labeling scheme, the expert can label any observation as high stress, medium
stress, low stress, older adults helping each other, conversing with each other, being
amused, and neutral. Each time a button is clicked, the timestamp, label information,
and meta-data is stored in a JSON file for easy access and use for affective computing.

On the other hand, an online setting might not always be viable. In certain settings,
getting an expert to come and observe the experiments in real timemight not be possible,
so an offline version of the data annotation tool was created. The functionality of the
tool remains the same; however, the expert can view the experiment side by side to the
labeling scheme. The recorded video can be viewed in the tool through an upload directly
into the tool or a stream from a URL. Figure 6 highlights the offline functionalities of the
tool in the same use case as the online setting. Once the labels have generated, a small
summary page is displayed to the expert about the experiment they have run as shown
in Fig. 7.

Fig. 4. The menu page of the annotation tools allows for experts to add meta-data and modify the
application for their labeling needs



A Data Collection and Annotation Tool 207

Fig. 5. Main online page of the tool where experts can observe a experiment in real time and
generate labels

Fig. 6. Main offline page of the tool where experts can review a previous experiment and generate
labels

Fig. 7. Summary page of the tool where the expert can see information about their experiment
labels
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3.3 Structure of the Generated Labels

As the experts use the application to create a set of labels, the tool will internally create a
JSON object that keeps track of their inputs with the same flow of logic as the users. The
file is created with C# where the fields include the custom created buttons, the number
of times the buttons are clicked, the timestamps and buttons associated with each click
of a button, and the meta-data. This structure allows for the labels to be taken as input
using any programming language for affective computing without complex processes.
An example of a generated JSON file containing the labels is shown in Fig. 8. Each
entry in the JSON object has a timestamp associated with it so synchronization with
physiological data is as streamlined for a quick turnover period from data acquisition
and data annotation to affective computing.

4 Multi-modal Data and Annotation Synchronization

In the final steps of the pipeline, the collected data needs to be synchronized the generated
labels. Each tool used for data collection generates a file with timestamped data in
various formats such as text, CSV, and JSON. The individual files need to be converted
into the same framework and fused together for a more complete understanding of
the subjects’ affective states. Our data synchronization tool accepts any form of data

Fig. 8. Example of the generated JSON file from the data annotation tool
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(following certain standard file structuring for physiological data) and fuses sensor data
to create a synchronized dataset.

While the synchronized physiological data carries useful information, a SL agent
will not be able to learn from this data without the addition of labels. The labels can
be easily combined with the physiological data due to the structure of the JSON object.
It should be noted that the final dataset is sparse with many empty data. This is due to
the fact that many sensors have varying sampling rates. There are several techniques for
handling the sparse nature of physiological data such as interpolating the mean between
available data points. This detail is left open to interpretation to researchers who use this
tool as the imputing technique is domain specific. Figure 9 displays an example of the
final dataset created from collected data and labels.

Fig. 9. Example of the fully generated dataset

5 Conclusion

There is a large disparity in the number of both formal (paid) and informal caregivers
for older adults and the number of older adults in need of caregivers [2] due to the
large number of older adults diagnosed with dementia and Alzheimer’s. Those with
Alzheimer’s and related dementias are prone to apathy which is an expected emergent
behavior that leads to cognitive decline, social isolation, and reduced quality of life
[3]. The current treatments promote activities that foster social, physical, and cognitive
skills [4]; however, they require the use of limited finite personnel resources [5]. A
novel system was developed which combines SARs with non-immersive VR to address
the personnel limitations and lack of engagement with pure VR systems with the goal
of engaging cognitive, social, and physical skills to improve their quality of life [16].
Additionally, tomake the systemmore naturalistic, it needs to be sensitive to the affective
states [17] experienced by the older adults during the activities, specifically stress [18–
21]. Supervised Learning algorithms can be used along with physiological data to create
a model that can approximate affective states to allow an HCI system to be dynamic
and responsive to the users. Creating a fully labeled dataset is labor intensive and prone
to errors even by experts. So, we developed a data annotation tool that allows for easy
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annotation in online and offline settings with the goal of streamlining the steps from data
collection and data annotation to creating an affective computing agent.

The data annotation tool consists of a four-page flow where the first page allows for
experts to modify the tool in real time for their use case, the second and third page allow
the expert to annotate in an online and offline setting respectively, and the final page
provides a summary. As the expert uses the tool, a JSON object is build that keeps track
of the timestamped labels. Once the labels have been created, a synchronization step is
followed where the data from all sensors is fused together along with the labels to create
a fully labeled dataset.

While this tool was initially built for the SAR and VR system, it can be used
universally for any online and offline data acquisition needs due to its run-time
modifiability.
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Abstract. Our study focuses onmyths about older people’s smartphone use. Self-
reported data, from Eurostat for example, report access rather than actual usage
and are of limited use. What respondents report does not necessarily correspond
with their actual smartphone usage behaviour in everyday life. We therefore
conducted a tracking study to gain insight into smartphone usage among older
adults. Smartphone activity logs were collected from individuals aged 60–79 (N
= 303) throughout a period of 28 days between February andMay 2019 inCanada,
the Netherlands, Spain and Sweden. The data thus obtained on actual smartphone
use were critically examined in the light of seven myths related to the smart phone
usage of older people in everyday life. We also analysed the data in the context
of empirical studies in the field of older people’s digital behaviour. Finally, after
drawing our conclusions, we present limitations and sketch implications for future
research.

Keywords: Older adults · Smartphone use · Everyday life · Tracking · Digital
practices ·Myths

1 Introduction

It is easier to slay a dragon than to kill amyth [1]. This also applies to older people’s use of
digital devices. In 2012, Wandke et al. [2, p. 564] discussed and debunked the following
myths related to ICT use by older people: (1) Just wait and see. Future generations of
older people will use computers without problems; (2) Older people are not interested in
using computers; (3) Older people consider computers to be useless and unnecessary; (4)
Older people lack the physical capabilities to use ICT; (5) Older people simply cannot
understand interactive computing technology; and (6) You can’t teach an old dog new
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tricks. In 2013, Durick et al. [3, p. 470] dispelled a number of prevailing myths about
ageing in connection with technology design, stating: “Within the context of designing
technology,we explore and present alternative approaches to themyths that all old people
are the same; socially isolated and lonely; a burden on society; chronically ill; incapable
of learning new, mainstream, technologies, and unable to use technology.” In 2018,
Quan-Haase et al. [4, p. 1207] deconstructed myths about the online activities, skills,
and attitudes of older adults and developed a “typology that moves beyond seeing older
adults as Non-Users to include Reluctants, Apprehensives, Basic Users, Go-Getters, and
Savvy Users.”

Our study focuses on myths related to older people’s smartphone use. We first con-
sulted statistics from Eurostat to gain insight into real life smartphone use by older
people. The Eurostat data (2019) [5] showed that 73% of the EU-27 population between
the ages of 16 and 74 accessed the internet on their mobile phones in 2019, a percentage
that dropped to 45% when focussing on the group in the upper end of the age range,
i.e., those aged between 55 and 74 years old. However, these self-reported data refer to
access rather than actual usage and have limited use: the information provided by respon-
dents in such a survey does not necessarily correspond with the reality of their actual
smartphone usage behaviour in everyday life. We therefore conducted a tracking study
to gain insight into the smartphone usage of older adults. To that end, we collected the
smartphone activity logs from individuals aged 60–79 years old (N= 303) throughout a
28-day period between February and May 2019 in Canada, the Netherlands, Spain and
Sweden, enabling us to critically examine the following myths related to older people’s
actual smart phone usage in everyday life:

Myth #1: Digital technologies are alien to older people
Myth #2: Older people are not able to interact with technology
Myth #3: The older the individual, the less the smartphone is used
Myth #4: Older people are a homogeneous population
Myth #5: Older people are defined by their medical conditions, creating specific
digital needs
Myth #6: Older people don’t use the smartphone to play, they don’t need fun
Myth #7: Older people don’t use their smartphone for self-representation

Our results will be presented within the context of empirical studies on smartphone
usage by older people.

2 Method

The data we analyse here come from the More Year Better Lives (MYBL) research
project BCONNECT@HOME [6]. A more detailed clarification of the data collection
process and research design is given elsewhere [7, 8]. Here, we provide the relevant infor-
mation to contextualize the obtained results. We used data that was collected by tracking
the smartphone usage of a sample of older adults. The total sample was comprised of
individuals aged 55 to 79 (N = 430), although in the present paper, the focus was on
the older individuals between the ages of 60 to 79 (N = 303) within this group, who
provided almost 900,000 logs (or valid observations) corresponding to more than 3.000
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different apps. We collected the smartphone activity logs in a period of four consecutive
weeks (28 days) between February and May 2019 in Canada, the Netherlands, Spain
and Sweden. The geographical scope provided ample diversity in terms of internet and
smartphone use in later life (see also [7]). The length of data collection allowed us to
gain an in-depth picture of the everyday digital practices of the participants and to study
the actual use of digital technology in daily life. This is important as it is impossible
to be certain that the information provided by respondents in surveys and interviews
corresponds with their actual digital behaviour. We aim to shed light on the digital prac-
tices of this group, although the selected sub-sample does not seek representativeness
at the population level. The analysis we propose here relies exclusively on what can
be considered a classical ‘big data’ analysis. Except for age, a critical dimension of our
analysis, we study the smartphone logs without any other socio-demographic, contextual
information. We conducted a relatively simple descriptive analysis of smartphone usage
to build a robust narrative.

Usage indicators commonly rely on device screen activity. These are by-product
indicators that, while less than perfect, are generally used in the field (see [7] for a
discussion on the data analysed here). For instance, usage is generally measured as
screen time, which is calculated by the time the screen remains active. However, use of
such a proxy is not without its problems. On the one hand, the screen can turn on and
remain active afterwards without an actual interaction, as when a notification pops up.
On the other hand, some applications do not need screen time to run. Audio applications,
such as Spotify, can run for hours but is counted as screen time only when the user turns
on the application and at other scattered moments, such as when the user selects songs,
channels or other sources of music.

First of all, we decided, following usual standards, tomeasure access as the number of
times the screen turned on. Accessing apps is interpreted as evidence of usage: the higher
the number of accesses, the higher the usage. Second, following a similar approach, we
measured the usage time, or activity length, as the number of seconds the screen remained
on once an app pops up. Both variables (number of accesses and access length) were
assigned a minimum value of zero (indicating no usage) and no upper threshold (the
higher the values, the higher the intensity of use). We examined the average daily usage
and how this was distributed over the 24 h of the day. We also analysed the kind of apps
used by the participants. We first looked into the most popular apps (either in general
or within the sample) to provide analytically relevant examples. We then organised
them into the following categories for a more systematic perspective on smartphone
appropriation:

1. Image, Audio & Video. These are apps to create, edit or publish images, audio &
video content.

2. News, Media & Publications. Refers to digital content consumption.
3. Email, Messaging & Phone. Includes instant messaging, email and calls –either

regular or over IP.
4. Social Network Sites. Includes general purpose sites as well as dating sites.
5. Games. Refers to games, lotteries and gambling apps.
6. Health & Fitness. Includes trackers of physical activity and diet (calory counters),

activity bracelet controllers and other health-related apps.
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7. Travel, Transportation & Navigation. Refers to apps that support users during trips
and commuting.

8. Productivity & Education. Consists of personal/office productivity and educational
tools.

9. Weather. Refers to weather forecast apps.
10. Finance. Comprises banking, stocks management, micro-payment and PayPal-like

apps.
11. Shopping. Refers to online shopping, price comparisons and loyalty apps.
12. Tools. Any tool not related to the previous categories.
13. System. Includes launchers and other apps with a transparent interface for the user

(not explicit, not noticeable when in operation). The analysis will exclude this
category.

3 Results

Myth #1: Digital technologies are alien to older people
Are digital technologies really alien to older people? If this were the case, why would
they use the smartphone the whole day, as Fig. 1 clearly shows? The participants used
their mobile phones more than 100 times per day on average. This usage is distributed
over the day, curving upward from 5AMon and remaining high until starting to decrease
in the evening from 6 PM on. Usage is minimal at night (between 1 and 5 AM). We
agree with Durick et al. (2013, p. 472) [3] that “(…) a lack of perceived benefit appeared
to generate negative opinions of new technology. (…) older users expect a clear vision
of how technology will allow them to retain their independence and achieve practical
benefits that will help themmaintain their everydaywellbeing. However, one could argue
that this is an important to all ages.”

Fig. 1. Average number of accesses to smartphone apps/webs per hour (aged 60–79)

Myth #2: Older people are not able to interact with technology
Figure 1 also clearly shows that it is not true that older people are unable to master
internet skills: they apparently have the internet skills to know how to access smartphone
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apps/webs, as they are attached to their smartphone all day. They use their mobile phones
(=screen turns on) more than 100 times per day on average. The distribution of this usage
over the day shows that smartphone use is shaped by social uses of time (sleeping time,
etc.). Usage rises from 5 AM in the morning and remains high until 6 PM in the evening,
when it once again starts to decrease. At night (between 1 and 5 AM), usage is minimal
but even then it does not totally disappear. Our findings are consistent with insights from
studies such as [2–4, 9].

Myth #3: The older the individual, the less the smartphone is used
Age is generally considered to negatively affect digital engagement. Depending on fac-
tors such as attitudes, motivations and skills older people can be digitally engaged [see
e.g., 4, 9]. The data in Fig. 2 and 3, split by age group (60–69 and 70–79), challenges
the myth that the older old use their smartphone less than the younger old. We found no
difference in usage throughout the day, nor in the duration of the smartphone session.
We observed similar patterns in both cohorts: the differences are small and the curves
for both age groups follow each other closely.

Fig. 2. Average number of accesses to smartphone apps/ webs per hour (60–69, 70–79 years old)

Myth #4: Older people are a homogeneous population
It is a myth that older people form a homogeneous group. On the contrary, older adults
represent a highly heterogeneous population [4, 9–11]: the older people become, the
more diverse they become as a group, a phenomenon called ‘aged heterogeneity’ [9–11].
Table 1 presents data from our study, highlighting the fact that different older individuals
rely on different apps in daily life and use these with different intensity. The overview of
selected apps clearly shows the diversity of usages and differences in popularity, which
illustrates the heterogeneity in activities and communication interests mediated by the
smartphone.
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Fig. 3. Average duration of accesses to smartphone apps/webs per hour – units: seconds (60–
69 years old, 70–79 years old)

Though differences in digital proficiency between users can play a role to a certain
extent [12–14], it is also important to be aware of the fact that studies reporting internet
use, often report average behavior, with the diversity of internet users among older adults
remaining unacknowledged (see [4, 9] for a more critical approach).

Table 1. Use on average per app (60–79 years old)

Users Usage (on average)

Ages: 60–79 N % Accesses per user
in the 28-day period

Duration of accesses
(seconds)

Google Maps 227 75% 15 133

WhatsApp Messenger 191 63% 300 83

Spotify Music 48 16% 14 –

Google Fit 11 4% 144 –

Pokémon GO 9 3% 351 334

Candy Crush Friends Saga 5 2% 28 655

Note: Duration of access is measured in terms of time screen. Apps as Spotify or Google Fit
mostly run on the background and do not count as time screen usage

Myth #5: Older people are defined by their medical conditions, creating specific
digital needs
The myth that older people are defined by their medical conditions and their digital
needs (an assumption that is part of a patronizing attitude towards older adults [15])
does not hold up. We present data in Fig. 4, showing the different categories of apps
used by the participants use (number of accesses during the observed period). These
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very clearly show that the typology of apps used by the participants does not appear to
be shaped by medical conditions alone, but also by personal interests, such as calls &
messaging, using social networks, games & gambling (see alsoMyth #6), news &media
and travel & transportation.

Fig. 4. Different categories of apps’ use (aged 60–79)

Myth #6: Older people don’t use the smartphone to play, they don’t need fun
Our data clearly show that older people have fun and do play games (see for example
Candy Crush and Pokémon Go in Table 1). Moreover, Fig. 4 clearly shows that “Games
and Gambling” is the fourth – out of 12 – most relevant category of apps. This category
is more relevant than news & media, and health & fitness apps. Though most gaming
reports do not include much data on age (or any at all, see Statista [16] for Spain), there
are a few examples that do provide some information about age. According to the ESA
gaming report, 30% of men in the USA in the age group 55–64 play on a game console,
while 31% of the women play on a tablet or a wireless device [17]. And Statista (2020),
which presents the data for Sweden, shows that in Sweden, 21% of the 45–64 years old
and 15% of the 65–79 years old [18] engaged in playing video games on a daily basis
in 2018. In the first half of 2016, some 8% of internet users gaming online on mobile
devices were aged 55 and up in the Netherlands, rising to 12% in the second half of
2016, 14% in the first half of 2017 before dropping to 11% in the 2nd half of 2017 [19].

Myth #7: Older people don’t use their smartphone for self-representation
If it were true that older people do not use their smartphone for self-representation, why
do they use Instagram, Facebook or even dating apps, such as Tinder? There are studies
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reporting that older people are not interested in social network sites [20]. But our data
in Table 2 clearly show that that older people most certainly do use social network sites.
Self-representation could be one of the reasons.

Table 2. Overview of app use (60–79 years old)

Users Usage (on average)

Ages: 60- 79 N % Accesses per user
in the 28-day period

Duration of accesses (seconds)

Facebook 178 58,7 114 201

Instagram 111 36,6 67 144

Twitter 40 13,2 87 125

LinkedIn 35 11,6 18 69

Snapchat 5 1,7 58 78

Pinterest 4 1,3 23 95

Tinder 1 0,3 6 9

Nextdoor 1 0,3 1 262

4 Conclusion

We collected the smartphone activity logs from individuals aged 60–79 (N = 303) over
a period of 28 days between February and May 2019 in Canada, the Netherlands, Spain
and Sweden to critically examine seven myths related to older people’s actual smart
phone usage in everyday life. The obtained data were assessed in the light of empirical
studies in the field of older people’s smartphone usage. This led to the following results:

Myth #1: Digital technologies are alien to older people
Figure 1 clearly shows that on average, participants use their mobile phones more than
100 times per day. This usage is distributed throughout the day, curving upward from 5
AM in the morning and remaining high until 6 PM, when this starts to decrease. In line
with the findings of Durick et al. (2013) [3], usage is minimal at night (between 1 and 5
AM). If older people are using their smartphone the whole day long, digital technologies
are anything but alien to them.

Myth #2: Older people are not able to interact with technology
Figure 1 also clearly shows that older people are able to master internet skills: They
apparently know how to accesses smartphone apps/webs as they are attached to their
smartphone throughout the day: they use their mobile phones (=screen turns on) on
average more than 100 times per day. Our findings are consistent with insights from
studies such as [2–4, 9].

Myth #3: The older the individual, the less the smartphone is used
The data in Fig. 2 and 3, split by age group (60–69 and 70–79), challenges the myth
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that the older old use their smartphone less. We found no differences either in usage
throughout the day or in duration of the smartphone sessions during the day.We observed
similar patterns in both age groups: onlyminor differenceswere seen between the groups,
with neither one exceeding the other. Depending on factors such as attitudes, motivations
and skills, older people can be said to be digitally engaged [see e.g., 4, 9].

Myth #4: Older people are a homogeneous population
Our findings clearly show that older people form a heterogeneous group (in line with
[4, 9–11]). Table 1 presents data from our study showing that different older individuals
rely on different apps in their everyday life and use these with different intensity. The
overview of selected apps clearly demonstrates the diversity of usages and differences in
popularity, which illustrates the heterogeneity in activities and communication interests
mediated by the smartphone.

Myth #5: Older people are defined by their medical conditions, creating specific
digital needs
Older people are not defined by their medical conditions and their digital needs (an
assumption that is part of a patronizing attitude towards older adults [15]). Our data
in Fig. 4, presenting different categories of apps used by the participants (number of
accesses during the observed period), clearly show that the typology of apps would not
appear to be shaped only by medical condition, but also by personal interests, such as
calls&messaging, using social networks, games& gambling (see alsoMyth #6), news&
media and travel & transportation.

Myth #6: Older people don’t use the smartphone to play, they don’t need fun
Most gaming reports do not include much age-related data [16, 18, 19], but our data
clearly show that older people have fun and do play games (see for example Candy
Crush and Pokémon Go in Table 1). Moreover, Fig. 4 clearly shows that “Games and
Gambling” is the fourth – out of 12 –most relevant category of apps. It hasmore relevance
than news & media, and health & fitness apps.

Myth #7: Older people don’t use their smartphone for self-representation
There are studies reporting that older people are not interested in social network sites
[20], but our data in Table 2 clearly show that they are also users of Instagram, Facebook
or even dating apps such as Tinder. Self-representation could be one of the reasons.

5 Limitations and Implications for Future Research

The explorative quantitative data that we present and discuss in this paper is embed-ded
in a conceptual framework that is nowwidely referred to as the co-constitution of ageing
and technology [21, 22]. This line of research breaks away from the usual tendency to
conceptualize technologies as interventions to the problems of ageing and later life, and
instead studies “how the contemporary experience of aging is alreadyco-constituted by
gerontechnology design, the socio-material practices it enacts, and policy discourses
around innovation and aging”. [23, p. 19] So far, however, most of the studies in this
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emerging tradition have been qualitative, focusing in depth on particular, situated forms
of ageing-technology relations in practice.

The study presented in this paper, therefore, is unique in the presentation of quantita-
tive data to explore the co-constitution of ageing and technology. The tracking approach
that we pursued allowed us to map out real world encounters of older people with tech-
nology in their everyday lives in a comparative perspective and with a large sample size.
Its data thus goes beyond existing quantitative overviews that use self-reported data
about the possession and use of digital technology among older people, and of smart-
phones in particular. This particular perspective has allowed us to provide additional
understanding of the diversity and extent of digital uses based on a large sample from
across four countries.

While our approach is explorative, it has allowed us to complement and thus cor-
roborate existing qualitative studies that had already shown how digital device use by
older people is more diverse than existing policy discourses around gerontechnology
innovations would indicate. [24–30].

We consider this an important step towards complementing existing narrative evi-
dence and the establishing of a broader database that we can use to inform policy making
in the field. To be more precise, we argue that this study demonstrates the value of more
mixed methods research in socio-gerontechnology, whereby quantitative data about dig-
ital technology use can further underpin the relevance of richer and broader narratives
about ageing-technology relations. For instance, where Beneito-Montegut et al. [24]
show in depth the role social media play in the everyday life and caring relations of older
people, our data in relation tomyth#5 (e.g., calls&messaging inFig. 4) demonstrates that
such co-constitutive relations between older people, caring and social media are indeed
widespread and thus relevant. Together, then, we find an equally deep and broad evidence
base to inform more creative and productive encounters of socio-gerontechnology with
innovation policy or technology design.

There are of course also limitations to our approach, in particular regarding the repre-
sentativeness of our sample. Our study sampled study subjects that owned a smartphone
and who had previously indicated that they regularly used it. In future research, this
approach can be adopted for studies in other countries than just the four in our research
project and may be combined with population data to assess how widespread the pas-
sion for smartphones is in the studied population. Moreover, future research may also
try to understand more specifically the relationship between digital technology use and
place, so as to be able to contextualize better where and why certain apps are being used.
Finally, existing qualitative studies in ageing and technologymay bemore systematically
used to devise hypotheses about specific relations in the data, and thus move beyond the
(mostly) descriptive analysis of “big data” on ageing and digital technology use.
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Abstract. Theworldwide population is aging, even thoughmore andmore elderly
people are living independently and alone. Moreover, pandemics such as COVID-
19 are putting enormous pressure in health care systems all around the world.
To deal with the growing elderly population and health care challenges, there is
an emerging focus on technology and IT products. Technology such as mobile
devices with their ever-increasing computational power, and differing sensors
show immense usefulness for elderly as well as people with disability. This study
proposes the development of 3D QR codes for improved safety, security, and
customization of user interfaces. This study proposes multiple QR codes aligned
together to create a QR cube (or QR cuboid) to store an increasing amount of
information about the user. Individual QR codes will be compatible with existing
systems. On the other hand, nearly, all individual information is stored with the
user, enabling better privacy. Even with the development of future technologies,
QR cubes can be used to access digital information.

Keywords: QR code · QR cube · Privacy and security · Personalization and
customization · Digital and information systems

1 The Aging Population

1.1 Population Trends

Elderly populations are concentrated in specific geographic distribution creating spe-
cific social and economic challenges and having serious implications for government
and private spending on pensions, health care, education and, more generally, for eco-
nomic growth and welfare [1]. Based on 2020 data there are 16 countries (Japan, Italy,
Finland, Greece, Portugal, Germany, Bulgaria, Croatia, Latvia, France, Slovenia, Esto-
nia, Hungary, Sweden, Czech Republic, Denmark) with an elderly population of more
than 20%. Japan has the highest percentage of elderly population at 28.79% [1]. Apart
from the 16 countries [1], more places including Hong Kong (latest elderly population
17.8% [2]) and Singapore (latest elderly population 15% [1]) will also have more than
20% elderly population by 2050 [3]. The elderly population is expected to increase to
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16% of the world population by 2050 [3, 4]. On the other hand, the UAE population
is relatively young with a 1.3% elderly population [5]. Despite a low percentage of the
elderly population, even in the UAE there are concerns as the population is aging and this
will create financial, social, and medical pressures for families and the UAE government
[5].

Inmost countries, elderly do not work and depend on theworking population. Hence,
the elderly dependency rate is an important economic indicator and is calculated as the
ratio between the elderly population (>65 years) and the working age (15–64 years)
population [4]. While the population is greying, the total labor supply (people aged 20
to 64) is projected to fall (in the EU by 9.6% over 2016–70) [6]. With increasing cost
of aging and decreasing labor supply, most government consider aging a major concern
and many governments have developed policies to promote active and healthy aging.

Elderly experience one or many medical conditions such as hearing loss, eye prob-
lems such as cataracts and refractive errors, back and neck pain and osteoarthritis, chronic
pulmonary disease, diabetes, depression, and dementia [3].Most of the health conditions
are influenced by people’s physical and social environments rather than genetics. Also,
there are large variations among people. For example, some 80-year-olds have physical
and mental capacities like many 30-year-olds [3]. Hence, it is important to consider
individual and environmental factors to enable healthy aging. In addition, globaliza-
tion, technological developments, urbanization, migration and changing gender norms
also need to be considered. Recently, during the COVID-19 pandemic, conventional
health-care systems have performed poorly while providing health care to the public [7].
The COVID-19 pandemic has shown the importance of a seamless interaction between
healthcare, society, and technology. Human rights-based access to lifesaving and life-
enhancing knowledge, services, and supports based on and implemented through tech-
nology are the future of healthcare systems to support the elderly population. In addition
to healthcare, elderly need to adapt with the ever-changing technology. Therefore, for
elderly to have healthy and active aging, the focus is beyond healthcare with a complete
ecosystem for happy aging.

1.2 Elderly Technology and Information System

Due to the ever-increasing elderly population and decreasing percentage of working peo-
ple, elderly healthcare must be transformed by the adoption of technology. For Japan,
with a high percentage of elderly, it is not surprising that the government has developed
several strategies regarding healthcare information technology (HIT). The first govern-
ment HIT strategy was the “E-Japan Strategy” in 2001 [8]. There were several other
strategies that have been developed and the general trend has been to move from e-Japan
(use Information and communication technology (ICT) widely) in 2001 to u-Japan (U
stands for Ubiquitous, Universal, User-oriented, and Unique). On July 17, 2020, the
Japanese government approved a new IT strategy aimed at being the World’s Most
Advanced IT Nation [9]. This will affect how people, especially elderly in Japan live
and interact with technology and information systems. Other countries, such as China,
which expects to have 26% elderly by 2050 with 5% elderly above 80 years old, will
have a growing demand for elderly care and health services [10]. A survey on the use
of internet by old people (>60 years old) found that 38.6% used the Internet and their
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favorite online activity was online dating (74.2%), health information (63.1%) and exer-
cise (47.1%). The participants somewhat demanded smart bracelets, emergency callers,
telemedicine, and online health consultation [10].

Devices and systems have been developed to support aging by improving seniors’
quality of life and reducing caregivers’ burdens. It is often referred as Assistive Ambient
Living (AAL). Several health care system and projects such as My-Heart, an EU FP6
project, HeartCycle project, Continua Health Alliance project has been initiated [11].
The CoSHE [12], a cloud-based smart home system, uses ubiquitous health monitoring
by collecting daily physiological signals through non-invasive wearable sensors and
record location in the home. The sensor data is processed in real time and provided for
remote care givers [12]. There are many other systems based on sensors and wearable
technology for health care monitoring, health care data processing and communication.
Among them smart phone seems to be a good gateway to connect the user environment
to the cloud system [11].

In addition to technology and information systems related to health, such as online
shopping, especially inChina, have grown rapidly.Chinese customers prefer online shop-
ping systems such as Taobao more than physical stores because of price, convenience,
customer service quality, searching and browsing process, easy access to information
about products, and less pressure about status [13]. Some people find that the sales in
the physical stores are aggressive, discriminate minorities and care about social status.
Online shopping systems are extremely useful to the elderly as they can shop online at
their own pace and get goods delivered to their home. In addition, Chiang et al. [14]
discussed an augmented reality (AR) application that supported the elderly in searching
books and videos in a large library (SearchAR). When using SearchAR, sixty percent
of the elderly felt they save time searching library materials, felt easier to associate 3D
images to library materials rather than reading complicated online catalogs.

Although the use of technology is important, several studies have shown difficulties
in elderly to adapt to new technologies. In the USA, 40% of all medical expenditure is on
elderly and with increasing elderly (20% by 2030) population, the medical expenditures
for seniors will continue to grow. Although more than 80% of USA adult users have
searched the Internet for health information [15], elderly participants from the USA
seemed to adhere to a physician-centeredmodel of care [16]. Given the tendency towards
physician-centered model of care in USA, the health care system will be overburdened
if new strategies based on technology and information are not widely implemented. In
Sweden, elderly patients reported uncertainty towards e-health and raised concerns about
costs, mistrust in the system, accessibility to e-health systems and impaired abilities to
cope with technology [17]. Elderly e-health system needs to consider cost, usefulness,
user-friendliness, security, confidentiality, and accessibility. Also given huge variations
among elderly, the system needs to be designed such that it can be personalized or
customized based on different individual needs.

In addition to adaptation to new technology, several studies have indicated ethical
and privacy concerns when elderly and elderly with disability use technology and infor-
mation systems. Elderly with Parkinson’s Disease perceived the internet as mysterious
and confusing. This contributes to fears about online information privacy and concern
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for information privacy breaches [18]. AAL technologies, devoted to support aging pop-
ulation, opens the ethical issues related to human personal space [19]. Sincemore elderly
will live independently at home, Panico et al. [19] encouraged a person-oriented app-
roach when designing healthcare facilities for future generations of personalized AAL
devices [19]. When elderly are not at home, people with dementia can have tracking
devices using Global Positioning Systems (GPS). This raises ethical concerns and there
need to be clearer policies and practical guidelines [20]. Similarly, Intelligent assistive
technology (IAT), making use of artificial intelligence (AI), robotics and wearable com-
puting promises to reduce global burden of population aging and improving the quality
of life of elderly, raises important ethical challenges as it involves machine intelligence,
collect sensitive data, and operate near human body [21]. Furthermore, an overview of
the literature by Niemeijer et al. [22] shows that application and use of surveillance tech-
nologies in residential care, especially for elderly and people with intellectual disability,
generates considerable ethical debates, especially when there is conflict of interests
between institution and resident. Resident concerns include freedom and consent, pri-
vacy, and dignity/stigma. Fortunately, over the past decades several changes have taken
place in the development of ethical support in elderly care [23]. Developers of Intelligent
digital healthcare systems are concerned about security, privacy and ethics and they pay
particular attention to data security and consider the user’s best interest [24].

2 Quick Response Code (QR Code)

Quick Response code (QR code) is a two-dimensional or matrix code invented in 1994
by Masahiro Hara from the Japanese automotive company Denso Wave [25]. The initial
purpose was to track vehicles during manufacturing and a QR code allowed high-speed
component scanning. QR Codes were developed as a quick way to access information.
The amount of data that can be stored in a QR code depends on the data type (Numeric,
alphanumeric, binary, Kanji/Kana), QR code version (1 to 40) and error correction level
(Low (L), Medium (M), Quartile (Q) and High(H)). For L, M, Q, and H 7%, 15%, 25%
and 30% of data bytes can be restored. The number of dots is equal to (4 × version
number + 17 dots on each side). For example, version 40 has 117 × 117 dots and the
maximum storage capacities occur for version 40 and error correction level L (low)
and it can store either 7089 numeric only characters or 4296 alphanumeric characters.
Estimated number of numeric data (N) equals to 3.7085*v2 + 28.501v or estimated
number of alphanumeric data (A) is equal to 2.276v2 + 17.272v, where v is the version
number when using Low data correction level. Businesses quickly saw the value of QR
Codes and QR codes are now widely used in industrial and commercial applications.
Many web-based generators are available.

QR codes based on URL link, plain text, contact information, phone, SMS, ‘App
QR code’ that can open android app can be created (www.the-qrcode-generator.com/).
Figure 1 shows 3 types of QR codes as an example. The plain text QR code was created
using the abstract of this paper. Other website (supercode.com, www.denso-wave.com)
provides a Q-platform to manage QR codes and provide different QR code types such as
URL, E-mail, vCard, social media, SMS, Feedback, plain text, Bulk codes, WhatsApp
QR code, Images and PDF file. For example, the QR code created using an image or PDF

http://www.the-qrcode-generator.com/
http://www.denso-wave.com
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provide a link to the image (or PDF) rather than the image being encoded in a static QR
code. The website can also provide view scan analytics as the created QR code provide
a link to the stored data. The QR code can be dynamic, static and can be customized
based on color scheme, logo, and branding guidelines. QR codes based onweb platforms
(Q-platform) are extremely useful. However, there may be concerns about privacy and
security.

(a) URL code (b) vCard (c) Plain text

Fig. 1. Different types of QR codes

2.1 QR Security

A QR Code is space-saving and has relatively large capacity. The use of smartphones
with sensors and QR code readers and encoders have increased the use of QR code
applications [26] such as shopping [27], banking [28], sensor and internet of Thing (IoT)
[29, 30] and medical applications [31–38]. There are many uses of QR codes in elderly
and medical applications including COVID19 pandemic control using leave home safe
apps [31] and health QR code [32]; medication safety support system [33]; safer use
of medication [34]; medication adherence [35]; medical surgery related applications
[36]. However, since any device can read the same information, including private and
classified information, the traditional QR code is not secure.

New QR codes (SQRC) are being developed by Denso Wave [25], that are secure.
A single QR code carries two types of data: public and private. The private data can
be read only with a dedicated reader having the cryptographic key, which provides data
protection. Since SQRC looks the same as the regular QR Code, it can prevent forgery
and tampering. In addition to Denso Wave, many researchers are working on security
and privacywhen usingQR codesmany of which can be used in smart phones rather than
using dedicated readers. After a comprehensive security and privacy analysis, Wahsheh
and Luccio [39] found that some apps provide security services such as checking URLs
and using cryptographic solutions, while other apps claim to guarantee user privacy. The
apps that claim to guarantee user privacymay deceive the users by providing security and
privacy protections that are weaker than what is claimed. Security and privacy system
should have built in cryptographic solutions with preferable private keys rather than
relying on claimed security by websites. Yu et al. [40] has developed a high-capacity
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QR code with three-layers of information to protect the sensitive information using
characteristics of the Hamming code. Zhou et al. [41] have proposed dynamic QR code
system for banking and payment using several cryptographic algorithms. QR codes
can be used for communication like handshaking protocol, known as Screen-camera
communication [42], for security and privacy checks before transferring data. Data such
as text, picture and audio files can be transferred without error using Screen-Camera
Communication System based on Dynamic QR Code [42]. Alphanumeric private keys
are common, but visual cryptography [43–47] including steganography can be very
secure and have been used for mobile payments [43] and transfer of medical images and
data [45, 47]. The 3DQRcube proposes amulti-platformQRcode system that uses visual
cryptography techniques for secure data transfer, and Screen-Camera Communication
System for privacy and ethical checks.

3 3D QR Cube (QR3D Code)

3.1 System Structure

Fig. 2. System structure of 3D QR code

The heart of the 3D QR cube system is the smart phone technology and different
types of application platforms (Fig. 2). The mobile phone is connected to assistive and
measurement devices such as heart rate monitor, blood pressure monitoring system,
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wheelchair, exoskeleton and robotic system for rehabilitation and mobility support, and
electronicwalking stick, throughwireless technology. In addition, currentmobile phones
have many sensors that can be used directly without any extra expense for elderly assis-
tance. For example, a built-in smart phone GPS system and/or Wi-Fi positioning system
(WPS) can be used for tracking; while voice, video and images can be used for taking
data to evaluate posture, physical, mental, and emotional state; and accelerometers can
be used for gait, fall and fitness evaluation. With the current trend in technology, the
smart phone of the future will have more sensors to aid in elderly care such as infrared
cameras, and heart rate monitor. The smart phone will store private keys that can be
alphanumeric and image based. In some cases, biometric data such as fingerprint or face
scan can be used as private keys. Some mobile data is stored in the cloud in private
folders, while others are stored in hard disks or other storage devices as ‘cold storage’
for better security and privacy. The mobile phone will communicate with the different
application platforms via camera, screen, and wireless technology. There can be many
application platforms that can be accessed via the smart phone for the benefit of the
elderly.

These platforms can be related to health and medical applications, fitness and exer-
cise, smart homes and IoT devices, assistive devices especially for mobility, and plat-
forms for shopping, entertainment, banking, and healthy living (Fig. 2). Other future
platforms and applications can be added to the system. For each application there can be
more than one platform. For example, there are many different shopping platforms such
as Amazon, Alibaba and Taobao. The aim is to use the open patent QR code technology
while using the different platforms with the access to data controlled by the user.

3.2 User-Centered

The user controls the data and the amount of information that is provided to the different
systems. For example, todaydifferent shoppingplatformshave a user profile andbasedon
the user profile the shopping platform suggests new products, target marketing campaign
and promotions. When a new shopping platform is used, the platform does not have the
user information and shopping profile. The user needs to register and after shopping for
some time, a user profile will be created in the new platform. Currently, the company
who own the platforms controls the user data and many times the privacy and opinion
of the users are ignored. With a user-centered QR based system, the user profile data
is stored by the user. When the user goes to a shopping platform, a dynamic QR code
which has the user profile is presented. This shopping QR code does not include private
user information. The shopping platform is configured based on the profile information
in the QR code. After shopping, the shopping platform provides a shopping history in
the existing platform. This shopping history can either be used to modify the user profile
and stored in the private mobile system or ignored based on the user privacy and security
settings of the shoppingQRcode. In any shopping platform, the user-controlled shopping
profile can be used, hence creating a secure shopping experience with customization and
personalization attributes. A similar method is used for different platforms, as the users
have control over their personal data. Using this method, services can be customized and
personalized based on user data and still the user information can be privately stored.
For payments, a dynamic payment QR code is activated (Fig. 3).
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Fig. 3. Screen-Camera communication via QR codes

When interacting with physical and digital QR code systems, a screen-camera com-
munication protocol can be used. Here, we can use a hospital as an example. Assume a
hospital of the future where there are less health care personnel, but more assistive sys-
tems such as Health Bots, autonomous wheelchair, and automated storage and retrieval
pharmacy system. In a simple situation, the user scans the QR code at the entrance of the
hospital. The user smart phone system uses the QR code information and checks whether
there are any appointments and other visits. A dynamic QR code is created in the phone
to indicate any appointments, current health status, medical history, and other important
information for better triage. Based on the user presented QR code, a decision will be
made using the hospital information system and a QR code presented to the user. The
user can get this QR code and access the hospital. The initial dynamic QR code can have
information on the different facilities to use, access to any autonomous systems (such
as wheelchair), and the different sections of the hospital. The GPS system or the Wi-Fi
positioning system (WPS) in the phone tracks the user and makes sure the user does not
go in any unrestricted area. After meeting the medical professional, the dynamic QR
code will be modified, and the user can collect the drugs at the pharmacy. The QR code
will be used during drug dispensing to reduce errors. Also, all the drugs will have a QR
code including information about dosage and the frequency the medicines should be
taken. The user QR code is updated and stored in a mobile private system. Depending
on the required security, safety and ethical concerns different levels of cryptographic
algorithms are used.

3.3 Security

For secure data sharing in a public network, cryptographic algorithms such as digital
steganography can be used. Figure 4. shows a method for transferring medical images
and data over public platforms such as Q-platform or commercial websites. In this
case, images and data are first encrypted using an alphanumeric key. After the first
encryption, the images look more like noisy data. The encrypted data is then embedded
inside a reference image to create a new image which looks like the reference image
but has encrypted data. The data is then uploaded on a Q-platform. The Q-platform
generates a URL QR code and sends it to the user. Any third party will not be able
to decode the image without a private alphanumeric encryption key and the reference
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image. Users, guardians, and authorized people who have the alphanumeric encryption
key and reference image will be able to decode the data correctly.

Fig. 4. Secure data transfer using digital steganography and private key on public network

3.4 Scalable

Given thatmanyQRcodes are used (see amontage ofQR images in Fig. 5), it is important
to have a system and database to access these codes efficiently. In this study we propose
to stack the QR codes together to create a 3D QR cube (Fig. 6). Many QR codes can also
be included into a movie type of format. In a dynamic QR code, when data are added,
the version might change given that different version support different amount of data.
When the version changes, the size of the QR code also changes. As 3D cube size is
standardized, any changes in version will not change the 3D cube structure. By proper
design, the sides of the QR cube can be used for error checking and validation. The QR
cube system, although complex to develop, is simple for the elderly. The elderly do not
need to know many aps or different languages. The screen to camera communication or
the security coding are done inside the mobile system. In general, the 3D QR cube is
scalable as more layers of QR codes can be added.

Fig. 5. Montage of QR codes
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Cross sections Inside surface 

Fig. 6. 3D QR cube

4 Conclusions

Theworld population is aging rapidly. Elderly people havemanydiseases associatedwith
aging and a traditional physician-centered health care will not be able to handle the cost
and burden of the greying population. Social services and systems must be designed and
developed so that the elderly can have a healthy and active lifestyle for a longer period.
Technology, especially mobile technology, seem to be a crucial element for active aging
as it can easily link offline systems with online systems. However, elderly often find
it difficult to use technology and they are also concerned about security and privacy.
Among elderly, there are large variations in the perception and use of technology and
elderly from different generation will have different knowledge of technology. In this
paper, we proposed a multi-application framework with different platforms that rely on
smart technology, Screen-Camera communication via QR codes, and alphanumeric and
visual encryptions. A QR code is based on open patent and has seen wide acceptance
in many applications. In the proposed system many QR codes are arranged and stored
together creating an indexed 3D QR cube for better access using a database system. The
system is scalable and also takes account of different level of security issues which can
improve elderly’s technology acceptance and usage. Although the system is proposed
for the elderly, it could be applicable to younger adults too. Based on this theoretical
proposal, more research could be conducted in this area to further develop and test the
system in the future.
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Abstract. Today, digital and mobile forms of data collection are increasingly
being used to capture information on the real lives of older adults.Onemethod used
is smartphone-based mobile data collection, which uses a standard smartphone to
collect information related to people’s daily lives. Even though smartphones are
useful in measuring the daily variance of behaviors and the situational context in
which these behaviors take place, little is known about openness to participate in
mobile data collection studies among the general population. By utilizing repre-
sentative data from Switzerland, this paper presents data on adults’ openness to
participate in those studies and their willingness to share self-recorded smartphone
data with researchers. Analyses were based on a cross-sectional survey involving
1,394 participants aged 18 years and older (age range: 18–93 years; mean age:
48 years). The survey was conducted at the end of 2020. Both univariate and mul-
tivariate analyses were conducted. The results indicate that 24.8% are very open
to participate, while 31.1% are willing to share their self-recorded smartphone
data with researchers in mobile data collection studies. Nevertheless, the bivariate
analyses show that those in the younger age group (18–64 years) are more open
to participate than those in the older age group (aged 65 years and older). Multi-
variate analyses indicate that aside from age, interest in science is a predictor of
openness to participate. While the results reveal that only 25% are open to par-
ticipate, this initial evaluation of openness to participate in mobile data collection
studies among younger and older adults should nevertheless enrich discussions on
the acceptance of wearables as data collection tools in future research.

Keywords: Smartphones · Data collection · Seniors · Research · Ambulatory
assessment

1 Introduction

At present, smartphones are increasingly being used for research purposes within geron-
tology studies [1]. In particular, researchers have used smartphones to collect data on the
daily lives of older adults [2]. Mobile data collection, which is part of the methodologi-
cal family of ambulatory assessment, is an approach to assessing and tracking people’s
ongoing thoughts, feelings, behaviors, or environments in the context of seniors’ daily
lives [3]. The primary goal of this method is to directly collect in-the-moment, actively
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logged (i.e., self-reported survey responses) and/or passively sensed data (e.g., data col-
lected frommobile sensors or phone logs) frompeople’s smartphoneswithin their natural
environments [4]. Current studies have demonstrated the benefits of mobile data collec-
tion using smartphones by showing the daily variations and contexts of older adults’
behaviors, feelings, and social and physical activities [5–7].

At present, mobile data collection is possible because smartphones are now widely
available and come with the computational power and embedded sensors needed to
obtain real-world information. A main advantage of this approach is that it permits
ecologically valid research designs, given that data are collected during people’s day-to-
day lives outside of the research laboratory [8]. Thus, by using smartphones to collect
data, researchers can capture self-reports by setting random, continuous, or event-based
notifications prompting participants to respond to questions as they go about their day.
These in-the-moment reports are less prone to memory bias than retrospective assess-
ments and provide important information, for example, about the dynamic patterns of
real-life feelings and thoughts [9]. Moreover, intensive repeated measurements of one
participant can capture information at the within-person level (i.e., the extent to which a
person shows variations in themselves over time). Within-person research allows for the
study of the mechanisms that underlie behavior, which can be contrary to findings based
on information at the between-person (i.e., comparison of two participants or groups)
level [10].

Mobile data are also rich in contextual information, because they allow for the
combination of subjective self-reports and more objective assessments, such as daily
activities or social interactions, using the sensors that are built into smartphones. The use
of sensors allows researchers to extract not only information about the current feelings
of one participant, but also the distinct situational contexts in which they emerge (e.g.,
that he/she is currently in a place that is unpleasant for him/her) [11]. Finally, many older
adults (aged 65 years and older) own smartphones, so they are already familiar with the
use of apps and hardware [12, 13].

From a research perspective, mobile data collection with smartphones is becom-
ing increasingly relevant for gerontological research, as it offers unique and innovative
opportunities for studying older people’s behaviors and daily processes in real-life con-
texts. This is highlighted by the theoretical model of “healthy aging” proposed by the
WorldHealthOrganization [14], which conceptualizes healthy aging as an ongoing inter-
action between the characteristics of individuals (including their real-life activities) and
the environment. This definition takes into account the fact that individuals’ real-life
activities and context data are important contributors to health; therefore, we have to
conduct studies that measure such data. However, measuring and understanding healthy
aging requires access to real-life data collected by older adults on their own devices (e.g.,
smartphones, tablets). Thus, when considering the future of healthy aging research, the
question arises as to whether older users of smartphones are open to participate inmobile
data collection studies and are willing to share their recorded data with researchers.

2 Research Questions

Given the current research background and the fact that research on the openness of older
adults to participate in mobile data collection studies remains scarce [4], the present
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study investigated participants’ openness to participate and willingness to provide self-
tracked smartphone data for research purposes by using a representative sample from
Switzerland.

Thus far, only a few studies have focused on the issue of the general population’s
willingness to share self-collected smartphone data [13, 15–17]. For example, Bietz et al.
[15] and Chen et al. [16] found high (77%–78%) levels of willingness among younger
and middle-aged participants to share smartphone-based self-recorded personal health
data with researchers. A major drawback of these studies, however, is that the analyses
are based either on a younger sample or deal with small, non-representative sample sizes.
To the best of our knowledge, no study has investigated, in a nationally representative
sample, openness to participate inmobile data collection studies andwillingness to share
data among individuals aged 65 years and older compared to younger adults.

Therefore, the aim of this study is to examine the extent to which older adults aged
65 years and above (compared to younger adults) are (1) open to participate in mobile
data collection studies and (2) willing to share the data from these devices and apps with
researchers. Furthermore, the study evaluates the factors that explain the differences in
the levels of openness and willingness among the participants. Based on previous studies
[13, 15–17], this study hypothesizes that sociodemographic factors (age, education,
income) and interest in science, in general, influence openness to participate in those
studies and willingness to share self-recorded data with researchers.

3 Methods

3.1 Sample

The study took place betweenOctober 12, 2020 andDecember 12, 2020. A total of 1,394
adults aged18years andolder fromall language regions of Switzerland (German, French,
Italian) were interviewed using a computer-assisted web interview (CAWI) format (n=
1336), in addition to a paper-and-pencil-based survey for households without internet
access (n= 58). The response rate of the survey was 19%. All participants consented to
participate in the study. A standardized questionnaire was administered with questions
about personal details (age, sex, education, sports, subjective health, and subjective
quality of life), openness to participate in mobile data collection studies, willingness
to share data, and open attitude toward sciences. A random sample of the permanent-
resident population of Switzerland aged 18 years and older was selected from the AZ-
Direct database (based on a public phonebook). The samplewas post-weighted according
to age group, language region, gender, and education. The ages of the respondents in the
sample ranged from 18–93 years, with a mean age of 48.4 years; 52% were female.

For our analyses, we only included participants who reported that they owned a
smartphone or used it with others. Therefore, we excluded 97 participants who did not
use a smartphone or did not provide an answer to this question, resulting in a sample
of 1297 participants for the subsequent analyses. Table 1 provides a description of the
study sample.
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3.2 Measures of Study Variables

The first dependent variable, “openness to participate in mobile data collection studies,”
was measured with the statement, “I could well imagine taking part in a project in
which I fill out a questionnaire on my smartphone every day about how I’m feeling
at the moment,” and was rated on a Likert scale from 1 (“do not agree at all”) to 5
(“agree completely”) (M: 2.37; SD: 1.274). Two dummy variables were calculated from
this information to subdivide the evaluation: people who were rather or very open to
participate (values 4 and 5) vs. all other people (values 1–3).

The second dependent variable, “willingness to share self-collected smartphone
data,”wasmeasuredwith the statement, “Iwould agree tomakemy smartphone-recorded
data available for scientific purposes if the objectives are explained to me,” and was rated
on a Likert scale from 1 (“do not agree at all”) to 5 (“agree completely”) (M: 2.55; SD:
1.359). Two dummy variables were calculated from this information to subdivide the
evaluation: people who were rather or very willing to share (values 4 and 5) vs. all other
people (values 1–3).

To examine whether standard demographic variables were significant predictors of
openness and willingness, a set of variables was included in the univariate and multivari-
atemodels: age (in years), gender (female/male), education (primary/secondary/tertiary),
and household income (gross household income in Swiss francs [CHF], from low (1,
“under 2,001”) to high (8 “over 10,000”)). Table 1 presents specific details of the scales
used in the survey. Apart from those basic variables, information on life situations was
also used, including perceived quality of life (M: 4.25; SD: 0.817) and subjective health
(M: 4.14; SD: 0.827), both of which were measured with a five-point Likert scale, from
1 (“very bad”) to 5 (“very good”).

People’s openness to participate in mobile data collection studies and, therefore, in
research in general, is often influenced by their “interest in science” [18, 19]. Thus, the
analyses included information about people’s attitudes toward science or,more precisely,
their interest in science and research. This was based on the statement, “I am very
interested in science and research,” which was rated on a Likert scale from 1 (“does not
apply at all”) to 5 (“applies fully”) (M: 3.54; SD: 1.115).

3.3 Analytic Strategies

SPSS (version 28) was used for the statistical analyses. Univariate analyses were con-
ducted to describe the differences in the characteristics of the supporters of mobile
data collection studies (openness to participate and willingness to share data) and
non-supporter groups by applying Student’s t-test and chi-square testing. In addition,
two binary logistic regressions based on the openness and willingness variables were
calculated to analyze the statistical predictors of those evaluations.

4 Results

4.1 Descriptive Data on Openness to Participate and Willingness to Share Data

Among the sample used for analyses (n=1297), including only the participantswhoused
smartphones, 89.0% reported using them daily. Regarding the first statement on their
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openness to participate inmobile data collection studies, 24.8%of the respondents agreed
or strongly agreed with this statement, while the others answered “do not agree at all”
(34.0%), “do rather not agree” (24.8%), “partly, partly” (16.4%), “rather agree” (19.5%),
and “strongly agree” (5.3%), resulting in a mean of 2.37 (SD: 1.274). Comparing those
in the 18–64 and 65 + age groups, we can see that the younger participants (M: 2.53)
are statistically significantly [t-test: t (1199) = 7.51, p = < .001] more open than the
older ones (M: 1.84). If a distinction is made between high (values 4 and 5) and rather
low openness (values 1–3), it becomes clear that 24.8% of the sample are within the high
openness group, whereas 75.2% are not.

In terms of standard demographics, the bivariate analyses (see Table 1) reveal that,
aside from age, education, income, subjective health, and interest in science significantly
distinguish between participants with high and low/non-openness. Thus, in general,
people who are open to participate in mobile data collection studies are more often
younger, have a high education background, have higher incomes, are in good health,
and are interested in science and research.

In relation to the second statement regarding willingness to share self-recorded data
in mobile data collection studies, 31.1% of the respondents agreed or strongly agreed
(values 4 and 5) with this statement, while 68.9% do not. The participants answered
“do not agree at all” (32.3%), “do rather not agree” (20.0%), “partly, partly” (16.6%),
“rather agree” (22.8%), and “strongly agree” (8.3%), resulting in a mean of 2.55 (SD:
1.359). Comparing those in the 18–64 and 65+ age groups, we can see that the younger
participants (M: 2.66) are statistically significantly [t-test: t(1199) = 4.30, p= < .001]
more open than the older ones (M: 2.22). Furthermore, the first and the second statements
are intercorrelated (r= .685; p< .001), indicating that those who are open to participate
in mobile data collection studies are also willing to share their data with the researchers
in such studies.

Regarding the standard demographics, the bivariate analyses (see Table 1) reveal
that, aside from age, education, income, subjective health, and interest in science also
significantly distinguish between participantswith high and low/non-willingness to share
data. Similarly, people who are willing to share their smartphone data in mobile data
collection studies aremore often younger, have a high education background, have higher
incomes, are in good health, and are interested in science and research.

Table 1. Sample and group descriptions

Parameter Range M or % High
openness to
participate
(n = 304)

Low or
non-openness
to participate
(n = 922)

High
willingness
to share data
(n = 378)

Low or
non-willingness
to share data
(n = 838)

Gender

Female 50.8% 52.6% 50.3% 50.5% 50.6%

Male 49.2% 47.4% 49.7% 49.5% 49.4%

(continued)
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Table 1. (continued)

Parameter Range M or % High
openness to
participate
(n = 304)

Low or
non-openness
to participate
(n = 922)

High
willingness
to share data
(n = 378)

Low or
non-willingness
to share data
(n = 838)

Age

Age mean 18–93 48.44 41.30*** 50.93*** 46.23** 49.46**

Age group:
18–25

12.4% 21.5%*** 9.4%*** 14.9%* 11.2%*

Age group:
26–44

28.5% 39.3%*** 24.2%*** 31.1%* 26.5%*

Age group:
45–64

39.4% 29.0%*** 43.9%*** 37.5%* 41.4%*

Age group:
65–93

19.7% 10.2%*** 22.5%*** 16.5%* 20.8%*

Education

Primary 15.1% 8.9%*** 16.2%*** 12.6%*** 16.3%***

Secondary 61.1% 58.3%*** 62.1%*** 52.9%*** 64.4%***

Tertiary 23.7% 32.8%*** 21.7%*** 34.5%*** 19.3%***

Household
income1

1–8 5.90 6.13* 5.85* 6.15* 5.81*

Quality of
life2

1–5 4.25 4.17 4.27 4.25 4.25

Subjective
health3

1–5 4.14 4.26* 4.11* 4.20* 4.10*

Interest in
science4

1–5 3.54 3.78*** 3.46*** 3.88*** 3.40***

Notes: n= 1297. 1 Household income (in Swiss francs [CHF]), from 1 (< 2,001) to 8 (> 10,000).
2 Perceived quality of life: scale from 1 (“very bad”) to 5 (“very good”). 3 Subjective health: scale
from 1 (“very bad”) to 5 (“very good”). 4 Interest in science (“I am very interested in science and
research”): scale from1 (“does not apply at all”) to 5 (“applies fully”). T-test T (p) or chi-square-test
(p): *p < 0.05, **p < 0.01, ***p < 0.001

4.2 Multivariate Test of Group Differences

Additional analyses were conducted to check the bivariate results using a multivariate
approach. Table 2 shows the results of two binary logistic regressions to address openness
to participate in mobile data collection studies and willingness to share data. In both
models, the openness/willingness groups [1= high values (4 and 5), 0= all other values
(1–3)] were considered the dependent variable, while age, gender, education, household
income, quality of life, subjective health, and interest in science were included as the
independent variables. The tests of both full models showed statistical significance (see
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Table 2 notes), indicating that the predictors, as a set, reliably distinguished between the
two groups.

Table 2. Multivariate binary logistic regression analysis for the predictors of openness and
willingness

Openness A Willingness B

Parameter OR p value 95% CI OR p value 95% CI

Female (ref. male) 1.412 .027 1.039; 1.918 1.298 .072 .977; 1.726

Age .959 < .001 .959; .979 .995 .241 .986; 1.004

Tertiary education
(ref
primary and
secondary)

1.200 .306 .846; 1.702 1.689 .002 1.218; 2.342

Household income1 1.048 .296 .960; 1.143 1.058 .169 .976; 1.147

Quality of life2 .858 .139 .701; 1.051 .956 .649 .789; 1.159

Subjective health3 1.906 .426 .875; 1.372 1.023 .825 .837; 1.251

Interest in science4 1.238 .004 1.069; 1.434 1.355 < .001 1.181; 1.555

Notes: 1 Household income (in Swiss francs [CHF]), from 1 (< 2,001) to 8 (> 10,000). 2 Perceived
quality of life: scale from 1 (“very bad”) to 5 (“very good”). 3 Subjective health: scale from 1 (“very
bad”) to 5 (“very good”). 4 Interest in science (“I am very interested in science and research”):
scale from 1 (“does not apply at all”) to 5 (“applies fully”). A: Openness to participate in mobile
data collection studies: model fit (χ2 = 70.215 [7], p = < .001, Nagelkerke’s R2 = .103, n =
969). B: Willingness to share data within mobile data collection studies: model fit (χ2 = 49.981
[7], p = < .001, Nagelkerke’s R2 = .071, n = 958). Bold = significant values (p < .05)

Model A (openness) shows that gender, age, and interest in science are significant
prediction factors, whereas education, income, quality of life, and subjective health are
not predictors based on the multivariate analyses. Thus, females, younger people, and
those with a high interest in science are generally more open to participate in mobile
data collection studies than males, older adults, and those with a low interest in science.

Model B (willingness) shows that education and interest in science are significant
predictors, whereas gender, age, income, quality of life, and health are not predictors
based on the multivariate analyses. Thus, the participants who have a higher education
level and those who are interested in science are generally more willing to share their
smartphone-collected data within mobile data collection studies than those with less
interest in science and have a lower education level.

5 Discussion

Using data drawn fromSwitzerland, this paper presents the potential interest of particular
segments of the population regarding participation in mobile data collection studies
among younger and older Swiss adults. Following the first research question regarding
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openness to participate inmobile data collection studies, the analysis revealed that 24.8%
were rather or very open to this idea of participatory research. This seems to be amoderate
number of people who are interested in participating in such studies. Nevertheless, the
majority of the people are more cautious and skeptical about this form of research.

Those who are more open to participate are mostly younger people and those with
a high interest in science and research in general. This could be why gerontological
researchers face difficulties convincing older adults (aged 65 years and above) to join
their smartphone-based studies. Therefore, researchers should address, above all, older
adults who have an interest in research.

This paper’s second research question addresses potential study participants’ will-
ingness to share smartphone-based, self-collected data with researchers in mobile data
collection studies. The univariate analyses show that age, education, income, subjec-
tive health, and interest in science are significant distinguishing factors between those
who are more willing and those who are less/not willing at all to share data, whereas
gender and quality of life are not significant predictors of group differences. The mul-
tivariate analyses partly confirm the results of the univariate analyses by showing that
education and interest in science predict willingness to share data. Thus, people with a
high education level and a high interest in science in general are more willing to share
their self-collected smartphone data. The role of education as a predictor has also been
established in other studies [13, 17], which have reported that proximity to higher edu-
cation favors individuals’ attitudes toward research. However, the studies themselves
also showed that interest in technology positively influences willingness, which could
probably be related to their participants’ positive evaluations of digital transformation
in general.

The findings also show that, regardless of age, people who are more interested in
topics, such as science and research, aremore open to joinmobile data collection studies,
thus indicating that personal interests are especially important in evaluating the necessity
of those specific research methods. Chen et al. [16] reported that participants are more
willing to share their health-tracking records with researchers in the following situations:
(a) when they already shared their health-tracking records with someone, (b) when they
have an interest in the topic of scientific study, (c) when they already registered in a
scientific database, and (d) when they are interested in self-measurement. Therefore,
interest in research and trust in science are important factors motivating participants to
join mobile data collection studies.

To be able to use participants’ self-recorded data, discussions must be held around
issues of practical data and sharing management, as well as legal, ethical, social, and
technical framework conditions [20, 21]. These discussions should also consider other
issues, such as informed consent, data privacy, data security, and data ownership. These
concerns may require newmodels of participant involvement, with the goal of creating a
trustworthy relationship between data providers and research institutions working with
data.

In the future, the use of smartphones could be an interesting field within gerontolog-
ical research because of the opportunities they provide as tools to collect data on older
adults’ daily lives [22]. Nevertheless, mobile data collection also brings challenges that
provide interesting avenues for future developments (for an overview, see [4]). First, it is
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important to keep in mind that mobile data collection studies require research questions
that reflect the dynamics of daily life (e.g., day-to-day variations in activities). Second,
to avoid usability problems, the training of participants is recommended as part of the
informed consent process. For example, it can be helpful to anticipate older adult partic-
ipants’ potential lack of smartphone skills by adapting tutorials and providing them with
information on how to use smartphones. Third, working with different data types (e.g.,
self-reported and sensor data) that can be considered forms of “big data” requires tech-
nical expertise. Furthermore, after data collection, skills in advanced statistical analyses
(e.g., multilevel modeling) are also required. The final challenge has to do with the eth-
ical considerations surrounding data security and respecting participants’ privacy. This
is because the collection of traceable real-life data requires securing ethical and legal
approvals, safeguarding participants’ privacy, and establishing data privacy practices
[23]. The abovementioned aspects should thus be considered when planning a mobile
data collection study.

5.1 Limitations

Several limitations must be noted. First, the present study has a specific regional focus
(Switzerland), so the findings have limited generalizability. Second, the data provided
only a cross-sectional view of the various interplays examined in the study. Thus, future
studies should investigate the dynamics of these interplays, especially the evaluation of
openness pre- and post-participation in mobile data collection studies. Third, because
the population survey was conducted online and by mail, we were unable to reach all
older persons (e.g., those living in long-term care facilities). Nevertheless, our study had
a good response rate (19%) for those population surveys. Fourth, because of the limited
width of the study variables that could be used, other important background factors, such
as personality, technical skills, and attitudes toward smartphones in general, were not
controlled for. Therefore, further studies using longitudinal designs and a wider range
of variables may be required to examine this topic in more detail.

5.2 Conclusion and Implications for Future Research

This study has presented representative data from Switzerland regarding the openness
to participate in mobile data collection studies and willingness to share self-recorded
smartphone data with researchers in the general population aged 18 years and older. The
results indicate that around 25% are open to participate in such studies, and 31% are
willing to share their self-recorded smartphone data with researchers. Nevertheless, the
bivariate analyses show that younger adults (18–64 years) are more open to participate
than older adults (65 years and older). Multivariate analyses also indicate that interest
in science is a specific predictor of openness to participate and willingness to share
self-recorded data.

The findings reveal that, at present, older adults with a marked interest in science and
younger people are the ones who are interested in mobile data collection studies. The
current study also provides evidence of the potential of mobile data collection studies
for scientific research, in general, and for gerontological studies, in particular. Although
few older adults are very open to participate in mobile data collection studies today, they
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make for interesting study subjects because researchers can examine their daily lives
through smartphone-based research [22].

Future mobile data collection studies should not only focus on research-affine older
people, but also on those with a certain distance to research and no experience in the use
of smartphones in their daily lives.
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Abstract. With the development of “intelligent” society, smart terminals have
been used in many occasions of daily life. Smart phones have become an exten-
sion of people, which is an indispensable medium that people connect with each
other and the society. Currently, among the 274million elderlymobile phone users
in China, 134 million are elderly smartphone users. Nearly 140 million seniors are
connected to the Internet through smartphones. Through an online questionnaire
survey on smartphone use experience for young-old, this paper attempts to inves-
tigate the actual needs and difficulties of young-old in the use of smartphones,
and the preference of this group for the age-appropriate design of mobile phones.
Based on the 500 valid samples of the survey, we found that the young-old tend
to actively learn the use of mobile phones, but the current smartphone APPs does
not take into account the special need of the young-old, and the adaptability of the
touch-screen experience. We suggest that it’s necessary to consider the need of the
old users in terms of functions, interfaces, menu settings, so as to improve the will-
ingness of the old to use mobile APPS and improve the effect of human-computer
interaction.

Keywords: Aged-appropriate design · Smartphone APPs · Young-old

1 Introduction

Smartphones integrate clothing, diet, housing, transportation, entertainment, education,
medicine, health care, and wealth on one screen. However, the convenience and rapidity
of digital intelligence iteration cannot cover the problems of the use of smart phones by
young-old people, such as difficulties in logical understanding, degradation of functional
memory, and decline in audio-visual resolution. With the accelerated aging of China’s
population, the adaptationof the elderly to the use of smartphones is affected by economic
conditions, education levels, work experience, social status, family pension environment
and other factors, as well as psychological and physiological changes after retirement
at home, the digital gap between the elderly and the smart age is growing. In order to
enable the old to adapt to complete social, economic and cultural activities in the smart
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age and improve their quality of life, it’s imperative to design smartphone APPs for the
old.

The current research is based on the experience of using smartphones of Chinese
young-old people, the respondents are the people between the age of 50–70 years old.
They are the accurate objects for the current smartphone APPs aging-appropriate design.
The results of the study are aimed to provide the basis for the decision-making of better
Apps design the old. The data from the questionnaires shows that the number of people
who filled in is relatively evenly distributed among the three age groups: 50–55 years
old, 55–60 years old, and 60–65 years old, with a proportion of about 30%, and the
least number of people filling in from the 65–70 years old stage. Among the young-old
people who participated in the questionnaire, the ratio of male to female is about 4:6, and
most of them have junior high school education, half of them live together with elderly
couples, 77.4% of young-old people filled out this questionnaire by themselves, 22.6%
of young-old people fill out this questionnaire with the assistance from their families.

Age-appropriate design is a human-centered design concept. In order to make prod-
ucts and services meet the needs of the old, special emphasis is placed on the physical
and psychological characteristics of the elderly, as well as behavioral characteristics,
habits, and preferences in the design process. In recent years, research on age-appropriate
design has mostly focused on product development in home furnishing, architecture,
landscape, and auxiliary elderly care. In November 2020, the State Council of China
issued the “Implementation Plan on Effectively Solving the Difficulties of the Elderly
in Using Intelligent Technology”. In the same year, the Ministry of Industry and Infor-
mation Technology of China also organized a one-year special campaign for the aging
and barrier-free transformation of Internet applications across the country. In the first
stage, 115 websites in 8 categories and 43 APPs in 6 categories were ordered to carry out
aging and barrier-free renovation. Larger fonts, simplified icons, removal of complicated
functions, removal of advertisements, “elders mode”, “care mode” and other methods
are enabled. However, there are other problems such as “water injection” in the aging
transformation of smartphone APPs. Some APPs designers simply believe that larger
fonts and optimizing the homepage icons is what the elderly need, ignoring the fact that
the elderly group is not only difficult to read the text, but also has a common problem of
complex menu interfaces. Larger icons and font sizes can only improve the look and feel
of the smartphone APPs for the elderly to a certain extent, but it cannot guide the elderly
to understand the logic of smartphone software and learn to use the software more easily.
There are endless APPs, and the versions are updated quickly, the elderly are constantly
facing the learning of new interfaces and the search for old functions, the entrances of
suitable functions such as “Elders Edition” and “Senior Zone” are not placed in the
visual center, but hidden behind the complex multi-level menus. The cross-generational
design ignores the differences in the use logic between groups, the aging-appropriate
function is difficult to achieve. Therefore, it is of great practical significance to take the
young-old as the research object, according the use demands of smartphones as the core
issue, and the age-appropriate design of smartphone APPs as the research content.

The survey data shows: Young-old people generally have the willingness to integrate
into the digital life, but their learning ability and need for using smartphones have been
underestimated for a long time. The aging-appropriate upgrade of smartphone APPs is
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conducive to help young-old people improve their digital literacy and bridge the digital
gap.

(1) Among the young-old who participated in the questionnaire, more than 60% use
smartphones for their daily needs. Although they are influenced by the people
around them, they want to pursue new things and have more fun by mastering
smartphones skills.

(2) Young-old people generally have the willingness to actively learn the use of mobile
phones. They do not only learn from children and grandchildren, friends, neighbors,
and senior colleges, but also learn by reading books and self-study as high as 41.2%,
and even click on the built-in play function of mobile phones to learn to use them.

(3) The use of smartphones by young-old people is relatively rich, and there is no
obvious preference. While using mobile phones to communicate and connection,
they also have a high degree of participation in Internet entertainment, shopping,
and information consultation. They achieved their usage goals and experienced
convenience and relaxation.

(4) Nearly half of the younger seniors have more than 10 applications on their mobile
phones, and nearly 90% of the young-old know how to obtain the Apps they want
through various ways.

(5) The current mobile phones and software have varying degrees of difficulty in the
use of young-old people in terms of color graphic design, ease of operation, and
running speed. Young-old also have worries about their own health, knowledge
screening, misunderstanding of expenses, network security and other aspects in the
application of smart phones, and they have a certain “touch screen phobia” about
smart devices.

(6) The young-old generally have a demand for the aging-appropriate transformation
of mobile APPs, and the functions and designs they pursue are closer to “traditional
elderly devices”.

2 Literature Review

The extant research on the age-appropriate design of smartphone APPs based on the
experience of using smartphones of young-old in China are mainly carried out in the
following aspects:

(1) Mobile APPs interaction design based on Kano model. Xu Yuwen et al. (2017)
used the Kano model for smartphone APPs user interface design to improve the
satisfaction of elderly users. Similarly, He Weishan (2020) designed the online
learning APPs interactive interface based on the Kano model.

(2) Explore the interface design of mobile APPs based on the cognitive needs of elderly
users. For example,WangYue (2018) constructs typical charactermodels and scenes
from the cognitive characteristics of vision, memory, and emotion of elderly users,
and explore the age-appropriate interface interaction design method in line with the
cognitive characteristics of the elderly from three aspects: the information architec-
ture layer, the interaction layer and the presentation layer of the smart phone, and
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verify its rationality through practice. Liu Xiaolu et al. (2017) conducted research
on the age-appropriate design of information APPs interface based on the cognitive
needs of the elderly.

(3) Research on the utility of each element of the mobile phone interactive interface.
For example, Huang he et al. (2017) decomposed and reconstructed smartphone
elements through the joint analysis method, and analyzed the user’s tendency to
choose 18 virtual new schemes to obtain the best design element combination
scheme.

(4) Research on the evaluation of APPs usage experience of elderly users. For example,
Li Yongfeng et al. (2018) constructed an elderly user experience evaluation system
based on the grey analytic hierarchy process, and took mobile medical APPs as
a case to collect samples to provide a basis for application optimization design
decisions.

(5) Appeals and reflections on the age-Appropriate design of an “intelligent” ratio-
nal society. For example, Li Yiyu et al. (2021) believe that the development of
intelligent services exacerbates the intergenerational cultural gap, which decreases
the sense of identity and acquisition of the elderly. Therefore, it is necessary to
bridge the gaps in resources, institutions and cultures through social “intelligence”
and “appropriate aging”. Also, Fan Yuji et al. (2021) described the subjective and
objective dilemma of the elderly using smartphones, and proposed that multiple
entities should cooperate to ensure the use of smartphones by the elderly in terms
of industry development, policy subsidies, and usage data.

3 Method

This paper adopt the questionnaire survey on the experience of smartphone use among the
young-old groups, and conducts research on smartphone usage behavior, age-appropriate
needs and applicability of mobile phone software. Specifically, the research involves the
preferences, experiences, difficulties and situational design of young-old in the process
of using smartphones. We also provide suggestions on the aging-appropriate design
of smartphone APPs, clarifying the smartphone APPs aging-appropriate design ideas.
After reviewing the returned questionnare, 500 valid samples were finally obtained in
this experiment. The questionnaires used are shown in the appendix.

4 Experiment

The research is mainly carried out from three dimensions: the use behavior of smart-
phones of the young-old, the needs of suitable aging and the applicability of the current
APPs, and the design situation of suitable aging. Based on the questionnaire data, the
results are shown in the following sections:
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4.1 Smartphone Use Behavior of Young-Old

• Smartphone usage.
The questionnaire lists several possible situations of smartphones using, and conducts
a survey on “How is your smartphone usage?”. The statistical results are as follows
(Fig. 1):

24%

40%

17%

6%
3%

10%

How is your smartphone usage?

Can use and are familiar with

Can use, know how to use a few
software
Only a little basic operation of
calling and sending messages
Not very good at, just know to
start the smartphone
I don't know how to use

No cell phone

Fig. 1. Smartphone usage classification chart. (Self-Designed Form)

Statistics show that 64% of young-old people think they can use smartphones, but 40%
of them only use a few Apps, and not many elderly people are very familiar with using
mobile phones. 17% of the elderly only have some basic operations such as making calls
and sending short messages. smartphones provide no more digital life experience for
them.

• How and why of learning smartphones.
In response to the question “How do you learn about smartphones?”, the young-old
are mainly taught by others, supplemented by self-learning. Teaching from sons and
daughters is themost important source of their skills acquisition. 41.2% of young-old are
familiarwith the use of smartphones by taking classes in senior colleges and self-learning
by reading books, which is almost close to the proportion of friends and neighbors’
teaching. It is worth noting that 28.6% of the young-old will use the smartphone’s own
tutorial to learn (Table 1).
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Table 1. Statistics of the way to learn smartphones. (Self-Designed Form)

The way to learn smartphones Percentage

Sons and daughters’ teaching 48.4%

Grandchildren’s teaching 34.8%

Friends and neighbors’ teaching 43.6%

Self-taught through senior college and reading 41.2%

Self-learning through the smartphone’s own teaching
skills

28.6%

Statistical results also show that the overall level of engagement with learning smart-
phones is relatively high, which reveals that they have a sense of initiative. This tendency
to actively learn new things has been revealed in the question about “Why do you want
to learn smart phones?” in the questionnaire. Most of the young-old people who fill out
the questionnaire are learning to use smart phones based on their own reasons, or based
on life needs, or hope to add fun to their boring old age with cell phone, avoiding drifting
to an island in the internet wave.

• Smartphone usage and experience.
Among the six major functions listed in the questionnaire, there is no significant pref-
erence for the young-old, and the maximum value comes from “listening to music,
watching news and reading short videos”, and 57.8% of the young-old chose this item.
The popularity of short videos has not diminished that young-old people are immersed in
short videos to learn how to cook, dance, and maintain health. they have long been loyal
digital workers on short video platforms. Among them, 48.2% of the young-old will use
smartphones to “take photos or short videos” to contribute UGC content belonging to
them, showing the potential of old bloggers and old uploaders to attract fans. Secondly,
54.2% of the young-old have strong social needs, so WeChat maintains and reconstructs
their social circle. In terms of online shopping needs, 43.2% of the young-old will order
their favorite products through online shopping platform, whether it is half-day delivery
of food or supermarket delivery the next day. The younger age group is slowly following
the development of Internet plus e-commerce in the use of smartphone software. Finally,
using the Internet to get information and playing games are also a need that young-old
people cannot ignore (Table 2).

Table 2. Statistics of the way to learn smartphones. (Self-Designed Form)

Purpose of using a smartphone Percentage

Contact others 54.2%

Take photos or short videos 48.2%

Listen to music, watch news, watch short videos 57.8%

(continued)
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Table 2. (continued)

Purpose of using a smartphone Percentage

Internet consultation 37.2%

Online shopping 43.2%

Play games to relax (Such as Happy Match) 28.2%

The young-old also achieved the goal of using smartphones, and gained experiences
such as “getting information”, “social communication”, “convenient contact”, “leisure
and relaxation”, and “catching up with fashion”. Although the most commonly used
APPs for young-old people are to listen to music, watch news and short videos, the basic
value such as “Convenient Contact” was not affected by the user experience. It shows
that the emergence of smartphones has reduced the loneliness of young-old people to a
large extent. Only 8.6% of the young-old believe that their experience of using mobile
phones is to follow the fashion. It shows that the young-old people do not blindly follow
the digital trend, and they have a more rational use and experience.

4.2 Aging Needs and Current APPs Applicability

Smartphones attract people to approachwith the advantages ofmobile and deep access to
the Internet.At the same time, they alsomakeyoung-old people experiencepsychological
fear of touching the screen and the physical difficulties of using them.We can understand
the aging-appropriate transformation logic by understanding the attitudes and needs of
young-old people about the current smartphone usability.

• Software quantity and download method.
According to the statistical results, 21.8% of the young-old people have more than 15
Apps on their smartphones, and 26.4% of the young-old people have 10–15 Apps. That
is to say, among the interviewees, nearly half of the young-old people have more than
10 Apps on their smartphones. If the number of Apps is evenly allocated to functions
such as social networking, health preservation, audio and video, short video, browser,
information, shopping, games, then 10 software is not too many. In response to the
question “What is the main way for you to obtain mobile phone software?”, 12.6% of
the elderly still said that they did not know. The conventional method such as download
through the software store that comes with the system, followed by the application store
or Baidu search, which will still be a problem for this part of the elderly.
• Current APPs applicability.
The results also show that in the process of using smartphones, young-old people gener-
ally encounter difficulties in using Apps result from complicated Apps design or smart-
phone operating failures. “Complicated software operation” is the biggest problem for
the elderly when using mobile APPs. 49.4% of the young-old also feel frustrated by
“too many Apps”. 41% of the young-old have experienced “phone freezes and doesn’t
respond”, and the visual experience of “uncomfortable color graphics and text” also
affects their sense of use (Table 3).
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Table 3. Difficulty classification table based on the mobile phone itself. (Self-Designed Form)

What difficulties or problems have you encountered while using your smartphone
?

Percentage

Uncomfortable color graphics and text 33.4%

Complicated software operation 57.6%

Too many software 49.4%

Phone freezes and doesn’t respond 41%

Others 14%

• Difficulty in use based on the characteristics of the young-old(Table 4).

Table 4. Difficulty classification table based on the use of smartphones by the young-old
themselves. (Self-Designed Form)

The biggest problem you face while using your smartphone? Percentage

Health problems, such as blurred vision, decreased limb flexibility, etc 48.8%

Knowledge problems, such as inability to discern the content of a pop-up prompt
box, etc

42.6%

Cost issues, smartphones and their associated costs 39.8%

Environmental issues, less information specific to the elderly 46.4%

Security issues, unfamiliar with software functions, worry about property safety,
etc

36%

The questionnaire data shows that the “health problems, such as blurred vision, decreased
limb flexibility, etc.” of the young-old are major obstacles to use smartphones. For
example, 48.8% of them chose this option. In terms of physiological characteristics,
the physical movement, hearing, and visual abilities of young-old will have varying
degrees of loss and decline. For example, the visual ability to distinguish colors is
weakened, and it is more sensitive to high-contrast color blocks; the movement of the
body gradually becomes slower, so it is difficult for their fingers and eyes to lock the target
area synchronously, and the finger touch area tends to become larger, and the operation
speed gradually decrease. Sorted by numerical percentage, “environmental issues, such
as less information specific to the elderly”, “knowledge issues, such as inability to
discern the content of a pop-up prompt box, etc.”, “cost issues, smartphones and their
associated costs,” “security issues, unfamiliar with software functions, worried about
property safety, etc.”, there are four categories of use dilemmas involve the physical
changes of the young-old, such as the degradation of memory function, the delay in
receiving and converting information, the psychological fear of touching the screen, and
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questions about intelligent technology. The volume of mobile APPs is increasing day
by day, and the function of one-stop service is pursued, but it has not taken into account
the changes in the physiology and psychology of young-old. In the face of complex
intelligent logic and high sensitivity to unfamiliar information, the elderly have slowed
down the pace of embracing technology and reduced their willingness to use it.

4.3 Aging Design Scenarios

The data also shows that young-old have demands for the aging-appropriate design of
smartphone APPs. The design logic of the “Elderly Phone” is more in line with the habit
of the young-old, which reveal that they have low awareness and dissatisfaction with
the use of smartphones for human-computer interaction. This doesn’t affect their use of
smartphones to participate in social life and self-entertainment, and it stimulated their
expectations for intelligent technology.

• Preferences for new features in the software (Fig. 2).

23.2%

22.6%

20%

30.2%

4%

If the new features are easy to use, what do you want the most?

Communication and interaction circles

Have direct contact

Provide door-to-door service

Guided by an operation assistant

Others

Fig. 2. Classification of preferences for new smartphone functions among young people. (Self-
Designed Form)

First of all, 30.2% of the elderly hope that the smartphone software is “guided by an
operating assistant”, which is related to the question of “living style of young-old” in the
questionnaire. More than 70% of the elderly surveyed don’t live with their children, so
remote teaching aids increase the difficulty of intergenerational communication, and it’s
difficult to take care of usage needs in a timely manner. Secondly, 23.2% of the survey
respondents hope that “communication and interaction circles” in the software account
for the interactive experience on the cloud allows them to share life and happiness
independently. Furthermore, 22.6% of the young-old expect the software to “have direct
contacts”, and 20% of the young-old prefer that the software can “provide door-to-door
services”. For young-old, the most convenient way to know is still to make phone calls
or face-to-face manual answers.

• Smartphone aging-friendly design trends.
In the question of “Which design is more likely to be a smartphone?”, the maximum
value comes from the design of “simple interface”, followed by the requirement of
“handwriting input”, as shown in the following figure (Fig. 3):
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Fig. 3. A classification chart of the aging-Appropriate design trend of smart phones for the young
and elderly. (Self-Designed Form)

Research shows that the vital design needs of smart phones by the elderly includes
“simple interface”, “big icon design”, “simple color”, “handwriting input”, “one-touch
call”, “voice broadcast interface”, “smart robot answer” and so on. It is easy to find that
these demands are closer to the “old man’s mobile phone” which is very convenient in
terms of making calls, calling announcements, menu reading, automatic time reporting,
and keyboard input. This type of mobile phone has a small screen and does not have
the Internet access function, but the manually set pages and function lists are displayed
in the form of large icons and plain text, and the use logic is simpler and the target
functions are accessible. Most of young-old people have difficulties in getting used to
the design of APPs in current smartphones. They prefer “elderly phones” with large
screens. However, there are still 10.6% of young-old people who hope to have “smart
robot answer”. They are curious and eager for human-computer interaction dialogue and
willing to try AI scientific and technological achievements.

5 Conclusion

Based on the data and analysis, this study concluded that:

(1) Younger elderly people generally tend to learn and use smartphones, and generally
can achieve their own goals. However, in terms of the degree of “use”, only a few
young-old people can be very familiar with smartphones, most of the young-old
people still have a lot of space for learning.

(2) In terms of aging needs and the applicability of current smartphones, smartphones
produced by mobile phone brands are constantly being updated or upgraded, and
each with its own selling points. However, it has not changed the difficult situation
that young-old people face, either based on the design of the smartphone itself,
or based on their own physiological and psychological characteristics. This article
selects the latest four smartphoneswith prices around1,000 yuan from the twomajor
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brands of Huawei andHonor. By combining its recommended purchase reasons, we
found that these smartphones, which are more likely to be purchased by young-old
people in terms of price, are neither promoted for young-old people nor specially
designed for them. Whether it is equipped with large battery and large memory,
or high-definition pixel high-brush screen, or even the promotion of equipped with
chips and 5G functions, they do not aim to attract young-old people. There is
an unbalanced and mismatched contradiction between the increasing functions of
smartphones and the logical requirements applicable to the young-old. This, to
a large extent, reduces the enthusiasm of young-old people to use, and are not
conducive to the virtuous circle of human-computer interaction (Table 5).

Table 5. List of promotional selling points on the purchase page of a smartphone with price
around 1,000 yuan.

The price around 1,000 yuan smartphones’ purchase page promotes selling points

Brand HUAWEI Honor

Series Low-range:
Changxiang
Series

Entry model:
Changwan Series

Low-range:
Play series

Mid-range:
X series

Model Changxiang
20e

Changwan 30plus Play 5T Vitality
Edition

X30i

Price 999–1399
yuan

1099–1499 yuan 1599 yuan 1399–1899 yuan

Big battery
√ √ √

Large/Narrow
screen

√ √

Loud volume
√

Large storage
√ √

Thin and light
√

Camera pixel
√ √ √

Smart system
√

Fast charge
√ √ √

High brush eye
protection screen

√ √

Storage expansion
√ √

5G
√ √

Chip
√
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(3) In the context of age-appropriate design, the process of human-computer interac-
tion produces a nostalgic context that is not easily perceived. This is because, first,
the young-old tend to have simple designs such as large icons and one-button type;
simple operations such as handwriting input and voice broadcast; tend to retain
the “elderly machine” function of smartphones. Second, the young-old expect to
have a direct contact to answer questions or provide door-to-door teaching services
during the installation and use of smartphone software. The third is that young-old
have expectations for intelligent AI situations in human-computer interaction. they
believe that intelligent robot solutions are helpful to reduce operational errors, and
improve communication willingness, and forming better human-computer interac-
tion. Overall, although the current smart phones have limited cognition andmastery
of young-old, they are still active in frequency of use and enthusiasm for learning.
The young-old people are nostalgic for functional design expectations, but they are
also full of expectations for technological iterative updates.

Based on these results, the aging-appropriate design of smartphone APPs should
be improved in the following aspects. First, we suggest to reduce the complexity of
human-computer interaction, reduce the difficulty of self-learning for young people to
use smartphone APPs, and rationally plan the settings of teaching skills that come with
smartphones. It is not limited to the basic functions of the smartphone APPs, but also
how to learn common software, demonstrate design logic, and create integrated videos
of practical operations, so as to establish a human-machine trust relationship and help
optimize the use of the APPs. Secondly, as far as the consumer psychology of the young-
old is concerned, warmwords that cares for the elderly can be used in the advertising and
APPs interface of smartphones, such as “being your assistant in life” and “a smartphone
that makes your life more convenient”, so as to alleviate old people’s resistance to new
things, and to achieve a unified design for physical aging and psychological aging. In
addition, the physiological characteristics of young-old require that the age-appropriate
design of smartphone APPs should use a simple and easy-to-read interface, easy-to-
recognize colors, increase the finger touch area during using, and lock the contacts after
exiting, and reduce the cumbersome steps, avoid using time limits etc. Finally, the age-
appropriate design should enhance the sense of human-computer interaction between
the young-old and the smartphone, developing a tailor-made age-appropriate situation
for the young-old. The big data algorithm should calculate the applicable characteristics
of people of different ages, so as to avoid the perceived barriers due to differences in
the use of logic, and to miss the data that really helps to improve the use effect of the
young-old group.

Because this study has not conducted in-depth interviews with the young-old who
participated in the questionnaire, other improvements in the age-appropriate design of
the smartphone APPs may not have been fully considered. It may be more able to verify
the findings of this paper if future research presents the data of the effect evaluation of
the one-year APPS aging modification that has not been carried out in the current study.
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Appendix

A Survey on Smartphone Usage Experience of Young-Old
Hello, thank you very much for filling out this questionnaire! We are the research team
of the School of Design and Art of Changsha University of Science and Technology.
Please rest assured that the anonymous information obtained in this questionnaire is
for research and statistical purposes only. There is no standard answer to the following
questions, please fill in the truth, thank you for your support and cooperation!

1. This questionnaire is filled out by () ?(radio)
A. Myself
B. Fill in on behalf of my family

2. What is your gender?(radio)
A. Male
B. Female

3. What is your age?(radio)
A. 50–55 years old
B. 55–60 years old
C. 60–65 years old
D. 65–70 years old

4. What is your education level?(radio)
A. Illiterate
B. Elementary school and below
C. Junior high school
D. Secondary school high school
E. College
F. Bachelor degree and above

5. What is your current residence status?(radio)
A. Living alone
B. Elderly couple living together
C. Living with children
D. Other

6. How is your smartphone usage?(radio)
A. Can use, and be familiar with
B. Can use, know how to use a few software
C. Only a little basic operation of calling and sending messages
D. Not very good at, just know how to start the smartphone
E. I don’t know how to use
F. No cell phone

7. Why do you want to learn about smartphones? (Optional)
A. I like to accept new things
B. Influenced by the people around me
C. Life needs
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D. Life is too boring, want to find some fun

8. How did you learn about smartphones?(Optional)
A. Sons and daughters’ teaching
B. Grandchildren’s teaching
C. Friends and neighbors’ teaching
D. Self-taught through senior college and reading
E. Self-learning through the smartphone’s own teaching skills

9. What is your smartphone generally used for?(Optional)
A. Contact others
B. Take photos or short videos
C. Listen to music, watch news and short videos
D. Internet consultation
E. Online shopping
F. Play games to relax (such as matchmaking)

10. The main way you get mobile software is()(radio)
A. System’s own application store
B. Third-party application store
C. Search through Baidu, etc.
D. Not clear

11. How much software do you have in your smartphone now?(radio)
A. 5 or less
B. 5–10
C. 10–15
D. 15 or more

12. For you, what has been your experience with your smartphone? (radio)
A. Get information
B. Communication platform
C. Easy to contact
D. Leisure and relaxation
E. Successfully catch up with fashion

13. During the process of using your smartphone, have you encountered () difficulties
or problems with your smartphone. (Optional)

A. Uncomfortable color graphics and text
B. Complicated software operation
C. Too many software
D. Phone freezes and no respond
E. Others

14. The biggest problem you face while using your smartphone is?(Optional)
A. Health problems, such as blurred vision, decreased limb flexibility, etc.
B. Knowledge problems, such as inability to discern the content of a pop-up prompt

box, etc.
C. Cost issues, smartphones and their associated costs.
D. Environmental issues, less information specific to the elderly.
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E. Security issues, unfamiliar with software functions, worry about property safety,
etc.

15. If the new function is easy to use, what you want most is the () function.(radio)
A. Have a communication and interaction circle.
B. Have direct contact
C. Provide door-to-door service
D. Guided by an operating assistant
E. Others

16. Which smartphone features do you prefer?(radio)
A. Simple interface
B. Big icon design
C. Simple color
D. Handwriting input
E. One-touch call
F. Voice broadcast interface
G. Smart robot answer
H. Others
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Abstract. This paper focuses on the feminist movement(s) today and the con-
troversies that tend to permeate the notions of “waves” and “(inter)generations”.
It falls within the scope of feminist media studies, in a line of approach that
seeks to traverse feminist activisms and their communication strategies, including
mainstream and alternative media and the digital and offline spaces of interaction.

Throughout history, feminist movements have conducted several protests
worldwide. Feminism has been asserting itself since the 19th century and its
struggles have evolved, with current studies pointing to the existence of three
“waves” of the feminist movement, each corresponding to different demands and
conquests of rights for women. Some research, however, foretells the emergence
of a fourth “wave” of the feminist movement, marked by the digital world, transna-
tional demands, intersectionality, an intergenerational approach and the inclusion
of new agendas and performance repertoires.

In this paper, we will question the “wave” narrative to explain the inception
and evolution process of the feminist movement and the challenges of intergener-
ational feminist movement(s) nowadays. This is a critical reflection, anchored in
international scientific literature, that intersects feminist activism and the sphere of
(online and offline) communication and the media. We will also include examples
of feminist movements/initiatives/protests/projects how demonstrate nowadays it
is crucial to talk and understand what the idea of “intergenerational feminisms”
can mean, and what are its impacts in strategies of mobilization in diverse spaces
and platforms.

Keywords: Feminist movement(s) ·Waves · Intergenerational relations

1 Introduction

The contemporary feminist movement is the result of a historical movement marked in
time and space,which attempts to converge globallywhat is its essentialmatrix, women’s
rights, and gender equality. As Nancy Cott states, “feminism allows a range of possible
relations between belief and action, a range of possible denotations of ideology or move-
ment” [1]. From this relationship between belief and action, a group consciousness was
born that has been built up over time, and the concept of “wave” was used to explain
it. The conception of “waves” for thinking about the feminist movement has been much
criticised and has generated controversy. It is often pointed to as creating splits between
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different generations of feminists. Simultaneously, it is often seen as presenting a linear
and reductionist line, implying divisions and reifying oppositions. There are, however,
approaches that look at “waves” as metaphors that allow us to understand what has been
done, what the current agendas are and how the movement positions itself vis-à-vis the
future. Chamberlain points out that “the wave can be a means by which to approach fem-
inist temporality, considering how the past and future inform the affective immediacy of
the present moment” [2]. We see waves as a process of the feminist movement, condi-
tioned to the historical contexts of the countries that embraced it, occurring at different
times within Europe and between Europe and the rest of the world [3].

Thus, in this paper wewill enter the problematisation of the wave narrative to explain
the process of the feminist movement’s formation and evolution, and the challenges of
intergenerational feminist movement(s) nowadays. This is a critical reflection, using a
hermeneuticmethodology, anchored in international scientific literature that crosses fem-
inist activism and the sphere of communication and the media. This reflection will also
include examples of feminist movements/initiatives/protests/projects that demonstrate
how nowadays it is crucial to talk about and understand intergenerational feminisms.

2 Feminist Movement Waves

The feministmovement is historicallymarked by several periods corresponding to cycles
of demands of several generations of women. These phases have been termed “waves”
to show continuity and change in the politics of feminist contestation [4]. As a social
movement, it resulted from a confrontation between opponents throughout history. Della
Porta and Diani point out that social movements are “involved in conflicting relations
with clearly identified opponents; they are linked by dense informal networks; they share
a distinct collective identity” [5]. It is consensual that there are three “waves” within the
feminist movement [6], with some authors considering that we are already in a fourth
“wave” of the movement, as will be discussed later.

To understand where we are today, it is necessary to do a brief historical trajectory
since the emergence of the feminist movement. The first wave of women’s collective
action in the public space occurred in England at the end of the 19th century, when
several British women took to the streets in demonstrations, marches or strikes to have
their right to vote recognized, in open confrontation with the State. Women’s activism
gave rise to several organizations such as the Women’s Freedom League, the Actresses’
Franchise League, and the most important, the National Union of Women’s Suffrage
Societies (NUWSS), led by Millicent Fawcett [7]. In 1903, Emmeline Pankhurst and
her daughters Christabel and Sylvia, breaking with the NUWSS, founded the Women’s
Social and Political Union (WSPU), and were nicknamed the suffragettes. Their action
was much more programmed and radical than that of the other organizations. All their
public action – demonstrations ormarches –was staged for newspaper coverage, and they
even had their own newspaper. Arrests, hunger strikes, and force-feeding were widely
publicized in order to impact society and political power. Between 1911 and 1914, the
WSPU supported violent actions by the suffragettes. Bombing the homes and mailboxes
of parliamentarians opposed to women’s suffrage, cutting telegraph cables, and setting
fires in churches, castles, and abandoned buildings were some of the violent acts the
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movement engaged in [7, 8]. The result was internal division within the organization
and hostility in the public opinion, which rejected this type of performance. The height
of the suffragette extremism came in 1913 when Emily Davison stormed the track in the
EpsomDerby horse race, and threw herself in front of the king’s horse. She succumbed to
her injuries days later, and the funeral, although widely reported by the newspapers, did
not garner popular support for the cause. In fact, the international suffragists distanced
themselves from the radicalmethods of the suffragettes and theWSPU.With the outbreak
ofwar in 1914, the founders of theWSPUbecamepatriots, forgot the demand for the right
to vote and abandoned the suffragist cause. This, however, did not fall by the wayside,
the suffragettes continued negotiations in Parliament, winning the partial right to vote
in 1918, and the vote for all women in 1928. This demand for human and citizenship
rights, that is, for the recognition of women as subjects, was also expressed in the USA.
In other countries these citizenship rights, such as voting, were only achievedmuch later,
as is the case of Portugal.

The two world wars had a great impact on this first wave of the feminist movement
and on the social position of women, who entered the public space and the labor market
in a way never seen before [9]. Obviously, this period coincided with the rise of many
dictatorial regimes that contributed to the retreat and silencing of feminisms.

It is in this context that the 2ndwave of feminismemerges, dating back to the post-war
period, between the years 1960 and 1980. With the end of World War II came peace and
economic and social development. The golden years of capitalism allowed an expansion
of the labor and consumer market and a change in mentalities. The population increased,
gainedpurchasingpower, and educationwasdemocratized [10], leading to the emergence
of an educated, qualified middle class, very connected to public functions [11] and
whose protests no longer resulted from industrialization but from post-industrialization,
in which conflicts no longer revolved around capital-labor and centered on cultural and
informational issues.

These post-war political and social changes gave rise to a set of social movements
(student, pacifist, ethnic) and a newwave of the feminist movement, all of them endowed
with an identity and cultural character, which academics referred to as the New Social
Movements (N.M.S). Some of the theorists of the New Social Movements [12, 13] see
them as the reflection of a new middle class [11, 14], less concerned with materialistic
or elementary social issues and more focused on universal issues such as peace, the
environment or gender inequalities.

The sixties were years of social contestation, against the Vietnam war, against racial
injustice, against bourgeois conservatism, against gender inequalities. In the sixties,
women founded liberation movements inspired by feminists. For example, in America
they founded the National Organization for Women (NOW) inspired by the feminist
Betty Fridan, who intervened socially in search of greater freedom and equality for
women, emphasizing that their function was not exhausted in reproduction. Medicine
lent a hand with the emergence of the birth control pill, which revolutionized customs
and gave women a, previously nonexistent, sexual boldness.

France saw the occurrence of “May of 68”. In Paris, students occupied the Sorbonne,
calling into question the centuries-old established academic order, in search of new cul-
tural forms. Young women also participated in the occupation of universities and in
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street demonstrations [15], although men were most visible. In 1967 the Féminin, Mas-
culin, Avenir (FMA)movement had emerged, born within theMouvement démocratique
féminin, and thismixed-constitutionmovement played an important role in the Sorbonne
assemblies on the role of women. In the United States, having won the right to vote in
1919, the second wave emerged after the 1960s, around the Women’s Liberation Move-
ment (WLM), whose activists protested against discrimination, all forms of sexism of
which they were victims, and claimed equal rights to men. Scott mentions that the con-
cept of gender emerged when American feminists rejected “sexual distinctions” [16].
That decade ended with women in the streets protesting all over the world. In late 1968,
a gathering of women, about 400 activists from the Women’s liberation movement tried
to stop the Miss America pageant in Atlantic City [17]. They intended to hold a bon-
fire to burn bras and other women’s paraphernalia. Although they were prevented from
protesting by the authorities, the episode that became known as the “bra burning” spread
to Europe, where bonfires actually took place. In 1970, they held a strike in New York
that brought 50,000 people into the streets. The early 1970s saw the appearance of new
women’s movements. In France, theMouvement de Libération des Femmes appeared as
heir to previous movements (French League for Women’s Rights, Women’s Democratic
Movement, Féminin,Masculin, Avenir), but as an all-womenmovement, not mixed [18].
This movement promoted various collective actions, frommanifestos, such as the “Man-
ifesto 343,” for the right to contraception and abortion, to demonstrations. On November
20, 1971, in Paris, they organized an international demonstration in favor of free con-
traception and abortion. Women swarmed the streets in joyful agitation, using colorful
banners and balloons, dances and songs composed of familiar melodies [19]. In 1972
they demonstrated, after the Bobigny case (a young woman who was raped and had an
abortion), for the decriminalization of the voluntary interruption of pregnancy. These
demonstrations were joined by other feminist movements, whose force of protest was
echoed by Simone Veil, health minister in Jacques Chirac’s government, resulting in the
proposed law for decriminalizing the voluntary interruption of pregnancy, which came
into force in January 1975. Thewomenof theMouvement deLibération des Femmes pro-
foundly transformed French values and society when it came to contraception, abortion,
and parental equality.

These manifestations of feminists, sharing common experiences, and reflecting on
the condition of women and their role in society forged a collective identity [20] and
from there their recognition as social actors. In fact, the feminist social movement drove
the Feminisms of the 20th century. In the midst of the activist effervescence of the
sixties, according to Offen, there is an “eruption of feminisms” [21], although with
different cadences in European countries. And, according to Young, the various currents
of feminism affirmed Feminism as the “most far-reaching cultural policy movement” in
the twentieth century [22].

By the end of the century, in Europe and the United States, the feminist movement
managed to get some of women’s demands heard and met by sectors of political and
civil society. Discussions around issues such as sexuality, contraception, and abortion
subsided as they became legal conquests.

The third wave began around the 1990s (between 1990–2000) and emerged almost
as a reaction to the criticism that, from the 1980s onwards, had been leveled at the second
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wave and at feminism.While conceptually and ideologically Feminismwas trying to find
itself, the concept of post-feminism emerged, which mirrored the plurality of feminisms.
Therewas also an emergence of anti-feministmovements (feminist backlash).As a social
movement, feminism was moving towards transnational action, owing to women having
managed to assert their female identity and win certain rights. From then on, they sought
internationalization and recognition of the movement on a global scale. It was in this
context that the World March of Women (WMW) movement emerged, which began on
March 8, 2000, International Women’s Day. The Women’s World March was not a one-
off mobilization, it became a platform for action of a more permanent nature, promoting
majormarches anddemonstrations everyfiveyears andparticipating often inworld social
forums. Defined as a worldwide feminist network, the Women’s World March is part of
movements on a global scale. It acquired a large dimension, bringing together several
international movements, and intended to project the movement and draw attention to
its cause through dissemination in the media. Like other movements, its purpose was “to
produce visibility through the media and symbolic effects for the protesters themselves
(in the political-pedagogical sense) and for society in general, as a form of political
pressure of the most expressive in contemporary public space” [23]. The inspiration
for the creation of the World March of Women came from a demonstration held in
1995 in Canada, when 850 women marched 200 km between Quebec and Montreal,
symbolically asking for “Bread and Roses”. At the end of this action, several conquests
were achieved, such as an increase in the minimum wage, more rights for immigrant
women and support for the solidarity economy.

Themotto of the 2000marchwas the fight against violence and poverty. Actionswere
organized in more than 150 countries, involving more than 6000 women’s groups [24].
At the end of the march, these participating groups drafted a document with seventeen
points of demands to be delivered to the UN. The collective actions ended on October
17th with a demonstration in New York City.

The feminist movement, by acting transnationally, aims for the empowerment of
all women in the world, because the achievements of European women are not yet
a global reality and only global collective action can endow the movement with the
intersectionality, plurality of repertoires, and performative actions that this third wave
aims for.

3 Fourth Wave? or a Feminist Tsunami?

“The wave can be a means by which to approach feminist temporality, considering how
the past and future inform the affective immediacy of the present moment” [2]. It is
within this context that this author mentions the importance of speaking of a fourth
wave of the movement, which emerges from 2013. According to Chamberlain [2], this
newwave of feminism is characterized by a series of protests and resistance movements,
which intersect various social movements and allow for the expansion to human rights
issues, with concerns that intersect gender with issues of class, sexuality, ethnicity, race,
generation, functional diversity and environment, among others. Gender intersects with
other identity, belonging, and social problems, and should not be discussed outside of
this approach, which accentuates the focus on “sidestreaming”, that is, on the multi-
ple oppressions that occur beyond gender. It should be noted that at a stage when the
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movement is characterized by social and political mobilizations occurring within an
increasingly transnational frame, driven by the proliferation of information and commu-
nication technologies, it is crucial to analyze the culture in which women are embedded
[25], and how the interaction between activists is established. This may not be a new
issue, the need to address local specificities, to aim for situated knowledge [26], but the
interconnection between the global and the local, as well as the relevance of the digital
sphere in this equation is assumed to be very pressing.

Matos, Chamberlain, Perez&Ricoldi also refer to new forms of relationship with the
state, seeking the depatriarchalization of state institutions, whilst being characterized by
new relations between the state and civil society (polycentric: state and anti-state, at the
same time depatriarchalizing and decolonizing). Also noteworthy is the existence of a
renewed theory, with “a profound theoretical reformulation with a strong concentration
on decolonial contemporary feminist theoretical-critical traditions and aiming at a new
framework for a cosmopolitan feminism” [27]. Finally, according to the same authors,
what marks this new phase is action in digital media; digital activism or cyberactivism
that uses blogs, social networks such as Youtube, Facebook, and Instagram to create and
disseminate feminist causes, enabling the multiplication of non-hegemonic ideas and
other voices in public space. The attention to the “place of speech” [28] is very relevant
for this new phase of feminism, with many voices and causes within feminisms, which
historically have been silenced, gaining expression.

Naming a new periodization of the historical moment as the fourth wave is a way to
empower its enunciators and enhance their political agenda [29]. It is a way of seeking
visibility for the resumption of women’s claims that often address old, and little achieved
agendas. This is where movements like Slutwalk, #Metoo, LaManada, 8M Feminist
Strike, etc. arise, which are internationally recognized, and involve dynamics in the
digital space, but also in the streets. One can then ask: How different are these new
feminist movements from previous forms, and what differences and continuities divide
and unite the generations, the diverse women/people who make up these movements,
what are the voices that gain expression and the struggles that gain visibility and public
recognition?

Maybe we are not talking about a feminist wave, but the designation “feminist
tsunami” [30] seems to us the most adequate to explain the dynamics of the feminist
movement today. It is an expanding movement, designed for the 99%, intergenerational,
defined by technology, feminism 4.0. It politicizes new generations without losing ties
with the old ones and bonds together the various types of political, social and cultural
struggles that cross the world today.

4 Intergenerationally Between “waves”

“Feminism is a historically constituted, local and global, social and political movement
with an emancipatory purpose and a normative content. It posits a subject (women), iden-
tifies a problem (…), and expresses various aims (…) in the name of specific principles
(e.g., equality, rights, liberty, autonomy, dignity, self-realization, recognition, respect,
justice, freedom)” [31].
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As Dietz points out, Feminism is a historical movement, and as such, several genera-
tions of women have played a part in it over the three waves. The question of intergener-
ationality in an enduring movement like Feminism is as controversial as the metaphor of
waves, but it refers to the inheritance, the legacy from one generation to the next. As with
other social movements, Feminism accrued a set of repertoires of action from previous
generations and innovated in each new one. The suffragettes started a whole collec-
tive action in the public space with marches, demonstrations, representations, strikes
and journalistic mobilization that was followed by the generations of women of the
subsequent “waves”, who innovated, albeit within their temporal and spatial context.
Between the first and second waves, the world changed a lot in political, economic and
social terms, so if the context changes, the social actors also change. As Nancy Cott
[1] says, it is in the beginning of the 20th century that the term “Feminism” appears to
designate a binding ideology among women, which did not happen in the 19th century
when women united and fought for a notion of a feminine sphere. The Wars contributed
to women thinking about the world and themselves differently. Writers such as Simone
de Beauvoir, Betty Fridan, and Carol Hanish bring into the public sphere themes previ-
ously belonging exclusively to women’s private sphere, which were not discussed at all
or, when touched upon, done so from a patriarchal perspective. In 1963, Betty Fridan
launched the book “Feminine Mystique”, in which she described what middle-class
American women thought, deconstructing the male discourse of the happy mother and
housewife. Fridan showed that women felt a dissatisfaction, an anxiety, and this “name-
less problem” came from the fact that they wanted something more than merely their
husbands, children, and home [32].

Feminism also progressed into the academies, and studies on women or Women’s
Studies began to appear. These revealed that the category “woman” was insufficient as a
field of research and study and the concept of gender emerged in research [16]. However,
many black and lesbian women considered the concept of gender to be metanarrative,
continuing interests of the hegemonic identity of heterosexual and white women.

In the West, in the 1960s, Feminism emerges as a women’s liberation movement.
However, as Caughie states, “the first phase of the women’s movement in non-Western
contexts is roughly coterminous with the Western understanding of the first wave and
often connected to women’s participation in the anti-colonial nationalist movement from
the late nineteenth century to the 1930s” [33], which demonstrates that approaching an
intergenerationality between distinct historical contexts is more difficult. Between the
first and second waves, there is a western intergenerational identification, because the
memory of the struggles and conquests for the rights of equal citizenship is kept alive,
even by the fact that women did not secure the right to vote at the same time in all
European countries. In France, women only won the vote in 1945, with remnants of
suffragism remaining in the second French feminist wave.

There is also an intergenerational approach in social terms, given that second wave
feminists are white, educated, heterosexual, middle-class women, just as they were in
the first wave (at least in the beginning). In the 1980s, the movement was very focused on
gender differences, excluding other ‘axes of difference’, including race, sexuality, class,
and ethnicity [34]. In the 20th century, the movement became more socially heteroge-
neous, which gave rise to several currents of feminism (e.g. liberal, socialist, radical),
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not all of which claim this bourgeois heritage. In fact, more recently we see that this
typification of currents does not reflect the diversity of voices and claims existing within
the feminist movement at all.

Although the generations are closer together temporally, it is evident what separates
the second and thirdwaves.According toFraser, itwas the abandonment of the “exclusive
focus on gender difference” that made the third wave emerge [34], a wave marked
by multiculturalism. For Fraser, multiculturalism ‘has become the rallying cry for a
potential alliance of new social movements’, and promotes a cultural pluralism that
recognizes all identities as equally valuable in their particularity [34]. Thus, blacks,
lesbians, and transsexuals are no longer the “other” within feminism. The identity of
feminisms evolves [35], points to the intersectional bias and assumes the new “places
of speech” [28] historically marginalized.

It was Rebecca Walker that brought the term “third wave” into public conscious-
ness, when she founded the Third Wave Foundation in 1992. Springer considers that
the term signals “a new generation of feminists” that “credits previous generations for
women-centered social and political advances” [36], but also thinks that it “deprioritizes
generational differences in the interest of historical, activist continuity” [36]. For this
author the non-inclusion of race in earlier movements created a generational rift and “the
wave model perpetuates the exclusion of women of color from women’s movement his-
tory and feminist theorizing” [36]. Furthermore, the issue of intergenerationality among
Black feminists, their conflicts and distinctions, is little talked about [36].

Intergenerationality between waves is still present, as no current of feminism has
reneged on the historical past of the movement, but it does not encompass all realities, as
waves do. Just as “waves do not efface feminist history. When a newwave is declared, or
emerges, it does not eradicate previous efforts of previouswaves” [2], also the knowledge
and forms of collective action acquired by one generation of women did not disappear
in the following generations. Now, it is a fact that the progress of each era pushes
for innovation [2], but there remains an “affective temporality” that unites all women
generationally, that was forged in the struggles and that gave birth to a group-conscious
identity, a unity within the diversity that characterizes women.

5 Final Reflections

The feminist movement has always been eclectic, marked by a plurality of ideas and
forms of action. It is important to reflect on the challenges faced today, because trying
to classify what involves feminist activism in contemporary times is a difficult task.

Of course, thinking about feminist activism today implies thinking about the plural-
ity of organizations, collectives, movements, actions, mobilization platforms, agendas
and performative repertoires of action. It implies looking at an action that takes place
in the digital networks, but also in the streets and in the interconnection between the
two. For feminism, the digital world has enabled the expansion and almost unlimited
access to its discourse, empowering even more women, allowing a new place of speech.
The internet enables the large-scale dissemination of feminist ideas and facilitates the
mobilization and organization of protests. Of course, many of them move to the streets,
as is the case of Slutwalk, 8M Feminist Strike, #MeToo and others of more localized
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expression. These are transnational feminist movements, marked by the intersectional-
ity and intergenerationality of struggles, and which allow feminist causes to re-energize
themselves in public space. They need to be further studied in order to better frame an
understanding of transnational communication strategies, but also local specificities.

The metaphor of waves seems valid to us in the sense of showing these intercon-
nections that permeate the feminist struggles, which are passed down from generation
to generation, renewing themselves. As matter of fact, feminist activism has historically
had moments of growth, retraction, and retreat, and these are obviously related to the
historical, social, economic, and political contextualization. The term wave is seen here
from Chamberlain’s [2] perspective, in an attempt to overcome the difficulties of gener-
ations, identities, and divisions. The author asserts that feminism must develop its own
methods for time-keeping, inwhich past activism and future aspirations touch the present
moment. Through this unique temporality, she continues, feminism can create space for
affective bonds to create intense moments of activism, in which passion catalyzes and
sustains action. Social movements are tied to emotional convergences, in which feelings
transfer between wider groups, encouraging them to action. This is central to initiating
and then sustaining feminist activism, drawing in a range of subjects through shared
investment within a specific historical moment. This idea obviously leads us to the dis-
cussion about intergenerationality and its dynamics, the projects now emerging and that
bring together people of different generations, who interact in multiple ways, both digi-
tally and in person. One of the challenges that can be raised in this field emerges precisely
from the pandemic we are experiencing, and it leads us to question how these forms of
activism will be reconfigured, how affection is lived through the digital.

Perhaps herewe should also take upNuriaVarela’s [30] concept of a feminist tsunami
to characterize what is currently happening in this field of social mobilization, marked by
an intense dynamic, by voices that multiply, by intersecting agendas, and by the some-
what overwhelming way in which certain movements, such as #MeToo, have marked
the public, political and media agenda. In fact, if we turn to Sara Ahmed [37], the author
states that “what is the hardest for some does not even exist for others. It is necessary to
understand that intersectional identities recognize situations of privilege and oppression
and how feminist activism makes visible the voices that have been most oppressed and
allows this intergenerational dialogue”. This is the challenge that will occupy us in the
near future in terms of empirical research in a study that we are developing regarding the
Portuguese context, inwhichwe intend to understand the dynamics of the glocalized con-
temporary feminist movement (“FEMglocal - Glocal feminist movements: interactions
and contradictions - PTDC/COM-CSS/4049/2021).
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Abstract. In recent years, the addition of the elderly to live e-commerce broad-
casting has become a phenomenon. In order to clarify the formation of consump-
tion intention of the elderly in live e-commerce, this paper proposes a model based
on digital affordance theory. It uses partial least squares structural equation model
(PLS-SEM) to analyze 198 questionnaire data to evaluate the model. The results
show that the ease of interaction, the anchor’s charm, and the attraction of live
content significantly impact the elderly’s consumption intention formation. This
study fills the gap in the consumption intention of the elderly in live e-commerce.
It provides a reference for living e-commerce enterprises to understand elderly
consumers better.

Keywords: Live e-commerce · Elderly · Digital affordance · Interaction

1 Introduction

The participation of the elderly in live shopping is becoming a new trend. With the
popularity of the mobile Internet and the continuous progress of information technology,
more andmore older people have learned how to usemobile phones to surf the Internet. In
the post epidemic era, the control of offline activities limits the entertainment channels
of the elderly to further spend time online for entertainment. According to China’s
seventh national census data, China’s population aged 60 and overreached 260 million,
accounting for 18.7%of the country’s total population.The scale of the elderly population
is still growing rapidly. Meanwhile, according to the 45th Statistical Report on Internet
Development in China, from 2010 to 2020, the number of Internet users aged 60 and over
increased from 8.67 million to 60.54 million, and the proportion of elderly Internet users
in the elderly population increased from 4.9% to 23.8% [1]. The process of population
aging is accompanied by the rapid development of digitization and informatization. To
actively deal with population aging, we cannot ignore the role of digital products and
services.

The webcast provides new tools for the contemporary elderly to acquire knowl-
edge, social entertainment and show themselves, strengthens the social connection of
the elderly, and improves the social adaptation and social participation of the elderly
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after they withdraw from the labour market. Nevertheless, at the same time, widespread
pseudoscience and rumours [2–5], violations of personal privacy[6–8]; False publicity
[9], fraud and other issues also bring significant risks for the elderly to participate in
a live interaction. The information gap between generations makes the ability of the
elderly to screen and distinguish information on the Internet weaker than the younger
generation who are old Internet residents or aborigines [10, 11]. At the same time, due
to the lack of spiritual sustenance and material entertainment, in reality, the elderly are
eager to find the so-called “confidants” on the Internet. Their emotional investment in
the anchor is much higher than young people. Once this emotional connection breaks
down, it will have a tremendous negative impact on the psychology of the elderly and is
not conducive to social stability and harmony.

Just as the Internet and live broadcasting are new to the elderly, the elderly group
is also strange to enterprises. Is the behaviour pattern of the elderly in live shopping
different from that in traditional scenes? How does the consumption intention of the
elderly come into being? How should enterprises improve their products and services to
serve the elderly better? What measures should be taken to avoid all kinds of risks?

The theory of digital affordance provides a reference for solving the above problems.
Digital affordance theory depicts the “Relationship Attribute” between subject and tech-
nology. On the one hand, it reveals the opportunities brought by digital technology as
the subject of the environment [12]. On the other hand, it emphasizes that the grasp of
opportunities is affected by the joint action of subject cognition and situation. Gibson
[13] expressed digital influences as digital technologies and infrastructures. This con-
cept was later extended by Nambisan, Autio and other scholars, which can better explain
that the possibilities brought by the progress of digital technology are grasped and uti-
lized by different subjects in different degrees [14–16]. In the scene of middle-aged
and older people participating in live e-commerce, the progress of digital technology as
an environment has brought opportunities for the elderly and e-commerce enterprises.
For the elderly, technology makes live broadcasting available and easy to use. They
can obtain new knowledge, leisure and entertainment, social interaction, life sharing,
purchase products and other needs through live broadcasting. For enterprises in the
live e-commerce track with an increasingly saturated market and increasingly fierce
competition, the participation of the elderly undoubtedly brings a new growth point.

Based on the theory of digital affordance, this paper constructs a model of purchase
intention of elderly consumers in the live e-commerce environment. It analyzes 198
sample data using the partial least squares structural equation model (PLS-SEM) to test
the model and hypothesis. The research results show that the ease of use of the inter-
active function of the live broadcast room and the attraction of the anchor’s personal
and live content will significantly affect the digital availability to promote the shopping
intention of elderly consumers. At the same time, the transformation of perceived dig-
ital availability into actual availability to promote the consumption intention needs the
subjective grasp of elderly consumers and e-commerce enterprises. These studies will
provide a reference for enterprises to make targeted adjustments and improvements for
the new live broadcast object of elderly consumers, guide enterprises to better seize this
development opportunity, and also provide some reference materials for the social phe-
nomenon of the elderly addicted to living shopping, which is generally concerned by the
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society, and can provide support for all kinds of relevant decisions. Also, based on the
perspective of live broadcasting for the middle-aged and elderly, this paper explores the
behaviour mode of elderly consumers in the context of live broadcasting e-commerce,
which provides a particular theoretical reference for future related research.

This paper’s research ideas and contents are arranged as follows: firstly, this paper
combs and summarizes the relevant research and results of live shopping and consump-
tion intention of the middle-aged and the elderly. Secondly, based on the theory of
digital availability and the consumption intention model of relevant literature, this paper
puts forward the framework of this study and constructs the corresponding research
hypotheses. Then the questionnaire is designed according to the scale of the existing
literature. Relevant data were collected from the middle-aged and elderly through an
online questionnaire, and the research model and hypothesis were evaluated and tested
by PLS-SEM. Finally, the corresponding research conclusions and theoretical and prac-
tical significance are discussed. In addition, this paper also explains the limitations of
this study and the direction of future research.

2 Theoretical Background and Hypotheses

The middle-aged and the elderly are becoming a new driving force for e-commerce
consumption. Scholars believe that the simplicity and ease of use of online shopping
can improve the participation of elderly consumers’ participation and optimize the con-
sumption interface, links, and processes [17–21]. With the progress of technology, the
improvement of usability and the development of overall social cognition, the attitude
of the elderly towards online shopping has changed from scepticism to resistance [19,
22–25], which has also extensively promoted the online consumption of themiddle-aged
and elderly.

Social media attracts older people to indulge in it. The existing literature found that
social networks have gradually become the primary way for the elderly to participate
in society [26]. The study of Jin et al. pointed out that there was a positive correlation
between the likes of the elderly and their concerns [12]. Other studies have discussed the
time for the elderly to watch the live broadcast [27], the factors affecting the elderly to
watch the live broadcast [28], and some new live broadcast application scenarios [29].

By searching and combing the relevant literature, the online participation of middle-
aged and elderly groups is receiving extensive attention in the academic circles, and
their live participation has also been studied to a certain extent. However, there is little
literature to focus on the live shopping behaviour of middle-aged and older people. The
preferences of middle-aged and older people in live e-commerce are different from their
traditional shopping preferences and preferences when watching live, and it is not a
simple sum of the two. However, there is no article to distinguish and discuss this. In
addition, the decision-making mode and the generation of consumption intention of the
middle-aged and elderly in live e-commerce also lack sufficient consideration.

The participation of middle-aged and older people in live e-commerce benefits from
the development of digital technology. In the live e-commerce scenario, enterprises and
consumers are the main interaction body. Therefore, digital affordance provides excel-
lent theoretical support for this study. Digital availability research focuses on people’s



Why the Elderly Indulges in Live Shopping 279

grasp of the possibilities provided by digital technology and the process of opportu-
nity discovery and pursuit based on this [14]. Digital affordance has fundamental and
practical characteristics. The actual availability reflects that the digital technology in the
environment is “objectively” presented to the subject. It is necessary to analyze the rele-
vant parties and gather the opportunities according to the possibility presented in front of
them. Perceived availability reflects the deepening of the relevant parties’ understanding
of digital technology. It then analyzes how they use opportunities to create value for
themselves with the help of perceived availability. This paper studies the discovery and
pursuit of the possibility of live broadcasting technology from the perspective of two
participants: Live Broadcasting e-commerce enterprises and middle-aged and elderly
consumers (Fig. 1).

Fig. 1. Affordance mechanism.

In the interaction design and evaluation, Hartson defines affordance as four com-
plementary types: cognitive affordance, physical affordance, sensory affordance and
functional affordance [30] (Table 1, Fig. 2).

Table 1. Affordance types.

Affordance type Description Example

Cognitive
affordance

Design feature that helps users in
knowing something

Online live broadcasting room

Physical
affordance

Design feature that helps users in
doing a physical action in the
interface

Applicability of interaction,
convenience of transaction

Sensory
affordance

Design feature that helps users sense
something (especially cognitive
affordances and physical affordances)

Provide rich sound, visual and
tactile stimuli during live
broadcasting

Functional
affordance

Design feature that helps users
accomplish work (i.e., the usefulness
of a system function)

Provide product related knowledge
and product origin information
during live broadcasting

Note. Reproduced from Susan (2019)
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Fig. 2. Research framework.

Cognitive affordance refers to a design feature that helps users recognize, under-
stand and think [30]. In the context of live broadcasting, the most significant cognitive
affordance is the clarity and accuracy of each function key in the interface design. Only
when customers face an interface, clearly know what they can do, and quickly find the
corresponding functions when they need them can they have more motivation to stay in
the live studio [31, 32]. This is also the basis of all affordance. Everything else will be
empty talk once the live broadcasting room cannot retain consumers due to inconvenient
operation. For the elderly, their vision and responsiveness have decreased, and they are
more attracted to good aging friendly interface design than young people [33, 34]. Based
on this, this paper puts forward the following assumption:

H1: Simple and clear interface design positively impacts digital affordance.

Physical affordance refers to the design module that helps users realize a specific
action [30]. In the context of live e-commerce, physical affordance is mainly reflected
in the ease of interaction between the anchor and consumers and the convenience of
consumers’ consumption. The attraction of live shopping primarily comes from the
unique sense of presence, and the sense of presence comes from the excellent interaction
and atmosphere between the anchor and consumers [35–37]. Interaction with strong
usability can significantly improve consumers’ sense of presence to improve consumers’
shopping experience and immersion because it is easier to generate a willingness to
consume [38].Moreover, as consumers in live e-commerce tend to consume impulsively,
the blocked and unsmooth payment experience will significantly reduce the trading
volume. Based on this, this paper puts forward the following assumptions:

H2: Applicability of interaction has a positive impact on digital affordance.
H3: Convenience of transaction has a positive impact on digital affordance.
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Sensory affordance refers to the design module that helps users perceive (see, hear,
feel) [30]. In the live e-commerce context, the anchor is the subject of user perception,
followed by the content conveyed by the anchor. Many studies have shown that the
anchor’s charm significantly impacts consumers in the live broadcasting room [39–41].
The content itself is one of the most critical factors of the media [42], but in the context
of live e-commerce, its carrier has become the anchor. Based on this, this paper puts
forward the following assumptions:

H4: Anchor’s personal charm has a positive impact on digital affordance.
H5: Attractiveness of content has a positive impact on digital affordance.

Functional affordance refers to the design of modules to help users achieve specific
purposes [30]. In the anchor e-commerce environment, the ultimate goal of consumers is
to conduct consumer behaviour. In order to realize this behaviour, the decision-making
process needs the support of all kinds of information, and the most important one is
the product information. Providing product information is one of the most basic func-
tions of live e-commerce [43–46]. Based on this, this paper puts forward the following
assumptions:

H6: Product information has a positive impact on digital affordance.

A user performs cognitive, physical, and sensory actions during interaction and re-
quires affordances to helpwith each [30].Digital affordance uses information technology
to provide many possibilities for elderly consumers to contact and use live e-commerce
and consume in it. Based on this, this paper puts forward the following assumption:

H7: Digital affordance has a positive impact on consumption intention.

3 Research Methodology

There are twomainmethods to solve the structural equationmodel: one is the covariance
structure analysis method based on maximum likelihood estimation (ML); The other is
the analysis method based on partial least squares (PLS). The latter has advantages in
data distribution requirements, sample size and model identification conditions and is
more applicable to causal prediction structural equations. Therefore, this paper uses the
PLS-SEM model to study the formation of shopping intention of the elderly in the live
studio.

The scale design of the questionnaire in this paper refers to the mature scale in
the relevant literature. It has been appropriately modified and adjusted according to the
characteristics of live shopping. In the initial scale, except for the basic information of the
respondents, other questions were measured with the 5-point Likert scale. Specifically,
these questions are expressed in 1–5, one strongly disagree, and five strongly agree.
After completing the initial questionnaire design, a small-scale pre-test was conducted
within the target sample range. A total of 35 questionnaires were collected to check
whether the semantic and grammatical expressions of the options in the questionnaire
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are easy to understand and whether the reliability and validity meet the requirements.
Also, according to the respondents’ feedback, some expressions of the questionnaire
were modified, and finally, a formal questionnaire was formed.

Aiming at the research problem of “the generation of consumption intention of the
elderly in live e-commerce”, this paper limits the survey participants to two levels.
First, the age of the participants in the questionnaire should be 50 years old and above.
Secondly, based on the phenomenon of “addiction”, we excluded some mild live e-
commerce users. We required the questionnaire participants to have at least 5 h of short
video browsing time per week.

This paper adopts the online questionnaire distribution. After screening the collected
questionnaires, 198 valid questionnaires were obtained. According to the standard ten
times principle of PLS-SEM, the sample size of this study is at least 70. The effective
questionnaire collected in this study has far exceeded this minimum limit, which can
improve accuracy.

The demographic characteristics of 198 samples are shown in Table 2. Regarding
gender ratio, female respondents are slightly more than men, but the gap is small, and
the distribution is relatively uniform. In terms of the age distribution of the sample, it is
relatively difficult to obtain the elderly over 60 years-old data. Therefore, nearly 70% of
the samples are mainly concentrated in 50–60 years old. In terms of education level, due
to the objective factors of social development, the education level of the elderly is lower
than the average level of the current society. However, nearly 40% of the participants
still have a bachelor’s degree or above.

Table 2. Demographic profile of respondents, N = 198.

Measure Category N Percent

Gender Male 86 43%

Female 112 57%

Age 50–60 137 69%

Over 60 61 31%

Education College or below 122 62%

Undergraduate 48 24%

Postgraduate 28 14%

4 Results

4.1 Measurement Model

Reliability test includes internal consistency reliability and combination reliability. Inter-
nal consistency reliability is used to measure the consistency of multiple measurement
indicators of the same concept. Its measurement indicator is the Cronbach coefficient.
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If α > 0.7, indicating that it is suitable for further research. Combination reliability
reflects the consistency of internal indicators of latent variables. Its measurement index
is CR (composite reliability), which is generally required to be CR > 0.7. This study α

Value and CR value meet the conditions (as shown in Table 3), indicating that the data
is acceptable.

The structural validity of this study is mainly evaluated by content validity, con-
vergence validity and discriminant validity. Because the scale of this study is adjusted
according to the existing literature, it has content validity. Discriminant validity is used
to judge the degree of difference between latent variables. Its measurement index is
the square root of the mean extracted variance (AVE) and the correlation coefficient
between other latent variables. If the square root of AVE is greater than the correlation
coefficient between other latent variables, it indicates that discriminant validity exists;
that is, there are significant differences between variables. It can be seen from Table 4
and Table 5 that the square root of AVE in this study is greater than the correlation coef-
ficient between this variable and other latent variables, which proves that there is good
discriminant validity between variables. The AVE value measures introverted validity,
generally considered AVE> 0.5. It can be seen from Table 2 that the AVE values of this
study meet the conditions, and the introverted validity exists.

Table 3. Descriptive statistics for the constructs.

Cronbach’s Alpha CR AVE

Anchor’s personal charm (APC) 0.956 0.972 0.920

Applicability of interaction (AI) 0.921 0.950 0.864

Convenience of transaction (CT) 0.919 0.948 0.860

Product information (PI) 0.925 0.952 0.870

Attractiveness of content (AC) 0.846 0.907 0.765

Digital affordance (DA) 0.919 0.961 0.925

Consumption intention (CI) 0.920 0.962 0.926

Interface design (ID) 0.974 0.983 0.950

Table 4. Correlations among constructs and the square root of the AVE.

APC AI CT PI AC DA CI ID

APC 0.959

AI −0.051 0.930

CT 0.156 0.658 0.927

PI −0.383 −0.372 −0.395 0.933

AC 0.297 0.784 0.569 −0.467 0.875

(continued)
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Table 4. (continued)

APC AI CT PI AC DA CI ID

DA 0.454 0.698 0.581 −0.408 0.821 0.962

CI 0.470 0.696 0.549 −0.342 0.822 0.920 0.962

ID 0.436 0.195 0.311 −0.643 0.452 0.439 0.394 0.975

Note: Bold number represent the square roots of the AVEs

Table 5. Factor loadings and cross loadings.

API AI CT PI AC DA CI ID

API.1 0.962 −0.062 0.151 −0.341 0.295 0.447 0.455 0.411

API.2 0.958 −0.036 0.160 −0.379 0.277 0.430 0.445 0.406

API.3 0.957 −0.049 0.136 −0.382 0.282 0.427 0.451 0.438

AI.1 −0.028 0.931 0.620 −0.363 0.737 0.679 0.689 0.220

AI.2 −0.063 0.924 0.597 −0.298 0.722 0.653 0.632 0.164

AI.3 −0.052 0.933 0.617 −0.377 0.727 0.610 0.617 0.156

CT.1 0.164 0.632 0.939 −0.402 0.564 0.551 0.540 0.329

CT.2 0.125 0.612 0.933 −0.326 0.537 0.582 0.533 0.294

CT.3 0.146 0.584 0.909 −0.376 0.477 0.473 0.445 0.234

PI.1 −0.338 −0.340 −0.360 0.920 −0.406 −0.329 −0.290 −0.542

PI.2 −0.401 −0.333 −0.379 0.950 −0.435 −0.426 −0.345 −0.649

PI.3 −0.324 −0.370 −0.366 0.927 −0.465 −0.375 −0.315 −0.597

AC.1 0.263 0.672 0.520 −0.386 0.869 0.729 0.736 0.411

AC.2 0.298 0.699 0.486 −0.435 0.895 0.743 0.737 0.419

AC.3 0.215 0.687 0.488 −0.406 0.859 0.680 0.682 0.354

DA.1 0.460 0.674 0.586 −0.414 0.810 0.963 0.898 0.447

DA.2 0.412 0.668 0.531 −0.369 0.768 0.960 0.870 0.397

CI.1 0.440 0.687 0.529 −0.305 0.807 0.903 0.964 0.361

CI.2 0.465 0.652 0.528 −0.353 0.775 0.867 0.961 0.399

ID.1 0.428 0.168 0.301 −0.624 0.419 0.424 0.370 0.977

ID.2 0.417 0.244 0.326 −0.649 0.476 0.461 0.418 0.976

ID.3 0.431 0.151 0.278 −0.605 0.423 0.395 0.360 0.970

Note: Bold number indicate outer loading on the assigned constructs

4.2 Structural Model

In this paper, the scaling determination coefficient obtained by the bootstrap algorithm of
SmartPLS3.3.4 software is used to test the explanatory ability of themodel and reflect the
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explanatory degree of latent variables to endogenous variables to reflect the explanatory
ability of the model. The T-test is used to verify the research hypothesis proposed in this
paper, reaching the significance level p < 0.05. Figure 3 shows the standardized path
coefficients and T values. Five of the seven hypotheses proposed in this paper passed
the statistical significance test. The results show that interactive ease of use, personal
anchor charm, content attraction, and product information significantly impact digital
availability, and digital availability significantly impacts consumers’ purchase intention.
In addition, among the influencing factors of digital availability, interactive ease of use,
personal anchor charm, and content attraction have the most prominent influence. In
contrast, the influence of product information is slightly weaker.

Fig. 3. PLS-SEM analysis results.

The coefficient of certainty (R2) is themost commonly used coefficient to evaluate the
structural model, which is used to evaluate the model’s prediction ability. R2 is between
1 and 0, and the higher the value, the stronger the prediction ability. Generally speaking,
when R2 is between 0.5–0.75, the interpretation ability is medium. If R2 is higher than
0.75, it has significant explanatory power. In this study, the R2 of digital availability
reached 0.786, and the R2 of consumption intention reached 0.846, indicating that the
model proposed has excellent explanatory ability.

5 Discussion and Implication

5.1 Summary of Results

Based on the theory of digital affordance and combing the existing literature, this paper
first expounds on the phenomenon and origin of the elderly participating in or even



286 X. Ding et al.

indulging in live e-commerce and points out the great possibility that the development
of science and technology brings to the elderly and enterprises. Then, from the perspec-
tive of elderly consumers, combined with the affordance theory, and comprehensively
considering the factors such as interface design, interactive ease of use, transaction con-
venience, anchor personal charm, content attraction and product information, this paper
constructs the generation model of consumption intention of elderly consumers in the
live broadcast situation. Through the questionnaire survey of 198 samples, the model is
evaluated by PLS-SEM. The results show that the consumption intention of elderly con-
sumers in live shopping is mainly affected by interactive ease of use, content attraction,
personal anchor charm and product information. At the same time, the convenience of
interface design and transaction has no significant effect on promoting their consumption
intention.

The main reason for the weak influence of interface design and transaction con-
venience is that the development of live broadcasting has reached a relatively mature
stage, and there is little difference between them. According to further interviews with
relevant participants, consumers do not feel apparent differences in interface design and
transaction convenience, so they think it has little impact.

According to the results of empirical research, this paper draws the following conclu-
sions. With the development of science and technology and the continuous optimization
of live e-commerceplatforms, the addictionof the elderly to live broadcastinghas become
a social phenomenon. The elderly living in the live shopping room is vulnerable to the
significant impact of the characteristics of the anchor and the live content, resulting in
the impulse of consumption. In addition, the good interactive design enables the elderly
to better participate in the live broadcast, obtain more social presence and emotional
support, and promote them to pay for the products to a great extent. Therefore, for live
broadcast e-commerce enterprises, it is necessary to carry out relevant training for the
anchor, optimize the content, and constantly improve the interactive function to form a
stable and long-term relationship with elderly consumers.

5.2 Implication for Theory

Aging is becoming a global trend, and the new phenomena and problems brought about
by aging have attracted more and more attention. With the continuous development of
technology and the continuous improvement of the overall ideology and literacy of the
elderly, coupledwith the limited offline life of the elderly in the post epidemic era, forcing
the elderly to “touch the Internet”, more and more elderly people begin to be active in
the Internet world. The elderly are often more likely to indulge in the virtual world and
webcast because of poor discrimination and lack of real emotional connection. Based
on the theory of digital affordance and the existing literature, this paper discusses the
generation mechanism of consumption intention of the elderly in live shopping through
empirical research. Relevant research results have laid a foundation for understanding
the behaviour of elderly consumers in live e-commerce and promoting the development
of relevant theories.

The existing literature has thoroughly discussed the relevant factors affecting con-
sumers’ purchase intention and consumers’ behaviour patterns in live e-commerce. There
are also relevant studies on the shopping behaviour of the elderly. However, as a new
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phenomenon, the elderly are addicted to living e-commerce, but there is little literature
attention. The research results aim to provide a new perspective for understanding the
consumption behaviour of the elderly in the live e-commerce environment. In addition,
this study thoroughly discusses the specific impact of various factors on the consumption
behaviour of the elderly and distinguishes the differences. This will help scholars further
understand the internal mechanism of the consumption intention of the elderly in the
live e-commerce situation.

5.3 Implication for Practice

Live e-commerce has become a mainstream marketing method, but many problems also
accompany its rapid development. In recent years, more and more social events caused
by live e-commerce have attracted more and more attention. The elderly indulge in live
broadcasting, blindly purchasing health care products to exhaust all their property. Place
their emotions toomuch on a single anchor, resulting in psychological problems, indulge
in live broadcasting day and night and affect their everyday life. These problems will
negatively affect individuals, families and society to varying degrees. If live broadcast
e-commerce enterprises want to achieve peaceful and long-term development, they are
bound to participate in solving these problems. On the one hand, the research results
of this paper can help enterprises better understand consumers and make corresponding
improvements. On the other hand, it provides a reference for enterprises to standardize
live broadcasting further and guide the elderly to use live shopping correctly.

5.4 Limitations and Future Research

This paper thoroughly discusses the generation mechanism of purchase intention of
elderly consumers in live e-commerce, but there are still some limitations. Firstly, the
number of samples in this paper is 198, which is higher than the minimum requirement
of the structural equation model, but further expanding the sample size can improve the
accuracy of evaluation. Secondly, this study is aimed at users of the platform. Tiktok
can investigate the elderly consumers in different platforms in the future to discuss the
impact of the differences of interface design on the generation of shopping intention of
the elderly consumers. Therefore, it is necessary to conduct more in-depth research in
the future.

6 Conclusion

The entry of the elderly into the e-commerce live broadcasting room not only provides
new growth points for enterprises, but also brings many new problems and challenges.
Enterprises should consider not only how to better serve the elderly to fully transform
their potential consumption power, but also how to standardize themselves, guide the
elderly to correctly participate in e-commerce live broadcasting and truly enjoy the
convenience brought by the Internet. Only by training and restricting the employees
and anchors in the enterprise, continuously optimizing and improving the live broadcast
interface, aging design, participating in the co creation of live broadcast content and
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giving sufficient supervision can the enterprise truly embrace elderly consumers. Besides
enterprises, the problems of the elderly also need wider social participation, so that the
elderly can enjoy the convenience brought by technology without worry, which is also
a necessary move for our common future.
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Abstract. The rise of Internet and the pervasiveness of communication and infor-
mation technologies have allowed many societies to successfully reduce inequali-
ties in access to information. However, the spread of fake news endangers the value
and trustworthiness of the information being accessed. Although the dominant
approach to reduce the spread of fake news includes legal measures and techno-
logical innovations (e.g., automatic fact-checking applications), Media Literacy
Training and Interventions are also ways to empower people to fight fake news.
The present scoping literature review examines the Media Literacy Training and
Intervention options available, offering an overview of the extent to which they
include an explicit fake news component, whether they are evidence based and the
social groups (including different generations) for which they were tailored. We
found that students and educators were the main target groups, almost wholly to
the exclusion of other groups; that they took place mainly in educational settings;
and that, at least in the case of the training sessions, they were not evidence based,
which meant that neither the long-term nor short-term efficacy could be tested.
Such findings shed light on the relatively poor reliability of the available training
and interventions, and on their limited effectiveness in the target groups.

Keywords: Fake news ·Media literacy training ·Media literacy interventions ·
Generational approach · Evidence-based instruments

1 Introduction

To achieve equal opportunities in our society, access to credible information [1, 2] is of
crucial importance. Fake news endangers the accessibility of information for all citizens,
younger and older [3]. In this context, two compelling questions arise – how can we fight
fake news and how can we do so in a more generationally inclusive manner?

One approach to fighting fake news is through legal measures that push tech
platforms such as Google, Facebook and Twitter to institute self-regulatory con-
trols. In June 2020, the EU requested these platforms to provide monthly reports
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on their fight against disinformation (https://reut.rs/3o19Kg8). As part of these self-
regulatory measures, Facebook and Google committed to a more stringent policing
of the content that is tolerated on their platforms (https://about.fb.com/news/2020/
04/covid-19-misinfo-update/, https://blog.google/outreach-initiatives/google-news-ini
tiative/news-brief-april-2021-updates-google-news-initiative/). And Twitter stated: “As
the global community faces the COVID-19 pandemic together, Twitter is helping peo-
ple find reliable information, connect with others, and follow what’s happening in real
time (…)” (https://blog.twitter.com/en_us/topics/company/2020/covid-19#protecting).
See also [4, 5].

Another initiative launched by the EU was the introduction of a code of principles:
“This code of principles is for organizations that regularly publish nonpartisan reports
on the accuracy of statements by public figures, major institutions, and other widely cir-
culated claims of interest to society. It is the result of consultations among fact-checkers
from around the world and offers conscientious practitioners’ principles to aspire to
in their everyday work” (https://ifcncodeofprinciples.poynter.org/know-more). In 2019,
evaluation of this code of principles showed, on the one hand, that it had indeed triggered
various positive changes in platform policies (https://ec.europa.eu/digital-single-market/
en/news/study-assessment-implementation-code-practice-disinformation) (p. 3), but, on
the other hand, that criticism remained: “The main criticism of the Code relates to its
self-regulatory nature, lack of uniformity of implementation – evidenced by the uneven-
ness of progress made under the specific Pillar – monitoring, and lack of clarity around
its scope and some of the key concepts” (https://ec.europa.eu/digital-single-market/en/
news/study-assessment-implementation-code-practice-disinformation) (p. 4). In short,
the extent to which a legal approach using self-regulation and a code of principles really
works to fight fake news remains unclear. See also Duke’s Reporters LAB (https://report
erslab.org/fact-checking/) and the International Fact-Checking network fact-checkers’
code of principles: “The International Fact-Checking Network has seven counselors
who represent the geographical diversity of the network. They are pioneers in the
development and implementation of fact-checking in their countries and regions. All
board members are unpaid. The pool of assessors is a group of journalism and media
experts who know the fact-checking context in their countries, and they act as the first
filter for each application received” (https://www.poynter.org/ifcn-fact-checkers-code-
of-principles). Meanwhile, Google has already started using labels to fact-check arti-
cles inGoogleNews (https://blog.google/outreach-initiatives/google-news-initiative/lab
eling-fact-check-articles-google-news/), while Facebook recently introduced an over-
sight board (an international committee of judges, journalists and academics) that will
help steer the company’s policy on freedom of expression (https://www.oversightboard.
com/).

Another approach is technological and uses automatic fake news detection [e.g., 6,
7]. Innovative technological detection might help to fight fake news to some extent, but
it can never provide a full solution. Apart from technical feasibility - fake news will
become more and more sophisticated and harder (if not impossible) to detect - there is
an even more fundamental issue. Who is going to decide on the criteria for determining
the trustworthiness of online information: the state, the platform companies, or the
press? Giving sophisticated tools to withhold certain news from citizens could in the
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end threaten their information access, which eventually erodes democracy. Access to
(digital) information about services and products is of prime importance [8]. Van den
Hoven [9], referring to Rawls [10], goes so far as to refer to accessible information as a
“primary good”, as all citizens have an equal right to access to information. Research on
digital inequalities shows that individuals from socially disadvantaged backgrounds are
less skilled in the use of digital means which could considerably improve their lives [11].
Bovens [12] and Bovens & Loos [13] even advocate granting citizens information rights,
next to the classic (freedom) rights. Fake news [14] endangers the access to information
by younger and older citizens [3]. The question is how we can fight fake news, so that
all generations continue to have access to credible information.

We argue that a more durable solution is to empower citizens so that they themselves
are able to establish the trustworthiness of news. An educational approach using media
literacy [15, 16] is an intervention that can be used in schools and in other institutions
and community centers as well. Media literacy should not only focus on people’s ability
to use certain devices and technologies, but also on promoting a deep understanding of
modern forms of media, how these work and how they produce and use news items, all
of which may be attained through systematic media education programs [17]. It is not
only important to investigate the feasibility of interventions at an early age to empower
young citizens such that they are able to establish the trustworthiness of news. It is also
essential to involve other generations as due to the paucity of studies in this field, it
would be naive to assume that they are not vulnerable to fake news.

In our paper, we therefore explore the Media Literacy Training and Intervention
landscape, to gain insight into how evidence based such training activities are and the
extent to which they include a fake news component. We pay especial attention to the
design of such training activities and to the target groups for which they have been
developed. We examine whether different age groups are considered and how evidence-
based the instruments are. When determining whether or not the studies were evidence-
based, we examined whether scientific data was used to structure the activities and tasks.
We focused on effectiveness, which we assessed based on the criterion of whether or
not the studies tested for long term and short-term effects on the target groups.

First, we underline the importance of empowering citizens of different social cat-
egories to fight fake news, through the use of educational means. We then analyze
the characteristics of the current Media Literacy Training and Intervention landscape,
based on a systematic literature review previously conducted by Eisemann and Pimmer
and complement this with a review of the types of training and interventions found in
large-scale European projects and small-scale interventions.

A literature review is the starting point of our inquiry. We first present an overview
of group differences relative to the vulnerability to fake news. We use Brites et al. [18] to
gain insight into generational perspectives on EUDocuments tackling disinformation, as
well as Loos&Nijenhuis [3]. In addition, wewill refer to the systematic literature review
on educational approaches to address fake news conducted by Eisemann & Pimmer
[19]. Furthermore, we will present evidence of fake news interventions, based on a
scoping literature review of studies selected in an exploratory manner using Google
Scholar, on Media Literacy Interventions designed to reduce individuals’ vulnerability
to fake news. Also, we will add a case study on interventions in studies referenced in
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the US-based Center for Media Literacy’s online Reading Room and Media & Values
Archive (https://www.medialit.org/how-teach-media-literacy). The results from the case
study will be compared with those of the systematic literature review by Eisemann &
Pimmer [19] and with the overview of the media literacy projects conducted in the EU
28 countries – The European Council report: “Mapping of media literacy practices and
actions in EU-28” [20]. Finally, conclusions will be drawn about the extent to which
training and interventions can be used as evidence-based methods to fight fake news in
an effective and inclusive way.

2 Literature Review

The term fake news is commonly used today as a collective term to refer to any kind of
inaccurate information, from journalistic errors to automated amplification techniques.
Disinformation alludes, more specifically, to misleading information that is shared with
the intention of causing harm or for profit, while misinformation is simply false informa-
tion that is disseminated without malicious intent [21]. In this paper, we use the term fake
news to refer to any kind of misleading information that could mistakenly be considered
accurate, regardless of the mechanisms that led to its propagation.

2.1 A More Inclusive Perspective on Fighting Fake News

Brites et al. [18] analyzed the following five EU key documents to gain insight into the
extent to which the EU addresses disinformation from a generational-driven perspective:

• European Commission. A multi-dimensional approach to disinformation: Report of
the independent High Level Group on fake news and online disinformation (2018)
[21]

• European Commission. Commission Recommendation of 14.2.2018 on enhancing
the European nature and efficient conduct of the 2019 elections to the European
Parliament. European Commission: Brussels (2018) [22]

• European Commission. EU Code of Practice on Disinformation. European Commis-
sion: Brussels (2018) (https://bit.ly/3EQRZGo)

• European Commission. Tackling online disinformation: a European Approach.
European Commission, Brussels (2018) (https://bit.ly/3u8k5rD)

• European Commission. Fake News and Disinformation Online. Flash Eurobarometer
464. European Commission, Brussels (2018) (https://bit.ly/39AQtJW)

The documents all date from 2018. That was the year the EU tackled disinformation,
as “for political reasons, 2018 was a strategic year to engage citizens in the democratic
process anticipating EU parliament elections” [18] (p. 353).

The researchers concluded that two recurring weak generational imageries – on the
one hand, adults, and on the other hand, children and young people – are created through
anunspecific identificationof citizens and that no significant effortsweremade to identify
different generational groups and their needs. The authors show that the intergenerational
perspective is only mentioned in relation to lifelong learning. They explain that viewing

https://www.medialit.org/how-teach-media-literacy
https://bit.ly/3EQRZGo
https://bit.ly/3u8k5rD
https://bit.ly/39AQtJW
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“adulthood” as a homogeneous group, instead of recognizing the heterogeneity of the
different generational groups precludes any understanding of the different generations’
specific needs and their learning opportunities arising from community public policies
that consider European citizens attending at the macro level and the various micro-
levels [18]. Generalizing adult individuals into a generic age group without taking into
consideration the specificity of their needs in their different life stages reinforces the
nescience regarding fake news and the need for media literacy.

The conclusions drawn by Brites et al. [18] are in line with the findings from a
study by Loos & Nijenhuis [3], who show that generational differences relating to the
consumption of fake news have been virtually ignored in the edited volume Detecting
fake news on social media [23], as well as in The Handbook of Research on Deception,
Fake News, and Misinformation Online [24], and in the Reuters Institute digital news
report 2017 [25]. They note the dearth of research in this area: “a Google Scholar search
(01.02.2020) using the key words ‘social media’ AND ‘fake news’ AND ‘generation’
OR ‘Age’ OR ‘young’ OR ‘old’ also failed to return any hits for scientific papers on
this topic” [3]. Closing the gap in the study of fake news and how different age groups
consume fake news, the ways they experience its effects, and their media literacy needs
would bring relevant insights into discussion, potentially offering a new perspective on
the ways fake news could be tackled.

Media Literacy Training and Interventions, the focus of this chapter, should therefore
not be limited to young people only; these activities should also be targeted at other age
groups, including older adults. Moreover, they should also take into consideration the
vulnerability of different ethnic and socio-cultural groups to fake news, as media content
is often accessed in the native languages of these different groups – an aspect that is
overlooked in the current EU initiatives to fight fake news.

2.2 Characteristics of Current Media Literacy Training and Interventions

In order to have a structured overview of the media literacy initiatives and to better
understand the types and the effectiveness of the training and interventions currently
being deployed, we turned to the systematic literature review recently produced by Eise-
mann and Pimmer [19]. These two authors screened 995 articles spanning a period of
twenty years (2000–2020), obtained through a database search (ERIC, OVID Medline,
APA PsycInfo and PsycARTICLES) for media literacy training and interventions. After
reviewing the corpus, fourteen articles were found that met the criteria of including
training or interventions that contained an explicit fake news component; were evi-
dence based; boasted a solid methodology; and reported outcomes (the effectiveness of
the intervention was checked). The authors added five more articles found on Google
Scholar, ending with a final corpus of nineteen articles, three of which fell into more
than one training category. Three types of training were distinguished: (1) reactive train-
ing targeted at a fact-based correction of misinformation (nine articles); (2) proactive
training in a specific fake news detection method (eleven articles); and (3) training to
develop a critical understanding of the media system (four articles).

In nine of the articles resulting from the systematic analysis of Eisemann and Pimmer
[19], the interventions examined were of the first type, i.e. aimed at correcting existing
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misconceptions about what is right and what is wrong in a fact-based manner. A typ-
ical example would be the current vaccination debate and the selective views towards
the media information provided about this issue. In these studies, various strategies for
addressing such situations were tested, ranging from the provision of information about
the lack of scientific evidence to the recital of dramatic narratives – going from strategies
following the central route to strategies following the peripheral route of information
processing (see [26] for describing the ELM – a two-way mode of information process-
ing). Although some strategies were more effective than others, generally speaking their
efficacy was limited and tended to fade over time. Their efficacy is, moreover, difficult
to generalize beyond the specificity of the tasks and the groups in which they were used.

The second type of training and interventions distinguished by Eisemann and Pim-
mer [19], consisting of a proactive approach aimed at improving people’s abilities to
detect fake news, was found in eleven articles. We refer to this approach as explicit fake
news training. It involved equipping the participants with a set of tools, ranging from
guidelines and regulations to technical tools such as fact-checkers, cross-checking and
inverse image search, that can serve to improve their ability to detect fake news. It also
included observational guidelines, such as looking at the author’s style or performing
a reactive search to check the truthfulness of some content (asking questions of the
author). The effectiveness of such training proved to be higher and more constant over
time in comparison with the first intervention category. Nonetheless, the success of this
approach should not be taken for granted. Additional factors may also play a role in
reducing its efficacy, such as (1) the educational context – such training proved to be less
effective in higher educational contexts; and (2) the prior attitudes of the participants:
it was found that a type of confirmation bias (see [27] for an analysis of the concept)
might occur, with such training being more effective if this is consistent with people’s
attitudes and beliefs.

The third approach identified by Eisemann and Pimmer [19], found in four articles,
was directed at the development of a critical understanding of the media system, helping
people to critically reflect on media content and the way such content is created and
re-created. Although this category has been dominant in the scientific literature for the
past 20 years (as Eisemann and Pimmer showed), it has produced limited evidence of
effectiveness, features a rather inconsistent methodology and a poor research design.

Inspired by the work of Eisemann and Pimmer [19], we used Google Scholar to
investigate, in an exploratory way, articles spanning the period from 2010 to 2020 on
research studies that included interventions aiming to reduce people’s vulnerability to
fake news. The selection of articles on fake news interventions was initially triggered
by the project “Fighting Fake News: A New Literacies Approach for Young People”,
coordinated byEugèneLoos atUtrechtUniversity. In our project, we aimed to use a game
as a form of intervention to understand how school pupils could be trained to decode
fake news about climate change. We first used the search term “fake news interventions”
to identify potential articles that could serve as a starting point, using Google Scholar
(2010–2020). This yielded 20,000 hits, from which we then selected the review articles
only (1400 hits). We focused on the contributions in which a game was used and in
which the interventions targeted issues of climate change. In the next step, we selected
articles which had a research component designed explicitly to improve the ability to
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fight fake news and included a clear description of the results. Our aim was to evaluate
the value of such interventions in helping people to better detect/recognize fake news.
We discarded all articles that did not report the outcome of the intervention as well
as those that did not present a research methodology. Also, we selected studies with a
unique methodology; of the studies employing similar methodologies on similar groups
of participants (e.g., students), only one was selected. Many of the interventions were
Media Literacy Interventions that did not focus on improving people’s ability to avoid or
detect fake news. We selected only articles in which the object of the intervention was to
help people learn to detect/recognize fake news. Table 1 presents an overview of the nine
articles we identified and coded using the following coding scheme: (1) country where
the intervention was conducted; (2) type of intervention (large-scale or small-scale) and
the intended results; (3) the target group(s); (4) methodology and (5) the effects, if any,
of the intervention on the target group.

The interventions analyzed in Table 1 proposed either a gamified method [28–32],
a news evaluation approach [16, 34, 35], or a combination of the two [33]. Most of
the technical innovations used in the studies mentioned in Table 1 were designed for
online use but could also be adapted for in-person settings at various locations specific
to different social groups, from classrooms to workshop spaces. A noteworthy aspect
that could have important implications for the results of this analysis is the rather less
diverse localization of the studies, as the majority were conducted in the US, the UK or
The Netherlands.

Roozenbeek & van der Linden [28, 29, 31] extensively researched the efficacy of
specific gamified approaches to fighting fake news through online games like The Bad
News Game or Harmony Square. The Bad News Game, an online game the authors cre-
ated in collaboration with the Dutch media platform DROG (https://politi.co/2Y6aGFq)
was the instrument on which several studies, including the only intervention identified in
our online search process that studied the mid-term and long-term effectiveness of active
inoculation on identifying and resisting fake news [30], were based. The results of this
research showed that inoculation interventions using The Bad News Game or similar
instruments helped against misinformation over time, with regular assessment having
a positive impact on the longevity of the effect. Other inoculation interventions used
gamified methods [31, 32] and had results that suggested that this type of educational
activity could be feasible in equipping people with cognitive assets for withstanding fake
news.

The news evaluation approaches summarized in Table 1 were effective in proving the
urgent need for instruments to support individuals in distinguishing between real news
and disinformation and were, with one exception, evidence based. However, the studies
did not test the effectiveness of the interventions in consolidating fake news resistance.
The studies exclusively included younger participants, from school children to college
undergraduates and were mainly focused on the importance of media literacy in students
at different educational stages.

Another study [33] proposed a method that combined the two approaches. Factitious
is an online game that requires participants to assess various types of news and indicate
which of the items they consider to be unreliable. Similar in structure to Tinder, a popular
dating app, Factitious presents news evaluation in an interactive manner. The study was

https://politi.co/2Y6aGFq
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Table 1. Overview of research studies which included interventions to empower people to fight
fake news

Authors Country Type of
intervention/intended
results

Target
Group(s)

Methodology Effects on the
target group

Roozenbeek &
van der Linden
(2019a) [28]

UK Large-scale
evaluation of The
Bad News Game

N = 15.000
Age groups:
under 18,
19–29, 30–49,
50+

Evaluation of the
game in a pre-post
game design.
Players learn about
six fake news
techniques:
impersonation,
emotional language,
polarization,
conspiracy theories,
discrediting
opponents, trolling

The results offer
positive initial
evidence about
people’s ability to
identify fake news
regardless of
education, age,
political ideology,
or cognitive style

Roozenbeek &
van der Linden
(2019b) [29]

The
Netherlands

Pilot intervention
seeking to test the
effectiveness of The
Bad News Game in
improving students’
ability to recognize
and resist fake news

N = 95
16- to
19-year-olds

Players were placed
in groups and were
asked to produce a
news article
impersonating one
of four characters
– the denier, the
alarmist, the
clickbait monger, or
the conspiracy
theorist. The group
choosing the most
correct answers won

The results
suggest that the
inoculation used
in the study
reduced the
perceived
reliability of fake
news articles

Maertens,
Roozenbeek,
Basol & van der
Linden (2020)
[30]

UK Intervention testing
the long-term
effectiveness of
active inoculation in
building resistance to
disinformation

N = 515
19–66

Participants played
either Bad News
(inoculation group)
or Tetris (gamified
control group) and
rated the reliability
of news headlines
that did or did not
use a disinformation
technique. The
experiment took
place again after
four weeks and after
eight weeks

The results
suggested that
regular exposure
to weakened doses
of fake news
could reinstate the
inoculation effect,
and that the
inoculation effect
decays over the
course of two
months

(continued)
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Table 1. (continued)

Authors Country Type of
intervention/intended
results

Target
Group(s)

Methodology Effects on the
target group

Roozenbeek &
van der Linden
(2020) [31]

US &
International

Intervention using
the Harmony Square
with the purpose of
probing the game’s
effects on students’
media literacy skills

N = 681
41,4% 18- to
24- year-olds

2 (treatment vs.
control) × 2 (pre vs.
post) mixed design
measuring
perceived reliability
of disinformation
social media posts
before and after the
intervention. The
treatment group
played Harmony
Square, while the
control group
played Tetris for 10
min

The results show
that people
playing the
Harmony Square
game find fake
news less reliable
and are more
confident in their
fake news
assessment skills

Chang et al.
(2020) [32]

US Evaluation of the
Lamboozled! -card
game’s efficiency in
enhancing students’
news literacy skills

N = 76 middle
school and high
school students
and N = 11
teachers

Players took part in
Lamboozled!, where
they tried to acquire
the best hand of
cards, each of which
contained clues
about the veracity of
a specific story.
After the game, the
students created
their own cards
about a fake and a
true story and
offered feedback
about the game. The
authors interviewed
11 teachers after
they implemented
the game in the
classroom

The authors found
the game to be
effective in
practicing media
literacy skills and
transfer media
literacy strategies
to real life
contexts. The
efficiency was
shown to depend
on the teachers’
level of
preparation

(continued)
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Table 1. (continued)

Authors Country Type of
intervention/intended
results

Target
Group(s)

Methodology Effects on the
target group

Grace & Hone
(2019) [33]

N/A Study investigating
the utility of the
Factitious game in
measuring news
literacy skills

N = 45.000
All ages

Large-scale online
study. Participants
played Factitious, an
online game where
they evaluated
several news stories,
then swiped to the
right if they thought
the story was real or
to the left if they
perceived the story
as fake. Answers
were scored
depending on
correctness

Findings indicate
that older
participants
generally
outperformed
younger
participants.
Younger
participants
tended to make
their decision
faster, people with
higher education
levels (PhD)
completed the
game in less time

Bråten &
Strømsø (2010)
[34]

Norway Intervention
examining students’
understanding of
texts in different task
conditions

N = 184
Mean age:
22.6 years old

Participants read
seven texts about
climate change in
three task
conditions:
argument, summary,
and global
understanding. Tests
and measures used
in the study were:
word decoding test,
prior knowledge
measure, personal
epistemology
measure, and
measure of
multiple-text
understanding

Intervention
findings suggest
that students’
prior beliefs and
the task
instructions matter
in their text
understanding
abilities

Loos, Ivan &
Leu (2018) [16]

The Netherlands Intervention
examining
schoolchildren’s
ability to identify a
hoax website as
being fake

N = 27
11–12 years old

The participants
accessed a hoax
website and
completed a
questionnaire.
Those willing to
sign a petition to
save the animal
presented by the site
were considered to
trust the source. A
new media literacies
training and a
debriefing followed

Only 2 of the 27
(4%)
schoolchildren
recognized the
source as being a
hoax and
explained why

(continued)
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Table 1. (continued)

Authors Country Type of
intervention/intended
results

Target
Group(s)

Methodology Effects on the
target group

McGrew,
Ortega,
Breakstone &
Wineburg
(2017) [35]

US Intervention testing
students’ ability to
distinguish between
reliable sources and
disinformation
sources

N = 7.804
Middle and
high school
students

The authors
administered 56
tasks to students,
measuring
participants’ ability
to (1) identify the
real source of the
information
presented (2)
evaluate the
evidence presented,
and (3) investigate
other sources on the
subject

Close to 70% of
the high school
students failed to
identify the
unreliable news
pieces. They
proved to be
attracted by
interesting visuals
when assessing
the material

not evidence based; the authors sought to identify a news literacy improvement tool and
did not test the effectiveness of the game. Nevertheless, we consider the intervention
to be relevant, as it could be a useful method to fight fake news, mainly because of its
simple play instructions that could be easily understood by individuals of all ages.

Only a few of the studies that touched on the efficacy of interventions in building fake
news recognition [28, 30, 33] also included different age groups in their research (19–66;
under 18 to 50+; 0–9 to 70–79 and over 79). However, these were large-scale studies
that concentrated on presenting extensive results, and not necessarily on approaching
the subject from a generational perspective.

In line with the findings of similar studies, the effectiveness of gamified inoculation
interventions appears encouraging [19, 36]. These interventions offer the potential to
become valuable instruments in fighting fake news, and the majority are evidence-based.
Moreover, some of the game-based studies discussed included multiple age groups in
their research [28, 30, 33], with one study even suggesting that older adults were better
than younger participants at identifying fake news [33]. Such a gamification approach
could form the starting point for future studies to identify or formulate tools to help build
resistance to fake news.

3 Large-Scale Projects and Small-Scale Interventions

The European Council Report “Mapping of media literacy practices and actions in EU-
28” [20] offers an overview of some of the most significant media literacy projects
undertaken at the national or regional level between 2010 and 2016 in all 28 member
states of the EU. The report is part of the European Audiovisual Observatory (EAO).
Data were collected retrospectively, in April 2016, using a questionnaire which was
addressed to experts in each of the 28 EU member states. The experts were asked to
list 20 media literacy projects in their countries and to provide an overview of the five
most significant of these projects. The responses were then double-checked with the



302 E.-A. Dumitru et al.

EU Media Literacy Expert Group (MLEG) to increase the validity of the data. In this
particular report, the followingdetails of eachprojectwere recorded: (1) the stakeholders;
(2) type of engagement of each stakeholder (i.e., academia, public institutions, media
regulatory authorities); (3) type of project; (4) type of media literacy aimed for; (5)
the magnitude of the project and its duration; (6) the significance of each project. The
latter - the significance of each project - is particularly relevant for the present article.
Significance was described as: the size of the target group; the total budget; success
in terms of outcomes; the level of public awareness of the project, and the level of
engagement of the targeted groups. Note that the report did not check whether the
Media Literacy Interventions were evidence based, nor did it verify the effectiveness of
these interventions (in terms of measured effect on the target groups).

The above-mentioned European Council Report [20] gathered data on 547 projects,
spanning a period of six years, on media literacy at the EU level. The majority of these
projects (409) were national projects; 95 were regional and 43 projects targeted all the
countries in the EU zone.

None of the projects in the report included a specific, clearly-stated component
designed to reduce people’s vulnerability to fake news. Also, most of the projects fell
into the categories of “Resources” and “End-user engagement”, which meant they were
intended to equip people with the media skills and competencies they need in daily
life and to teach them how to engage more with different media. None of the projects
described as “Policy Development” featured a component on defusing fake news or
enabling people to recognize and avoid fake media content. Instead, the “Policy Devel-
opment” projects aimed more to increase cooperation between different stakeholders or
countries.

Someof these projectswere labeled as research projects by the experts involved (78) –
meaning that they were qualitative or quantitative research projects that explored on an
aspect of media literacy that had previously been investigated in the scientific literature.
Among the 78 projects, 20were considered significant enough to be extensively analyzed
in the report.Only oneSwedish project (https://www.niemanlab.org/2014/12/in-sweden-
traditional-tabloid-rivals-are-taking-their-battle-to-viral-sites/) had an explicit fake news
component. The Viral Eye project (Viralgranskaren), which won an award in 2014 in
Sweden for its contribution to journalism, aimed to help Swedish journalists to detect
fake news and to raise their awareness of what can happen when distributing different
types of content through social media (for example, sharing a link). Although targeted at
journalists - the project examined how some unreliable stories go viral and how important
it is for journalists to be critical of their information sources - it eventually percolated
through to a larger audience than media professionals alone. The project itself was an
initiative of a newspaper (Metro publisher) and to our knowledge it was never replicated
in other countries. This is in line with the conclusion of the European Council Report,
which noted that many of the media literacy projects undertaken at the EU level were
relatively small-scale (mainly national or regional), one-off initiatives with little impact
and no long-term vision.

Many of the projects that ran at the EU level aimed to develop the critical thinking
skills of the target groups to improve media literacy, while others sought to promote
the capability to master different media, including the ability to develop creative media

https://www.niemanlab.org/2014/12/in-sweden-traditional-tabloid-rivals-are-taking-their-battle-to-viral-sites/
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content. Little attention was paid to the risks and vulnerabilities confronting people on
being exposed to content in various media formats.

In terms of the target groups, the EU projects on media literacy were mainly directed
at teenagers and students (81 projects) and professionals (76 projects). Other targeted
audiences were parents (41 projects) and children (51 projects). Some 34 projects were
addressed at the general public, while seven of the 409 projects analyzed in the report
focused on older adults, all in the 5 European countries of Belgium, Estonia, Greece,
Luxembourg, and Spain. Older people appear indeed to have been a neglected category
in media literacy projects (at least in the period 2010–2016), and were perceived to be
the less media savvy and less skilled group in critically analyzing media content.

What is probably even more important when analyzing the magnitude of these
projects at the EU level is their relatively small scale. The total budget for the majority
of the initiatives presented in the report was between e10,000 and e20,000, implying
these were relatively limited in scope and activities.

Taking this report as our starting point, we then investigated the articles on small-
scale training courses and interventions available in the US-based Center for Media
Literacy’s online Reading Room and Media & Values Archive (https://www.medialit.
org/how-teach-media-literacy). We located a total of 54 articles and reports at the Center
forMedia Literacy. These were subsequently analyzed and the items with an educational
training design aimed at improving media literacy, were selected. Unavailable online
pages and articles approaching media literacy from a theoretical point of view, as well
as articles explaining the design of the intervention without applying this or with an
unclear design were excluded, resulting in six relevant educational items that are further
analyzed in the present paper.

Table 2. Overview of Media Literacy Training and Interventions from the Center for Media
Literacy (https://www.medialit.org/how-teach-media-literacy)

Authors Topic/Country Type of
training/intended
results

Target groups Methodology Evidence
based

Anderson
(2005) [37]

Food
advertisements/US

Three-week pilot
media
literacy/nutrition
program/improve
media literacy

N = 19
Middle-schoolers

Learning experience
was tested using role
play
(experimental/vs
control group)

Yes

Tripp (2017)
[38]

Education/US &
Canada

Practical ideas for
the classroom/
improve media
literacy

Teachers,
graduates/specialists

Video presentations,
discussions, and
role-playing (theory
driven)

No

Tripp (2000)
[39]

Education/US&
Japan

Practical ideas to be
used in the teaching
activities/ improve
media literacy

N = 15
Teachers (all grades)

Presentations, lively
discussions,
role-playing
activities and
brainstorming
sessions)

No

(continued)

https://www.medialit.org/how-teach-media-literacy
https://www.medialit.org/how-teach-media-literacy
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Table 2. (continued)

Authors Topic/Country Type of
training/intended
results

Target groups Methodology Evidence
based

Tripp (n.a)
[40]

Education/ US &
Japan

Experience how
media literacy
supports learning
skills in
class/improve
media literacy

Teachers (primary and
secondary school)

Analysing movie ads
– discussing how
women appearing as
less defined, highly
sexualized and
subordinate to men

No

Hobbs
(1996) [41]

Education/US Teachers using
small-scale
interventions in
class/ raise the
awareness of the
ways ads and
media use emotions
to reach a certain
audience

Teachers (primary and
secondary school)

Examples and
discussion/
experiential learning

No

Phillips
(2012) [42]

Media, ads,
politics/US

Four classroom
activities that could
help students
become savvy media
consumers/critical
views on media
content

Students Experiential learning
& debates

No

When analyzing types of training and interventions on media literacy (ML), using
those referenced by the Center forMedia Literacy (https://www.medialit.org/how-teach-
media-literacy) as typical examples, we identified a number of aspects of these training
courses that called for further discussion. First, as Table 2 shows, all of these interventions
are in English, with no thought for the possible needs of different ethnic groups. Indeed,
the Center for Media Literacy is located in the US, mainly targeting the audience in
the US. Nonetheless, many cultural groups (also those living in the US) are exposed to
media information in their native language and consequently susceptible to fake news.

Second, although some of these training courses and interventions touched on the
risks of exposure to media messages, they did not explicitly address the actual problem
of fake news, i.e., the inability to recognize misinformation and non-reliable sources
of information. The goal of these initiatives was not to teach people to check the trust-
worthiness of media information or to doubt the accuracy of the messages distributed
by various types of media. Nor was the term “fake news” used as such, either in the
presentation of the trainings or in the description of the sessions or the results.

Third, the training courses we analyzed were not evidence based. Except for one
course, scientific data on media literacy and media literacy components [e.g., 43, 44]
played no part in these initiatives. Instead, these tended to be more experiential in nature,
with participants learning by doing while reflecting on the experience itself. Most of the
training courses and interventions consisted of interactive tasks, such as role-playing,
projective activities (in which people have to imagine certain situations), brainstorm-
ing sessions and debates. Others were more mixed, combining classic presentations

https://www.medialit.org/how-teach-media-literacy


A Generational Approach to Fight Fake News 305

and examples (including video materials) with more interactive tasks when critically
analyzing media content.

Fourth, the main targets were usually students at different levels of education, and
teachers. Not only did these training courses and interventions not tackle the issue of fake
news, but they tended to remain a rather isolated learning experience, associated with
the process of learning in schools. But the fake news phenomenon does not affect only
people enrolled in the formal education; it affects people from different generations and
socio-economic backgrounds. It is true that such initiatives start from the assumption
that by improving our media literacy, we will be more critical of the media content we
are exposed to and, consequently wewill be better equipped to fight fake news. However,
this is hard to do if the sessions are not targeted at a large audience or the general public
and are not evidence based.

Last but not the least, the training initiatives and interventions in the articles we
analyzed did not follow a particular methodology, nor were the results evaluated. In
only one case [37] (see Table 1) was the starting point scientific evidence and had the
effectiveness of the training been tested using an experimental design. This was done
by comparing individuals who had taken part in the training session (the experimental
group) with a control group who had not participated in the training session.We strongly
endorse the practice of testing the efficiency of Media Literacy Training in general and
of sessions dedicated to fake news, in particular. However, it is a practice that remains
rarely encountered.

The analysis conducted by Eisemann and Pimmer [19] indicated that proactive train-
ing and interventions aimed at improving the ability to detect fake news have the greatest
effect. They are also the most prevalent type of interventions found in the scientific lit-
erature to fight fake news. Still, in practice, as our examples from the Center for Media
Literacy show, many of these courses did not fall into this category; they were neither
based on scientific evidence nor was their effectiveness checked by assessing the results.
Also, one thing that needs to be considered is the fact that the analysis of Eisemann and
Pimmer [19] turned up only a relatively small number of articles from the past twenty
years (19 out of 955 screened articles), all based on evidence produced in educational
settings, using students as participants. We found similar results in our literature review
search (10 articles on interventions to empower people to fight fake news, over the past
10 years – using Google Scholar as a searching platform). We took note of the fact that
Eisemann and Pimmer [19] showed that a higher educational context could be a variable
that impacts the efficiency of such interventions. Also, a serious limitation of this type
of training and interventions might well be the fact that their audience tends to be a
homogeneous one (often school children and students). The possibility of more diverse
groups of people should be considered, as the effectiveness of these interventions may
differ among different social groups.

4 Conclusions

When we embarked on this study, we sought to answer two questions: how to fight fake
news and how to do this in a more generationally inclusive manner?

In the fight against fake news, the strategies employed to strengthen resistance to such
news commonly include technical innovations such as fact-checking apps. However,
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more consideration should be given to educational approaches using training courses
and interventions that empower people to distinguish between what is reliable media
content and what is not. Such an approach might be more generally accessible to a larger
audience and could be tailored for groups with various levels of media skills.

Yet many of the training programs and interventions described in the research con-
ducted over the past ten years still favor the technical approach. Studies incorporating
a clear fake news intervention are scarce. Instead, the majority of studies that included
interventions to increase the ability tofight fake newswere farmore focusedon enhancing
the critical thinking skills of individuals exposed to various types of media content.

When searching for initiatives that fight fake news in a more generationally inclusive
manner, we found that the majority of the research studies, but also small-scale and
large-scale initiatives in the media literacy (training and interventions) targeted younger
participants,mainly students at different educational stages. Some targetedprofessionals,
such as educators and journalists. It is important for researchers and practitioners to
consider a more inclusive audience for training and interventions of this kind consisting
of different socio and cultural groups: people from different generations, with different
socio-economic and cultural background. In many cases, access to media content is
facilitated by other languages than the official language of a country, an aspect that has
hitherto been wholly disregarded in the current initiatives.

Moreover, the majority of the studies in which news evaluation interventions or
training were included took place in a formal environment – usually a classroom. This
setting excludes individuals who are not part of the formal education system but could
also potentially bias the participants through the authority of the space and/or the teachers
present [45, 46], thus influencing the results of studies scrutinizing individuals’ reactions
to certain fake news related tasks or situations.

Most of the interventions, regardless of their specificity, onlymeasured the short-term
effectiveness of the instrument they proposed, but they generally report positive results.
However, the training courses analyzed in this study for the most part failed to evaluate
the results. Furthermore, with little exception, the trainings were not evidence based. An
interesting, evidence-based approach was seen in several of the gamified intervention
studies. This could arguably be a more inclusive, pressure free, but relevant method for
supporting individuals in fighting fake news.

Probably the most important finding is the lack of continuity of most of the training
courses and interventions discussed in this manuscript: many were too small to influence
the target group in a significant way and the level of replication or cross-cultural collab-
oration is low. Interventions and training to empower people to fight fake news that have
only small budgets and are organized more like one-off events lack long-term efficacy.
Even interventions aiming to develop critical thinking skills in individuals exposed to
media content lack long-time perspective and continuity. This was evident, not only in
the small-scale initiatives in the articles at the Media Literacy Center (here considered
as a typical case), but also in the European projects on Media Literacy conducted in the
EU-28 countries [20].
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5 Limitations

When referring to the current study, several limitations should be kept in mind. First,
it is not claimed to be an exhaustive analysis, but an exploration of existing Media
Literacy Interventions and Training initiatives, with a focus on interventions featuring
a gamification component. Also, as we looked particularly at interventions in which
climate change issues were taken as the starting point, our conclusions may not simply
be generalized to other types of training. Still, we have no reason to believe that the
patterns we have identified in the current manuscript are necessarily different from the
types of training used to address other issues. In fact, the systematic literature review by
Eisemann and Pimmer, discussed extensively here, appears to indicate as much. Hence,
there could be more than a few studies that fall within the scope of this paper, but
were not included, even though their findings could be relevant. Also, as we focused
mainly on interventions with a gamification component, this limited our conclusions on
other types of interventions (e.g., fact-checking interventions). Using Google Scholar
to search for articles that discuss interventions and training in the field of fake news
might have introduced some limitations regarding the articles we found, as the output
of a Google Scholar search process is dependent on the search history of a particular
device. However, the current research is exploratory in nature. It provides an overview
of the way interventions and training incorporating an explicit fake news component are
approached in the literature. For such purposes, Google Scholar is useful as it aggregates
the data fromdifferent scientific databases. Second,most of the studieswediscussedwere
conducted in the US, the UK and The Netherlands, thus the rather limited localization of
the papers could possibly affect the results of the analysis. Third, the studies suggested
as potentially efficient educational instruments for fighting fake news have their own
limitations that should be considered when trying to replicate them, or when integrating
the instruments they propose into education curriculums.

6 Implications for Future Research

Future studies could take note of the instruments analyzed in this paper and test
their effectiveness in various educational environments, while also including different
age groups in their research (e.g., https://www.stopcoronafakenews.com/toolkit/, http://
smart-toolkit.eu/). An interesting perspective in fighting fake news could be gamifi-
cation, as shown by some of the discussed studies. Gamification might offer a useful
option for instruments used in interventions with participants of various ages, especially
since the relaxed, less formal format of the method could possibly help in potential
polemic contexts, for example when addressing political subjects. Future studies might
also undertake to compare the effectiveness of the different types of available training
[37–42] and interventions [28–35]. Finally, we recommend that future studies focus on
an evidence-based approach, and that they adopt a longitudinal approach to measure
whether the training and interventions deployed retain their effectiveness after a certain
period of time.

https://www.stopcoronafakenews.com/toolkit/
http://smart-toolkit.eu/


308 E.-A. Dumitru et al.

References

1. Flanagin, A.J., Metzger, M.J.: The role of site features, user attributes, and information ver-
ification behaviors on the perceived credibility of web-based information. New Media Soc.
9(2), 319–342 (2007). https://doi.org/10.1177/1461444807075015

2. Metzger, M.J., Flanagin, A.J., Medders, R.B.: Social and heuristic approaches to credibility
evaluation online. J. Commun. 60(3), 413–439 (2010). https://doi.org/10.1111/j.1460-2466.
2010.01488.x

3. Loos, E., Nijenhuis, J.: Consuming fake news: a matter of age? The perception of political
fake news stories in Facebook ads. In: Gao, Q., Zhou, J. (eds.) HCII 2020. LNCS, vol. 12209,
pp. 69–88. Springer, Cham (2020). https://doi.org/10.1007/978-3-030-50232-4_6

4. Singh, L., et al.: A first look at COVID-19 information andmisinformation sharing on Twitter.
Arxiv (2020). https://arxiv.org/pdf/2003.13907.pdf

5. Rodríguez, C.P., Carballido, B.V., Redondo-Sama, G., Guo, M., Ramis, M., Flecha, R.: False
news around COVID-19 circulated less on SinaWeibo than on Twitter. How to overcome false
information? RIMCIS 9(2), 107–128 (2020). https://doi.org/10.17583/rimcis.2020.5386

6. Conroy, N.K., Rubin, V.L., Chen, Y.: Automatic deception detection: methods for finding
fake news. Proc. Assoc. Inf. Sci. Technol. 52(1), 1–4 (2015). https://doi.org/10.1002/pra2.
2015.145052010082

7. Zhou, X., Zafarani, R., Shu, K., Liu, H.: Fake news: fundamental theories, detection strategies
and challenges. In: Proceedings of the twelfth ACM international conference on web search
and data mining, Melbourne, Australia, 11–15 February 2019, Association for Computing
Machinery: New York, United States, pp. 836–837 (2019). https://doi.org/10.1145/3289600.
3291382

8. De Jong, J., Rizvi, G.: The State of Access: Success and Failure of Democracies to Create
Equal Opportunities. Brookings Institution Press, Washington, D.C. (2008)

9. Van denHoven,M.J.: Towards Ethical Principles forDesigning Politico-Administrative Infor-
mation Systems. In: Weckert, J. (eds.) Computer Ethics, 1st ed. Routledge, London, England,
pp. 193–213 (2017). https://doi.org/10.4324/9781315259697

10. Rawls, J.: A Theory of Justice. Belknap Press and Harvard University Press, Cambridge,
United States (1971)

11. Hargittai, E., Dobransky, K.: Old dogs, new clicks: digital inequality in skills and uses among
older adults. Can. J. Commun. 42(2), 195–212 (2017)

12. Bovens, M.A.P.: Information rights. Citizenship in the information society. J. Polit. Philos.
10(3), 317–341 (2002). https://doi.org/10.1111/1467-9760.00155

13. Bovens, M.A.P., Loos, E.F.: The digital constitutional state: democracy and law in the
information society. Inf. Polity 7(4), 185–197 (2002). https://doi.org/10.3233/IP-2002-0017

14. Tandoc, E.C., Jr., Ling, R., Westlund, O., Duffy, A., Goh, D., Zheng Wei, L.: Audiences’ acts
of authentication in the age of fake news: a conceptual framework. New Media Soc. 20(8),
2745–2763 (2018). https://doi.org/10.1177/1461444817731756

15. Leu. D.J., Kinzer, C.K., Coiro, J., Cammack, D.: Towards a theory of new literacies emerging
from the Internet and other ICT. In: Ruddell, R.B., Unrau, N. (eds.) Theoretical Models and
Processes of Reading, pp. 1570–1613, 5th ed. International Reading Association, Newark,
USA (2004)

16. Loos, E., Ivan, L., Leu, D.: Save the pacific northwest tree octopus: a hoax revisited. Or: how
vulnerable are school children to fake news? Inf. Learn. Sci. 119(9–10), 514–528 (2018).
https://doi.org/10.1108/ILS-04-2018-0031

17. Buckingham, D.: The Media Education Manifesto. Polity Press, Cambridge, UK (2019)
18. Brites, M.J., Amaral, I., Simões, R.B., Santos, S.J.: Generational perspectives on EU docu-

ments tackling disinformation. In: Gao, Q., Zhou, J. (eds.) HCII 2021. LNCS, vol. 12786,
pp. 349–360. Springer, Cham (2021). https://doi.org/10.1007/978-3-030-78108-8_26

https://doi.org/10.1177/1461444807075015
https://doi.org/10.1111/j.1460-2466.2010.01488.x
https://doi.org/10.1007/978-3-030-50232-4_6
https://arxiv.org/pdf/2003.13907.pdf
https://doi.org/10.17583/rimcis.2020.5386
https://doi.org/10.1002/pra2.2015.145052010082
https://doi.org/10.1145/3289600.3291382
https://doi.org/10.4324/9781315259697
https://doi.org/10.1111/1467-9760.00155
https://doi.org/10.3233/IP-2002-0017
https://doi.org/10.1177/1461444817731756
https://doi.org/10.1108/ILS-04-2018-0031
https://doi.org/10.1007/978-3-030-78108-8_26


A Generational Approach to Fight Fake News 309

19. Eisemann, C., Pimmer, C.: Educational approaches to address fake news–preliminary insights
from a systematic review. In: Proceedings of the CELDA 2020: 17th International Conference
on Cognition and Exploratory Learning in Digital Age. Lisbon, Portugal, 18–20 November
2020

20. Insights, M., Chapman, M.: Mapping of media literacy practices and actions in EU-28, Euro-
peanAudiovisualObservatory andCouncil of Europe (2016). https://ketlib.lib.unipi.gr/xmlui/
handle/ket/1185

21. De Cock Buning, M.: A multi-dimensional approach to disinformation: Report of the inde-
pendent High level Group on fake news and online disinformation, Publications Office of the
European Union, Luxembourg (2018).https://doi.org/10.2759/739290

22. European Commission: Fake News and Disinformation Online. Flash Eurobarometer 464,
European Commission, Brussels, Belgium (2018). https://doi.org/10.2759/559993

23. Shu, K., Liu, H.: Detecting fake news on social media. Morgan & Claypool, Williston United
States (2019).https://doi.org/10.2200/S00926ED1V01Y201906DMK018

24. Chiluwa, I.E., Samoilenko, S.A.: Handbook of Research on Deception, Fake News, and
Misinformation Online. IGI Global (2019). https://psycnet.apa.org/doi/10.4018/978-1-5225-
8535-0

25. Newman, N., Fletcher, R., Kalogeropoulos, A., Levy, D., Nielsen, R.K.: Reuters Institute
digital news report (2017). https://ssrn.com/abstract=3026082

26. Cacioppo, J.T., Petty, R.E.: The elaboration likelihood model of persuasion. NA–Adv.
Consum. Res. 19(11), 673–675 (1984)

27. Nickerson, R.S.: Confirmation bias: a ubiquitous phenomenon in many guises. Rev. Gen.
Psychol. 2(2), 175–220 (1998). https://doi.org/10.1037/1089-2680.2.2.175

28. Roozenbeek, J., van der Linden, S.: Fake news game confers psychological resistance against
online misinformation. Palgrave Commun. 5(1), 1–10 (2019). https://doi.org/10.1057/s41
599-019-0279-9

29. Roozenbeek, J., van Der Linden, S.: The fake news game: actively inoculating against the
risk ofmisinformation. J.RiskRes.22(5), 570–580 (2019). https://doi.org/10.1080/13669877.
2018.1443491

30. Maertens, R., Roozenbeek, J., Basol, M., van der Linden, S.: Long-term effectiveness of
inoculation against misinformation: three longitudinal experiments. J. Exp. Psychol. Appl.
27(1), 1–16 (2020). https://doi.org/10.1037/xap0000315

31. Roozenbeek, J., Van der Linden, S.: Breaking harmony square: a game that inoculates against
politicalmisinformation.HKSMisinf. Rev. 1(8) (2020). https://doi.org/10.37016/mr-2020-47

32. Chang, Y.K., et al.: News literacy education in a polarized political climate: how games can
teach youth to spot misinformation. HKS Misinf. Rev. (2020). https://doi.org/10.37016/mr-
2020-020

33. Grace, L., Hone, B.: Factitious: large scale computer game to fight fake news and improve
news literacy. In: Extended Abstracts of the 2019 CHI Conference on Human Factors in
Computing Systems, Glasgow, United Kingdom, 4–9 May 2019, pp. 1–8. Association for
Computing Machinery, New York, United States (2019). https://doi.org/10.1145/3290607.
3299046

34. Bråten, I., Strømsø, H.I.: Effects of task instruction and personal epistemology on the under-
standing of multiple texts about climate change. Discourse Process. 47(1), 1–31 (2010).
https://doi.org/10.1080/01638530902959646

35. McGrew, S., Ortega, T., Breakstone, J., Wineburg, S.: The challenge that’s bigger than fake
news: civic reasoning in a social media environment. Am. Educ. 41(3), 4–9 (2017). https://
files.eric.ed.gov/fulltext/EJ1156387.pdf. Accessed 14 Apr 2021

36. van Helvoort, J., Hermans, M.: Effectiveness of educational approaches to elementary school
pupils (11 Or 12 Years Old) to combat fake news. Media Lit. Acad. Res. 3(2), 38–47 (2020).
https://bit.ly/3m2Eo6m. Accessed 18 May 2021

https://ketlib.lib.unipi.gr/xmlui/handle/ket/1185
https://doi.org/10.2759/739290
https://doi.org/10.2759/559993
https://doi.org/10.2200/S00926ED1V01Y201906DMK018
https://psycnet.apa.org/doi/10.4018/978-1-5225-8535-0
https://ssrn.com/abstract=3026082
https://doi.org/10.1037/1089-2680.2.2.175
https://doi.org/10.1057/s41599-019-0279-9
https://doi.org/10.1080/13669877.2018.1443491
https://doi.org/10.1037/xap0000315
https://doi.org/10.37016/mr-2020-47
https://doi.org/10.37016/mr-2020-020
https://doi.org/10.1145/3290607.3299046
https://doi.org/10.1080/01638530902959646
https://files.eric.ed.gov/fulltext/EJ1156387.pdf
https://bit.ly/3m2Eo6m


310 E.-A. Dumitru et al.

37. Anderson, K.: CML Pilots Media Literacy Unit for Obesity, Nutrition Education. Center for
Media Literacy (2005). https://bit.ly/2ZvTQQI. Accessed 14 Sep 2021

38. Tripp, A.: Workshop report: How to do Assessment and Evaluation in Media Literacy. Center
for Media Literacy (2017). https://bit.ly/3COTQd3. Accessed 14 Sep 2021

39. Tripp, A.: Workshop report: Integrating Media Literacy across the curriculum. Center for
Media Literacy (2000). https://bit.ly/3m0MkFb. Accessed 14 Sep 2021

40. Tripp, A.: Summer seminars take on hot topics in media literacy. Center for Media Literacy
(n.a). https://bit.ly/3i6ZMpH. Accessed 14 Sep 2021

41. Hobbs, R.: Teaching media literacy. In: Dennis, E., Pease, E. (eds.) Children and the media,
pp. 103–111. Transaction Press, New Brunswick, United States (1996). https://bit.ly/3i1ltr1.
Accessed 14 Sep 2021

42. Phillips, M.: It’s Not a Pipe: Teaching Kids to Read the Media. Edutopia (2012). https://edut.
to/3zySFwc. Accessed 14 Sep 2021

43. Meyrowitz, J.: Multiple media literacies. J. Commun. 48(1), 96–108 (1998). https://doi.org/
10.1111/j.1460-2466.1998.tb02740.x

44. Potter, W.J.: Media Literacy, 9th edn. Sage Publications, London, England (2018)
45. Ivan, L., Frunzaru, V.: The use of ICT in students’ learning activities. J. Media Res. 7(1/2),

3–15 (2014)
46. Dumitru, E.A.: Testing children and adolescents’ ability to identify fake news: a combined

design of quasi-experiment and group discussions. Societies 10(3), 71 (2020). https://doi.org/
10.3390/soc10030071

https://bit.ly/2ZvTQQI
https://bit.ly/3COTQd3
https://bit.ly/3m0MkFb
https://bit.ly/3i6ZMpH
https://bit.ly/3i1ltr1
https://edut.to/3zySFwc
https://doi.org/10.1111/j.1460-2466.1998.tb02740.x
https://doi.org/10.3390/soc10030071


Missing Voices and Gendered Ageism –Patterns
of Invisibility in Global News Media

Maria Edström(B)

Department of Journalism, Media and Communication,
University of Gothenburg, Gothenburg, Sweden

maria.edstrom@gu.se

Abstract. Newsmedia has an agenda-setting function in society andhas an impor-
tant role for democracy. Earlier research has indicated that there is a male bias in
the news. This paper suggest that there is also a global pattern of age bias in the
news. Using data from the sixth Global Media Monitoring Project (GMMP) from
2020 that covers news from 116 countries, patterns on gendered invisibility and
ageism is revealed, creating a symbolic annihilation of voices and perspectives.

The data collected from newspapers over the world indicate a clear imbalance
in terms of visibility. Men dominate all adult age groups in the news. Children are
rarely seen in the news,with girls are slightlymore visible than boys. Teenagers are
slightlymore visible and have a gendered balance.Men in the ages 50–64 years are
most likely to be in the news. Men keep the media attention even after retirement
ages, but when passing 80 years, men and women are more or less invisible, but
still with a male dominance. The global trend over time in newspapers is that
women above 50 years has become more invisible. This indicates that news media
contributes to gendered ageism.

Keywords: Gendered ageism · Global news · Journalism. Global Media
Monitoring project (GMMP)

1 News, Gender and Age

1.1 The Agenda-Setting Function of the News Media

News media has an agenda-setting function in society and they contribute to shape our
ideas and opinions on different topics (Weaver 2007). Through themedia, we understand
theworld. Journalists in newsmedia scrutinize power, spotlight events, inform the citizen
and give voice to individuals as well as different group interests, which means that news
media plays important role for democracy.

If you are not part of the media narratives, you become more or less invisible in soci-
ety. Therefore, the symbolic power of the media is a key concern for many researchers.
Media scholar Nick Couldry claims that we have a growing crisis of voice across polit-
ical, economic and cultural domains (Couldry 2010, 2019). This is not just an issue for
the individual. Social representation is considered to be an important part of democracy,
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especially in the political sphere. The representation and presence of various age groups
in the news media can therefore be seen as a proxy for their communication rights and
political rights (Bergström and Edström 2022). In the late 1970-ies the sociologist Gaye
Tuchman talked about a symbolic annihilation of women in the news (Tuchman 1978).
This paper will argue that there is an ongoing symbolic annihilation of women’s voices
and perspectives in all age groups.

1.2 Ageing and Ageism

When talking about age, it is important to remember that age can mean many things,
depending on the situation and conversation. This paper focus on years lived, the chrono-
logical age, understanding that social, biological or other age concepts are equally impor-
tant. However, the chronological age is what most quantitative data is based on, and
that is the pre-conditions for the studies mentioned here. The broad patterns of age
representation in the news will be discussed, with a focus on the older age groups.

Globally, the population aged 65 and above is growing faster than all other age groups
in society. The improved longevity is experienced in all regions and the concern for the
growing agingpopulations is capturedby theUnitedNations slogan ‘leavenoonebehind’
as a guiding light for Sustainable development goals (United Nations 2015). According
to World Health Organization, WHO, there are more than 1 billion people aged 60 years
or older, with most living in low- and middle-income countries (WHO 2021). Older
people now have better lives both in terms of biological health (lung capacity, balance,
etc.) and in terms of life satisfaction (Skoog et al. 2022). But while many people live
longer and heathier lives, the attitudes towards older persons is problematic. Ageism is
a relatively new concept, closely related to more commonly known phenomena such as
racism, and sexism. In fact, when ageism was first mentioned in scientific press in 1969
by gerontologist Robert Butler, he used the concepts of racism and sexism to underline
and explain the similar patterns regarding ageism, how stereotyping and prejudice based
on race, gender or age, may lead to discrimination (Butler 1969). Since then ageism has
been in central focus for many research discussions (Schonfield 1982; Gullette 2017;
Krekula et al. 2018; Loos and Ivan 2018). The United Nations has a long engagement
in age issues and recently launched the UN Decade of Healthy Ageing 2021–2030,
where countering ageism is one of the priorities. Ageism is considered to affect people
throughout their lives and it permeates institutions and many parts of society. TheWorld
Health Organization (WHO), regards tackling ageism as critical to human well-being
and human rights, it is considered a threat to all ages in one way or another. In 2021
the organization launched a global campaign to combat ageism where some key aims
is to foster intergenerational solidarity and change the narratives around age and ageing
(WHO 2021).

1.3 Ageism in the Media

It is reasonable to believe that ageism might be fueled by the media. Media represen-
tations may all have gendered or/and ageist components regarding presence, roles and
topics. Data from Global Media Monitoring Project indicate that the very young and the
very old rarely makes the news agenda. While young people are at the center for new
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media and technology development, their presence in the news is almost non-existent.
This might be explained by that young people don’t fit into the news valuecriterias such
as belonging to the power elite, being a celebrity, or being able to deliver a story of
magnitude (For a list of news values see for example Harcup and O’Neill 2017). That
said, there are of course example of young people that makes the news, like educational
activist and Nobel laureate Malala Yousafzai and climate activist Greta Thunberg. A
literature review of scientific articles about children, young people and the news indi-
cate that it is a small research field, with no large comparative news content analysis.
Reception and representation studies are major research interest, but when it comes to
research on representation, the focus is often about one specific person, media or topics,
usually empirically based in one or two countries (Fillol and Pereira 2020).

Earlier research indicate that older persons seldom are present in themedia, but when
they are, they are often stereotyped into polarized categories like the active silverback
or the voiceless, frail person. The advertising industry want to reach the resourceful
healthy older people, often called ‘golden agers’ (Bai 2014) and the media interest for
older age groups often derives from a consumer perspective, with a focus on agelessness
and successful ageing (Kenalemang 2021). The news media on the other hand tend
to focus on representations of older persons as frail and having problems of declining
health (Lundgren andLjuslinder 2011;Nilsson and Jönsson 2009;Wien 2003). However,
compared to young people, there is no lack of older persons who might fit many of the
news value criterias, in terms of being an expert, elite or celebrity person.

Some of them also makes the news, such as Queen Elizabeth of England, actor
Anthony Hopkins who won his first Oscar in 2020 at the age of 83, and the US president
Joe Biden, born 1942.

As mentioned earlier, ageism is based on stereotypes and negative stereotypes on
ageing seem to have existed for a long time. A study that used computational linguistics
to the Corpus of Historical American English found a clear shift from positive to neg-
ative age stereotypes already in 1880, possibly due to the growing aging population, a
development that has continued since then (Ng et al. 2015). Negative stereotypes of age-
ing seem to be very resilient (Levy et al. 2015), and news media may reinforce negative
beliefs about older persons (Kroon et al. 2019).

1.4 The Gender Bias of the News

In 1995, The UN Beijing Declaration and Platform for Action pointed out media as one
of twelve areas where actions need to be taken if we are to achieve gender equality in the
world. At that time, only 17% of the news subjects were women, a share that since then
has increased to 25%, indicating a slow progress towards a gender balance in the news
(Macharia 2021). The male dominate in the news when it comes to presence, and topics
and roles are gendered with a clear dominance of men as spokespersons and experts,
and women are more likely to talk from personal experience (Macharia 2015, 2021;
Ross and Padovani 2017). The gendered newsroom culture is considered to be a part of
the problem (Byerly 2013). When comparing the global news content with indexes on
the factual gender equality in society, such as the Global Gender Gap Index, there is a
persistent global pattern where news media seem to be less gender equal than the ‘real’
world (Djerf-Pierre and Edström 2020).
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1.5 Gender Ageism in the News

Media research combing gender and age are often based on a one-country study, or
studies of one media title or genre. A literature review of ageing and media studies also
indicates that the reflective side regarding concepts of age and media is often missing
(Mosberg and Wilinska 2019).

Using Sweden as an example, the author of this paper has been involved in two
studies regarding gender and age in the media. Both studies indicate similar patterns, the
most visible persons in the media are adults related to the labour market years, belonging
to the age category 20–65 years. Younger women are more visible than older women.
After passing the retirement years, (you may retire when you are 61–67 years), both men
and women are underrepresented, compared to their share of the population in Sweden
(Edström 2006; 2018). As a methodology test, a third study was conducted in order to
find gender and age patterns in a large material of news. (39 online news sites and 4, 7
million news). Similar patterns appeared, with gendered over- and underrepresentation
in the news where the very young and the 60+ were underrepresented (Kokkinakis et al.
2018). A question for this study is if these national patterns from Sweden are reflected
in the global patterns of the news.

On a minor note, since early 2020, the news media has been dominated by Covid-19.
The GMMP 2020 report (Macharia 2021) indicate that women voices are absent in the
conversation about covid, as well as the 80+ population. This is also confirmed by studies
undertaken by the Bill and Melinda Gates Foundation that commissioned a mapping of
the underrepresentation of women and gender perspectives in the news in six countries
(Kassova 2020). Gerontologists and geriatrics have also expressed concerns that the
pandemic is magnifying prejudices based on age, and that ageism that was displayed in
social media during Covid-19, is causing intergenerational tensions (Ayalon 2020).

2 Methodology and Material

This paper provide an analysis of collected data from the 6th, Global Media Monitoring
Project (GMMP), provided both from the published report in 2021 [Macharia 2021] and
from in-depth analysis of non-published data from GMMP. The GMMP is the largest
and longest longitudinal study on gender in the world’s news media, conducted every
fifth year since 1995. The monitoring of news by the GMMP is conducted during one
day around the world, catching a snapshot of the news. The monitoring in every country
is overseen by national coordinators that submits the data to the project management
who process all the data for a global report. The national reports are produced by the
local teams. When coding the age of people in the news, GMMP use the criteria how
‘the person appears’, meaning what age the person appears to be on an image and/or age
information is appearing within the news story. (It is quite common to mention the age
of a person in the news). There is room for misjudgment when coding, but there should
not be any systematic errors in the age estimation. For the full methodology the GMMP,
see the project website [whomakesthenews.org].

The empirical data consist of content analysis of news media and television news,
collected within sixth study from Global Media Monitoring Project (GMMP) and pre-
dicted population statistics from the United Nations for 2020. In the GMMP 2020, a
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total of 30172 news stories were monitored from 2215 news outlets in 116 countries.
The analysis presented here is primarily based on news subjects where age can be iden-
tified (Newspapers N = 4636, Television news N = 11958). The 2020 study was the
first time an 80+ category was included in the age variable. An intention for this paper
was to break down the data regarding the most marginalized groups, children and older
persons 80+. Unfortunately, due to the age group 80+ is almost invisible in the news,
the analysis is limited.

3 Results

3.1 The Age Gaps Between the World Population and People in the News

There is a substantial discrepancy between the age patterns in the world compared with
the age representation in the news. Figure 1 compare the share of different age groups
within the world population compared with the age representation in newspapers.
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Fig. 1. Share of population in different age groups, in theworld and in newspapers 2020 (percent).
The news population is based on news subjects where age of the person was appearing N= 4636.
Please note that the age categories from the UN data is 0–19 years and for the GMMP it is 0–
18 years. Source: United Nations Populations Data 2020 and GMMP2020, www.whomakesthen
ews.org

The GMMP 2020 indicate that the youngest and the oldest people are the least likely
to appear in news media around the world. The share of the 80+ population is globally
still quite small, two percent, and the representation in the news is quite similar. For the
young population it is another matter. Globally, 33% of world’s population is below the
age of 19 years, making it the largest population group. This is in stark contrast with the
GMMP study where only 7% of the people in the news are below 18 years, see Fig. 1.

The underrepresentation of young people in the news continues in the age group
of young adults, 20–34 years. People 35–49 years are more often in the news, and if

http://www.whomakesthenews.org
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you pass 50 years the visible in the news increase even more, in fact, 50–64 year olds
represent the largest age group in the news 31%belong to that category,more than double
the share of 50–64 year olds in the world’s population. This can partly be explained by
the news logic that values people in power, experts and spokespersons, usually it takes
some years to achieve those positions and they are older. On the other hand, societal
development and decisions made at the top, concerns people everywhere and news could
easily cover a broader age selection by shifting perspectives.

From a Swedish perspective, it is interesting to note the large overrepresentation in
the news of people between 65–79 years in the global news, 18% vs 7% in the global
population, since content studies of Swedish news media indicate that the age group 65–
79 years is clearly underrepresented in the Swedish news, compared to the population.
80+ is also underrepresented in Swedish news media.

3.2 Gendered Age Representation in Newspapers

As mentioned earlier, men still dominate the news. Overall there is a 75% male domi-
nance of news subjects in press, radio and television in 2020 (with newspapers have a
slightly higher male dominance, 76%).

The patterns of age and gender is visualised in Fig. 2. It shows that children and
teenagers are rarely in the news. Girls are slightly more visible than boys, and teenagers
have a gendered balance in terms of (in)visibility.

All other age groups in the news are dominated by men (see Fig. 2). Men who are
50 years and older are most likely to be in the news, and they keep the media attention
until they are 79. Men between in the 65–79 age group years are clearly overrepresented.
When passing 80 years, men and women are more equally invisible, but still with a male
dominance (60/40).
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Fig. 2. Gender and age representation in newspapers 2020 (percent). Based on cases where age of
the news subjects was appearing. N = 4636. Source: GMMP2020, www.whomakesthenews.org
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Women are less visible in the news in all the adult age groups, the chances for women
to make the news are highest below 50 years of age, the largest age group for women
in the news is 35–49 years. This means that women have their peak of visibility earlier
than men. After 50 women move into invisibility, again, see Fig. 2.

Worth mentioning is that the trend over time in the GMMP studies are that women
above 50 years has become more and more invisible.

3.3 Topics

The largest topics in the news are also permeated by age patterns. Children and youth
are most likely to be present when crime & violence is the topic, of if the news are about
social& legal issues. Celebrity, art, media and sports is the third area of where children
and youth appear. The 80+ people are also likely to be in the news when the topic is
about celebrity, art, media and sports, but the largest topic for the oldest age category is
to be present when the news are about politics and governance.

3.4 Roles and Functions in the News

Many news stories often contains typical casting; experts and spokesperson who con-
tributes to the understanding of the topics, often complemented with individual ‘cases’
that may be represented by a personal experience, an eye witness or popular opinion.
The role of experts and spokespersons are almost exclusively casted by people between
the age of 19–64 years; 91% of the experts belong to that age group and 89% of the
spokespersons. This confirms that news media have a clear focus on people in the labour
market and don’t consider 65+ that might have expertise as newsworthy.

3.5 Covid and the Lack of the Oldest People in the News

The 2020 GMMP-study made it possible to specifically investigate the representation in
the news of the age group 80 years and older. On a global scale, more people are getting
older and healthier, 2020 was also the first year into to the global Covid-19-pandemic,
where old age was considered a common denominator for being at risk. Both these
scenarios, a growing older population and a pandemic with age as a risk factor could
indeed have been considered to be seen as newsworthy. However, this is not appearing
in the news covered by GMMP 2020-study. Very few persons in the global news study
are 80+. In fact, it was the smallest age group of all in the study, and women 80+ were
even more invisible than the men in that age group. On the other hand, even though life
expectance increase all over the world, the factual representation of 80+ in the world
corresponded with the representation in the global news.

4 Conclusions/Discussion

Mediated representations of different age groups and ageing has an effect on all of us, they
might open up our imagination, confirm or limit ideas of ageing. The paper has focused
on global patterns of representation in the news media, indicating large discrepancies
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between age groups in real life and in the global news, especially regarding children and
teenagers, and women are underrepresented in all adult age groups, especially the older
age groups. As mentioned earlier, representation and presence of various age groups in
the news media can be seen as a proxy for communication rights and political rights.
When some age groups are not present in the news, it means a devaluation of those
voices and negative attitudes based on age might occur.

Of course, news can’t be expected to exactly mirror all age groups in society, but
when large age groups are not present in the news, it is easy to understand that it might
create tensions. A democratic society needs informed citizens, when large groups are
invisible in the news, more stereotypical ideas might be nourished that leads to prejudice
and discrimination.

The patterns of visibility in the news may be interpreted as an ongoing symbolic
annihilation of voices and perspectives, especially regarding people from the youngest
age groups. The analysis of the GMMP 2020 also confirms that the news contributes
to a gendered ageism, where women below 50 years of age are seen as more news-
worthy and older women are almost invisible. Older men on the other hand, keep their
newsworthiness way beyond the retirement age.

During the Covid-19 pandemic, geriatrics feared that the isolation experienced by
older people increased the risk of mental health problems among previously healthy
older people (Skoog 2020). This feeling of isolation could have been mitigated by the
news media by spotlighting the lives of the oldest people during Covid-19. But instead,
that seems to not have been the case.

The news media have a clear focus on people in the labour market, this is in line
with the commercialisation of the news during the digital era. But it also highlights the
question about the role of news for democracy. If some age groups are considered to be
more newsworthy than others, what narratives of society are the news contributing to?

Away forward could be to encourage the newsrooms to becomemore age-competent
and learn more about ageing, and by that becoming more aware of the skewed images
of aging and age groups that news media tend to produce. Regardless of commercial
arguments, editors and journalist in newsrooms should be able to argue for a more varied
and nuanced reporting that includes a broader segment of population. At least, it is time
for them to consider the importance if media accountability and their responsible for
that everyone is heard in the public sphere of the news media.

People from age groups affected by the symbolic annihilation in the news could also
benefit from increasing their media literacy in order to understand the news media logic,
why certain age groups are not present, and possibly also learn how to contribute to more
diverse media images themselves.

Needless to say, more studies are required on age representation in news media, both
in order to reveal more in depth studies of global patterns, and to learn more about news
content and age patterns in specific countries.
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Abstract. Population aging is a defining demographic reality of our era. Mean-
while, the global information technology industry has rapidly developed. People
usually use online chat applications to communicate with each other. In this case,
the interface design should not overlook the needs of the elderly. Nevertheless,
the surveys show that the current Easy Mode for the elderly of chat applications
does not adequately address the issue. In order to study these issues, firstly, this
project constructs a flow chart through questionnaires and interviews based on
Grounded theory, flow chart showing the usage process of chat applications by
the elderly, and it could help us to find the most critical factors affecting the usage
of the elderly. Secondly, improving the UI design of Easy Mode based on color
cognition and user demand to solve the identified problems. Finally, we chose
quantitative experiments to verify this method’s feasibility, and then users need to
make subjective evaluations to assist in proving the conclusions.

Keywords: The elderly · Interface design · Color cognition · User demand ·
Chat application · Grounded method ·Mann-Whitney test

1 Introduction

Aswe are all aware, the 21st Century is an era of information, especially digital informa-
tion. While most middle-young people enjoy the conveniences of mobile applications,
the requirements of the elderly are ignored [1]. As the global aging is more severe in
recent years, The United Nations has predicted that the global aging population will con-
tinue to grow at an average rate of 2.5% per year, while the figure for China is 3.3% for
the same period, which combined with the large base of the Chinese population, it means
that the aging problem in China will be even more severe [2]. We should emphasize the
elderly’s needs and obstacles regarding mobile phone applications [3]. At the same time,
the United Nations pointed out that the number of the elderly living independently and
with their spouses has increased. The report means that these senior citizens will have
more requirements of communicating with the outside world and studying to commu-
nicate with their children by mobile phones [2]. As per the surveys, among the elderly
who have a mobile phone, more than half of them carry smartphones. They mainly use
smartphones to keep in touch with their family and friends [4]. Since the elderly have
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trouble accepting new things, recognizing graphics and text, or learning operations [5],
they are unwilling to use online chat applications. For example, in a population-based
survey of the elderly (a sample of 349 senior citizens) in Shijiazhuang, China, it was
pointed out that 71.94% of the elderly think that mobile application operations are com-
plicated [6]. In response to this problem, it is necessary to provide an effective Easy
Mode for the elderly.

According to this research, we found some design insights. Firstly, the functions of
the chat applications are usually more than those needed for the elderly [7]. The elderly
mainly use chat-related functions, the functions of leisure and entertainment popular
among young people are rarely used by them [6]. The interface design also has simplified
and integrated colors and is mainly distinguished through graphics. Nevertheless, the
elderly will have reduced cognition in the graphics and texts. Through the investigation,
we found that many senior citizens believed that color could promote orientation both
as a code and a cue and were agreeable to the idea of using color as memory support
[8]. Therefore, we can optimize the interface design of the Easy Mode for the elderly by
using colors properly.

2 Methods

This project used a combination of qualitative and quantitative experiments. The experi-
ment method was employed in the present study to investigate the main factors influenc-
ing the study and use of chat applications in the elderly and understand their demand.
The interface design of the chat application was improved based on color cognition
and functional requirements, then based on quantitative experiments to verify whether
it is effective and using subjective evaluation to measure user acceptance. The study
was carried out mainly based on WeChat (the most commonly used chat application in
China).

2.1 Questionnaire

Participants. A total of 63 people were surveyed. The participants with an average age
of 74.68 years old (SD= 5.62; age range: 61–83). In order tomore accurately understand
the use of online communication software for the elderly, the survey respondents were
randomly recruited in Taoyuan Street, and they all lived in first-tier cities.

Research Approach. The primary purpose of the questionnaire survey was to obtain
information on the use of online chat applications for the elderly user needs and to identify
suitable candidates for follow-up interviews. Considering that the elderly may not be
able to read the text or choose the wrong options, this questionnaire was conducted in the
form of questions, it ensured the authenticity and accuracy of the data. The questionnaire
mainly consists of two parts.We first listed five fundamental questions and grouped them
into two main themes: (a) personal information. (b) usage of WeChat. After filling out
the basic information, we asked participants a multiple-choice question about WeChat
usage, subsequent questions depending on how they answered the second question: (a) If
they are usingWeChat. Firstly, they needed to choose themost frequently used functions.
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Secondly, they should choose or answer whether they have difficulties in the learning
process of WeChat, and finally, choose or answer the questions encountered during the
use process. (b) If they have used it before. Firstly, they need to choose or answer why
not to continue. Secondly, choose or answer any inconveniences when learning or using
WeChat. (c) If they have never used WeChat before, they were asked to answer their
reasons for not using it.

2.2 In-Depth Interview

Participants. Among the participants who participated in the questionnaire, we
recruited ten senior citizens in the interviews, they are still using WeChat but had diffi-
culties using it or had used it before but gave up due to some difficulties. And Family
members who taught them to use WeChat were interviewed too. A total of 20 people
(ten senior citizens and ten of their families) were interviewed. The elder participants
with an average age of 73.5 years old (SD = 6.08; age range: 64–83).

Research Approach. To understand their usage, and find problems for improving the
UI design, we investigated and constructed the process of learning and using online
chat applications for the elderly. The grounded theory approach was adopted in data
collection and analysis (Charmaz, 2006; Glaser & Strauss, 2009). What’s more, the
‘mosaic method’ was used to reconstruct the process of learning, memory, and use. This
process has not been systematically studied, therefore we need to collect and encode
meaningful references and group them into coding categories.

For the accuracy and completeness of the overall process construction, during this
process, we adopted two criteria for selecting research targets: (a) First of all, the elderly
participating in the survey must be using WeChat or having used WeChat for some time
to prevent narrative bias caused by subjective factors. (b) Data collection in the form
of interviews is conducted on both the elderly who use the application and the family
members who teach them to use WeChat to ensure the integrity of the data. In this
way, we could get the actual situation of users from learning to using this application.
Then, the collected information was classified and summarized according to the research
groups, and through interviews with their familymembers, the process and difficulties of
teaching the use of WeChat to the elderly were mainly obtained. Through the interviews
of the elderly, we mainly got the process and inconvenience of their operation memory
and usage. Finally, we aggregate and integrate the classified information.

In order to construct the process from learning to using WeChat of the elderly, the
interview data should be transcribed and organized systematically. Firstly, ‘process ele-
ments’ were identified. Secondly, we draw out partial processes through each person’s
teaching or use process narrative. Next, we combined all partial processes in each group
into the overall processes using the ‘mosaic method’. After constructing overall pro-
cesses, we simplified them with ‘process chunks’ to identify each process. Finally, we
visualized them as a learning-memory-operation model. Figure 1 shows the research
procedure.
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Fig. 1. Research procedure.

Interview Procedure. In-depth interviews were used to investigate the operation pro-
cess from learning to using WeChat. Firstly, we let the elderly participating and their
families restore the process of using or teaching on the spot. Secondly, we asked which
part has been the most repeated one of the overall process. Finally, ask them which is
the most challenging part of the overall process and why?

Identifying Using and Teaching Processes. Although all transcribed data contained
information related to design processes, they did not describe it in the most straight-
forward language, and the data was intermingled with other information, such as the
description of the button and the personal feelings, Etc. Firstly, we distinguished each
step from their utterances and demonstration actions, then reduced them to process ele-
ments. Lastly, using the conjunctions they said in the narrative process as structural lines
to connect the process elements.

The next stage was to combine each participant’s processes into overall processes
via a ‘mosaic method’. In this process, we added process elements or merged process
elements according to the narratives of different participants. Through this stage, we
could better define these operating processes, and at the same time, it is easy to make up
for some problems caused by personal expressions and make the logic of the constructed
process system more compact.

Simplifying the Processes. In this process, on the one hand, we classified and sum-
marized related processes and classified them with different chunks; on the other hand,
we divided the overall process into three stages—learning phase, memory phase, and
operation phase. This simplified and systematic classification will make it easier for us
to find and define problems in the overall process. Figure 2 is the overall process from
learning to using WeChat for the elderly. Furthermore, Fig. 3 is the simplified one.
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Fig. 2. The process of learning and using WeChat for the elderly.

Fig. 3. The simplified process.
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2.3 Improved Interface Design

Result Analysis. Through the questionnaire analysis, we can know the current use of
online chat applications by the elderly and find out the problems subjectively found by
users. The questionnaire analysis shows the following three points: (a) there are 33% of
people still using WeChat and found it inconvenient; (b) 22% of them gave up using it
and found it challenging to use; (c) 35% of them could not use it without teaching or
think the learning process is too complicated; (d) the rest 10% can handle it quickly).

Although the Easy Mode of chat application has been widely used, through this
survey, we can also clearly find that the elderly have specific difficulties with learning
and using it. Among them, (a) 77.78% of people think that the functions they need are
not easy to find; (b) 44.44% of people think that the operation is complicated and hard to
learn; (c) 56.67% of people think that it is challenging to recognize icons and characters
(including not being able to see clearly or thinking the recognition process is very tiring).

In order to understand the problem more comprehensively, we found five objective
factors through the flow chart: First, family members or friends need to spend a lot
of time and energy on the specific process, especially the process of identifying icons
and confirming the location of icons. Second, they need to repeat and demonstrate
continuously. Third, there are few functions that the elderly use. Fourth, memorizing
icon shape, location, and operation requires constant repetition. Finally, it takes time
and effort to find the icon they need.

Problem Definition. Combinedwith questionnaire data analysis and process chart anal-
ysis, we can summarize the following four questions for the elderly in the process from
learning to using:

• We can find that only few functions are commonly used by the elderly. Before using
it, they identify first the very few functions they want to learn. At the same time, they
think that there are too many functions and even affect the use of the functions they
need.

• Since the elderly’s identification ability of graphics decreases after aging, it is difficult
to distinguish the functional icons they need among many minimalist icons.

• There are also difficulties in the process of learning for the elderly. On the one hand,
they think the learning process is arduous. On the other hand, it takes a certain amount
of time and energy of their family to teach them how to use it, and it is easy to give
up in this unpleasant process.

• The problems of the elderly using online chat applications are not something that can
be solved just by enlarging fonts (the form that EasyMode now takes). Because in the
survey, we can find that even if the Easy Mode is adopted, there are still many people
who think that the text is not easy to recognize, and the excessive enlargement of the
font also causes some problems (such as easy to miss information, make the interface
unsightly, Etc.).

Design Philosophy. After discovering these problems, We hope to find an easier iden-
tification and memory method for the elderly and minimize the impact of superfluous
functions on their primary functions. We found that color could promote orientation as
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a cue during the research process, and the elderly think using color as memory support
is practical [8]. In this case, many reports show that non-pathological aging will cause
visual problems. We found that the elderly have a better memory of orange in general
[9]. Therefore, we adopted orange as the main colour which is easy to remember and
identify in the interface design. At the same time, we found that color can represent
some emotional meaning [10], orange can give people a sense of vitality, and the elderly
prefer bright colors.

Interface Redesign. In the process of interface design, to ensure the accuracy of the
experimental results, it is necessary to control variables, so we should make as few
changes as possible. Therefore, in prototyping, we kept the original layout format and
changed the following three points:

• Change the color of the primary button.
• Change the color lightness to distinguish the importance of buttons.
• Simplify the interaction of the primary function.

On the one hand, by observing the data, the functions most frequently used by the
elderly are voice message (77.78%), voice call (77.78%), and video call (66.67%). We
can clearly find in the improved prototype Fig. 4 that the particular buttons are marked
with different brightness of orange to indicate the importance of icons. Compared with
the original UI design, which only deepens the color in the dialog box, the improved
color indication design hopes to make the learning process and use process of the elderly
simpler and faster. On the other hand, in the interaction process of the prototype with the

Fig. 4. Hi-Fi prototype with color indication & simplified operation
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original UI design Fig. 5, the voice call and video call instructions are placed together
under a video icon so that the interaction is complicated, and it takes two clicks to select
the function they need. Therefore, in the modified prototype Fig. 4, they are placed
respectively under the icons representing phone and video.

2.4 Experiment

Participants. A total of 20 participants were involved in this study. They all useWeChat
occasionally.All of the elder participantswere recruited from the townships inHenan.All
the participants were in good physical and cognitive condition and had the ability to read
Chinese characters and operate themobile phone. The participants were divided into two
groups: Group A with an average age of 64.7 years old (SD = 4.11; age range:59–73);
and Group B with an average age of 60.7 years old (SD = 4.14; age range:58–70).

Fig. 5. Hi-Fi prototype original

Experimental Design. The UI design was changed based on color cognition and user
demand to investigate whether it will positively impact the usage of the application.
The experiment is carried out under the condition that the UI interface design of the
two prototypes is only different in color and few buttons to control the variables. We
used Figma to make the Hi-Fi prototypes used in the experiment, and the participants
operated with an iPhone 11 adjusted to the same brightness during the experiment.

Firstly, recorded the basic information about the subjects. Secondly, 20 subjects
were equally divided into two groups, ten people in each group. Group A used the Hi-Fi
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prototype original to complete the experiment, and Group B used the Hi-Fi prototype
with color indication & a simplified function to complete the experiment. Then, five
minutes of teaching and answering questions were conducted on the operation steps of
the three functions most frequently used by users.

After that, the participants were asked to operate the prototype immediately to com-
plete the three commands in turn. According to the Ebbinghaus forgetting curve, it can be
known that memory declines most rapidly within twentyminutes. After 15min, repeated
the operation of the three commonly used commands. The time used for the above oper-
ation is timed during the operation, and the number of clicks is recorded. Then, the
experimental data were analyzed to determine whether the improved chat application
UI design based on color cognition and user demand is effective for the elderly.

In the final phase of the experiment, the other prototype’s usage was introduced
to each group. So they could better understand their different UI design. And then,
subjective evaluation was measured by the 5-point Likert scales based on five aspects:
ease-of-use, ease-of-study, the effort needed, helpfulness, and satisfaction. The entire
experimental process will be controlled within 30 min.

Procedure. We tried our best to control the external interference during the experiment.
The experiment was conducted in well-lit and relatively quiet external places, with one
participant and two experimenters there at one time.

Before the experiment, each participant had learned how to use the basic three-
function operations through the teaching of the experimenters, and they were allowed
to freely explore the usage of the prototype and ask questions for 5 min. Following
that, participants completed three tasks, and the experimenter recorded the time and the
number of clicks they took from receiving the instruction to finishing the operation.

After the experiment, the experimenter gave a brief introduction to the operation
of another prototype, and the participants were asked to fill out a subjective evaluation
questionnaire.

3 Results

The experiment compared the performance in two groups and subjective evaluation of
the participants. The possible effects of color cognition and user demand were also
investigated.

3.1 Data Analysis

We can find that the data was not normally distributed through the normality test. The
non-parametric testing was then utilized to analyze the results in SPSS. Specifically, the
Mann-Whitney testwas employed to compare the differences in operational performance
between two groups.

Comparison Between Two Groups (Immediately). Mann-Whitney test analysis was
used to compare the difference of operating performance between two groups using dif-
ferent prototypes. This analysis mainly studies the operation performance of starting the
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Table 1. Statistics of app operation time (immediately).

Task Group Operation time Z p

Task 1 1 15.695 (12.863−16.910) −3.780 0.000

2 8.160 (7.340−9.130)

Task 2 1 15.525 (12.205−23.010) −3.780 0.000

2 7.585 (6.863−8.978)

Task 3 1 15.410 (10.100−21.705) −3.630 0.000

2 6.895 (5.665−8.428)

Table 2. Statistics of app operation time (after 15 min).

Task Group Operation time Z p

Task 1 1 8.655 (6.825−10.363) −1.209 0.274

2 5.975 (4.8875−10.313)

Task 2 1 10.440 (9.003−11.678) −3.780 0.000

2 4.645 (3.558−5.980)

Task 3 1 10.390 (9.490−11.340) −3.780 0.000

2 4.185 (3.185−5.513)

Table 3. Statistics of the number of clicks (immediately).

Task Group Number of clicks Z p

Task 1 1 4.00(3.00−5.00) −0.698 0.529

2 3.50(3.00−4.25)

Task 2 1 5.50(4.00−7.00) −2.131 0.035

2 4.00(3.00−5.00)

Task 3 1 5.50(4.75−6.00) −3.191 0.001

2 3.00(3.00−4.25)

Table 4. Statistics of the number of clicks (after 15 min).

Task Group Number of clicks Z p

Task 1 1 3.00(3.00−4.25) −3.107 0.002

2 6.00(4.00−7.00)

Task 2 1 8.00(7.00−9.00) −3.628 0.000

2 4.00(3.00−5.00)

Task 3 1 8.00(6.75−9.00) −3.506 0.000

2 4.00(3.00−5.25)
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Fig. 6. Operation performance (immediately).

Fig. 7. Operation performance (after 15 min).

operation immediately among two groups. Firstly, Fig. 6 clearly shows us the difference
in the operation time and the number of clicks using a visualization of the weighted
median change. Secondly, through the analysis of the completion of task 1 (send a voice
message). In terms of the data, the results in Table 1 and Table 3 revealed that the oper-
ation of two groups with different prototypes did not show much difference in time (Z
= −1.209, p = 0.274), and the number of clicks (Z = −0.698, p = 0.529), which also
proved that there was no significant difference in the instantaneous memory between the
participants from two groups. Third, the improved UI design simplified the operation.
On the one hand, the data of manipulation time in task 2 (Z = −3.780, p = 0.000) and
task three (Z = −3.780, p = 0.000) showed that the time required for the experimental
operation of Group 2 was shorter than Group 1. On the other hand, the data in task two
(Z=−2.131, p= 0.035) and task three (Z=−3.191, p= 0.001) showed no significant
difference in the number of clicks.

Comparison Between Two Groups (After 15 min). This analysis mainly studies the
operation performance after 15 min among two groups. Firstly, Fig. 7 clearly shows us
the difference in the operation time and the number of clicks using a visualization of
the weighted median change. Secondly, From the data analysis in Table 2, it shows that
the participants from Group 2 need shorter operation time in three tests (p < 0.05) than
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Group 1. Finally, the analysis from Table 4 indicates that the participants from group 2
need a fewer number of clicks in three tests.

Subjective Evaluation. A comparison of 5-point Likert scale evaluations in Fig. 8
shows the participants of two prototype designs. They evaluated significantly higher
in the prototype with optimized UI design among C1: ease-of-use, C2: ease-of-study,
C3: helpfulness, C4: satisfaction, and they also think that it needs less effort (C5).

Fig. 8. 5-point Likert scale

4 Discussion

First of all, when online chat application has become an indispensable part of communi-
cation today, this project considers the needs of the elderly and finds out the problems of
the usage from learning to using. Secondly, this project takes WeChat (the most widely
used chat software in China) as the reference. For the first time, we studied the elderly’s
operation process from learning to use of chat applications systematically. The prob-
lems existing in the use process were found from an objective point of view through the
flow chart. Combined with the subjective issue collected by the questionnaire, the usage
problems were summarized. We found that it is a good penetration point to improve the
UI design based on color cognition and user demand based on the research. In that case,
an optimized UI design is made based on WeChat.

After that, data were analyzed using Mann-Whitney test analysis. The data shows
that: the improved prototype requires fewer operations time and fewer clicks. Therefore,
it can be seen that the guidance of colors and the simplification of commonly used
functions are beneficial to learning and memory. At the same time, we also found the
main effect of this improvement by analyzing the data: the optimized UI design mainly
shortens the time it takes for users to find the button. Even if we changed the brightness
of the icon, this design only has a modest positive impact on users’ misclicks, so it is
vital to discuss the number and color change of the colored icons.

https://doi.org/10.1007/978-3-031-05581-2_8
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What’s more, even with objective data comparison, we believe that the user experi-
ence is essential. Therefore, at the end of the experiment, the participants subjectively
rated the operation of the improved prototype and the original prototype, and the results
showed that users received the optimized UI design well. The interface design of chat
application for the elderly based on color cognition and user demand are effective.

Finally, the elderly are major users of mobile applications that cannot be ignored.
This experiment provides a new approach to interface design in Easy Mode that uses
specific colors as cues and memory aids. Many excellent experiments have proved that
the elderly haveminor deviations in specific color memory. However, this research result
has not been used in the design of the aging-friendly interface. Therefore, in the case
of elderly cognitive function and visual function degradation, the application of color-
assisted memory in the UI design process can be further explored. Indeed, changing the
color scheme is very easy to implement in UI design.

5 Conclusion and Future Work

According to the data analysis, the interface design of chat applications for the elderly
based on color cognition and user demand is helpful. During this period, the optimized
UI design based on color cognition positively impacts the user’s use, but appropriate use
of color becomes a new problem. At the same time, due to some limitations, the number
of participants in the experiment is small.

At the same time, we can also know that some senior citizens are not only satisfied
with the convenience brought by social software, many of them also use many entertain-
ment applications that young people commonly use, and it also brings many problems
for the elderly. The problem of the aging population is getting worse; the elderly will
be a significant user group of mobile applications that cannot be ignored. Encoding the
usage process of users into a systematic process instead of just making a questionnaire
may contribute to the UI design of particular users because the user can not articulate
the real problem sometimes.

Therefore, we hope that this project can provide a new idea for the Easy Mode
design on the mobile application. Use color wisely, and consider the real needs and
physiological conditions of users in the design of the age-friendly interface.
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Abstract. This paper presents the preliminary results of two research projects
conducted in Croatia and Europe that tackle the issues of digital literacy and the
digital divide among older citizens. This methodology combines both quantitative
and qualitative research methods, including a public opinion poll and a case study
with intergenerational workshops on digital and media literacy. Both studies were
conducted during the pandemic, after the second half of 2020 and in 2021, thus
providing information about unexpected and imposition uses of digital technolo-
gies among older people and both revealed low levels of participation in the digital
environment associated with the lack of digital skills and weak infrastructure. The
innovative concept of the research was also highlighted through the involvement
of journalism students, which contributed to the promotion an intergenerational
guidance and support to older people. This support was provided mainly in terms
of promoting online digital literacy.

Keywords: Digital divide · Digital literacy · Participatory workshops · Older
people · COVID-19 · Croatia

1 Introduction

In an ageing European society, the intergenerational approaches towards improving
media use in the context of everyday life constitute a safer path. Therefore, through the
Green Paper on Ageing, the European Commission has recently promoted actions and
attitudes of solidarity and responsibility between generations, which includes using tech-
nologies in learning-based contexts, as well as with regard to the issues such as health
and work. [1]. Nevertheless, age is still one of the essential variables in Internet use. In
the meantime, research has shifted from the classical concept of “digital divide” to the
concept of “digital inequality” defined by Büchi and Hargittai [2] as “the systematic dif-
ferences between individuals of different socioeconomic backgrounds concerning their
access to, skills in, uses of and outcomes derived from engagement with digital media”.
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Research has mainly focused on the participation of individuals in society concerning
media literacy activities [3]. However, researchers have also established that older peo-
ple, for the most part, were not addressed as citizens with active roles at local, regional
and international levels. Moreover, the age usage gap has become even more dominant
in the pandemic due to an increased media and social networks usage during lockdowns.

In the last two years, we have also learned that the global pandemic has empha-
sised the relation between digital literacy, media literacy and health literacy, especially
concerning older people [1, 4]. Research has also shown a positive correlation between
media literacy and health literacy; the higher health literacy, the higher media literacy
[5]. Moreover, social isolation has become a growing problem in hyper-connected soci-
eties, especially among older citizens [6]. Surprisingly, in an unexpected situation of the
pandemic, news can positively influence making a connection between older people and
society, thus contributing to their well-being [7]. This particular aspect is relevant to the
research presented in this paper, since some of the subjects addressed by our survey con-
ducted with older people were related to disinformation contexts. The European project
SMaRT-EU – Social Media Resilience Toolkit (European Commission, LC-01563446)
evidenced these aspects, not only in terms of the digital divide but also in terms of
the foundational relationship that older citizens establish with news and through this
relationship with their social and health needs as well, in an interdisciplinary form [8].

SMaRT-EU has developed participatory workshops in Croatia, Estonia, Belgium,
Portugal and Wales. This article will focus on specific experiences of older adults in
retirement homes in Croatia, their media usage, and digital competencies. In the time of
lockdown, they could not meet members of their families and relatives in person. Even
after the 2020 lockdown, the measures proclaimed by the governments made it more
difficult for them, as users of retirement home services, to communicate in person, face
to face with their families.

Nevertheless, this challenge has been tackled with ICT, communication platforms,
and different applications without previous knowledge and experience. This has led to
significant exposure to disinformation and misinformation on the Internet and social
networks. However, even before the pandemic, certain challenges of digital literacy of
seniors were identified [9, 10]. It was established that “they initially approach new tech-
nologies by applying the media practices they picked up during adolescence, including
the logic inherent in these practices, and then repeatedly find themselves confronted
with – and above all amazed by – all the other possibilities these technologies have to
offer” [9]. As they advance their skills necessary for using social network platforms to
establish communication, they become aware of many risks and opportunities of the
digital world. However, mainly due to a lack of any previous experience in digital liter-
acy education, there is still no evidence-based usage strategy concerning the challenges
mentioned above.

2 Theoretical Framework

Despite the increase in the use of new technologies among older people, the percentage of
senior citizens using them is still lower than in other age groups [11], particularly among
those living in care homes, who aremost likely to be digitally excluded or restricted [11].
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In this line of thought, the researchwith older people has to reinforce the need to consider
the context, including the individual needs and the risk of exclusion in many variables.
Neves and Mead [11] call attention to the need to avoid implementing measures that try
to fit the same recipe in diverse contexts:

“A comprehensive digital inclusion policy must account for diverse social con-
texts and avoid the ‘one-size-fits-all’. For example, digital literacy programmes
targeting older people should consider both individuals’ needs and aspirations per-
sonalisation) and their social contexts, such as living settings or family interaction
contextualisation)”.

Supported by data from a longitudinal mixed-methods study of a co-designed app
for older people, the research team also established that “learning to use new technology
in later life rests on various socio-technical factors; these factors challenge assumptions
of homogeneity or passivity of frail older people and highlight the need for a relational
understanding of people and technology” [11].

Internet use among older people is very diverse and fluctuant; “[it] is an all-or-
nothing issue: seniors tend to be either intense Internet users or non-users with only
few in between” [12]. The research showed a significant difference between the media
consumption of youth and older people in our society [8]. However, the digital divide is
yet primarily identifiedwith older people [12], with income and education to be indicated
as relevant predictors, without neglecting the social context (friends and family) [13].

“(…) the access divide is only the first gap, and many more gaps need to be closed
before we can assume an inclusion of seniors within today’s new media society.
However, the finding that only about a third of all seniors older than 65 are online
indicates that the first and very basic digital divide is still the one that needs to be
overcome first” [12].

Improving digital literacy skills among the so-called digital immigrants is demand-
ing. The challenge increases if we consider older citizens and especially among those that
are in care homes and retirement homes. A systematic literature review on the empirical
studies promoting media literacy among senior citizens [8] indicated that creative pro-
cesses were rarely used in the research, opening the door to participatory and innovative
proposals. The same happened with blended and online pedagogical interventions. The
online recommendations were related mainly to the need to improve basic technological
skills or to use health devices. At the same time, the role of tutors, educators, volun-
teers and young people were considered as decisive in the success of the intervention
processes [6, 8], which indicates the relevance of the intergenerational approaches.

As emphasised at the beginning of this text, all these challenges were raised as
the pandemic broke out in 2020. As Skałacka and Pajestka [14] point out, physical
distancing helped to avoid COVID-19 spread. On the other hand, however, it reinforced
social distancing, notably in contexts of older people’s lives, and online communication
was and still is a form of surpassing the isolation. Some studies, however, show that
this online life has had negative implications on mental health [13, 14]. The research we
present in the next sections will precisely address the issue of how older citizens faced
and interacted with technology during the COVID-19 pandemic.
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3 Methodology

Our research design consists of one quantitative and one qualitative research methods:
a public opinion poll and a case study, namely intergenerational workshops on digital
and media literacy.

3.1 Public Opinion Poll, General Audience – National Level

In 12/2020 Croatia was one of the first countries in Europe that implemented the public
opinion poll on the attitudes of the public towards the media and the pandemic. The new
research insights weremade possible through the scientific research project JOURLAB–
Journalism Research Lab: Credibility of Media through Culture of Experiments and
innovation in the newsrooms financed by the Croatian Science Foundation. This research
was organised by a research team at theUniversity of Zagreb, Faculty of Political Science
and was conducted by IPSOS PULS in November and December 2020 on a N = 1009
(18 +) representative national sample. A 50-min questionnaire in households has been
implemented in combination with an Internet panel. Our overall goal was to gain new
insights into trends of trust in media and professions, news avoidance and the role of
media in the COVID-19 crisis.

3.2 Intergenerational Workshops on Digital and Media Literacy

As our second method, we used a case study of participative activities with local inter-
generational communities in five European countries on seven different topics and six
languages, implemented and organised in 2021 within the EC-funded project SMaRT-
EU – Social Media Resilience Toolkit, an intergenerational project. In 2021, a total of 50
workshops were implemented for 400 participants with the support from project partners
but also with assistance from eight institutional partners at the local level. Thanks to the
support from the institutions providing services to older adults such as the Retirement
Home Sveta Ana (Dom za starije osobe Sveta Ana Zagreb) or the Foundation Joint Path
(Zaklada Zajednički put), in Zagreb, the capital city of Croatia, we had the opportunity
to test the new innovative face-to-face (F2F) intergenerational approach to digital media
education as a possible solution to overcoming the digital literacy gap between younger
generations and older people. Other studies had previously identified the lack of an
intergenerational approach [8]. In the centre of our model are older people empowered,
guided, and supported in navigation through digital challenges by young journalism and
communication science students.

4 Key Findings from the Public Opinion Poll

In the second half of 2020, the research on public opinion towards media credibility
and the role of media and social networks in providing information about COVID-19 at
the European ground was scarce. To the best of our knowledge, this research is the first
of its kind in virtue of being the first European national representative research study
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in peer-reviewed journals with public opinion research at the national representative
sample focusing on media and COVID-19 in 2020 as keywords.

The Croatian research within the JOURLAB scientific project, as explained in the
introduction, offered new insights into the role of media in times of pandemic and
identified significant differences between different age groups. The data gathered in
Croatia suggest that there is an evident digital divide that increased even further during
the pandemic. There were significant differences in consumption of social media and
Internet portals among different age groups during the pandemic.

With regard to our research we asked the respondents the following question: How
do you get informed about societal and political events (Internet portals)? The great
majority (83%) of those 70 + have never used an Internet portal to be informed about
societal and political events, in comparison to only 5,6% in the 18–29 age group. Yet,
this age group is not the one with the highest percentage in the overall daily consumption
(62,2%). Actually, 64,5% of those in the 40–49 age group claim to use Internet portals
on a daily basis (Fig. 1).

Fig. 1. How do you get informed about societal and political events (Internet portals)? (N= 1009)

Nevertheless, this digital divide turns out to be even more prominent when respon-
dents are asked about the usage of social networks when trying to be informed about
societal and political events (Graph 2). 92% of those above 70 have never used it for this
purpose and only 4% are using it on a daily basis. At the same time, 56,1 of those aged
18–29 are using it on a daily basis. The difference in usage of social networks is thus
further emphasised, which confirms that the age variable is significant (Fig. 2).

If 92% of senior citizens in a specific country such as Croatia never use social
networks and 83% never use Internet portals for information about societal and political
events, it can be noticed that the fundamental precondition for digital literacy and media
literacy – the possibility and capability to use media and these channels – has not been
fulfilled.

https://doi.org/10.1007/978-3-031-05581-2_2
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Fig. 2. How do you get informed about societal and political events (social networks)? (N =
1009)

In times of pandemic, this can be seen as a huge obstacle in trying to achieve the
improvement in media literacy or digital literacy competences. The situation was even
more complicated as Croatia faced major earthquake devastation in March (the region
of Zagreb) and in December 2020 (the region of Banovina), which made it almost
impossible to provide any kind of face-to-face workshop in the retirement homes. At
the same time, seniors relied to a great extent on content produced by traditional media
such as radio, print and television. The pandemic situation led to new discussion on the
existing concepts of digital choice and digital exclusion and digital inclusion of adults
in online learning [15]. Within the divide studies, research also focused more closely
on the age variable and developed a new field labelled as “grey divide” which refers
to researching the “inequalities between age groups with special attention to the oldest
members of society in comparison with their younger successors” [16].

Yet, if we focus on the general role of media in better understanding of crises we see
that, on thewhole, themedia helped in better understanding of crises, especially in the age
group 70 + where 66% mostly or totally agree with the above statement. A significant
reliance on the media by seniors was increased during the pandemic. In general, we
can see that the older the audience, the reliance on the media content will have a more
significant role. This is especially important in times of pandemic and lockdown, and
primarily for those vulnerable members of society that are not in a position to discuss
and share their thoughts and opinions with others (Fig. 3).

Finally, we asked the respondents to share their opinion on the role of different actors
and stakeholders in “fight against disinformation and fake news“. In previous graphs we
provided evidence of overall usage of social networks and Internet portals contextu-
alised in the COVID-19 pandemic. Within all target groups, media were identified as
the most responsible stakeholder for fighting against disinformation and fake news. In
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Fig. 3. The media has helped me in better understanding of crisis (N = 1009)

the youngest and oldest target groups, almost the same opinion on the role of media can
be identified (Fig. 4).

Fig. 4. In your opinion, who should fight against disinformation and fake news? (N = 1009)

5 Intergenerational Workshops on Digital and Media Literacy

In the previous section, we presented the results of the public opinion poll in Croatia
that identified an urgent need to overcome the evident divide and exclusion of seniors
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from the digital environment. Based upon the presented research results, we know that
the digital divide is omnipresent in all countries in the region, to a greater or smaller
extent.

Our main goal was to create, prepare and implement intergenerational workshops
where seniors would meet young people and students, share their knowledge, reflect,
analyse and evaluate media messages and learn about the risks and opportunities of
social networks and Internet portals. In this case study, we will give an overview of 50
workshops implemented in six languages in five countries throughout 2021.

As one of the cornerstones of our local activities, we introduced a new pedagogical
model in times of pandemic – face-to-face individual consultations primarily in Zagreb,
Croatia, with the support from local partners such as the City of Zagreb and the Retire-
ment Home Sveta Ana and the Foundation Zajednički put. Even during the pandemic, we
were able to provide support to seniors. One of the users in Croatia made the following
statement: “I would like to personally thank you. I’m 90 years old and although I’ve
been using the Internet since 2010. I would like to thank you”. However, for some of
the users this was the first time they had used a tablet and even the first time they had
used a search engine. As we were introducing the different topics such as disinformation
and fake news, as well as topics such as social media and clickbait, the reactions of the
seniors were surprising: “This was a totally new topic for me. What a great surprise”.
At the same workshop, another 70 + user said: “I would like to thank you for thinking
also about seniors in this pandemic time”.

Beside F2F consultations in three partner countries, we also introduced a newmodel
where journalism and communication science students empower seniors and help them
overcome the digital divide. This model helped us gain new insights into seniors’ moti-
vation, but also the challenges and fears they face, as well as into their competences and
knowledge, while they were opening to the students asking for help and support. Their
questions and interventions could be classified into the following categories:

1. Technical – infrastructural challenges
2. Privacy issues
3. E-citizen activities
4. Critical digital literacy perspective

In line with the previous studies - where we already saw that the digital divide
concept is determined by diverse socio-demographic variables - we have learned that
the main reason for the evident low participation level in the digital environment is
lack of digital skills and weak infrastructure. As far as privacy issues are considered,
there is a growing need by users to learn how to protect their privacy in virtual space.
This was perhaps one of the most prominent challenges in our workshop spotlighted
by our users: “Can you please teach me how to make my own FB profile, but without
being visible to others? Can you help me with cookies?” Even from the perspective of
journalism students, these types of questions were not expected as none of the workshop
curators couldpredict these upper intermediate interventions.Thirdly,we also recognised
a possible opportunity to promote e-citizenship as an increasing number of seniors in
Croatia showed interest to improve their usage, knowledge, and participation in the e-
citizenship platform. In individual consultations, journalism students were enthusiastic
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to empower users and try to find answers to their questions such as: “I would like to
open my e-citizen profile. How hard is it?” Lastly, at the final stage of our workshops
- Critical digital literacy perspective - we promoted critical digital literacy discussions
on disinformation and clickbaits. In general, this activity opened a new perspective on
understanding our users’ needs as they were able to reflect and recognise the side-effects
of media content they were exposed to. Table 1 is original evidence of the huge interest
in disinformation and fake news as topics with the greatest number of implemented
workshops. Finally, among users that participated in the workshops in Croatia, 97,5%
(47 respondents) would recommend these workshops to their colleagues and friends.
Even after the official end of the project, this cooperation has been continued in 2022
based on the need analysis.

Although SMaRT-EU had already been implemented by different types of insti-
tutions (universities, NGOs, and private companies), we established cooperation with
eight local supporting institutions as well. Among those already mentioned from Croa-
tia, intergenerational programmes will be promoted on a long-term scale thanks to the
support from S-Plus vzw (Belgium), the second biggest membership organisation for

Table 1. SMaRT-EU workshops participants.

Institution Topic of the workshop Online/Offline End users Participants Workshops

DKMK (HR)

Disinformation and Fake News Offline
Seniors, Journalism 

Students 55 4
Social Media and Good 
Manners Offline Seniors 20 2

Privacy and Digital Footprint Offline Seniors 20 2
The Role and Influence of 
Influencers Offline Seniors 20 2

Clickbaits in Social Media
Online-
webinar Seniors 92 1

Individual Consultations Offline Seniors 12 12

COFAC (PT)

Disinformation and Fake News Online 
Journalism Students, 

Youth, Adults 7 3
Social Media and Good 
Manners Online

Journalism Students, 
Youth, Adults 16 1

Privacy and Digital Footprint Online
Journalism Students, 

Youth, Adults 17 1
The Role and Influence of 
Influencers Online

Journalism Students, 
Youth, Adults 13 1

Civic Engagement Online
Journalism Students, 

Youth, Adults 8 1

Clickbaits in Social Media Online Adults 5 2

PONTYDYSGU SL 
(UK)

Disinformation and fake news Online/Offline 
International group/youth 

and seniors 9 2

Privacy and Digital Footprint Online/Offline 
International group/youth 

and seniors 9 2

Civic Engagement Offline
International group/youth 

and seniors 11 2

Clickbaits in Social Media Online/Offline 
International group/youth 

and seniors 10 2

IMEC/MEDIAWIJS 
(BE)

Disinformation and Fake News Online Seniors 32 4
Social Media and Good 
Manners Online Seniors 9 2

Clickbaits in Social Media Online Seniors 3 1

General Introduction Online Youth 3 1

TARTU UNI (EST)

Disinformation and Fake News Online
Journalism Students, 

Youth, Teachers 56 2
The Role and Influence of 
Influencers Online Journalism Students 19 1

https://doi.org/10.1007/978-3-031-05581-2_1
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seniors in Flanders-Belgium; COFAC –Civitas Braga, Escolhe Vilar and Daycare senior
institution (Portugal); TARTU - Energia avastuskeskus (Estonia).

6 Conclusion

Our research has confirmed that the “digital divide”, “digital inequality”, the “grey
divide” and “digital exclusion” are present within the European context as showcased
by Croatia. These challenges were boosted by pandemic context and further reinforced
within the population of seniors in retirement and care homes, especially in times of
lockdown throughout the world. Their participation in society is far more than just an
everyday usage of diverse applications for communication with friends and relatives.
Hence, pandemic has also led to a new understanding of the advantages of digital inclu-
sion, especially in relation to health literacy. Seniors, as the oldestmembers of our society
indeed have a need to be informed and to participate in our digital societies. However,
they also differ through so many variables: their experience, previous knowledge, media
usage habits, expectations from media, etc. Yet, there is an evident need that they want
to learn more and to find new ways of communication and participation with digital
media usage. This was proved by our intergenerational workshops and individual con-
sultations as a new model of curation and educational space where youth and students
together with seniors gain new knowledge and understanding of the challenges in the
digital society. The digital divide gap between youth and seniors is asking for a new pol-
icy approach and for large-scale cooperation between all stakeholders in our societies
with the goal to empower seniors and create better conditions for them to participate
in the virtual space. Their digital literacy and media literacy competences are the main
precondition for inclusion and participation as e-citizens in their respective societies,
especially in times of pandemic and dramatic changes where seniors are still one of the
most vulnerable members of our societies.
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Abstract. In this paper, we convey the results of our digital fieldwork within
the current mediascape (English) by examining online reactions to an important
source of cultural influence: the news media’s depiction of older adult’s stress, the
proposals offered to older adults to assist them in coping with the stress of living
in the COVID-19 pandemic, and finally, the responses of online commentators to
these proposals. A quasi-automated social network analysis of 3390 valid com-
ments in seven major international news outlets (Jan-June 2020), revealed how
older adults were generally resourceful and able to cope with COVID-19 stress.
For many in this technology-using sample, information and communication tech-
nologies (ICTs) were important for staying informed, busy, and connected, but
they were not the primary resources for coping. Although teleconferencing tools
were praised for facilitating new forms of intergenerational connection during the
lockdowns, they were considered temporary and inadequate substitutes for con-
nection to family. Importantly, older adults objected to uncritical and patronizing
assumptions about their ability to deal with stress, and to the promotion of ICTs
as the most important coping strategy. Our findings underline the necessity of a
critical and media-ecological approach to studying the affordances of new ICTs
for older adults, which considers changing needs and contextual preferences of
aging populations in adoption of de-stressing technologies.

Keywords: Older adults · Social media · COVID-19 · Social isolation · Stress ·
Coping · ICT · Communication · News media · Ageism

1 Introduction

1.1 Background

Being the first to experience the hazards of COVID-19 (Corona Virus Disease, 2019)
in terms of contagion vulnerability and social isolation, older adults became the subject
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of many inquiries into how to reduce their stress by increasing their access to the safest
tool for staying connected: information and communication technologies (ICTs).

Often, technological innovations are promoted to reduce the stresses of living in an
unpredictable natural world by increasing the ability of humans to control this world
and by extending the capacity for prediction, prevention, and intervention against harm.
However, in doing so, all new technologies impact the lives of those who must negotiate
their use. This negotiation is not only related to how physical aspects of life are affected
by ICTs, but also to their psychological and cultural effects [1].

A host of discourses and debates on the conflicting social impacts of ICTs have been
raised in the academic literature: they have been promoted as a means for providing
tele-health or social connectedness, but there is fear of ICTs becoming used for surveil-
lance [2], reducing the complexity of human experience to machine learned data [3],
propagating mis-information [4] and promoting stigma [5, 6].

Even when technologies are not perceived negatively, they are not necessarily effec-
tive. A pre-pandemic feasibility study by Apple et al. (2019) illustrated that introducing
VR (360 videos of nature) to 66 individuals in their 80s was successful and feasible; yet
after trying the VR systems, participants felt less rested, less curious, and significantly
more lonely [7]. While on the one hand, social media seem to provide a relief from the
stresses related to COVID-19, they may become emotionally overwhelming, stressful
and a source of false information and negative messaging [8].

An important factor in the mediation of cultural and psychological stresses of new
technologies is that the media-created stereotype of age-related deficits. For example, by
paying significant attention to age-related limitations in cognitive and physical abilities
of older adults, perceptual limitations or corrective benefits of ICTs, there is often an
implicit equation of aging with quantifiable and deterministic forms of disability. How-
ever, research indicates that age alone is not a predictive factor in determining usage or
non-usage of ICTs [9–11]. It has also been shown that older adults deviate and tailor
ICTs to their own needs, irrespective of the purpose for which they are promoted [12].

The trend towards mediatization of aging, in which media plays an important role in
creating social, political and institutional cultures that are created from the omnipresence
of media (or ICTs) in today’s world, could become detrimental when age becomes
equated with deficit and exclusion [13]. In their examination of discourses within a
Canadian newspaper (The Globe and Mail) Fraser et al. (2016) found that the majority
of articles created negative stereotypes of aging that reduced the willingness of older
adults to seek help when needed [14]. In the context of COVID-19, Morgan et al.
[15] conducted a similar study, examining 91 articles that referred to older adults and
COVID-19. They found that the news coverage typically referred to older adults as a
nameless, homogeneous ‘other’ group who were overwhelmingly framed as being at
risk and passive, thus stigmatising older adults as inherently vulnerable, rather than as
situationally at risk. A study of the Chinese news media yielded similar results, finding
that an overemphasis on age framed as a biomedical disability and as risk factor, led to
less attention being paid to the socioeconomic circumstances that would alter the quality
of older people’s lives at any age [16]. Messaging about the vulnerability of older adults
during COVID-19 led to strict measures to reduce risk, but that subsequently increased
their isolation [17].
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Media creates messages not only by its content, but also by creating public reactions
to itself which deserve attention. A qualitative analysis of 18,000 tweets containing the
keywords “elderly,” “older,” and/or “boomer” plus the hashtags “#COVID19” and/or
“#coronavirus” inMarch 2020, demonstrated that almost a quarter of tweets downplayed
the importance ofCOVID-19 because it was ‘only’ deadlier among older individuals, and
that 14% contained offensive content or jokes disparaging older adults [18]. Expanding
the same search to more than 82,000 tweets using automated methods, another group
found more concerning results: almost 73% of jokes ridiculed older adults, half of which
were death jokes [19]. Interestingly, performing a thematic analysis of the Weibo (the
Chinese equivalent of twitter), revealed a different pattern of representation: “older adults
contributing to community” [20].

As such, the aim of this study is to examine the mediated discourses on being old
(or senior), COVID-related stress, and ICTs (published in news media articles), against
the on-line responses of the older readers of those articles, expressed in comments on
the websites, Facebook and Reddit feeds of those articles.

1.2 Research Objective and Approach

This study deploys a novel methodological framework at the intersection of Lazarus’
Transactional Theory of Stress [21] and McLuhan’s ecological Media Theory [22].
We have provided examples of this interdisciplinary mixed-methodological approach
elsewhere [8, 23, 24]. Briefly, media ecology argues that while technological innovations
aim to extend our body’s capacity for surviving more easily and comfortably, they affect
both physical and cultural (thus psychological) aspects of our lives [1, 22]. In Richard
Lazarus’ Transactional Theory of Appraisal and Coping, stress is understood as an
adaptive mechanism that is tied to a host of perceptual and behavioral variables that vary
with an individual’s appraisal of the significance of the stressor, and its potential impact
on one’s life [21]. As early as in 1960s, it has been shown that different perceptions of
the same media-experience would induce different bodily stress responses [25].

The unique context of the COVID pandemic allowed for an examination of the inter-
actions between a stressful event, the diffusion of ICTs among those who are presumed
to be vulnerable to physical and mental harm, and the potential beneficiaries of ICTs
that mitigate these harms: older adults.

Our methodological approach is informed by an early study of the affordances of
mobile phones by ‘seniors’ (those over the age of 65), where Sawchuk and Crow [26]
asserted that to engage in an open discussion about use and non-use of technology outside
the standard frameworks for quantitative research (e.g., surveys. or usage monitoring)
or qualitative inquiries (e.g., structured interviews or focus groups) might better reveal
the complexities created by the specificity of context, thus painting a nuanced picture of
why and how older adults adopt or resist these technologies.

To understand the appraisal of COVID-related stress and ICTs use among older
adults, we explored the following questions:

1. What stressors and resources are identified and become dominant in the discussions
of the stress of COVID-19 from the perspective of age?
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2. How are ICTs implicated in the discussions of older adults coping with stress during
COVID-19?

3. What themes emerge from older adults’ discussions of the topic of COVID-related
stress, ICTs and coping?

2 Materials and Methods

To conduct our research, we used a mixed-methods recursive data-mining approach that
included a quantitative analysis of frequent topics, followed by a qualitative textual anal-
ysis of emerging themes [27], followed by a quantitative network analysis of overlapping
themes [28] and a final reflective analysis. This recursive approach allowed us to map
dominant patterns of discursive correlation between the themes (stress, resources, ICTs
and age) that were co-present in online discussions.

2.1 Data Sources

Between March 2020 and September 2020, we searched 20 major Anglo-American
news media outlets with a global readership (The Guardian, The Wall Street Journal,
New York Times, The Washington Post, CNN, and Fox News), as well as Canadian (The
Toronto Star and CBC), and Montreal (local) newspapers (Le Devoir, Le Soleil, and
The Montreal Gazette); using the following keywords: “Senior” OR “Older Adults” OR
“Elderly”AND“Technology”AND“Coping”AND“Covid19”AND”<the name of the
media outlet> “. Articles that did not have any social media engagement were excluded.
In the remaining 7 articles, we used a web-scraping technique to gather data from three
sources of public engagement with the articles including: a) the comments left on the
Facebook pages of each media outlet examined (using FacePager https://github.com/str
ohne/Facepager), b) the comments on the articles on Reddit were extracted by Simple
Scraper (https://simplescraper.io), and c) the comments on the permanent websites of
the news organizations where the articles initially appeared were copy-pasted manually.
Twomembers of the team, SE andMKM, examined all comments and cleaned the data to
exclude irrelevant content, such as single response words, advertisements, or emoticons.
We then performed a thematic analysis on the remaining valid 3390 comments cases,
following a procedure detailed below.

2.2 Content Analysis and Visualization

UsingNVivo forMac (2020,QSR Inc.)we conducted a semi-structured thematic analysis
of the content using the following procedures:

Step1: Exploratory Word-Frequency Analysis. All articles (referred to as Source)
and comments (referred to as Response) were aggregated. Using NVivo, we computed a
word cloud for each to identify themost prevalent words. This practice allowed us to gain
a visual perspective on the prevalence and frequency of specific words, related to coping,
aging and technology, in Source and in Responses. Counting the word frequency in all
Sources and all Responses showed that the words “Older” and “Help” were the most

https://github.com/strohne/Facepager
https://simplescraper.io
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frequently used terms in the Source articles, while the words “Living” and “Reading”
were the most frequently used words in Responses. Neither the word “Stress”, nor
“Media” or “Technology” were dominant in the Responses (Fig. 1).

SOURCE RESPONSES

Fig. 1. Word clouds created from aggregated text from all news articles (Source, Left) and all
comments (Response, Right)

Step 2: Coding Comments Under Primary Categories. We then coded each com-
ment under four general thematic categories:

Age: Any Responses that explicitly referred to age (e.g., by stating the responder’s age,
age of parents, or identification of oneself or others with phrases including old, older,
senior, grandparent, age, aging).When the commentors referred to themselves as a target
of the article as a ‘senior’, they were coded under Older; and if they referred to examples
of a senior person in their life or in their care, they werecoded under Younger.

Resources: AnyResponses that referred to one or other forms of coping strategies. These
included practical strategies including specific activities, such as reading, or support
networks, as well as conceptual mechanisms such as experience.

Stressors: Any Responses that expressed an anxious or worrying opinion about the
ramifications of the COVID-19 pandemic, such as not seeing friends or family, were
coded under this theme.

Technology: Any Responses that explicitly referred to usage of ICTs, such as the
Internet, phone, or the computer were coded as technology.

Step 3: Identifying Sub-themes. Table 1 provides the actual titles of the articles and
the differences in distribution of the categories (% of coverage) that emerged from
the comments. As can be seen, the highest number of comments were about available
resources.
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To obtain a more granular picture of different topics within each primary theme, we
coded each comment inductively. For example, a comment like “We’re vulnerable seniors
[Age: Older], and we’ve been socially isolated [Stress: Social Isolation] for more than
two months. Our groceries are delivered, and we don’t go out except to exercise and
wave and smile at neighbors [Resource: People]. We both Text and email quite a bit and
are on Facebook a lot. I’m also on twitter and the comments sections of various web
sites. [Resource:Communication;Technology: email, Facebook, SMS, Internet, Positive
View of Technology]. We don’t have kids or pets, but we’re used to being together and
are adapting to the new situation.“ [Resource: Coping strategy, People, Family.] This
hierarchical re-coding of the primary thematic categories revealed a total of 71 specific
but nested sub-themes.

Table 1. Primary Thematic code, and the percentages of coverage per Source

Code Age Resources Stressors Technology

Title Count % Count % Count % Count %

Ways Older Adults Can Cope With the Stress of Coronavirus

514 22.5 872 26.3 783 29.1 239 12.0

For isolated older people, pandemic is ‘a cruel event at this time in our lives’

152 40.2 213 34.9 280 54.0 35 7.5

Ok Zoomer: how seniors are learning to lead more digital lives

138 45.4 217 47.4 109 40.1 185 53.4

The Grandparents Who Dropped Everything to Help Out During COVID

120 50.2 260 66.0 114 45.5 9 5.21

It’s Grandparents to the Rescue for Stressed Working-From-Home Parents

24 12.6 40 14.7 9 6.3 6 2.4

Just What Older People Didn’t Need: More Isolation

44 40.7 144 65.1 131 61.6 31 13.1

These seniors are turning to cutting edge technology to stay connected during the pandemic

7 3.7 20 7.4 31 20.0 4 2.2

Total 999 1766 1457 509

Step 4: Network Analysis. Using the matrix coding query function in NVivo, we cre-
ated a matrix whose cells indicated the number of times that any two sub-themes (codes)
were expressed in the same comment. This matrix can be understood as a correlation
matrix, which can be represented as a network, with the weight of an edge corresponding
to the number of co-occurrences of any two codes. We then used the software Gephi
0.9.2 to compute the components that were more likely to form a community, or net-
work, of interconnected sub-themes (network modularity), using edge weights and a 0.8
resolution, resulting in 6 networked communities [29, 30]. The sub-themes that were
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most connected across different thematic communities were determined using a compu-
tational function known as eigenvector centrality, which indicates the network hubs that
have the largest number of connections to other important hubs in the network. Network
communities were organized by colour, and filtered by edge weight, to illustrate any
edges that weighed more than 50. The thickness of the edges relates to the weight of
connections between subthemes.

Step 5: Reflective Analysis and Validation. Having identified the network hubs and
major edges, we then re-examined each comment to guide our interpretation and the
ensuing discussion of our findings.

3 Results

3.1 Mapping the Pattern of Co-occurring Discussions

Figure 2 provides a visual representation of the centrality of themes and correlation
between sub-themes. Consistent with initial coding, we found 4 large clusters (identified
by colour and named reflectively) and a small additional cluster related to political
skepticism (Yellow).

The size of letters in each cluster indicates high eigenvector centrality, meaning
that the theme was important in the collective discourse emerging from the data. The
highest centrality values were found in nodes Older and Coping Strategy (EC = 1,
both in the same green cluster), followed by People and Socialization Strategy (EC =
.993; both in the magenta cluster), Covid-Specific stress and Social Stress (EC = 1, and
0.98, respectively; both in the orange cluster) andMedia, Information and Entertainment
(EC = 0.953 and 0.950, respectively, in the blue cluster). This indicates that although
important, the ICTs are not the central theme of the discussions about age and COVID-
related stress.

The main hub of interest to our study Older, belonged to a network community that
also included Coping Strategies, Activities, Generation, Perspective and Experience
(coded under Resources) and Ageism (coded under Stressors). We refer to this cluster
as Older Adults’ Coping Strategies (green).

The second significant hub, Covid-Stress was linked to Older, but belonged to a dif-
ferent cluster that included Social Stress, Health Worries, Isolation, Economy, boredom,
Lost time, Worries about the young, as well as Independent Elder. We refer to this cluster
as Age-Related Covid Stressors (orange).

Interestingly, we found a split in sub-themes that were coded under primary codes
Resources and Technology. Specifically, the central hub People and Socialization Strat-
egy, which was coded under Resources, were in a cluster that also included Younger (ini-
tially coded under Age), Communication and ICTs that were used for such connections
(Zoom, Phone, Facebook, Chat, SMS, email). This indicates that these communication
technologies pertained to facilitating connections for the younger respondents on the
social media. We call this cluster Intergenerational Connections (magenta).

On the other hand, the cluster (blue) that included central hubs such as Media and
Information and Entertainment technologies (includingComputer, Watching TV, Games)
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which were initially coded as Resources, also included subthemes that reflected individ-
ual appraisal of ICTs (such as Positive view of tech, Tech stress, Luddite, Indifferent to
tech, Cost) which were initially coded under Technology, and technological self efficacy
such as Nerdy Elder (initially coded under Age). We call this cluster Older Adults ICT
Appraisal (blue).

Fig. 2. Network clusters (identified by different colours) emerging from network analysis of co-
occurrence matrix of 71 subthemes in comments. The letter size indicates the centrality of the
theme in the cluster.

3.2 Age, COVID-Stress and Resources

A substantial portion of the public discussions on the topic of seniors’ stress during
COVID-19 focused on cultural assumptions about the relationship between ageing and
vulnerability and stated resistance to the implied ageism explicitly. Overall, the following
themes emerged from studying the intersection of discussions about Coping, COVID-
stress, and Age. (The quotations are not modified or edited for language.)

1. Senior isolation is not new.
C1:… America has treated senior citizens, in general, as a nuisance and a frequent

topic of geriatric jokes for as long as I can remember. […]. Millions of them are living
just as they did before the Coronavirus…isolated and alone. I am hopeful that this tragic
time and articles like this, will give more of us a sense of responsibility to reach out, in
some way, to acknowledge that they are out there.

2. The young are presumptive about senior’s stress.
C2: This journalist must be young! Thanks for thinking of us but we are handling

today’s situation quite well. The senior community can cope with this historic Pandemic
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but we pray for our nation’s young adults who are being tested with this social, medical
and financial crisis. The writer does not realize our wealth of knowledge from years of
life experiences, going back to the world situation of 1930’s to this year, 2020 as well
as our deep faith and trust in a higher being than ourselves.

3. Seniors are resilient and can help.
C3: Of all of the age groups who are dealing with this- people who are in their 70s,

80s and 90s are the most apt to cope with this pandemic We have been through so much
in our lifetimes, seen so many changes, adapted to so much.

4. Seniors keep busy with routines.
C4: I am 86, widowed, live alone, and live in a very locked-down state […]. I will

describe something I do that helps but I apologize because it sounds really stupid. I write
a list of every single thing I intend to do, no matter how small, like Empty the Dishwasher,
Make the Bed, Manicure my Nails, Sweep the Balcony, Make Iced Tea, Pay Cable Bill,
etc. etc. […] This imposes structure and I feel more organized and less rudderless and
depressed.

3.3 COVID-Stress, ICT and Coping

Overall, the following themes emerged from the intersection of discussions about
COVID-stress, ICT and Coping. The quotations are not modified or edited for language.

5. Seniors use ICTs for connection to family but have other coping resources.
C5: FaceTime and Zoom let you see all your friends and family easily enough- I just

keep thinking how thankful I am that I’m not stranded in some foreign country like India
trying to find food on long lines with so many people. Thankful that I have a house and
backyard to sit in each day- so many books to read and have my crafts and music and a
stockpile of food to eat. I’m just grateful for all I do have.

6. Seniors take advantage of ICTs to taking care of the young.
C6: My parents have played virtual hide and seek with my five- and three-year olds.

They take turns trying to find the person that hides. So my mom will hide in her house
and my Dad will try to find her while my kids suggest hiding spots to him. It’s good for
at least a half hour of fun!

7. Seniors have discovered and enjoy new forms of intergenerational connec-
tions.

C7: To me this is the upside of the pandemic which is spending time with grandkids
who I just saw on holidays and select weekends. Now I have learned Zoom and brushed
off my multiplication tables, and experienced the joy of reading books out loud. I turned
the guest bedroom into their sanctuary and my lower level into a learning/ arts and
crafts room. I am no longer just a grandmother who brings gifts.

8. Seniors have enjoyed learning new skills for staying connected.
C8: My own father never went to high school, but when made redundant in his

50s, became interested in computers and actually became pretty confident (with some
occasional nudging from me). But when he passed away recently in his early 70s, it
left my mum quite disconnected, as she was previously not interested in computers/tech.
She is the kind of person who struggled with the remote control, and would cry with
frustration when she couldn’t get the wifi to work at home. […], I installed whatsapp for
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her, and now we have family chats, and she sees get grandkids by video chat everyday-
[…]. I think it has been a primary part of her mental health not deteriorating.

9. Seniors use different ICTs to fill the time with different activities.
C9: As a comfortable retiree, I was thinking what about if this had happened circa

1975 when I was just starting out and living in a small efficiency (i.e. one room) apart-
ment. No internet, no cable, TV only NBC/CBS/ABC/PBS and independent channels
5 and 20 (anyone else remember “Channel 20--The Great Entertainer”?), an AM/FM
radio. It there’s a time in my life to be constrained as I am this is it. Hundreds of
cable channels, all of the knowledge of humanity accessible via the internet, ebooks I
can buy or borrow from the library, Kindle/Nook, Apple Music with almost every song
ever recorded and Apple News with hundreds of magazines, streaming services (Netflix,
Disney +, Apple TV, all the HBO/Showtime/Starz premium channels)--the choices are
limitless. Throw in Facetime and Zoom.

3.4 Age, COVID-Stress and ICT

To specifically investigate the topic of age and ICT in relation to COVIS-stress, we
examined the links between the Older hub, ICTs and what stresses can be linked to
them. This analysis revealed the following common themes.

10. ICT does not fully address the stress of separation from loved ones.
C10: The biggest issue is we can’t see our two grandchildren. We now interact with

them using FaceTime but it’s not the same.
C11: I was introduced to Zoom by my grandson and have converted to online tuition

via this app. I prefer face to face tuition but will tutor online until an antibody test or
vaccine is found.

11. Physical Inaccessibility of technology causes stress.
C12: I’m 84 and macular degeneration and arthritis. I’m willing to help myself any

way I can but crawling on the floor to check modems and black cords plugged into black
tech items with teensy white numbers and names on black surfaces while talking with
a clutched phone at my ear while some young person “talks me through it” at a mile a
minute drives me crazy. Every time I manage to climb up to my chair again and see a
working TV screen I cheer.

12. Constantly changing User Interfaces cause stress.
C13: Perhaps it should have been at greater pains to say that both types of older

people exist - those who embrace technology well and those who struggle - with a massive
sliding scale in between.\n\nMy mother, in her 70s struggles, but we have got her using
Facebook video Messenger and Zoom. I feel a lot of it is about keeping up with these
things as the years progress as the ‘grammar’ of using them changes quite a bit. […].

13. Costs of technology cause stress.
C14: The real issue for older people is not the inability to use technology but the

fact that when you give up regular work you may no longer have access to either the
funds to buy and keep up to date the hardware you need or the informal access to help
and support which comes with working in many office/educational etc. environments.
[…]Digital exclusion and the issues this poses for all ages is a far more pertinent issue
in the current lockdown than whether someone in their 80s who can afford to buy a
laptop or tablet can use zoom for an online reading group or class.
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12. Some seniors do not trust the surveillance features in new ICTs.
C15: Perhaps after a certain age a person becomes less concerned with having

their private data mined, placing themselves under home surveillance, whilst being
manipulated by clandestine third party interests.

C16: I can’t believe the amount of people suckered in to using Alexa etc. having your
actions monitored and paying for the privilege.

13. Pushing technology on older adults while neglecting their choices causes
stress.

C17: As an older person, I do find this article and comments a bit patronising.
Technology is straightforward and easy for most people, older people who do not use it,
chose not to.\nA friend of mine has parents, who will not even consider using a tablet
or computer, saying they are too old to learn and for the majority of older people that
is a choice not a fact.\nWhen my mother was in her mid eighties (she has been dead
for 15 years), she insisted on having a go and mastered the tech available then with
no issue. In fact she said that using a keyboard was helping to keep her arthritic hands
mobile.\nAnother friend has lost speech and mobility due to a stroke and now has taught
herself to communicate using a ipad, we talk to her daily.\nIf anyone of any age has
mental capacity they can use IT if they want to, it’s a choice.

14. The implied ageism in technology adoption discourses cause stress.
C18: Oh dear. Yet another simplistic lumping of \seniors\” into one class of computer-

illiterati. I’m 74. I wrote my first computer program in 1968 had an Apple II in 1982
was using modems over telephone lines to communicate like iMessage back in 1984.
Maybe I’m atypical but it illustrates the oversimplification. Like saying \"all journalists
are stupid\”. May be true for some obviously not for all.“

15. Stigmatization of older adults’ digital literacy stifles learning.
C19: But it is simply a reality that the majority of seniors still are not comfortable

enough with technology to be independent with it. Denying that there is a problem only
creates a stigma about getting help.

4 Discussion

The aim of this study was to investigate the older adults’ reaction to mainstreammedia’s
depiction of older adult’s COVID-19 stress, and their appraisal of ICTs as a coping
strategy. Mapping the discourse emerging in the context of the public discussions about
the stress of COVID-19 for older adults, we found that the themes of age and coping
resources (green cluster in Fig. 2) and COVID stressors (orange cluster) were linked,
but not co-occuring enough to form a common network community. We also found a
thematic split in how ICTs were used to cope with COVID stress: ICTs that were related
to dealing with boredom, or staying active and entertained (blue cluster) were inde-
pendent of the COVID-stress (orange cluster)--although linked to older adults coping
strategies (green cluster). However, ICTs that were specific to connecting with family
and friends (such as Zoom, Facebook and telephone) were related to social resources
for coping and were linked to COVID-specific stress of social isolation. Reflective anal-
ysis of the links between these clusters indicated that the negative appraisals of ICTs,
were related to a host of well-known concerns that predate the pandemic (e.g., physical
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and financial accessibility; disinterest or lack of trust; and technology shaming). The
positive appraisals were related to new-found opportunities for intergenerational con-
nection, albeit with emphasis on the temporary necessity of ICTs and the fact that they
would not replace real and in-person experiences. We highlight the following important
conclusions:

4.1 Older Adults Are Resilient and Concerned About the Young

Our observations corroborate other studies that have taken place in North America,
suggesting that older adults have found ways to be resilient and proactive in coping with
COVID-related stress [31–33]. In a literature review study published in 2020, Fleth and
Heisel, argued that to feel valued and respected for their ability to contribute and offer
experience matters most to older adults who need to cope with the biological hazards of
this pandemic [34]. This is in fact what this data reveals as well, both because age-related
experience was often referred to as a source of resilience, and also because older adults
expressed concern for the young, and took pleasure from finding newways (e.g. learning
to babysit via Zoom) to help their children in the workforce.

For those who identified themselves as older adults (Older), besides social isolation,
worrying about the effects of the pandemic on younger generations were a source of
concern. Similarly, in a quantitative survey of >400 60 + adults, Nimrod demonstrated
that although the respondents reported moderate to high levels of stress due to COVID,
the greatest contributor to the score was their concern about others and not the immediate
threat to themselves [35]. This finding was replicated in a qualitative study of 826 older
adults of the same age group [36].

4.2 ICTs for Staying Active and ICTs for Connection Address Different
and Independent Needs

We found that the benefits of ICTs in the COVID-19 context were in: 1) allowing
one to stay safely connected to others while practicing social distancing; 2) helping
working children by tutoring or playing with grandchildren, either via Zoom or via other
online activities; and 3) learning new things because of the need to connect to others,
including younger generations, via such technologies. These findings are consistent with
Freeman et al.’s TILL study, which identified intergenerational connections as one of
the main motivational factors for older adults to adopt technologies that are introduced
to them by the younger generations [37]. However, it is also important to underscore that
beyond serving as a social strategy, various other activities such as reading, gardening,
cooking, or sitting on a porch were equally important to coping with COVID-19 related
boredom and isolation. In general, too little attention is being paid to the desire for leisure
activities, for meaning and for general social equity are rarely the primary concerns for
technological innovation [38, 39].Misunderstanding the needs and desires of older adults
might, in turn, may stifle technology adoption [37].

The use of ICTs for leisure entertainment and information have previously been
linked to coping with stress--independent of age [8, 24, 37, 40], however studies in older
adults to date do not indicate that ICTs act as the primary coping strategy for older
adults throughout the COVID-19 pandemic [36, 40–42]. We found that although new
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technologies like Zoom were appreciated for creating possibilities for connecting with
family and friends--especially creating newways of connectingwith grandchildren--they
were not fully replacing face-to-faced contact. While many researchers are exploring
whether older adults will accept and adopt smart ICTs [43, 44], choice, accessibility and
agency continue to remain critical factors [11, 45, 46].

4.3 Media’s Role in Ageist Messaging Is Remarkable

Exaggerated attention to age-related limitations in cognitive and physical abilities of
older adults contributes to a messaging environment in which ageist narratives that
simplistically equate aging with decline propagate.

Our study corroborates other studies that argue that ageism is a pervasive theme in
COVID-19discourses [47].Media havebeenknown toperpetuate ageist stereotypes, [14,
16, 48], and our data shows that older adults object to it. In a culturalmilieu,where ageism
is manifest in the uncritical valorization of ideals of ‘successful’, ’healthy’ or ‘positive’
aging, it is critical to understand how the zealous promotion of these alternative images
may unwittingly reinforce their very opposite intended effect, including age-related
shaming and blaming [49].

Examining comments on news articles that promoted new technologies such as VR,
show a certain level of skepticism emerging from being pushed into rapid adoption of
technology due to COVID-19. As many older commenters stated, this is not because
all older adults are luddites, but because technology may threaten a way of living in
which they have already flourished. Our findings confirm that, the ’pandemic precarity’,
i.e., the risk of further marginalizing older adults in the presumptive development of
homogenizing stress-relief solutionsmust be considered [38]. As numerous comments in
our study corroborated, in the context of the pandemic, ignoring situational vulnerability
prevents attending to the diversity of socio-economic circumstances and intersecting
identities, including ethnicity and gender [15].

4.4 Implied Ageism in Discussions of Older Adult’s Relation to ICT Is a Potential
Obstacle to Their Adoption

Ageism, an unintended consequence of focusing on older age, has at least three facets:
the stereotyping of older adults based on their age and abilities; discrimination based
on age; and institutional and policy practices that perpetuate those stereotypes [50].
Positive stereotypes of old age may have detrimental consequences too; for example,
positive images of ageing may make those who do not live up to these norms feel like
they have failed and often contain new normative values that promote successful aging
as individual achievement, rather than as a shared social responsibility [48].

In examining the link between technology and ageism, Ivan and Cutler have argued
that there is a circular relationship between ageism and technology, in that being designed
by the younger innovators, technologies are not always meaningful or accessible to
many older adults, and thus internalized stereotypes (even by older adults themselves)
perpetuate this disconnect further [51]. This is when messaging around the issue of
age-stress and destressing-ICT can become a source of stress in and of itself.
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In our research, three issues associated with ICTs and aging were identified as frus-
trating, ageist and contributing to their stress: 1) discourses on older adults as ICT
illiterate (citing examples of the fact that many septuagenarians (like Bill Gates) are the
pioneers of computing technology; 2) the assumption (presumably) by young writers of
the articles that older adultswere disinterested in technologies and 3) the lack of acknowl-
edgement of structural and systemic issues including the insufficiency of financial and
human resources that would facilitate the adoption of ICTS by octogenarians.

Indeed, several of those who raised objections to ‘ageist’ attitude of the mainstream
media, pointed out that many new ICTs did not serve any purpose in their lives, and
that it was their choice, not inability to learn, that made them refuse adoption of new
technologies. These observations corroborate previous research that age alone is not
a predictive factor in determining usage or non-usage of ICTs [9–11], suggesting that
choice, agency and systemic conditions are also critical factors [11, 45, 46].

Our findings corroborate results from a pre-COVID qualitative study of older adults
in various communities in the UK and Canada. Marsten et al. identified the two sources
of resistance to technology: apprehension about how to use it because of feeling ashamed
for not knowing about it or not being able to learn it; lack of interest stemming from
concerns about technology replacing actual human connections [10]. Here we observed
that many older adults saw this pandemic as an ’opportunity’ for learning ICTs (e.g.,
as a new tool to babysit grandchildren) for new purposes. These findings corroborate
Sawchuk’s observation in the RECCA study, where a community of older adults who
pushed back againstmainstreamdepictions of ageing as a hindrance, adopted technology
as an activist strategy to advance their agenda [11]. In other words, as difficult and
‘stressful’ as technology might be, if there is a good reason for using it, age is not an
impediment in adoption--although physical and cognitive abilities remain challenging.

5 Conclusion

5.1 Addressing Research Questions

Our first research questionwas: “What stressors and resources dominated the discussions
of the stress of COVID-19 from the perspective of age?” We found that proportionately,
there were more references to Resources than to Stressors and that to be Older, in
and of itself, was identified as a major asset for coping with the stress of pandemic--
primarily due to the experience of having lived a long and eventful life. However, People
and Activities were important resources, especially to cope with the social limitations
created by lockdowns.
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Our second question was about how ICTs were implicated in the discussions of
older adults coping with stress during COVID. We found that in general, ICTs were not
the primary resource for coping, except to alleviate the stress of being cut-off from the
family members. In addition to serving their usual purpose of providing information and
entertainment, they were also referred to as important for creating new intergenerational
experiences. To have to learn new skills to foster such relations was welcomed by all
who mentioned such benefits.

Finally, we wanted to explore what themes emerged from older adults’ discussions
of the topic of COVID-related stress and coping through ICTs.We found that even when
the social affordances of ICTs were acknowledged, they were not seen as a replacement
for actual physical human contact and interaction. Moreover, the prevalence of ageist
discourses on older adults’ experience of stress during COVID, and presumptions about
aging with technology, were frustrating to many older adults within our sampling range.

Our findings suggest that the physical and financial accessibility of ICTs, especially
for the oldest of this cohort was important, but to consider older adult’s agency, and
decision-making, irrespective of their experience with technology was important to all
age groups.

5.2 Limitations

A major constraint of our study is in that we only focused on Anglo-American and
Canadian news media websites, mainly targeting an educated readership.

Conclusions of this study are based on the comments of a group of older adults who
already have access to ICTs and who possess enough digital proficiency to interact with
newsmedia via social networks. Themajority of thosewho commented often reflected on
their own privilege in possessing the financial and technological means to take advantage
of ICTs. Therefore, these results do not address the reality of digital divide, that is still
pervasive even in countries like Canada.

5.3 Implications for Future Research

Despite limitation of not being inclusive-enough, and given the fact that access was
not an issue for the commenters that informed this study, it is noteworthy that ageism
emerged as a significant theme, both in protest to presumptions about older adults coping
with COVID-19, and in protest to presumptions about their ability or needs to take
advantage of ICTs. This observation highlights the fact that the mediatization of ageing
creates cultural and psychological tensions that need to be carefully considered while
new technologies for alleviating stress are pushed into the lives of older adults.

The interdisciplinarymethodological approach of this study, applied to data gathered
from social media of major news media outlets where the answers were framed by the
topic of the articles, but unsolicited point of views of participants were expressed on
Social Media) provides an opportunity for a critical approach to studying aging within
our current media ecology, which all too often neglects or misrepresents older-users’
appraisals of the proposed tech-based solutions that industry and academic scholars may
design for them.
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Abstract. Current available data suggest that already vulnerable populations are
being disproportionately affected by theCOVID19 epidemic. The same is valid for
older adults, who have been labeled at the beginning of the pandemic as a high-risk
population and advised to be precautious in meeting others and take part in large
gatherings. In the current study, we use data from 12 semi-structured interviews
conducted between 15th and 30th of May 2020, in Romania, with old adults
aged 65 and above, from urban and rural areas. The interviews approached topics
such as use of technology during the pandemic, ways of obtaining information
about the COVID-19 pandemic and overall challenges experienced during the
pandemic.Thefindings reveal that digital technologies havebeenusedmore during
the pandemic than before, especially in the urban areas. Family communication
via digital technologies revolved around pandemic related topics, everyday life,
and safety measures. Contrary to popular believes, Romanian seniors consumed
information about the COVID-19 pandemic with caution, triangulating sources of
information from several TV channels and social media. Lastly, seniors’ greatest
challenge was the lack of physical contact with family members and physical
movement, particularly related to their daily routines. They have used social media
to cope with the loneliness of being apart from their children and grandchildren,
and some even reconnected with older friends or distant family members.

Keywords: ICT · COVID-19 · Older adults and ICT · Older adults and
communication technologies

1 Introduction

The Covid-19 pandemic has been challenging to everyone and a devastating period
especially during the initial months when measures of social isolation and social dis-
tancing become the norm worldwide [1]. Moreover, the Covid-19 pandemic proved to
be particularly harmful for older adults [2], due to their preexisting risk of loneliness
and on average lower level of technology skills [3, 4]. To maintain contact with fam-
ily and friends and to provide social interactions needed for critical situations (as for
example interaction with doctors and carriers), older adults had to appeal to Internet
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based tools and use them effectively. Once online, they faced additional challenges in
finding the relevant information and avoid scamming and disinformation [5]. Somewere
helped by families and acquaintances and others were probably pushed to learn using
new applications or use new digital devices compared with their usual digital repertoires
[6]. Given this context, digital inequalities have been exacerbating representing a major
risk of vulnerability not only to the virus but also to social isolation [7]. In fact, Covid-19
increased pressure on “vulnerable” groups to improve their digital skills [8].

Information and communication technologies (ICTs) have been presented as a way
of reducing the effects of social isolation, provide remote health care at a distance, carry
on working and training activities, but also maintain basic services (as shopping and
appointments). Older adults who were not using the new technologies (e.g., smartphone,
tablets) or did not have access to Internet were particularly excluded from the so-called
“digital participation” [9] which eventually meant that they were deprived of online
services and content (as for example content regarding health information), digital social
networking, online shopping and entertaining. This resulted in increasing feelings of
loneliness [1] and isolation [10]. For older adults who were already online, Covid-19
has been a challenging period as there was a bi-directional relation between the Covid-
19 crisis and digital inequalities: Covid-19 deepened the digital divide phenomena and
digital inequalities accentuated people’s vulnerabilities to Covid-19 [7].

There is a general understanding that older adults are the most affected by the digital
divide phenomenon [9]. For example, “digital immigrants”, the term coined by Prensky
[11]—, described the presumed digital gap between older and younger people, the latter
being described as “digital natives” (the group that was born and raised when the new
technologies were largely available). Consequently, the lockdown and the subsequent
measures of social isolation presumably affected older adults to a larger extent, as they
lagged in using Internet-based tools. While the digital gap between old and younger
citizens has reduced during past years, especially in developed countries, at the beginning
of the Covid-19 pandemic there was a significant number of older adults with low digital
skills [12, 13]. Indeed, the Internet adoption rate increased almost exponentially during
the past two decades both in European Union (EU) and in the United States (US), and
the general attitude toward digital technologies has become more positive across people
of different ages and socio-economic backgrounds. However, costs and affordability
continue to be a barrier for some of social groups (for example the oldest-old, living in
rural areas or in the nursing homes) in many developing countries [14, 15].

Nevertheless, in the past years, the problem of access to digital technologies became
rather peripheral, as the groups who were considered being at risk of social exclusion
due to the lack of access and Internet use (women, seniors, persons with lower levels of
education, and people who have lower incomes) have recorded the highest increase of
Internet use from 2004 to 2019 [15]. For example, the percentage of adults aged 65 and
above who use the Internet tripled during 2004–2019 in the EU and the US, from 20%
to more than 60% [12, 13], the largest increase compared with other age groups. Current
literature focuses more on the gap between different social groups (as for example the
gap between older and younger users) in terms of digital skills and type of usage [16,
17] – as such gaps are translated in differences and opportunities (digital participation)
and knowledge (e.g., select and use the relevant information). Consequently, studies
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have been focused on the third level of digital divide [17, 18], describing a gap between
the groups who hold digital skills at a level that would allow then to convert those skills
in solving different issues of daily live (from finding your way in a city to finding the
relevant information for a health problem) and those who are not able to “benefit”. The
divide shows that it is those with higher levels of education, who already have good
jobs, and the young, who benefit more from the use of the Internet than those who have
lower levels of education, those who belong to the lower classes, and older adults. Thus,
the lack of digital skills reinforces an already existing structure of social stratification
[18]. The third level of digital divide is a relevant concept for better understanding the
Covid-19 pandemic. Particularly, it can explain differences in the way people found
credible information and avoided unreliable online sources, how different people coped
with the health issues by making use of the online services and how they used the online
shopping and online leisure activities to overcome social isolation and loneliness during
lockdown.

The current study investigates howRomanian older adults from urban and rural areas
used digital technology during the lockdown period. The study reveals what applications
they have start using during the pandemic and who assisted them, how they found the
relevant information regarding Covid-19 and what challenges they have experienced
during the first months of the pandemic. By focusing on people aged 65 and above
we investigate challenges faced by the oldest-old, who in the literature are described
as being the most marginalized in the digital divide. Romania is a typical case of the
Eastern European countries strongly affected by migration for work, and where older
adults, especially from the rural localities, were at high risk of social isolation already
prior to the Covid -19pandemic. Many rural localities face demographic decline, and
an increased number in the oldest-old population who neither have the resources to
purchase digital technologies nor the skills to benefit from Internet opportunities [19,
20]. For such groups of adults, the Covid-19 pandemic would have probably increased
their isolation or brought no changes at all.

2 Literature Review

In April 2019, 89 countries and more than a third of the global population had expe-
rienced lockdowns due to the outbreak of an unpreceded situation [4]. Most of the
countries in Europe, but not only, have enforced lockdown measures in the first few
months, and measures of quarantine, self-isolation, closure of some shops and public
services, accompanied by social distancing rules, raised concerns in terms about how
older adults will cope with such changes and the impact for their well-being. Systematic
studies showed the negative impact of loneliness and social isolation on older adults,
on their health status and their general well-being [21, 22]. In general, social isolation
and loneliness have been linked to poor physical and mental health [4]. Although the
lockdown measures have been useful in decreasing the spread of Covid-19 in the initial
months of the pandemic, there are studies showing that in the case of older adults, such
measures might have been accompanied by “increased blood pressure, heart disease,
obesity, diminished immune system functioning, depression, anxiety, poorer cognitive
functioning, increased risk of Alzheimer’s disease, and mortality” [4, p. 5].
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Also, the risk of loneliness and isolation was not only present among older adults,
who previously reported being lonely and isolated, but also among those who were
socially active. The risk of loneliness was triggered by the removal of older adults social
contacts in their communities including interactions when doing shopping, attending
community centers gatherings and places of worship and other such activities that were
part of the daily pre-pandemic routine [23]. Also, older adults who were far away from
their family members or did not have families, experienced higher vulnerability, when
some of the community services or public services were disrupted.

The use of information and communication digital technologies was regarded as
an alternative to the face to face economic and social activities, at least during the
initial months of the pandemic [24]. Digital technologies have been described as ways
of responding to the challenges of loneliness and isolation faced by older adults [25].
Communication tools (as WhatsApp, Zoom, Social Network Sites and other platform)
were discussed as having the potential of preventing loneliness and isolation, by keeping
people physically distant but still connected. Again, such an understanding of the role of
technology in preventing the negative impact of loneliness and social isolation at older
adults is based on previous studies: “Systematic reviews have revealed that Internet-
and mobile-based apps, companion robots, video games (Wii and TV gaming systems),
video calls, and general computer usage are effective tools to reduce social isolation and
loneliness for older adults in the short term” [25, p. 983].

During the first months of the Covid-19 pandemic, the role of digital technologies
was acknowledged even by the most critical voices. There was a general understanding
of the role or ICTs in developing a sense of connection between people, in offering them
the support they would need in carrying on daily activities and interests. Particularly in
the case of older adults, digital technologies were associated with the assistive role of
caregivers and health care workers and service providers [25, 26]. Moreover, the role
of digital skills and people’s experience in using digital technologies prior to Covid
pandemic was considered important for understanding why some older adults managed
to use digital communication in a more efficient way than others [27]. For example, an
online survey conducted on older adults in 2016 and 2020 showed that participants were
more experienced, and their Internet use was more diverse and intense in 2020. Some
important predictors help explaining the role of Internet use as a coping mechanism
during the pandemic: older adults’ health status (with those in frail conditions being
less efficient in converting the Internet use in well-being), number of years of using
digital devices and number of hours of use on a regular week, and the diversity of
Internet functions (showing that those having limited experience and less diverse digital
repertoires have had actually fewer resources to benefit from the use of Internet tools in
terms of well-being and reduced loneliness).

There are many studies that emphasize the role of digital technologies for older
adults’ strategies to cope with social isolation and restrictive measures of the Covid
pandemic. For example, a study conducted on older adults with pre-frailty and frailty
condition has shown that most participants limited their contact with families and friends
and experienced social disconnectedness and symptoms of depression and anxiety in the
initial months. Such feelings were less present in the case of those who were active in
online discussion forums or used the online content to stay in contact with family and
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friends [28]. Another study [29] tested older adults’ ability to harness the Internet for
coping with pandemic-induced stress, showing that leisure use was associated with the
reduced stressed and enhanced well-being. The study concluded that although the use
of Internet-based technology per se does not automatically count as an efficient coping
strategy for the pandemic-induced stress, using digital tools for leisure and entertain-
ment was an important predictor in reducing such stress. Also, the study showed that
participants reported using more Internet based functions compared to prior to the pan-
demic and the largest increase was in platforms allowing video-calls and chatting as
Zoom, Skype andWhatsApp, but also online shopping, financial management and med-
ical appointments, social network services and online newspapers, navigating websites
related to their hobbies and interests. Overall, only the online activities associated with
hobbies and interests, but also downloading content (as films or music), playing digital
games, or writing blogs – all labeled as online leisure activities, were connected with
subjective wellbeing and reduced stress. The study also shows evidence of the digital
divide phenomenon, with older persons from the higher socio-economic background and
living in urban settings beingmore able to convert online activities in coping strategies to
reduce pandemic-induced stress, as compared with people from lower socio-economic
background or living in rural areas. Other studies [30] have shown the same disparities
between older residents from the urban and rural areas. For example, veterans living in
rural settings in the US were less willing and less able to participate in video connec-
tions for clinical care, compared to those from the urban areas, again during the Covid
pandemic. Instead, older adults from the rural areas preferred phone call clinical visits
[30]. Again, education and socio-economic background was a moderator factor, proving
that the traditional social inequalities would have to be considered when discussing the
way older adults used Internet-based technologies during the Covid-19 pandemic.

When discussing the role of Internet based tools in helping older adults cope with the
pandemic-induced stress, one important aspect to be considered is the type of sources
they used where they received Covid-19-related information and the perceived reliabil-
ity and trustworthiness of those sources. On this topic the current literature is scarce
and the few studies addressing Covid-19 information seeking at older adults point in
the direction of differences between young and older Internet users. For example, a
recent study [5] comparing younger and older adults revealed that older Internet users
received information from a diversity of sources, more frequently from traditional media
(as for example TV) and from interpersonal sources (information shared by family and
friends), compared to younger Internet users. The study underlined the fact that older
adults relied more on information received through personal connections (spouses, fam-
ily members, friends) about Covid pandemic issues (including information regarding
health) and found more relevant the traditional media (e.g., radio, printed newspapers
and TV). This study indicated that older adults might be more selective in information
they search and consider credible, but they also rely on fewer information sources and
especially the information provided from people they know.
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3 Covid-19 in Romania and Research Questions

The World Health Organization declared Covid-19 a pandemic in March 2020 [31]. In
the following months, governments have applied different restrictive measures to pre-
vent the outbreak. Health authorities warned older adults that they are at higher risk
of death associated with Covid-19 [23]. Consequently, the recommendations for older
adults were to a stay at home and avoid social contacts, at least in the initial months of
the pandemic. Moreover, in some countries, older adults faced more restrictions than the
general population. For example, in Romania during the Covid 19 lockdown (March-
May 2020), the government invoked the 15th Amendment of the European Convention
of Human Rights for emergency situations and issued an Emergency State Presiden-
tial Decree (first put into effect on March 16 and extended until May 15, 2020). This
amendment allowed for exemptions from broad categories of human rights (e.g., the
right to privacy and intimacy). Older people became the main target of the Romanian
government’s plans for isolation. First, elders were not allowed to leave their houses;
then, they were allowed to go out exclusively to shop for food and medicine, but only
for two hours per day; finally, there was an extension of the time period they could shop
for basic goods.

The research questions that drove the present study were inspired by both prior
research in the field of aging and technology but also by our needs, as researchers, to
connect with older acquaintances that fall in the age bracket of what we call in this study
“older people.” By older people we mean seniors of 60 years and above. Therefore, the
questions we aimed to answer were:

1. How can access to technology during the Covid-19 pandemic be described?

a. What technologies and applications have older adults used before and during the
lockdown?

b. Did older adults learn to use new technologies and applications and if so, how
and why?

2. Who assisted older adults in using technology during the pandemic?
3. How did older adults use technology to find news/ information about Covid-19?
4. What are some of the material and emotional challenges older adults experienced

during the pandemic and how did they use technology to cope with these challenges?

4 Methodology

We are now seeing the first publications on how the Covid-19 pandemic shapes social
research as we knew it. For example, some anthropologists propose a “A Manifesto for
Patchwork Ethnography” that questions binary assumptions between “home” and “field”
and neoliberal university labor conditions [32] as tenants of “traditional” anthropolog-
ical method. Questioning these binaries seems timelier now than ever; for example,
this study was planned and carried out entirely at “home.” Anthropologists propose
“research efforts that maintain the long-term commitments, language proficiency, con-
textual knowledge, and slow thinking that characterizes so-called traditional fieldwork”
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[32]. Even though the present study is not anthropological study, we think that such com-
mitments could apply to the field of social sciences more broadly. Additionally, as this
research underscores, new epistemological reflections in the social sciences should also
consider the importance of cross-disciplinary, collaborative approaches among women
social scientists, this study being one of them.

In conducting the research and selecting the sample of participants we took an ethno-
graphic approach. Particularly, we recruited as participants older adults (N = 12) with
whomwehad a certain familiarity. They included neighbors, former research participants
or acquaintances. This choice was motivated by the need to situate these experiences
into the larger context of the life histories of these participants. Additionally, this app-
roach allowed us to probe into aspects of our participants’ life from prior the pandemic.
Lastly, since we had a relationship of trust with these participants, we were able to also
capture a genuine description of their experiences. Interviewing these participants often
led to moments of emotional overlap, or the mutual share of vulnerabilities, around
the unprecedented experience of the Covid-19 pandemic [33]. Such moments included
sometimes long pauses, nostalgia for the pre-pandemic life or the mutual understanding
that overall “things have changed, but they will get better.” Another characteristic of the
research sample was our strategic choice for seniors from both rural and urban areas,
considering (1) rural – rural economic and social discrepancies in Romania and (2) the
fact that most studies on seniors in Romania tend to focus on the urban population, who
tends to be, in general, better served by social services and infrastructure.

As Table 1 shows, participants’ ages ranged between 63 and 80, they varied in
education levels; 80% of participants used social media applications while all had access
to a smart phone and some to a laptop as well.

With the entire research project being planned and conducted at home, we sched-
uled interviews by phone and conducted them both over the phone and WhatsApp and
Facebook Messenger. Interviews lasted about 40 min and started with an introductory
discussion on participants’ access to technology prior and during theCovid-19 pandemic.
Then we discussed ways in which seniors acquired information about the pandemic and
the reasons that made them trust these sources of information. The last and more exten-
sive part of the interview covered participants’ challenges during the pandemic and how
technology helped or not overcome these challenges. We transcribed all interviews and
analyzed them thematically. For the purpose of the analysis, we clustered these themes
as follows, in the Results section: i) support for and use of technology prior and during
the pandemic; ii) acquiring information about the Covid-19 pandemic, and iii) older
adults’ challenges during the pandemic.
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Table 1. Participants’ socio-demographic information and access to technology

Participant Gender Age Education
level

Income Access to
technology

Social
media
usage

Rural/urban

P01 F 65 High school Bellow
the
mean

Phone
Laptop

Facebook
WhatsApp

Urban

P02 F 65 High school Bellow
the
mean

Phone
Laptop

Facebook
WhatsApp

Rural

P03 F 63 High school Bellow
the
mean

Phone Facebook
WhatsApp

Rural

P04 F 68 High school Above
the
mean

Phone Facebook
WhatsApp

Rural

P05 M 70 College
degree

Bellow
the
mean

Phone
Laptop

Facebook
WhatsApp

Rural

P06 F 71 Professional
school

Bellow
the
mean

Phone Facebook
WhatsApp

Rural

P07 M 71 Professional
school

Above
the
mean

Phone None Rural

P08 F 70 High school Above
the
mean

Phone
Laptop

Facebook
WhatsApp

Urban

P09 M 67 High school Bellow
the
mean

Phone
Laptop

Facebook
WhatsApp

Urban

P10 F 66 College
degree

Bellow
the
mean

Phone
Laptop

Facebook
WhatsApp

Urban

P11 M 80 Graduate
degree

Above
the
mean

Phone
Laptop

Facebook
WhatsApp

Urban

P12 M 73 Professional
school

Bellow
the
mean

Phone None Rural
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5 Results

5.1 Use of Technology Among Old Adults Prior and During the Covid-19
Pandemic

Most participants we interviewed had access to and were constantly using a smartphone,
with twoexceptions includingmale seniorswhodidn’t own smartphones connected to the
internet. One participant used a laptop for work and another one used a tablet, from time
to time. The apps used by all participants but two were Facebook (including Facebook
Messenger) and WhatsApp. Only two participants out of the total of twelve learned
new apps (one Facebook and the other one WhatsApp) because their children had either
given them phones with these apps installed or installed the application themselves to
keep in touch with distant relatives. During the pandemic they used these apps and the
phones in the same way as before the pandemic: to keep in touch with close and distant
family members or friends. Some used the phones to play games or watch videos on
the Facebook app. One participant started shopping online, drawn by a Facebook ad,
shortly after opening a Facebook account. Another participant mentioned that she used
to shop online before the pandemic, but she was reluctant to do so now because of fear
that products might be contaminated with the Covid-19 virus.

In terms of frequency, most participants used technology more during the pandemic
than before the pandemic. Yet, older adults from the rural areas conformed less to this
pattern since the beginning of the pandemic coincided to the moment of the year (the
spring) when most took care of their gardens. Many older adults in rural Romania use
subsistence agriculture to complement their household needs. Canning food and sharing
it with their children is a common practice, rooted in the socialist era. P4 below discusses
how she kept in touch with her neighbors and friends:

“We didn’t have time to meet, but we [kept in touch] via WhatsApp or Messenger.
We sent each other a post or ask each other about life but now everybody here in the
countryside is busy with the gardens, planting, you know? …. But in general, the only
way to stay in touch with each other is the Internet.” (P4).

For these participants social media usage decreased overall but not also the frequency
of communication with children or grandchildren, which intensified just like for the
other participants. Communication with children and grandchildren revolved around the
everyday life and Covid-related safety measures. Besides family and friends, some older
adults also reconnected with school friends and distant relatives.

None of interviewees mentioned needing help using technology or learning to use
social media apps. One interviewee, P3, discussed how she learned by herself to find the
block button on the Facebook app:

“One day Tatiana (her friend) came by, and I was showing her that I received a
suspicious friend request. One guy, with tattoos, thought that I was a girl of his age, and
I must have “accepted” him as a friend. One day, early in the morning ‘good morning’,
at night ‘good night’ and he was just starting off, but I blocked him. Tatiana asked me
how I did, but I searched until I figured out, right? Speaking of who wants to learn….”
(P3).

By “speaking of who wants to learn” P3 alludes to her husband who only uses
his phone to give phone calls and refuses to use learn how to use the internet and
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look for things such as the weather forecast or stay in touch with his children through
WhatsApp. Overall, participants we interviewed used technology during the beginning
of the pandemic just like pre-pandemic times; those living in urban areas used it even
more frequently while those in the countryside not because they kept themselves busy
with subsistence agriculture practices.

5.2 TV and Social Media as Covid-19 Information Sources

All older adults interviewed said that the TV was the main source of information regard-
ing the Covid-19 pandemic. All participants had at least one TV at home, some even up
to three, one for each member of the household. As P1 mentioned below:

“The TV is the only direct means of information. It’s becoming so that you cannot
live without it. In our house the TV is on.” (P1).

When watching TV and learning about the pandemic they were interested in follow-
ing the progress of the pandemic around the world including the number of deaths, learn
about the impact the virus might have on people of their age, how to avoid contagion,
but also learn about the evolution of the pandemic in countries where some had children
or other family members. As P6 mentions:

“I was interested in seeing how the pandemic evolved in Germany and Italy because
Dani (her daughter) is in Germany and her husband was in Italy and the pandemic
caught them separated.” (P6).

Contrary to popular believes in Romania, framed by the current economic, social
and generational divides, old adults we interviewed consumed news with skepticism and
precaution. The popular media narratives present seniors as easy to persuade by different
TV stations. What we learned is that most of interviewees consumed news from at least
three different TV channels and triangulated the findings in order to decide what is truly
“credible.” They noticed discrepancies between different political discourses, political
framings of the same events or differences between the voices of experts and non-experts.

“I start with Romania 1, Digi 25, Antena 3, Observator, Romania TV, Realitatea
TV and I make a summary; which one would be credible? In any case, there is a lot of
misinformation; it’s not reality 100%.” (P7).

“On TV I compare the news. I have 2–3 sources, or even more. There are many
contradictions, so it depends on the TV channels you see. Digi TV, for me, is more
operative and unexpectedly impartial comparing to Antena TV and Romania TV. These
last 2 seem to be paid. They are subjective and they should mind their own business.”
(P5).

Two out of the 12 participants compared between the news they watch on TV and
the information they read on Facebook or legal decisions they received by WhatsApp:

“On Facebook I have many friends, including from America, Canada for example. I
have 7–8 friends who surprise me by the absolute fairness with which they send informa-
tion from there; they select and filter information from there. (…) It looks like intelligent
people from diaspora represent an important filter.” (P9).

“I have a friend who sends me any new legal decision. I don’t even have the time to
look for it because he sends it to me by WhatsApp.” (P5).

Even though at the beginning of the pandemic older adults were consuming news
heavily, with the time they started watching TV less because they became frustrated
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and fatigued by (1) the contradictory information, which created confusion, and the (2)
reporting on the increased number of deaths because it created panic.

“I stopped watching even doctors [on TV] because, I told you, each with their own
opinion. Some say one way, other the other way, some say that it’s useless wearing masks
and gloves, others say we shouldn’t leave the house without them. It’s contradictory so…”
(P10).

“At the beginning of I was curious to see how many people are infected, what hap-
pened but then I got scared and I stopped watching, seeing how many cases there were
I became afraid. I was still watching news, but I wasn’t as interested anymore because
of the fear. They kept announcing that so many more got infected, I don’t know what
else happened, they checked the airports…It was a period…I never thought I would live
something like that.” (P4).

A few seniors we interviewed were skeptical of getting their information from social
media also because they read news that didn’t seem credible or confused them. For
example:

“I read an article that my sister sent me saying that it [the virus] was created in a
lab and the Chinese let it go, that there the interests of this guy from Google. So, I don’t
know how to say it, but I believe both virus variants, but I think there are indeed people
ill intended. The TV news, I don’t take that literally, I pass them through a personal
filter.” (P2).

“There is much fake news, but you can easily figure out what’s going on. (…) Yesterday
I received news saying that we should be very cautious because there is a group of young
people who say they come from med schools and want to test people. I received this [news]
from acquaintances. We inject you; we get a little bit of blood…In reality they say they
are part of an ISIS group. What would ISIS do here? It doesn’t seem credible, and I
ignore that. They were warning us not to be injected, not to accept that.” (P6).

Overall, older adults we interviewed learned about the Covid-19 mainly from TV.
They were interested in information about the evolution of the pandemic in Romania and
in theworld, but especially in the countrieswhere they had relatives. InwatchingTV, they
triangulated information from around three TV channels and focused on experts’ voices
to decide what was trustworthy. Over time, old adults became scared by the constant
alarming news and fatigued by contradictory advice. Social media was a secondary
source of information; some used it to compare the information received on social media
apps with what they saw on TV, but often information from these channels was confusing
because it presented the events under an unusual framework and therefore was deemed
less trustworthy.

5.3 Challenges and Coping Strategies for Romanian Older Adults During
the COVID-19 Pandemic

Themost prevalent challenge that older adults encountered during the period of imposed
isolation was the restriction imposed to their physical movement, including the very
narrow window when they could do all their chores. In the two hours per day most
seniors had to do groceries, pay bills, and sometimes visits doctors. Those living in rural
areas also had to find ways to get to the city. For example, P6 lives in a village and to
her:



376 L.-A. Mandache and L. Ivan

“We, seniors of over 65 had [to leave the house] since 11 am until 1 pm. What can
you do between 11 am and 1 pm because this wasn’t enough even for groceries? Not to
mention leaving the village and going to the city. I haven’t been to the city because buses
circulate every two hours. This must be done with the declaration. The declaration must
be written by hand; there is no place where you can get some [printed]. (….) Then they
changed our schedule, it wasn’t from 11 am until 1 pm anymore because people were
unhappy. In some places it started to become warm outside. They changed it from 7 am
until 11 am. Which seniors would wake up at 7 am to go on the streets and where can
you go when shops open at 9 am? In our village we only have small grocery stores. Then
we had from 7 pm until 10 pm. Do old people hang out on the streets at night? So, they
made us a schedule only for the sake of having one. “(P6).

For older adults living in the city, this limitation meant a disruption to their daily
routines, which often included going in parks, seeing friends, or taking their grandchil-
dren for walks. Even though all seniors we interviewed had the support of their children
or other family members, so accessing food wasn’t a challenge, they did insist that the
having their movement limited and punished harshly was painful. Some mentioned that
drastic application of the law, which punished older adults for not respecting these rules
with harsh fines that were disproportionate to their monthly incomes. Part of the freedom
tomove, many older adults emphasized the need to socialize with friends and be in touch
with others:

“This freedom to circulate, to see each other, to enjoy each other’s presence, to go
on walks, it was a joy. I don’t know what more I can say. At our age this is what we have
left.” (P3).

Secondly, and equally important, many older adults felt the pain of being separated
from their children and grandchildren. Even though a fewof those interviewed lived away
from their children and grandchildren, most participants interviewed were involved in
the childrearing of their grandchildren and prior to the pandemic were in close contact
with them. For these people:

“It was a sad time. The fact that we couldn’t see each other, we feel a hole in the
soul because we miss them [the children and grandchildren]. Our son, firstly, we cannot
enjoy his presence. He was filling our soul. They are freshly married so it’s good for
them but for we, as parents, missed them a lot. [We miss] seeing each other in person,
not through WhatsApp. We receive pictures but to see each other, to hug each other, to
feel each other’s soul, that’s what hurts the most.” (P1).

Thirdly and lastly, few participants felt the need to be in public, to see the “spectacle
of the street, to watch people” (P11) or be in nature. These challenges were experienced
differently by people in rural areas who, as mentioned earlier, were able to be outside or
take care of their gardens, and even see family or neighbors across the fences.

In the face of these challenges, older adults employed two coping strategies. First, it
was the more intense use of technology. Technology partially covered old adults’ need
to socialize, care for others and be taken care of:

“I see Tatiana (friend) ten times per day on the phone. I had a friend who used to
visit me, but she didn’t come during that period. They [children] called us all the time.”
(P3).
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“I can’t say it was very difficult. We spoke all the time with the children on WhatsApp,
and they are well in their own ways so I can’t say it was something very difficult.” (P8).

Secondly, older adults turned their energy inwards, towards their homes. Those living
in in rural areas planted seeds for spring fruits and vegetables or took care of the flowers.
One person painted the entire house, checked the sanitary and electrical installation, and
cleaned the storage spaces. Even urban older adults had the same drive:

“I am active person, and I don’t like to stay in the house even if you kill me. It was
hard for me at the beginning. But I was lucky because before Easter I started cleaning
the house. In turned the house upside down; there wasn’t an untouched corned in the
house. I didn’t rush; I took it easy so I can have work to do. (…) I was working all day
until I was working until I could not stand on my feet. (…) You will laugh but my mom
copied me. She would ask me: what are you doing now? I will start as well. So, since
there was no one there to help her, she started doing like me.” (P8).

In conclusion, older adults’ challenges during the period of imposed isolation
included a time window too narrow for their chores and the inability to continue their
pre-pandemic routines, the need to socialize with friends and family and the overall need
to be in public places. Their coping strategies included using technology to respond to
the need to care of and be taken care of and doing chores around their houses to use their
energy.

6 Conclusion

The present study investigated how Romanian older adults from urban and rural areas
used digital technology during the lockdown period to cope with the challenges of the
Covid-19 pandemic. The findings revealed that digital technologies were used more at
the beginning of the pandemic than before it, especially in the urban areas.While in rural
areas the beginning of the pandemic period coincided to the spring gardening activities,
older Internet users from the rural setting have used those activities to cope with the
pandemic-induced stress. Family communication using digital technologies revolved
around pandemic related topics, everyday life and safety measures. Some of the older
adults interviewed reduced their social contacts and restraint more to family commu-
nication, whereas others found new friends online, for example from old school mates
and friends, with whom they had not talked for years or from distant relatives. The pan-
demic time proved to be not only a time of social isolation, but also a proper moment to
re-connect and regain a sense of community. Additionally, contrary to popular believes,
Romanian older adults consumed information about the Covid-19 pandemic with cau-
tion, triangulating sources of information, relying on the voices of experts and mainly
TV for information and treated with suspicion and distrust information they received
on social media. Lastly, their greatest challenge was the lack of physical contact with
family members and physical movement, particularly their daily routines. Therefore,
they used social media to cope with the loneliness of being apart from their children and
grandchildren, and some even reconnected with older friends or distant family members.
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7 Limitations

The research has some limitations regarding the structure of the sample. Participants
had a medium or high-level education, and many of them were young old aging between
65 and 70. Even so, the structure of our sample is still rather close to the profile of
typical older Internet user in Romania [34, 35]. In addition, we did not manage to
capture the opinions of very old adults, living in remote rural settings, who might have
faced the most challenges caused by the social isolation and potentiated by the Covid-19
pandemic. Also, our interviews did not capture the challenges faced by older adults with
transnational families. This deserves to be approached in a separate study.

8 Implications for Further Research

The present study revealed the importance to have a better understanding of the role
of the information sources older people use in time of crisis and how such sources are
selected, invested with trust and credibility, and used to shape behaviors. The role of tra-
ditional media (e.g., TV, radio and printed newspapers) in the process of finding relevant
information at this age group is insufficiently explored in the literature. Particularly in
the case of Covid-19, the role of traditional media in combination with the new media
in generating (dis)information becomes relevant there are lower levels of vaccination
rates among old adults in Eastern European countries compared with the Western coun-
tries. Issues of fake news and misinformation were advanced in the public discourse to
explain older adults’ reluctance to vaccination. By studying older adults’ ways of select-
ing and treating information in time of crisis, we bring an important and understudied
topic into discussion: the vulnerability of older adults to fake news and disinformation.
Nevertheless, the strategies older people used to cope with an unpreceded situation are
related to the cultural context in which we have conducted the investigation, for example
lifestyle and routines people from different countries might have once they get to the
retirement age. We managed to partially capture such contextual factors in explaining
the findings of the current study. However different social contexts might trigger other
coping strategies, as well as different roles of the digital technologies or ICTs.
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Abstract. 2021was an election year for theBulgarians - they had to go to the polls
for three national parliamentary votes (one regular and two early) and once again -
for president. The pre-election campaigns for all these voteswere held in the condi-
tions of COVID-19 epidemic, hard political confrontation and some concomitant
factors such as the European Football Championship, the summer vacations and
the strong inflationary trends. Internet platforms and especially social networks
became increasingly popular channels for politicians to communicate with voters.
That is why the aim of the study focuses on the digital pre-election campaigns. The
object is the dynamics of the internet connection between the voters (especially
the older adults) and the MP candidates. The subject refers to the election mes-
sages of the leaders of the political forces, presented in their Facebook profiles.
The methodology is comparative analysis and empirical study, conducted by aca-
demic research team from the Faculty of Journalism and Mass Communication at
The St. Kliment Ohridski Sofia University. The scope of the study includes those
political forces that have passed the 4% electoral threshold. The results are indica-
tive for those interested in digital political communication during social pandemic
isolation.

Keywords: Digital communication · Older adults · Social networks ·
Pre-election campaign

1 Introduction

During the period of democratization - since 1989, the election campaigns in Bulgaria
have developed in parallel with demonopolization, liberalization and transformation of
themedia system. Nevertheless, the deregulation of the radio and television broadcasting
sector was protracted, giving way to the rise of two interrelated processes - politicization
of media and mediatization of politics [1]. Since the beginning of the new century, these
processes have accelerated with the widespread use of digital technologies in everyday
communication.

The high-speed spread of the online platforms enhanced the burst of social move-
ments, instigated by the growing economic inequality. Bulgaria quickly joined the global
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protest movements, which shared a common autonomous digital network basis, sup-
ported by the Internet and wireless communication. Manuel Castells called these move-
ments “evolution of liberty and dignity” [2]. The protesters in Bulgaria followed this
digital pattern – they gathered horizontally through decentralized social networks and
acted in a direct, participatory democracy of equals. Thus, spontaneously organized
(thanks to the social networks) the mass protests have managed to redefine the commu-
nication processes. Internet enabled activists to plan, plot and co-ordinate the protests
at low costs, anonymity and speed. Traditional mainstream media, especially radio and
TV, were lagging dramatically behind in the high-speed race for consumers’ attention
[3].

Thus, nourishing ground for rigorous development of populism as a political concept
and rhetorical style has been created. Nowadays the political environment in Bulgaria is
characterized by almost permanent merge of political entities, which gradually escalates
the usage of populist approaches, styles and rhetoric by all political parties in the country,
whether left or right-oriented. Political leaders and parties with pronounced populist
behavior have mixed, often changing characteristics. In the last decade, some of the
newly formed populist parties have gradually won considerable numbers of seats in
the national Parliament and were represented in the European Parliament as well. The
strong critical attitude of populists towards the status quo, and towards what they regard
as the chimera of democracy, is generally intertwined with the function of the media as
a corrective factor with regard to government authorities. The growing impact of social
networks on the process of communication between society and political leaders points
out the reasonable assumption that this model of interaction will rigorously develop,
especially in times of social isolation, such as the COVID-19 pandemic has caused.
Dealing with the pandemic not only in medical and economic, but also in social and
communication terms posed significant challenges to the institutions and the population
in the country during the state of national emergency.

That is why it is of particular importance to outline the trends and the peculiarities
of the developments of these online relationships in the context of the dynamics of the
pre-election online communication between politicians and the public (especially the
older people). Bulgaria is a country with high rate of population ageing and people 65+
sustain 29% of all voters [4] and there exists a telling risk of digital generation divide,
i.e. of vulnerability and of social exclusion of older people from the modern information
and communication environment and from certain civic rights such as informed choice
for voting.

2 Aim and Research Methods

The aim of this study focuses on the dynamics of online Parliamentary’2021 pre-election
communication between politicians and society in the context of the COVID-19 restric-
tions in Bulgaria, so that the structured and analyzed information be utilized into patterns
for policy support for decision makers, academia, media, telecommunications, general
publics, and private sector. The object is the specifics of the internet connection between
the digital audiences and the MP candidates during the one-month pre-election cam-
paigns. The subject of the research refers to the digital election messages of the political
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party leaders, presented in their Facebook profiles. The scope of the study includes those
political forces, which passed the 4% threshold.

The study examines the verbal and non-verbal communication of theMP candidates,
the quality of their messages in terms of positivism, negativism or neutrality, as well as
their commitment to social, health, economic, technological and other important topics
related to the welfare of the population in the country as an EU member-state. The
frequency of the usage of Facebook by the political leaders, the issues that dominate
their messages, and the digital activity of the audiences (especially the older adults) are
also tracked.

The study raises three main research questions:

1. Do politicians actively use online communication with people?
2. Is there a connection between the activity in the social network and the number of

interactions with the result of the elections?
3. Do older people have equal opportunities to participate in the online election

campaign and exercise their informed choice when voting?

The study is interdisciplinary and it uses mixed research methods, among them:

– Comparative analysis of the derived data from academic sources, sociological surveys,
regulatory frameworks and media and telecommunications practices;

– Qualitative research study, conductedviawritten semi-structured interviewswith older
adults 65+.

In addition, cross-combining technique for data collection and analysis was applied
in order to compensate some of the inherent limitations.

Someof thefindings have been disseminated to decisionmakers,media and academia
[5, 6].

3 Results

3.1 Bulgarian Parliamentary Elections of 2021

Regular Parliamentary Election (04. 04. 2021). The regular election for national Par-
liament’2021 was held on 04.04. in a situation of global insecurity in spheres such as
healthcare, economy, social life, etc. Besides, in the summer of 2020 street protests
broke out in the country with a variety of demands, such as: convening a Grand National
Assembly for reforming of the Bulgarian Constitution; lustration of former communists
in power; modernization of the administration; sustaining greater freedom of speech,
etc. The accumulated negative public energy targeted mainly the fight against corrup-
tion and the need for judicial reform. The protesters called for immediate resignation of
the running Government and the Prosecutor general and for summoning of early elec-
tions. The President of the country supported the unrest. Despite the challenges of the
COVID-19 infection, the protesters started to block on daily basis key intersections in
the capital and some other cities in the country, thus hindering the normal functioning
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of the urban environment. They kept throwing tomatoes, eggs and fish against gov-
ernment buildings. The Diaspora also supported national demonstrations. The protests
were mostly rhisomatic, although they were coordinated by the so-called “Poisonous
trio” (consisted of a journalist, sculptor and lawyer) and backed by an oligarch with
a number of legal allegations, who has fled from the country. In attempt to brush-up
their image, some non-parliamentary represented politicians rubbed shoulders with the
demonstrators. The protesters, no matter that some of their demands were reasonable,
could not formulate clear constructive goals and could not nominate a charismatic and
competent person as a leader to unite the nation. On the contrary, the motivation of the
non-protesters to state their disagreement with the public discontent was related to their
skepticism about the ability of any alternative to the ruling political party to change the
status quo in the system. The protests lasted until October 2020 and led to the resignation
of five ministers. Despite the political insecurity, the Government accomplished its term.

Among the main reasons for the public dissatisfaction with the government was the
accumulated fatigue from the ruling of the three cabinets with the leading participation
of the center-right Citizens for European Development of Bulgaria (CEDB) political
party (2009–2013, 2014–2017, and 2017–2021), as well as with the loss of trust in
the state institutions. Indeed, its last coalition government has achieved certain suc-
cess in: handling of the corona virus crisis; sustaining good macroeconomic indicators
and infrastructure modernization; managing the migrant crisis; increasing the country’s
international outlook, etc. However, the Parliamentary opposition and the protesters’
allegations that this political party did not resolutely fight corruption and did not put
much effort to defend the rule of law, have helped to form a prevailing critical attitude
towards it.

The tense relationships between theprimeminister and thepresident further polarized
the political environment. Under pressure from protesters, the Electoral Code has been
amended to provide parallel use of voting machines in polling stations with a minimum
of 300 registered voters. Shortly before the elections some new parties and coalitions
were established, mainly by former high-ranking public officials and by participants in
the street protests. Candidates from 67 political formations, organized in 19 political
parties and 11 coalitions run for the 240 seats in the National Parliament. MPs from 2
political parties and 4 coalitions, representing 20 political entities were elected. From the
former political forces only theMovement for Rights andFreedoms (MRF) political party
improved its results by gaining 4 seats. Citizens for European Development of Bulgaria-
Union of Democratic Forces (CEDB-UDF) lost 20 seats and Bulgarian Socialist Party
for Bulgaria (BSP for Bulgaria) Coalition – 37. The nationalist coalitions, such as
the United Patriots and Will suffered from splits and lost their representation in the
new Parliament. Some of the new participants in the political race such as Democratic
Bulgaria (DB) coalition, There Is Such a People (TISP) political party and Stand up!
Goons Out! (SUGO) coalition passed over the 4% electoral threshold.

Voter turnout in the country was 50. 61% - 3,334,283 out of 6,588,372 eligible
voters went to the polls. The election apathy somehow displaced the initial political
euphoria in society – a definitely protest vote of the Bulgarians against the political
class. Bulgarian voters refused to yield to any mass media, political and sociological
propaganda, especially when dished out along negative lines [7].
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According to the Preliminary Standpoint of the Organization for Security and Co-
operation in Europe (OSCE) fundamental freedoms were respected in the election [8].

Early Parliamentary Election (11.07.2021). Although CEDB-UDF became the first
political force in the 45th Parliament and offered a structured cabinet, the attitudes
of the other five political formations put this coalition in isolation. The first actions
of a number of the newly elected MPs were not encouraging in terms of expertise
and political culture, demonstrating aggression and disregard for parliamentary rules.
The second-ranked political force There Is Such a People, despite the huge support
from other MPs of its program, returned the mandate wrapped in silence. Its leader is
unique in the Bulgarian parliamentary life in that he is the only MP who did not appear
at any sitting of the National assembly. The BSP Coalition for Bulgaria also did not
propose a government. The lack of a clear majority and the inadequacy of many of
the new MPs turned unproductive in legislative activity. The only legislative result was
the hastily revised Electoral Code, voted on the eve of Good Friday in violation of the
Rules of Procedure, but with the intention to ensure greater fairness of the vote. A new
Central Election Commission has been appointed, compulsory machine voting has been
introduced for sections with more than 300 voters, and the restriction of 35 sections in
non-EU countries has been removed.

Negativism against the winner CEDB-UDF seemed to be a more unifying factor
for the other five parliamentary represented political forces, instead of the consensus
discussion on important issues for the country. The caretaker government, appointed
by the President, and the narrow perimeter of its actions would hardly help for their
solution. Thus, it became quite possible to add a political crisis to the health, economic,
social and institutional ones – a telling trend to the erosion of democracy.

Although this was considered the most expensive election in the country’s history,
turnout in July was unusually low - 42.19% or 8.42% less than the vote in April [7].
The activity of the early vote seemed to refute the effectiveness of the machine voting.
Thus, only 38% of those obliged to vote with machines in sections with 300 and more
voters went to the polls, while significantly more - 55%, were those who voted with
paper ballots. Resistance to machines refused many (especially the older people) to go
to the polls. Preventive police actions of law enforcement agencies and police forces in
places where there were suspicions of control votes, although loudly announced, were
not fair and effective enough.

The Bulgarian people gave a second chance to those political forces elected in April,
without again having the upper hand of any political formation.

If for the regular elections in April the participating political entities could be divided
into two: parliamentary (Coalition Citizens for European Development of Bulgaria–
CEDB/Union of Democratic Forces–UDF; Coalition Bulgarian Socialist Party-BSP
for Bulgaria, and political party Movement for Rights and Freedoms-MRF and non-
parliamentary (political party There Is Such a People - TISP, Coalition Democratic
Bulgaria-DB and Coalition Stand up! Goons out! - SUGO), in the July déjà vu all six
ranked equalized as parliamentary represented, regardless of the time of their stay in
the National Assembly or the effectiveness of their activities in it for the formation of
policies and legislation ensuring sustainable development of the country.
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All participants in the election campaign, both in the regular and in the early vote, and
not only thosewho crossed the 4%barrier, have bet extremely seriously on their presence
on the social network Facebook during both one-month campaigns. The candidates
who ran for the 240 seats in the National Assembly for the early vote in July did not
differ significantly from the ones for the regular vote in April: 64 (vs.71) were the
political formations organized in 15 (vs. 18) political parties, 8 (vs. 12) coalitions and 1
independent candidate. In the remake, the winners were again the same - two parties and
four coalitions, representing 33 political entities, formed the 46th Parliament. However,
the change in the rules led to a shift in the ranking. And not only that: the massive
negative rhetoric against the former ruling CEDB-UDF coalition by all ranked political
formations, by the President and by some ministers of the caretaker government and
during the campaign period contributed to this.

During the early parliamentary elections, 3,973,856 registered voters (57.81%) were
not represented in the 46th National Assembly, which is a challenge to its legitimacy [7].
All these people were not asked about the program and composition of the government,
nor how to outline the priorities for governing the country, which is counterproductive
for democracy.

Early Parliamentary Election (14.11.2021) and Presidential Election (14-21.11.
2021). The early Parliamentary election of July 11, 2021 resulted in a narrow victory
for the newly established political party There Is Such a People (TISP) over the then rul-
ing CEDB-UDF coalition, however, TISP won only 65 out of 240 seats in the National
Assembly. TISP opted to form a minority government with potential partners (the coali-
tions Democratic Bulgaria - DB, Stand Up! We Are Coming! – SUWAC (the renamed
Stand Up! Goons Out! – SUGO, and Bulgarian Socialist Party for Bulgaria – BSP for
Bulgaria). These attempts proved unsuccessful. After the other two political forces in
the row (CEDB-UDF and BSP for Bulgaria) refused to propose a government, the Par-
liament was dissolved and new early Parliamentary election was scheduled together with
the regular vote for President.

On 14 November 2021 were held the first round of regular election for President
(the second round was on 21 November 2021 as no candidate was able to receive a
majority of the vote in the first round) and early election for Parliament. Nationwide
the turnout in the Parliamentary election and in the first presidential round fell below
41% - Bulgaria’s lowest participation rate in 30 years for both presidential and legislative
elections. Nationwide turnout in the second presidential round experienced another drop,
featuring only 34.84% (2,310,903 of the registered 6,632,375 voters). In the runoff it
was won by incumbent president Gen. Rumen Radev with 66.72% (1,541,834 ballots)
against the rector of the largest and most renowned University in the country Prof.
Anastas Gerdzhikov [7].

The 47th Parliament consists of thirty three political formations (three political par-
ties and four coalitions, representing thirty political forces). Although with no majority
(25.67%), the newly formed electoral alliance We Continue the Change (WCC), unreg-
istered political formation, led by Kiril Petkov and Asen Vasilev, the former caretaker
ministers of Economy and Finance, respectively, appointed by President Radev, and US
backed, won themost seats (67). Kiril Petkov has been appointed onMay 12 by President
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Radev a minister of economy in the caretaker cabinet, in violation of the Constitution,
according to which ministers must only be Bulgarian citizens. Being previously a citizen
of Canada, Petkov stated that he had renounced his citizenship on April 2021, but Cana-
dian government documents showed that the procedurewas not officially completed until
August 2021. The leaders of the electoral allianceWe Continue the Change (WCC), the
coalition Bulgarian Socialist Party for Bulgaria (BSP for Bulgaria), the political party
There Is Such a People (TISP), and the coalition Democratic Bulgaria (DB) announced
that they had agreed to form a coalition to put an end to the months-long political crisis.
On 13 December 2021 the National Assembly approved the incoming government of
Kiril Petkov. The other three political forces – the coalition CEDB-UDF, the political
party MRF and the new nationalist political party Revival stayed in opposition. This
whole long process of power switch, which went through three parliamentary votes,
was carefully engineered and closely guided by President Radev, who is also seeking to
amend the Constitution for a new polity - a presidential republic. Coincidentally or not,
the President scheduled both votes on days that do not stimulate the turnout - 04. 04.
coincided with the Catholic Easter, and 11. 07. - with the finals of the European Football
Championship. The coincidence of the last parliamentary elections with the first round
of the presidential election could be linked to his intention for the parliamentary vote to
provide the necessary turn out of over 50% of the voters in order to avoid the second
round.

During the early parliamentary election, 3,966,045 registered voters (55.77%) were
not represented in the 47th NationalAssembly,which is again a challenge to its legitimacy
and stability. Among the main reasons for the low turnout (especially for older people)
was the lack of meaningful debate on the social, economic and civil priorities in the
public agenda; the frustration from the ongoing COVID epidemic; and the challenges
of the machine voting.

Obviously, most Bulgarians refused to comply with media, political and sociologi-
cal propaganda, especially when they did not meet their needs. It seems that their idea
of a democracy in which causes, values and principles are upheld was undermined by
the wave of populism, defending interests and unenforceable promises, skillfully play-
ing with people’s fears, hopes, and expectations. Fairly criticizing previous managerial
shortcomings, the populists had no vision of proposing a meaningful program for their
correction and energy to implement it. And any social change is a long, consensual pro-
cess, not a momentary “erasure” of the political legacy (both good and bad). The remake
of the neglect of the dialogue, of the belittled prioritization of the public order, leads to
the replacement of the people’s discontent by a fake democracy.

3.2 Challenges of Media Literacy to Debates on Civic Rights

Media are among the main factors of the deliberative democracy, which should ensure
fair and reasonable debate among citizens (especially in pre-election times).

Defining media literacy in contemporary communication process faces multi-
complex approach. Within five decades only the concept of the transition from an
economy based on material goods to one based on knowledge [9] was transformed
to knowledge divide - the gap between those who can find, create, manage, process,
and disseminate information and those who are impaired in this process [10]. While in
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post modernity [11] diffusion between information and technology has been prerequisite
for blurring the lines between the physical, digital, and biological spheres, nowadays
transmedia storytelling and participatory culture already represents a process where inte-
gral elements of a fiction get dispersed systematically across multiple delivery channels
for the purpose of creating a unified and coordinated entertainment experience [12]. In
today’s flat globalized world ‘never before in the history of the planet have so many
people – on their own – had the ability to find so much information about so many things
and about so many other people’ [13].

Information literacy forms the basis for lifelong learning, enabling individuals of
different educational background to find, critically and competently evaluate, accurately
and creatively use, and responsibly communicate information in all its various formats
efficiently and effectively, in regardwith acquisition of knowledge, aswell as in situations
requiring decision making or problem solving.

Unifying information literacy andmedia literacy as a composite concept considering
the right to freedom of expression and access to information through ICTs has been tack-
led by UNESCO in the first of a kind significant publication on the matter. Media and
Information Literacy. Policy & Strategy Guidelines offers a multifaceted harmonized
approach to developing national policies, legal framework, and regulatory mechanisms
for better media and information environment [14]. Also, A UNESCO handbook Jour-
nalism, “Fake News”&Disinformation provides an internationally-relevant openmodel
curriculum, responding to the emerging global problem of disinformation that confronts
societies in general, and journalism in particular [15].

Digitalization has led to significant proliferation of information spread across the
Internet. Nowadays the possibilities of people all over the world to connect via mobile
devices with unprecedented speed, scope, processing power, storage capacity, and access
to knowledge, are practically unlimited. It was in 1997, when the citizens of the Net rep-
resenting the new globalized way of communication were named netizens [16]. Later,
other terms were introduced for the internet users, such as digital natives, digital immi-
grants, smart mobs [17, 18], etc. However, many users lack awareness of themechanisms
that frame their digital engagement with information online and offline. Further on, con-
tent personalization and private moderationmay have various positive or negative effects
as well as may cause serious threats for access to information and freedom of expression
[19]. In addition, age-based inequalities and socio-economic disparities may deepen the
digital divide, thus hampering the citizens’ informed participation in democratic pro-
cesses. That is why the ability of digital literacy to find, organize, evaluate, create, and
disseminate information in various platforms using digital technology supplements the
managerial particularities of information literacy and the communication specifics of
media literacy, thus contributing to knowledge developments.

Taking into account the radically transforming media economy due to mobility, user
generated communication, Internet and booming availability of digital products, in 2007
the Commission launched the Communication A European Approach to Media Literacy
in the Digital Environment. It defines media literacy as “the ability to access media, to
understand and to critically evaluate different aspects of the media and media contents
and to create communications in a variety of contexts” [20].
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Recital 59 of the revisedAudiovisualMedia ServicesDirective provides that: in order
to enable citizens to access information and to use, critically assess and create media
content responsibly and safely, citizens need to possess advanced media literacy skills.
Media literacy should not be limited to learning about tools and technologies, but should
aim to equip citizens with critical thinking skills required to exercise judgment, analyse
complex realities and recognise differences between opinion and fact. It is therefore
necessary that both media service providers and video-sharing platforms providers, in
cooperation with all relevant stakeholders, promote the development of media literacy
in all sections of society, for citizens of all ages [21].

Of particular importance in this digital communication is the effective participation of
different generations in it and the approach to overcome the digital generation divide. The
majority of studies have focused on older people’s access and use of digital technologies
and media, while the creation of media content has been researched less within the
traditional dimensions of media literacy. The studies have concluded that while older
people exhibit a variety of digital media practices, they typically use digital technologies
and media less and somewhat differently than younger age groups [22].

Many studies focus on the need to prevent possible exclusion of digitalization on
older people by providing them with media education. There is diversity among older
people’s online activities, their range is narrower than that of younger age groups, and
there are more Internet non-users among older people. Researches indicate that the so-
called warm experts, often family members and friends, play a important role in older
people’s use of digital devices and media. It is especially important to analyze the use
of social networks, and in particular Facebook, by the elderly, in order to protect them
from the impacts of fake news and Internet trolls [23, 24]. Nowadays, for example, the
election campaign are increasingly shifting from traditional media to social networks,
and efforts to enhance media literacy would help vulnerable people to make informed
choice while exercising their vote.

The Facebook Facade of the Bulgarian Parliamentary Campaigns’2021. All par-
ticipants in the election campaign, both in the regular and in the two early votes have bet
extremely seriously on their presence online, especially on the social network Facebook,
during the three one-month pre-election campaigns.

Following the aim of this study, focused on the dynamics of pre-election online
communication in the three parliamentary votes in 2021, the messages of the leaders of
political parties presented in their Facebook profiles during the one-month campaigns
for the regular elections (04.03.-04.04.2021) and for the early voting (11.06.-11.07.2021
and 14.10.-14.11.2021) were examined and compared. Due to the limited size of this
text, the results will be presented only for those political forces that have crossed the 4%
barrier.

Overall, the campaigning of Boyko Borisov - the leader of the coalition CEDB-UDF
and former PrimeMinister’s via Facebook were rational and pragmatic. He was trying to
play the role of a unifier of the nation. In the three campaigns, among the posts published
on his Facebook page, were listed those of some European leaders who declared their
support for him, such as the one by Manfred Weber, the chairman of the Group of the
European People’s Party in the European Parliament.
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The Facebook populist campaign of the leader of There Is Such a People Slavi
Trifonov is perhaps best characterized in Katherine Calvait’s comment in Süddeutsche
Zeitung: “A model for success? More mockery. Trifonov, musician, presenter,TV star,
neo-politician, no program. During the election campaign, he hardly showed up, his
ideas were deliberately formulated in a vague way. Now that he can form a coalition
with other reformist forces and will have to present a government program, he comes
up with conditions that cannot be met, so the question arises: Is the man a visionary or
a charlatan?” [25]. The party is named after one of his musical albums - There Is Such a
People. He himself has an inscription tattooed on his back with the famous Wyatt Earp’s
(performed by Kurt Russel) phrase from the 1993 US western Tombstone: “I’m Coming
and the Hell’s Coming with Me”. His success actually continues a trend in both Europe
and the United States: TV and show business stars are entering politics, such as US
Donald Trump, Italian Beppe Grillo, Ukrainian Volodymyr Zelensky, Slovenian Marian
Sharec, etc. The general conclusion is that Slavi Trifonov’s emotional campaign focuses
on the position of “anti-status quo”, against fear, the importance of people’s opinions,
and patriotism.

The Bulgarian Socialist Party suffered from contradictions within the party between
its leader Korneliya Ninova and various fractions. The coalition gradually has departed
from its clear-cut social democratic left profile, combining up to nineteen political for-
mations, ranging from communism and nationalism to environmentalism. The Facebook
profile of the leader of the coalition BSP for BulgariaKornelia Ninova in the three cam-
paigns was moderate in intensity. The key words of her messages were predictability
and stability.

The coalition Democratic Bulgaria has two chairpersons. While campaigning in
his official Facebook page one of them - Hristo Ivanov, relied on expert speech, not
so much on emotional personal posts. The main message was the need for change and
the statement that the DB coalition knows how to make this change. In general, the
style and approach of the online campaign on Facebook of the other co-chairman of
the DB coalition Atanas Atanasov also did not differ much from the campaign for all
the parliamentary elections. He also relied on a rational rather than emotional approach.
Most of his posts were linked to interviews and media publications.

The centrist liberal Movement for Rights and Freedoms political party, perceived
as a “Turkish party”, has been one of the consolidated Parliamentary entities since its
foundation in 1990. Although the law does not permit parties on racial or religious basis,
a number of ethnic Turkish and Roma candidates run in minority-populated areas. The
Facebook profile of the leader of the political party MRF Mustafa Karadayi in all pre-
election campaigns of 2021 was characterized by an unobtrusive and casual election
strategy. Karadayi’s Facebook profile published addresses of international leaders, such
as: Hans van Baalen (former Chair of ALDE); Dr. Hakima el Haite (Chair of the Liberal
International); Graham Watson (former Chair of ALDE); Dacian Ciolos (Chair of the
Renew Europe EP Group); Roman Jakic (Chair of the Liberal South East European
Network); Dita Charanzova (Vice President of the EP), etc. Verbal communication was
almost non-existent in the three pre-election campaigns. The agitation was reduced
to modest photos and videos. There is no tension from the upcoming race, but rather
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confidence. It seems that the MRF leader does not rely only on the election campaign
on the social network, but rather on a hard electorate.

Themost eclectic coalitionStandUp!GoonsOut! united several political formations
of quite different profiles – social democratic, environmental, populist, liberal, agrarian,
etc. The two leaders - Maya Manolova, a former member of the socialist party and
a former national ombudsman and Nikolay Hadgigenov, lawyer and one of the three
members of the “Poisonous Trio”- the coordinators of the 2020 protests, did not provide
consolidated platform for the regular election of 04.04 and for the early one on 11.07.
For the early election of 14.11, although the political formation changed its name to
Stand Up! We are coming! (SUWAC) and only one leader was left - Maya Manolova,
the coalition did not pass the 4% threshold. The Facebook page of the leader of the
coalition SUGO/SUWAC Maya Manolova was very active but in her strategy dominated
populist promises.

Teamwork was the leitmotif of the campaign of the newcomer We Continue the
Change - the winner of the 14.11. early Parliamentary election. One of the two co-
chairpersons - Kiril Petkov, is a relatively new face to the Bulgarian political system. The
impression was that people are talking about him, not he about himself. This approach
was different from that of most other politicians, who presented themselves in their
profiles and the publications on their behalf were at the heart of their campaign. A key
publication was the one of October 27, accompanied by a photo on which he holds a
poster with the inscription “I am Kiril Petkov and I am not afraid.” He said that he
accepts the negative decision of the Constitutional Court on his false declaration for
Bulgarian citizenship when appointed Minister of Economy in the caretaker cabinet,
but he does not agree with it and his head was held high because he denunciated his
Canadian citizenship and handed over his Canadian passport before that, claiming that
he had fulfilled his obligation to the Constitution. This is Petkov’s most liked post, as
well as the post with the most interactions - 29 thousand likes, 36 comments, over 6
thousand shares. The other co-chairman of We Continue the Change Asen Vassilev did
not run a campaign on his own Facebook profile.

The 4% threshold at the 14.11. early election was crossed also by another newcomer
- the nationalist political party Revival, founded in 2914. Its leader Kostadin Kostadinov
was extremely active on his page occupying the current far-right political space. He
held 320 posts during the election campaign, 213 of which contain video. Kostadinov’s
populist style was revealed in direct speech, attacks on political opponents, expressive
language.

The comparative study of the three election campaigns (for the regular vote in April
and for the early ones in July and in November) analyzed the verbal and non-verbal
communication of the leaders of the political forces, overcoming the 4% barrier. The
quality of their messages on Facebook in terms of positivism, negativism or neutrality, as
well as their commitment to social, health, economic, technological and other important
issues related to the welfare of the population in the country as a Member State of the
European Union were also studied. Moreover, the digital activity of the audience was
also monitored.

Digital Challenges to Older Adults During the 2021 Pre-election Campaigns.
Although the introduction of compulsory machine voting in polling stations with more
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than 300 voters was adopted with the intention of clearing the electoral process off from
the practices of buying votes, it was definitely not in favour for older adults 65+. Besides,
data from the National Statistical Institute show that in 2021 83.5% of the households in
the country have internet access. 73.9% of persons aged between 16 and 74 years used
the Internet every day or at least once a week at work, at home or elsewhere, and 61.4%
used the resources of the global network several times a day. The most active users of the
Internet were people with higher education (92.7%) and young people aged between 16
and 24 - 92.9%. Only 30.8% of people over the age of 65 used this access every day, and
18.5% - several times daily, with 50.6% stating that they have never used the internet
[26].

Despite the rapid development of ICT and online services, television continues to be
the most preferred source of information and entertainment for most Bulgarian house-
holds. In addition to traditional media and online-only news sites, using of other social
media platforms, as well as networking and microblogging services such as Facebook,
Google Plus, Instagram, Twitter, TikTok, and hashtags, is becoming more and more
popular. The use of online social networks every day or almost every day is 56% (in EU
it ranges from 46% in Germany and France, to 77% in Lithuania) [27].

The creative potentials of the new information and communication environment
appear to be a key factor in the development of Bulgarian media reality. More than 76%
of all Bulgarians use Facebook for any purpose and 64% for news; 70% use YouTube for
any purpose and 64% for news; 54% use Facebook Messenger for any purpose and 17%
for news; 61% use Viber for any purpose and 16% for news; 36% use Instagram for any
purpose and 12% for news; and 13% use Twitter for any purpose and only 8% for news.
Thirty-eight per cent share news via social media, messaging or e-mail (Reuters, 2021)
[28]. After the massive civil protests of 2013 that were fomented by the widespread
involvement of social networks, the influencing effects of various communication chan-
nels were acknowledged by the Bulgarian citizens. However, the majority of the older
population remained non-inclusive in this communication.

When assessing the vulnerability of elderly people in Bulgaria in the contemporary
media environment, it should be borne in mind that they are not a homogeneous group
of people. Apart from the traditional division of people at pre-retirement and retire-
ment age, there is another intermediate generation, whose characteristics are sharply
different from the traditional perception of older adults in Bulgaria. The “technological”
generation (today’s Bulgarians at the age of 55–74), which ensured the boom of the
high-tech industry in Bulgaria in two socio-economic systems, has a high social status,
a good financial position and opportunities for coping in the modern technological and
information environment. Media, marketing, and political PR specialists should view
them as a group with significant, underestimated potential, rather than as people with
disruptive functions in society. However, the oldest, poorly educated, mostly living in
the countryside users of media content can be considered as truly vulnerable participants
in the contemporary media ecosystem.

Along with the increase in the activity of the middle aged people on social networks,
the older people’s aspirations to learn about online skills are growing. Enhancing the
communication and media literacy of the elderly should be encouraged by the govern-
mental and the non-governmental sector as it satisfies several needs simultaneously:
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communicating with relatives who have emigrated abroad, overcoming social exclusion
by establishing contacts with people with similar interests, diversifying the channels for
obtaining a variety of information, providing an opportunity to check its credibility, etc.A
survey, conducted by research team of the St. Kliment Ohridski SofiaUniversity in 2017,
showed that this is the group that has no other means of protection against unreliable and
manipulative information, apart from the credibility and professionalism of journalists
and of its own long life experience. Elderly people can withstandmedia impact when it is
contrary to their established beliefs, knowledge and patterns of behavior. However they
can not counteract the personified, reliant on their feelings and highest values, influence
(as seen, for example, by the success of phone fraudsters who take huge sums of money
from old people, on the pretext that they are treating their heavily injured loved ones).
Against the backdrop of the popularity of traditional media, journalists in the radio, the
television and the press should try to justify and preserve their trust, otherwise they risk
losing some of their most faithful admirers - the older audiences. This can be done by
providing reliable information on topics that are eager for the elderly: internal politics,
security and public order, economy and finance.

In compliance with the EU provisions for the ICTs and the ageing population to stay
socially active and creative, through networking and access to public and commercial
services, thus reducing the social isolation of older people, particularly in rural areas
[29], the research team from the Faculty of Journalism and Mass Communication at the
St. Kliment Ohridski studied qualitatively the attitudes of the older adults 65+ (N= 22)
to the 2021 election process. A non-representative survey as part of a broader research
on media usage patterns was conducted with MA and BA students as interviewers.
The respondents were approached with three questions, related to their attitude to: the
machine voting, the election campaign, and their trust in the media – all under the
umbrella topic of the possibility for informed choice in the vote. Almost all respondents
pointed out television in the first place in terms of trust (public BNT and commercial,
nationally distributed, bTV and Nova), followed by the public radio (BNR). Depending
on their educational background, those with a minimum of upper secondary or higher
education indicated that they had no problem with the machine voting, while those with
lower educational status and residents of smaller settlements responded that they were
embarrassed by the lack of choice for voting with paper ballots. Some admitted that
they did not go to the polling stations due to this frustration. It turns out that the COVID
epidemic was not such a deterrent for the voting process. The reactions to the qualities
of the election campaign were most diverse. Many answers tied up around the notion
that the participants in the political race have failed to understandably present their
management programs. Some claimed that the media have failed to offer meaningful
debates on important topics for society, such as healthcare, economics, and social issues.
Few have paid attention to the messages on social networks and Facebook, describing
them as propaganda and full of unproductive confrontation. In cases of suspicion of
misinformation and fake news, a large number of the respondents either did not trust
the message or sought other communication channels to verify the information. None of
the respondents answered that the election campaign influenced his or her choice. They
relied mainly on their previous many years of experience, their political preferences and
their sense of public duty.
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The results of the analysis show that during the 2021 election campaigns Bulgarians
preferred to be informed first by television, and then - by social networks - mostly - by
Facebook. Online communication replaced live political contacts with the public, and
the numerous likes, comments and shares expanded the boundaries of the audiences.
However, the number of publications, the frequency of use of the social network, as well
as the invested funds did not turn out to be directly proportional to the achieved success.
Judging by the quality of the content of the posts, relying on populism in its various
dimensions was the most profitable strategy. For some of the new political formations,
aggressive rhetoric was also effective. In a few of the Facebook profiles surveyed, polit-
ical leaders clearly set out their intentions so that voters had the opportunity to make
informed choices [30].

4 Conclusion

No matter how positive the impact of digitalization and ICT applications and media
developments on progress in all areas of life might be, it is no less true that they pose
challenges to the social stratification of society. The different speed, extent, and level of
utilizing the digital competence by the different layers of the population determine the
need to update the mechanisms for accessing, using and perceiving information dissem-
inated online. Therefore, media and information literacy programs acquire additional
importance in today’s communication environment.

The 2021 elections (one regular – 04.04. and two early – 11.07. and 14.11) for
National Assembly in Bulgaria were organized in a tense political confrontation and
epidemiological restrictions of COVID-19. The pre-election campaigns have developed
alongside two mutually bound processes – politicization of media and mediatization of
politics.

When answering the first research question related to the extent to which the social
network is used by politicians in their communication, the results of the research show
that all the politicianswho tookpart in the elections have accounts and are relatively active
in their Facebook campaigns. Some of them share their TV interviews, thus duplicating
all their media appearances on Facebook.

Regarding the second research question related to the effectiveness of online cam-
paigns the analysis shows that there is no direct correlation between the Facebook pres-
ence and the results of the elections. The findings of the study showed that funding
invested in political advertising, scope of media activity, populism, hate speech, and
Facebook interactions were not sufficient for electoral prevalence. It also became evi-
dent that the risks of communication competencies of political and media entities in the
country are related to the insufficient level of media literacy of media users (especially
the older adults), who, lost in a bulk of contradictory information, could not impar-
tially exercise their informed election vote. Deficits in purposeful political messages
and in clear party programs were the more serious challenges to the developments of
deliberative democracy.

As for the third research question whether the older people can equally participate in
the election campaign and exercise their informed choice when voting, it turned out that
there is a risk for this age group (over half of elderly have never used the internet) to cope
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with the political messages in Facebook. The Internetization of the campaign created to
some extent the effect of excluding older people from the pre-election process.

The limitations of the study are mainly related to the more detailed outline of the
effects of the attraction of older people to the political election campaign, developed
on social networks. Future empirical studies should address such issues as tracking of
interactions and evaluating of politicalmessages by older audiences against the backdrop
of the popularity of traditional media,

The results of the study are indicative to those interested in digital political
communication during social isolation of pandemic.
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Abstract. Technological ubiquity has brought countless paradigmatic changes –
e.g. the rise of the network society; new forms of entertainment, socializing, and
learning; and a digital divide that is still limiting the access and use for a large
part of the population. Concurrently, an increasing ageing of the population has
been witnessed, bringing additional challenges when developing digital platforms
suitable for this audience. Considerable research has studied the impact that digital
platforms, such as online communities and digital games, may have on promoting
an active and healthy ageing. However, little is known regarding the combined
interaction of these two media within the ageing citizen context. This research,
in light of the paradigms of complexity and informationalism, epistemologically
and antagonistically analyzes the relationship between the older adults, online
communities, and digital games. As a result of this disruptive thinking, a new
transdisciplinary term emerges – online gameable communities. In conclusion, it
is believed that this new medium will allow a greater involvement of older adults
with technology, while fostering socialization, technological learning, well-being,
and an active and healthy ageing.

Keywords: Social digital games · Online communities · Active and healthy
ageing · Infocommunication society

1 Introduction

The growing ageing population [1], alongside the increasing use of digital platforms by
older adults [2], has been overlooked by developers and marketers. Therefore, despite
the numerous advantages that digital platforms can present for an active and healthy
ageing – e.g. fostering physical activity [3]; promoting socialization [4]; and increasing
self-confidence [5] and cognitive functions [6] – there is still a big usage barrier.

As described by Castells [7], with the ever-increasing technological ubiquity, new
social contexts emerge. In this vein, and as part of digital platforms, (social) digital games
arise as amplifiers of social connections [8], while benefiting from all the advantages that
digital games have – i.e. provide playful and fun contexts that promote knowledge learn-
ing [9], increase quality of life; improve well-being and health, by alleviating depression
[10]; and stimulate older adults’ cognitive abilities [11].Moreover, online communities –
i.e. spaces where people or organizations can discuss various issues together [12] – are
also part of this digital evolution.
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When analyzing from a complex point of view – i.e. understand the epistemological
problematic based on the paradox of unity and multiplicity of physical, biological, and
anthropological systems, while exploring uncertainty within richly organized systems
[13] – it is possible to deconstruct the problematic and reach newvisions and conclusions.
Therefore, in this paper it is possible to perceive the transdisciplinary and complex
combination of the various areas addressed – i.e. gerontology, online communities, and
digital games – that when combined create new opportunities for learning, socializing,
participating, and promoting an active and healthy ageing.

This paper is divided into three sections, including the Introduction and Final Con-
siderations. The first section – 1. The Infocommunication Ageing Society – is devoted
to describing the worldwide ageing of the population in the context of a growing use
of digital platforms. Then, the second section – 2. Social Digital Games – introduces
digital games as part of the digital world. Moreover, the advantages of using games to
incite an active and healthy ageing are presented, and the addition of the social aspect is
described. Lasly, the third section – 3. “Online Gameable Communities” – is dedicated
to the introduction of this new term as a transdisciplinary combination of online commu-
nities and social digital games. It is believed that this new concept could be one of the
answers to mitigate the effects of the ageing population, while promoting socialization
and technological learning. Throughout all sections, an intersection is made between the
theme addressed and the two macro-paradigms of complexity and informationalism.

2 The Infocommunication Ageing Society

2.1 Active and Healthy Ageing Society

The World is witnessing an accelerated ageing of the population, highly motivated by
the historically low fertility levels, and increasing longevity due to the medical advances
[1]. In fact, it is predicted that by 2050 people aged 65 or over will outnumber teenagers
and youngsters between the ages of 15 and 24 [1]. Despite the massive disruption caused
by the COVID-19 outbreak on the economies and societies [14], and the various levels
of mortality impact reported around the World [15], Wilson and colleagues [14] suggest
that the previously mentioned ageing trend will prevail in the upcoming years.

Alongside with ageing, older adults may experience some psychological [16], phys-
iological [17], and social declines [18], greatly conditioning the way they perceive,
experience and relate to the world.

According to the World Health Organization’s perspective, the concept of active
ageing has been replaced and updated to healthy ageing. Active ageing refers to the
process where opportunities are optimized for an healthy, participative and secure ageing
life, mainly focusing on the continuous participation in the “social, economic, cultural,
spiritual and civic affairs” (WHO - World Health Organization, 2002, p. 12). However,
the term healthy ageing has been introduced in 2015, and goes beyond the definition
of absence of disease or infirmity, since this is not a requirement for an healthy ageing
[20, 21]. In fact, “healthy ageing is about creating the environments and opportunities
that enable people to be and do what they value throughout their lives” [20], para. 2],
which can be accomplished even if one experiences some health condition, as is common
among older adults [20].
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Within the context of this paper, the term active and healthy ageing will be used,
representing the union between the two aforementioned concepts – since they are not
antagonistic or incompatible. Despite no official definition of this new term, it is an
attempt to deeply and more completely characterize what a successful and optimal
ageing should be.

2.2 The Infocommunication Ubiquity

Before analyzing the ubiquity of the infocommunication ageing society, and characterize
its impacts on people’s lives, it is important to clarify the information, communication
and digital platform terms that will be used throughout this paper.

Firstly, information can be defined as the encoded mental product that derives from
cognitive processes inherent to knowledge – i.e. the processes associated with cogni-
tion [22]. Moreover, it is crucial to distinguish information from communication. As
mentioned by Daniel Bougnoux [23], in their book Introduction aux sciences de la
communication, the homo communicans1 uses a set of signs to act on another hommo
communicans, i.e. communication can be seen as the perpetual transmissions of signs
between entities who are simultaneously receivers and transmitters.

This infocommunicational process which has its origin in an analog format, can be
digitalized [24]. In fact, and according toManuel Castells [25], we live in aworld that has
become digital – where the current technological development augments exponentially
the ability to create digital artifacts that allow the creation, storage, recovery processing,
and transmission of information.

In this vein, there is the emergence of digital platforms, which can be defined as
“the extensible codebase of a software-based system that provides core functionality
shared by the modules that interoperate with it and the interfaces through which they
interoperate” [26]. An example of a module is the applications (commonly called apps),
i.e. a piece of software that connects to the digital platform and adds functionalities
to it [26]. According to Ghazawneh and Henfridsson [27] applications are “executable
pieces of software that are offered as applications, services or systems to end-users of
the platform”. Therefore, digital platforms and its applications can have a vast array
of possible uses, materializing in the most diverse devices that are part of our daily
life, and fulfilling the transmission of information between social actors, thus allowing
communication – as a medium for the Information and Communication Technologies
(ICT).

The disruption of ICT started in the 70s, as it began to unevenly spread around the
world [28]. Since then, the society has been shaping the needs, values, and interests
of technology, determining what technology is [28]. In fact, Internet-connected devices
have been growing in number and complexity of use and features [29]. Alongside these

1 Homo communicans can be defined as a being without interiority and without a body, who
exists by capturing and exchanging information, while being completely turned towards the
social aspect [55].
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technological advances, Castells [7] also emphasizes the exponential emergence of inter-
twined nodes – i.e. networks, social and information transmission spaces par excellence.
Therefore, in the 90s, it starts to surface in the literature the study of a network society
[29], i.e. a ubiquity of networks within networks, with impacts on industry, education,
leisure, entertainment, and home life, leading us – hommo communicans – to where
we stand today: individuals immersed in digital platforms [29], part of a society that
navigates towards hyper-connectedness [12].

Although it is registered a great adherence to the Internet and its products – i.e. digital
platforms –, there is still a large digital divide – a social and global problem that shapes
and conditions the access to the opportunities enabled by technology [30]. In fact, the
rapid growth of knowledge regarding technology, increases inequality between those
who have it and those who do not, thereby extending the problem to a planetary scale
[31].

Since the year 2000, the digital divide measured according to access has been dimin-
ishing [25]. However, according to Dijk [30] the term ‘access’ is no longer used in
preference to the term ‘use’. Thus, instead of just considering the access to devices,
which per se doesn’t guarantee any digital literacy, the emphasis has shifted to the abil-
ity to use and perceive digital platforms and the technological paradigm ofwhich they are
part of [25].Manuel Castells [25] emphasizes three characteristics of the aforementioned
paradigm, also known as informationalism: (i) technology plays an active role on infor-
mation; (ii) the effects of technology are constant and pervasive, impacting the society’s
individual and collective processes; and (iii) the new information technologies allow
the emergence of increasingly complex interaction network logics with unpredictable
patterns.

Over the years, technological ubiquity has forced a narrowing of the digital divide.
As it is possible to observe on Fig. 1, the data reported by PORDATA [2] – a data bank
of certified statistics on Portugal – shows that Internet usage is clearly growing, with
special emphasis on the age groups over 55. It is worth noting that in 2020 there was an
increase of nearly 6 percentage points over the prior year in the oldest age group – the
largest increase yet when comparing consecutive years. In the same year, the values
regarding computer use also had a similar increase [2]. This was the year that the first
case of the COVID-19 outbreak appeared in Portugal, having a huge impact on the way
society perceives and practices togetherness and connectivity [32]. In fact, and as proven,
during this era of social distancing, a Canadian study suggested a possible increase in
technology use by older adults [33].
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Fig. 1. Internet usage by age group (% per year). Adapted from PORDATA [2].

Forsman and their colleague [34] found a correlation between the Internet use and
the well-being experience of older adults. In fact, the increasingly used digital platforms
[2], play a crucial role in active and healthy ageing by (i) fostering physical activity [3];
(ii) promoting socialization – at a time of great disconnection, as is the case of COVID-
19 pandemic, digital platforms can strengthen relationships with service providers [4];
and (iii) increasing self-confidence [5] and cognitive functions [6].

Older adults are a very heterogeneous group [35]. Therefore, it is essential to ana-
lyze them in a complex, paradoxical, and systemic way, perceiving the individual and
collective needs. When considering their increasing use of digital platforms, one should
not overlook the barriers imposed by a technology that is not made for them [36], which
emphasizes the use by youngsters.

By analyzing Fig. 2, it is possible to understand the correlation of the constituent axes
of a complex transdisciplinary system – i.e. the union of gerontology with technology,
forming gerontechnology. According to Edgar Morin [13], transdisciplinarity allows
understanding simultaneously the unity of science and the differentiation of the sciences,
while systemically analyzing the problem of a whole that is not reduced to the sum of
physical, cognitive, and social system’s parts. Transdisciplinarity doesn’t strive tomaster
the various intervening areas, but rather to understand what crosses and goes beyond
them [31]. The migration of concepts between the various areas, creating phenomena
of disintegration and decay, allow an epistemological and complex vision, which will
ultimately result in the construction of new thoughts. To this process of creating “new
insights, new visions, new discoveries, and new reflections” (p. 77), Morin [13] gave the
name of complexity paradigm.
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Complex 
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Heterogeneous 
older adults

Advantages of 
technological use

Fig. 2. Systematization of the relationship between the elements that constitute the infocommu-
nicational complexity for older adults (Authors’ copyright).

In fact, isolating older adults from technologies, and not equating the advantages
thesemay have, but also the barriers they present, could lead to an extremely reductionist
thinking that is unable to assess reality and build appropriate technological solutions.

3 Social Digital Games

Considering the older adults’ free time and their growing acceptance of technologies’
use [37], there is an important adherence in the particular case of digital games – 15%
of US game players are over 55 years old [38]. Therefore, it is crucial to develop video
games with this target audience in mind [37].

As an integral part of digital platforms on an infocommunication ecosystem, games,
and in particular digital games, play an important role in multiple fields and disciplines,
such as education, business, and healthcare [39]. According to Avedon and Sutton-Smith
[40], a game can be defined as a voluntary exercise of system control, enclosed by rules,
in which through a competition between powers there is a production of an unbalanced
result. Moreover, the key elements to this definition are [41]: (i) physical or intellectual
activity are requirements in games; (ii) games are completely voluntary; (iii) a conflict
between players is built-in; (iv) games are limited by rules; and (v) the game’s output is
the final goal, being always different from the initial state.

Although the game play’s focus is entertainment, challenge is a constant variable
allowing game structures to be adapted for use in other contexts, where values of “self-
motivation, learning, skill practice, andmeeting challenges” (p. 1) are alsopromoted [42].
Due to entertaining, motivating and fun activities, games are known for their high levels
of engagement [39]. In fact, games are designed to stimulate high levels of motivation
and engagement, allowing results that educational materials are not capable of [42].

Salen and Zimmerman [41] emphasize the importance of distinguishing the terms
game and play – something that languages other than English usually do not allow (e.g.
the phrase “play a game”, in Portuguese, uses different versions of the same word –
“jogar um jogo”). As can be observed in Fig. 3, a twofold approach is allowed: (a) some
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forms of play are organized and formalized, allowing them to be considered games; and
(b) play a game is part of the games, placing play and game in the context of game
design.

(a) (b)

games

play

play

games

Fig. 3. – Relationship between games and play. (a) games are a subset of play; and (b) play is a
component of game. [41] Adapted from Rules of Play: Game Design Fundamentals, p. 73].

The growing ubiquity of technology, as part of the informationalism described by
Manuel Castells [25], led to the combination of the term digital with the games.Accord-
ing to Nicola Whitton [43], the combination of this two terms refers to the use of infor-
mation electronic devices of some kind, which can be an integral part or just a peripheral
one of the game – e.g. “computers, game consoles, handheld devices, mobile phones,
digital audio players,” (p. 20), and mobile game consoles. Moreover, the digital part of
the game can be integral and fundamental, or it can be merely peripheral and be part of
specific actions of the game [43].

Similarly to the reality of digital platforms, the focus of gamemarketers is on younger
audiences – thus sacrificing the development of games that keep seniors’ needs in mind
[44], and limiting feelings of accomplishment and satisfaction thatmakegames enjoyable
[45], leading to a potential state of frustration [35].

Nevertheless, digital games can be used by seniors to provide a playful and fun con-
text that promotes social interactions [11] – suppressing feelings of loneliness [10] – and
new knowledge learning [9]. Thus, they can also increase quality of life; improve well-
being and health – by alleviating depression [10]; and stimulate older adults’ cognitive
abilities [11], thus promoting an active and healthy ageing. Moreover, Motti and their
colleagues [46] emphasize the importance that digital games may have in preventing the
technological exclusion – thus helping to narrow the digital divide.

The inherent complexity of digital games when applied to the context of older adults
becomes clear when, similarly to digital platforms – which games are part of –, there
is a barrier of usage imposed by the age-related changes that affects usability issues
[47], preventing one from benefiting from the ultimate gaming experience. Moreover,
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IJsselsteijn and colleagues [47] emphasize the importance of targeting older adults’
motivations, and highlights the potential benefits to engage them with new technology.

As previously stated, digital games play an important role in promoting social inter-
actions, which can be highly amplified by social digital games – i.e. games that feature
a shared understanding of the intentionality of players’ goals, prioritizing social interac-
tions and making actions in the game socially meaningful [8]. Once again, the complex
epistemological problematic unveils itself, revealing the enormous challenge of combin-
ing the various units of a complex and heterogeneous (eco)system – older adults, games,
digital games, and social digital games. Despite the enormous advantages already pre-
sented, there is still a usage barrier, thus making it complex thinking about social digital
games that can simultaneously be the problem and the solution.

In the next section, it will be examined how the addition of social digital games to
online communities can amplify engagement and the social component, thus promot-
ing social connection and learning of digital platforms usage. Moreover, the concept of
“online gameable communities” will be introduced, combining the definition of online
communities and gameable, while amplifying the possibility of social connections,
motivation and engagement.

4 “Online Gameable Communities”: Bursting Social Connections

As previously mentioned in the first section – cf. 1. The Infocommunication Ageing
Society, online communities are an integral part of digital platforms and a world that
is leaning towards hyper-connectivity [12]. In a transdisciplinary way – as a systemic
virtue, like described by Morin [13], when combining online communities with social
digital games, the gaming and socializing potential in an online community increases
exponentially. Thus, in the context of this paper, a new term will be introduced later:
online gameable communities.As canbeobserved inFig. 4, the termOnlineCommunities
comprises two characteristics of the term Social Digital Games, i.e. Online for Digital
and Communities for Social; leaving the term Game(able) to join Online Communities.

Social Digital GamesOnline Communities +

Fig. 4. Representative scheme of the construction of the term “Online Gameable Communities”
(Authors’ copyright).

4.1 Defining Online Communities

Online communities can be divided in its two terms: online and communities, where the
former adds a new dimension to the latter. The term community can be used to describe
the relations established interpersonally, within a geographic area, and with a shared
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bond [48]. When appending the term online, the concept of community acquires new
dimensions, contexts, andmeanings. According to Plant [12], the term online community
can be defined as a “collective group of entities, individuals or organizations that come
together either temporarily or permanently through an electronic medium to interact in
a common problem or interest space”. Furthermore, Preece [49] adds to this definition
that an online community is also (i) a place where people can satisfy their own needs by
interacting with each other; (ii) rules that guide people’s conduct in these online spaces;
and (iii) computer systems that facilitate and amplify social interaction between users.
This new social phenomenon was motivated by the ubiquity of technological break-
throughs, and to meet Human’s basic needs for connection, knowledge, and information
(Plant, 2004).

Online communities, as part of ICT and a world that tends towards hyper-
connectedness [12], play a key role in maintaining and expanding interpersonal relation-
ships [50]. Having the potential to incorporate digital social games, online communities
exponentially amplify the social interactions promoted by games, and it is noteworthy
the tightening of intergenerational relationships and a bridging of geographic distance
[37], having a positive outcome, even if for seniors it means having to learn to handle
technology and deal with the frustrations of systems not designed for them [51].

4.2 Defining Gameable

Gameable is a blend of the word game and the suffix -able. Just like the word able, the
term -able is an adjectival suffix that has its etymological origin in the Latin expression
-ābilis, meaning “capable or worthy of being acted upon” [52]. Therefore, when added
to the word game, a new dimension is added. According to the WordSense dictionary
[53], gameable is an adjective that can be defined as “capable of being gamed” (para.
1), i.e. something that is capable of becoming a game or having a game integrated in a
seamless way.

4.3 Defining “Online Gameable Communities”

Having already defined the terms Online Communities and Gameable, and clarified
the concept of (social) digital games, the term “Online Gameable Communities” is
introduced in this paper to refer to:

• A technologicallymediated spacewhere people can share common interests and infor-
mation, while having the potential to incorporate social digital games, thus amplifying
social interactions promoted by games.
Additionally, it can be added:

• It is the ideation of a community where social digital games promote digital liter-
acy, the tightening of intergenerational relationships and a bridging of geographic
distance. It is added to online communities the engaging, motivating, and social
capabilities of social digital games.

Owing to the high potential of games to engage and motivate its players [39] – by
promoting a potential flow state [54], it is believe that Online Gameable Communities
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will not only mitigate some of the effects of ageing – such as social decline [18] by
unleashing the social potential of online communities; but also assist in the integration
and education for the use of digital platforms [9] in an increasingly digital world [25].

5 Final Considerations

The growing technological ubiquity, as posited by Manuel Castells [25], makes the
older adults’ use of digital platforms a central topic in contemporary debates. In fact,
technology has been pervading the world, shaping everyday life, letting itself be shaped
by people and information, and allowing new social contexts to emerge. A giant set
of new realities are surfacing in this new digital world – which is not yet fully ready
to welcome older adults. Furthermore, digital platforms play a key role in integrating
senior citizens within a digital society, preventing their exclusion or marginalization,
while mitigating the effects of ageing and promoting an active and healthy one.

Despite the vast array of benefits presented by digital platforms to older adults – e.g.
promotion of physical activity, boost of self-esteem, better socialization, and improve-
ment of cognitive processes – they still lack attention to the needs, impairments, and
motivations of the heterogeneous older adult. In light of this diversity, Castells [25]
advises the use of complexity thinking for its epistemological value, while allowing the
creation of order out of chaos, through interactivity between the elements at the origin
of the problem.

Therefore, considering respectively the three principles of the complexity paradigm–
i.e. dialogic, organizational recourse, and hologrammatic [13] –, it is possible to make
the following analysis regarding this research:

1. There is a clear confrontation between older adults and digital platforms. But at the
same time, and antagonistically, they manage to organize and collaborate;

2. By using digital platforms to promote active and healthy ageing, it is being allowed
the problem-making product to act as a solution;

3. The older adult as an individuality belongs to the whole, but this whole is made
of heterogeneous individualities. Therefore, researchers are responsible to develop
solutions in an interactive and inter-retroactive way with this audience, countering
simplifying thinking – opposed to unitat multiplex.

This paper has shed a light on the potential that online communities, social digital
games, and their combination – i.e. online gameable communities – can pose for an
active and healthy ageing. That said, this paper introduces a transdisciplinary concept of
online gameable communities – a digital space where games play a key role in engaging
and motivating the older adults, promoting their intergenerational socialization, helping
them to learn to use digital platforms – which is crucial in this modern and digital World,
while mitigating psychological and physical declines.

Aside the evident complexity of the topics discussed throughout this paper, it is
believed that digital platforms, in particular online gameable communities, may cease
to be the problem and become part of the solution to the problem itself.
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Abstract. This paper discusses a Canadian tablet distribution and digital training
program that involved two non-profit organizations. The program targeted older
adults during the fall and winter of 2020/2021, an especially dire period of the
pandemic in Canada. Drawing on data collected from surveys, interviews and
observations, we report on our evaluation of the impact of the program on the
older adults and the organizations, highlighting the key role and potential played
by paid “tech mentors” who we consider as “warm experts” in the program’s
success. As this study suggests, the term warm expert can be expanded beyond
the circle of the family. The digital care work needed within society, provided by
warm experts, needs recognition and consideration by policy makers.

Keywords: Aging · Older adults · ICTS ·Warm expert · Digital literacy ·
COVID-19 · Canada · Remote learning · Digital care work

1 Introduction

Across the globe andwithinCanada, theCOVID-19 pandemic has had a disproportionate
impact on older adults from heightened infection rates in senior residences, to higher
chances of fatal illness, to regulations on movement, to limitations on social contact
[1]. In this context, a lack of access to digital technologies within this population has
provoked public awareness of the dire consequences of age-related digital divides [2–5].

The disparity in age-related digital access has generated a plethora of projects to
put digital technologies into the hands of older adults, in the midst of a major crisis in
public health [6, 7]. In this pandemic context, aging, digital technologies and age-related
digital divides have become a hot topic of conversation in the media [8, 9] and academia.
For those living on fixed incomes after retirement in Canada, maintaining digital access
either through cellular services or WiFi connections remains a challenge. This is for a
multiplicity of reasons: from the lack of connectivity in rural and remote regions, to
the costs of broadband and cellular services, to the affordances of the technology and
software, to lack of experience with their use [10, 11].

In this paper, we discuss a Canadian tablet distribution and digital training program
led by two non-profit organizations that targeted older adults during the fall and winter
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of 2020/2021, an especially dire period of the pandemic in Canada. Drawing on data
collected from surveys, interviews and observations, we report on our evaluation of the
impact of the program on the older adults and the organizations, highlighting the key
role and potential played by paid “tech mentors” in the program’s success. We ask and
attempt to answer the following questions: what did the older adults find valuable about
the program? What did they identify as the main challenges to remote learning? As a
corollary, we ask what skills were identified as essential for effective tech mentoring by
the older participants, the community organizers and the tech mentors themselves?

Paying attention to the benefits and the challenges of instigating a remote digital
training program in this context, we draw upon and critically expand the concept of
the “warm expert” [12], a term that has gained traction within Internet studies since its
introduction by Bakardjieva in 2005. We challenge the de facto association of the warm
expert to the domains of the familial and the unpaid, and argue for an expanded definition
of the “warm expert” that accounts for the myriad of skills that are required to support
older adults in a transition to on-line, digitally mediated communications.

2 Literature Review

Strategies for increasing the digital literacy skills of older adults have been identified as
a means to counter social isolation [13] andmisinformation [14], two salient phenomena
that occurred during the pandemic. The pandemic created conditions that have necessi-
tated older adults go online, accelerated the need to address existing digital divides [3],
and have increased older adults’ interest in learning digital technologies [15]. However,
the pandemic also has impacted older adults’ ability to partake in face-to-face activities
that promote connectedness and the development of skills [16], including digital literacy
workshops or classes [12].

The outsized importance and heightened need for digital skills of older adults in
Canada during the pandemic and the difficulty delivering programming at this time has
created a conundrum. Researchers have identified the need for effective strategies to
implement digital training virtually for older populations who have no or low digital
skills [12, 17] and who thus may find themselves socially and digitally isolated. Garcia
et al. describe this dilemma well: “Teaching older adults with low or no skills how to use
computers and smartphones by using these same technologies as tools to enable general
teaching is an extraordinary challenge”. It is in this context that we turn to the literature
on the “warm expert”, a term originating with Maria Bakardjieva’s 2005 influential
discussion of the integration of the Internet into everyday life activities.1 The warm
expert has long been referenced as an important tenet in approaches to digital literacy
for older adults. In Bakardjieva’s words: “The warm expert is an Internet/computer
technology expert in the professional sense or simply in a relative sense compared with
the less knowledgeable other. […] The warm expert mediates between the technological
universal and the concrete situation, needs and background of the novice user with whom

1 This approach builds upon the domestication of technology theory discussed by Roger Silver-
stone and Leslie Haddon [18]. The domestication of technology, which describes the conditions
under which new technologies become ‘tamed’ and integrated in household routines has been
taken up in recent work for example by Stephen Neville [19].
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he is in a close personal relationship.” [12]. Three terms are critical here: in the original
articulation of a warm expert, this expertise is relational, and relative to the learner;
warm experts play a mediating role and warm experts have a close personal relationship
to the potential user.

While the term warm expert is often cited in passing, there have been more extensive
explorations of the concept of the warm expert in the literature on ICTs and aging.
Within studies of the adoption of technologies by older users, the warm expert has been
used to examine the reason for the non-adoption of mobile phone service by “have-
nots” in Sweden, including “elderly users” [20], the adoption of telehealth [21] and
“unboxers” on YouTube videos [19]. In all of this literature, including the study of aging
and ICTs, most often foregrounds the role of family members as warm experts. For
example, in their study of ICT adoption of older adults in Sweden, Olsson, Samuelson
and Viscovi describe warm experts as non-professional persons who are typically a
“closely-related person, often a child or grandchild” [22]. In his excellent 2019 book
Intergenerational Connections and Digital Families, Sakari Taipale provides one of the
most expansive discussions of the warm expert in the context of aging, devoting an entire
chapter to a discussion of the key role of “Warm Experts 2.0” [23]. Taipale outlines
four different types of warm experts that have emerged in the context of the family,
changes in media and Internet access, drawing upon extensive ethnographic research
in three European countries. Research on warm experts and aging has generated new
and important empirical work on the “heterogeneity of ICT use” among older adults
[24], and discussions of the role of warm experts in assisting older adults to access
online services [24]. Ironically, Bakardjieva does not explicitly make an argument for
the warm expert as a family member in her 2005 book, nor does she investigate in any
depth issues of aging or inter-generationality. Yet, as we can see, the evolving literature
on warm experts tends to underscore and emphasize the import of familial relationships
in the development of digital literacy for older adults.

3 Methodology

The data for this paper was initially collected as part of a joint effort with two collab-
orating Canadian non-profit organizations who wanted to evaluate the impacts of their
digital tablet distribution and training program so that they could build upon this iteration
for future initiatives. Participants for the project were selected by one of the non-profit
organizations through their networks after a formal submission process. Recruitment
for this study was done via this organization, who contacted all of the participants on
our behalf and informed them of our research project. Participation in the study was
voluntary. Our participation in the data collection is commensurate with our position, as
a team concerned with data justice [25], towards creating community-driven data that
draws upon traditions of participatory action research [26] and is greatly influenced by
researchers such as Virginia Eubanks, and her writing on collaborative action research
[27].2 Each instance of creating data sets with community organizations is a negotiation

2 Several research assistants were involved in the data collection and data analysis: Marie-Ève
Durocher,NicoleFornelli,Margaret Johnston,XiaxueLi,MaggieMcCutcheon,ValerieThomas
and Andrea Tremblay.
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of objectives and resources, on both sides. In this case, this entailed co-creating projects
that assist community and non-profit organizations to meet their objectives, furnish-
ing concrete information independently, and providing information that can be used for
further project and funding development.

Surveys. We undertook surveys with 27 older adults who participated in the program.
These surveys comprised 35 close-ended questions and one open-ended question, struc-
tured along five themes. The surveys were all undertaken by phone with participants
in March of 2021. Each conversation lasted between 21 and 60 min, with the average
interview lasting 46 min. The surveys were translated into three languages to accommo-
date the needs of the respondents (English, French and Mandarin). A team of five ACT
research assistants and a translator administered the survey. The surveys were not audio
recorded, but quantitative results and additional qualitative comments were documented
on a spreadsheet. The results of the survey were tabulated to provide an overall picture
of how participants responded to the program, and we thematically coded the responses
to the open-ended questions.

Semi-directed Interviews. We undertook a series of semi-directed interviews with
various actors involved in the planning and delivery of the program, frommultiple angles.
This included staff members from the non-profit organizations involved in developing
the program (four). These interviews, in particular, helped to guide the development of
the survey and all other interview grids. We then interviewed tech mentors who were
hired to train older adults (four) and the coordinator of the tech mentors (one). Finally,
we conducted interviews with community leaders or community organization personnel
who are knowledgeable of their local contexts and responsible for connecting older
adults to the program (four). The interviews were transcribed and a code frame was
developed to analyze the data.

Participant Observation. The last element of our data collection entailed participant
observation, undertaken locally in Montreal. A local organization, with which we have
a long history of collaboration, received seven iPads through the program, which it
distributed to local older adults. In this case, two members of the organization and one
member of our research team followed training by the program leads and took on the
role of tech mentors, working remotely with local older adults. By working with a local
organization and older participants, we learned first-hand of the benefits and challenges
associated with delivering the training program remotely in a pandemic. The three team
members involved in the participant observation recorded field notes throughout the
process.

Analysis: The survey data was collected and tabulated using a spreadsheet. Two
researchers double checked the data to verify it for accuracy. After transcription, a
thematic analysis of the comments on the open-ended portion of the survey and the
interview material was undertaken by two readers A longer report covering a wider
range of themes and more details on the responses of interviewees was submitted to
the non-profit organization. For the purposes of this paper, we have foregrounded the
themes that emerged most frequently in the transcripts. We did not intend to study warm
experts. In the tradition of “grounded theory” the theoretical concept that guides this
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paper emerged from our reflections on our conversations with participants and reading
of the transcripts [28].

4 Background

4.1 Program Overview

The digital literacy program we analyze was developed over 2020, immediately follow-
ing the onset of the pandemic by two partnered Canadian non-profit organizations that
wanted to address two simultaneous crises. On the one hand, older adults who found
themselves on the wrong side of the digital divide and isolated with no access to the
conveniences offered by services that rapidly moved online. On the other hand, mostly
young service industry workers, like restaurant servers or other members of the ‘hospi-
tality industry’, who were left unemployed due to closures and in a precarious financial
situation. This digital learning program sought to a) assist older adults without digital
access and b) offer training and employment to service and hospitality industry workers
who had been laid off so they could work as “tech mentors”. These tech mentors, most of
whom were based in an urban centre in Eastern Canada, would provide remote training
to older adults from across the country to help them in the development of their digital
skills.

Seventy-five tablet computers (iPads) were purchased, along with four-month data
plans for each tablet. A call was made to community organizations across the country to
identify socially-isolated and economically-disadvantaged local seniors who might be
keen to learn to use digital devices. Tablets were distributed in five Canadian provinces in
one of two ways. First, the tablets could be distributed directly to older adults identified
by a local community organization. These seniors would then follow the weekly training
given remotely, mostly by telephone, by the tech mentors over three months. Second,
and alternatively, the tablets could be given to the community organizations who would
have control over the tablets, virtually. In this case, the community organizations would
deliver the bulk of the training to local older adults, and lent the tablets to themas they saw
fit. This was done according to their organizational programming and capacity. It also
depended greatly on the housing situation of the older adults vis-à-vis the participating
organization: in some cases, older adults were in a long-term care facility, where staff
were on hand to assist the learners with the devices, directly. In other cases, the older
adults were members of an organization, but lived alone. There were some overlaps
between these two branches of the program (e.g., some organizations received training
from techmentors, someolder adults received training from techmentors and community
organizations).

As onemight imagine, this flexibility in the programwas appreciated by participating
organizations. But this flexibility also meant that there existed a wide range of program
applications and appropriations locally, which were contingent on organizational prior-
ities and local realities. In this paper, we primarily focus on the first program delivery
model, which gave individual older adults tablets and remote support on a weekly basis
from a bank of paid techmentors. If needed, to create a point of comparison, we also refer
to data on culled from older participants in the other program, which mainly focused
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on delivering tablets to community organizations. Without getting bogged down by the
complexities of the program delivery, the unifying thread among the data considered for
this study is that the digital literacy training undertaken via remote tech mentors and
directed to autonomous older adults. We do not examine, in detail, the specifics of the
program itself.

There are at least three ways we consider this particular digital literacy program,
and the uniqueness of our case study. First, it was delivered almost entirely remotely,
primarily over the phone, over the course of a pandemic and entailed teaching basic
digital literacy from a distance. Second, it relied on paying the tech mentors, who were
trained and hired exclusively to provide digital skills to older adults. The employment
of tech mentors is in contrast to digital literacy programs that are centred on volunteers
[13] or individuals already employed by organizations with a diverse set of functions,
who are then deployed to do the work of digital training. Third, the program included
some skills training, a five-gigabyte data plan, and the device. After the three months,
the tablets were given to the older adults or to the organizations who wanted to keep
them. The data plan was extended for roughly a month beyond the three-month training
period. After this, the older adults and organizations had to procure their own Internet
through either purchasing a SIM card for their device, or by purchasing a Internet plan
to access a WiFi network, if they wanted to remain online.

4.2 Demographic Portrait of Participants

Recent research on later life often stresses the heterogeneity of the older adult population
as critical to factor into any analysis of aging [29]. The term older adults can cover a
wide range of life course experiences, as well as key differences in the use of media
technologies related to other mitigating factors, such as gender, education and social
class [30].

In this study, our participants were indeed heterogenous. Of the 27 older adults
surveyed out of 75 participants, the majority were between the ages of 75 and 85, a
group sometimes referred to as “the old old”, a population who is often understudied in
ICT work [31]. Most of our participants–68%–identified as female while 27% identified
as male. The majority (77%) of the participants lived in urban areas. About 55% of the
participants disclosed earning an income that is under the national annual average for
older adults (estimated as $28,190 CAD by Statistics Canada). The group was largely
well-educated, with 68% of the respondents reporting having a college or university
education. English was the first language of 68% of our respondents, followed by 9%
French and 13% a language other than French or English. A diversity of communities
were included in the program: one cohort were Mandarin-speakers living in a senior’s
apartment complex; another came from a long-term residence that catered to Eastern
European-Canadians; another were Francophone with histories of addiction, dwelling in
their own homes; another were a group of Indigenous Elders living in British Columbia.
As we see from this quick overview, the living situation of older adults also varied
significantly amongst the participants in this program. Some of them lived autonomously
in houses or apartments, others lived in private or publicly subsidized independent-living
facilities for older people, while others lived in low-income housing for older adults.
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5 Findings

In the sections that follow, we first provide an overview of the challenges of provid-
ing remote digital learning, during a pandemic, primarily from the point of view of the
older participants. We then describe what the older participants learned and the reported
impacts that their participation in the program had on their daily lives during the pan-
demic, as well as on the community organizations who played a critical mediating role
in recruiting individual participants into the program. Next, we present our findings from
interviews with tech mentors, focusing on the specific qualities and skills they identify
as essential in the delivery of remote digital learning to older adults. Following this, we
discuss our amendment to and expansion of the definition of the term “warm expert”
as it is currently used in the literature on aging and ICTs. We argue, first, that the cat-
egory of warm expert should not be narrowly confined to pre-existing social relations
that are mostly restricted to the family. Second, we question the assumption that this
expertise should be unpaid work. The warm expertise needed to assist others in their
digital learning needs acknowledgement as a skill, whether paid or unpaid.

5.1 Challenges of Remote Digital Learning: Older Participants’ Feedback

A key theme that emerged from the data collection centred on the difficulties of learning
a new skill remotely in a pandemic. For many of the participants in the program, learning
to use a tablet was a new experience: only 32% of the respondents had prior experience
using a smartphone or a tablet, and only 5% stated they were experienced users of digital
technologies before starting the program.

In the case of our respondents, the one-on-one training took place almost exclu-
sively by phone. A team of paid tech mentors, most of whom were based in the Eastern
Canada, were matched with older adults from across the country. While the phone was
the primary method for delivering remote training and providing follow-up assistance,
the tablets given to the older participants were loaded with an application that enabled
tech mentors to visualize and manipulate the learner’s device remotely to carry out the
training. While circumstances dictated the use of the telephone, respondents–including
community leaders, older adults and tech mentors–remarked on the difficulty of remote
teaching and learning by phone. When we asked the participants about their learning
experience, the respondents were split on whether or not they found it easy to learn
remotely (45% agreed and 45% disagreed). In the following subsections we present the
primary challenges encountered, from the point of view of the older participants.

Language Barriers Exacerbated by Remote Training. In the context of digital learn-
ing and training, words matter. Long-time users of digital technologies have accrued a
complex lexicon of technical terms that can be overwhelming for a learner. Technical lan-
guage can be used by people with power and knowledge of this language to disempower
those who have not acquired it [32].

The challenge of finding a common language and the right terms and vocabulary
to use to engage older participants in digital learning was exacerbated by the remote
nature of this training. For example, if and when verbal language fails, in a face-to-face
situation, the trainer or mentor can point to a feature on the screen or on the device. The
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learner also can develop their skills by observing how a trainer manipulates their device.
In this program and in this COVID-19 context, the learner and mentor relied primarily
on verbal instructions rather than visual cues in a situation of proximity.

Frustration with the absence of physical proximity was experienced both by the
learner and the teacher: tech mentors stated that they wished they could point to the
actual device when the older adult was having difficulty knowing what to do. Controlling
the screen was rarely discussed as an option. Further, despite their best efforts to find a
common language, for 41% of our older participants, the terms used by the tech mentors
were ultimately an impediment to the training. The tech mentors likewise noted the
difficulty of finding the appropriate terminology to communicate with the older adults
as something they had to work on and finesse for the duration of their involvement in
the program.

The participant observation undertaken inMontreal sheds light on this challenge. For
the older adults who had never manipulated a tablet or used a computer, learning to use
the distributed tablets remotely was extremely difficult. Knowing that the tech mentors
assigned to them, in this particular case, were in the same city was a cruel reminder
to the older participants, that spending time face-to-face was needed to problem-solve.
One telephone session between a tech mentor and an older adult took three hours, and
left the older adult frustrated with her inability to use the tablet within this time-frame.
For this reason, when the COVID-19 restrictions temporarily allowed for a face-to-face
interaction, the Montreal tech mentors seized the moment and delivered one in-person
session in person with the participants. This one-time face-to-face contact enable the
older adults to get started and to continue their remote learning in later sessions.

Barriers due to the use of specific lexicon were made even more apparent when
teaching those whose first language was neither French or English. The Mandarin-
speakers were able to cope with this by relying heavily on the acquired expertise of one
of the groupmembers who ended up playing a critical mediating role, furnishing trouble-
shooting assistance, but also finding activities and information culturally relevant to the
interests of this particular population, from music to YouTube videos depicting Chinese
holidays.

A Need for Print Materials. The need for more printed materials was identified in
the open-ended section of our survey: in fact, 32% of our participants expressed this
need, without prompting. All five of the Mandarin-speakers interviewed requested more
writtenmaterials so that they could “dohomework” anddouble check their understanding
of the content. Five participants mentioned that they had slight memory problems that
hindered their learning and suggested that notes and written instructions would have
been useful. To this point, several organizations observed that some of their older clients
had experienced memory loss: “when you are working with older people, you have to be
mindful that they can forget things”. These organizers, who have a wealth of experience
workingwith older adults, told us thatmany adults do not like to ask for special treatment,
nor do they want to be stigmatized by having to admit, in a session, that they needed
assistance with learning. Providing materials in advance meant that individuals did not
feel pressured to reveal their health status to others.

The community organizationswho connected individuals to the techmentors, largely
had positive impressions of the remote training, yet they too highlighted the need for
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better and more visual and textual aids. This, they thought, was especially needed in the
remote learning setting, to compensate for the lack of face-to-face interactions. They
emphasized that written materials could promote autonomous use outside of the training
session, especially important for new users whowanted to practice andwho did not know
how to access online tutorials on social media, such as YouTube. Some tech mentors
created printmaterials on an ad hoc basis. One organization developed their ownmanual.
This practice was haphazard and usually done at the request of an older adult.

We also encountered the need for printed complementary materials in our participant
observation in theMontreal organization.Explaining to older adults over the phonewhere
the home buttonwas located on an iPad, one of the first lessons, proved a daunting task for
some. In a non-remote learning scenario, this hurdle would have been easily overcome
but it could simply not be solved by phone. This organization produced drawings of the
iPads that identified their most important features clearly in both French and English,
for their clientele.

5.2 Impacts from the Point of View of the Older Adults, Community
Organizations and Tech Mentors

Over the course of the program, the majority of the respondents (55%) used the tablet
every day.Whenwe asked older participants to explainwhat other activities they didwith
the tablet: 55% used their tablets to access social media, 55% used their tablets to speak
with a family member on video, 50% used the tablets for email and 45% used the tablets
to watch videos. Other activities that were less popular with participants but that are
still notable, included accessing books or podcasts (23%), sending text messages (23%),
playing a game (18%), attending a religious or spiritual event (18%), partaking in cultural
activities (9%) and accessing content from the library (9%). None of our respondents
said that they used the tablet for shopping or online banking. In the open-ended section
of the survey, several older adults reported using the tablets to obtain health information
and information related to the pandemic. This was contingent on location and access
to service: those living in residences had no need for health information, while those
living autonomously, particularly those speaking languages other than French or English
wanted to know where to search for reliable, scientific information on COVID-19 and
other health matters.

A sizable proportion of the older participants disclosed having acquired important
basic skills like checking the news or the weather (64% stated they could) or sending
an email (50% stated they could). These numbers reveal that significant portions of
the participants, from this highly motivated group, were concerned about manipulating
their tablets autonomously for basic tasks, indicating varying degrees of proficiency as
a result of the program. This points to the need for ongoing access to assistance beyond
the three-month period provided.

When asked if they felt they had acquired a sufficient amount of training to become
proficient with their devices, and if they could use them in the future, the responses had
a mostly positive outlook, with a majority of respondents (56%) stating that they had
learned a lot from the program. Encouragingly, 86% of respondents agreed or were in
strong agreement that they would be able to use the devices after the program was over
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with their current skill set. Only 14% did not think they would be able to use the devices
in the future. At the same time, significant hurdles could be envisaged by this group.
For example, only 27% of participants said they were able to establish a WiFi Internet
connection without assistance, and only 9%were able to update or install an application.
Beyond this data, older participants and community organizations discussed the impact
that the program had on the quality of life of the participants, which we detail in the
sections below.

Maintaining Social Connections During Social Distancing. Weasked the respondents
a number of questions about how the program changed the quality of their lives. The
majority of participants (68%) stated that their quality of life had improved as a result of
the program. Further, 73% stated that they were more informed about what was going
on in the world after following the digital learning program. Approximately 77% of the
respondents felt more connected to other people because of the program.

In the open-ended discussions with older participants, the most frequent response
addressed the ability to connect with family members through Zoom. Prior to this pro-
gram, most of the older participants had never used Zoom, and while the tech mentors
established learning goals with the older adults after an initial basic training session,
Zoom often became a key focus. Older adults recounted their joy at being able to “see”
the faces of family members or friends for the first time in the pandemic. Another com-
munity organizer, described the importance of seeing an unmasked face on the iPad
screen for residents in confinement. That said, another care worker recounted that for
another resident, seeing the faces of people through a screen who could not visit them
face-to-face was too disturbing.

Especially salient, and described with frequency, was the ability to partake virtually
in family events. For an older adult in Montreal, the tablet and training gave him virtual
access to his family’s Christmas celebration. The organizations reported that many of the
older adults who benefited from the program had family in other provinces or countries
and many “suffered” from the cancellation of plans that prevented them from seeing
their loved ones. For some who had immigrated and had few visits at any time, the tablet
was a thrill that boosted their wellbeing. As a community organizer reported:

...he’s 101years old, andhe’s inCanada alone.His family lives [in another country].
And he doesn’t have anyone here. […] He doesn’t have anyone to talk with.
Especially, you know, it’s important to receive support from his family. Once he
received an iPad, the first thing he wanted to learn was to get in touch with his
family through FaceTime.

This particular older adult, who had a background in engineering, was also able
to use the iPad, within the three-month period, to search for music, videos and other
programming in their own language without assistance. As other studies have noted,
older adults come to the training program with a range of skills and experiences that
allow them to be comfortable with new technologies more readily than others [33].

The importance of facilitating social connection was shared by the tech mentors,
who had a unique insight into the progression of older adults based on week-to-week
interactions, including the perceived psychological benefits. As one mentor gushed:
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It’s just amazing and you know, just mentoring her is just such a treat, just seeing
this person go from zero to starting [her] own blog soon, so things like that, I mean
that’s empowerment. She feels like a million bucks and just the difference in her,
like her depression is just vanishing, her family says. And I’m not saying, you
know, clinically that this is the solution to it, but [she] is definitely showing traits
of not feeling so isolated and scared and lonely.

In other words, one key benefit of the program from the perspective of older adults,
the community organizers and tech mentors is that the program gave them the ability
to connect to friends and family. This is especially significant in a country like Canada
where distances can make visiting on a regular basis difficult at any time.

Connecting to Local Networks of Support. In the context of the pandemic,many older
adults also were deprived of contact with activities and services, from grocery outings
to casual socializing in the corridors over coffee that are a critical part of daily routines
and rituals. During the pandemic many organizations wanted to support their older
community members who suddenly found themselves socially, culturally and digitally
disconnected.As they reported, this became a strong impetus for organizations to become
involved in this digital literacy program.

While this created challenges for organizations, an unforeseen benefit, from the point
of view of the community organizers and the older adults is that sometimes made the
older adults aware of the existence of other services available to them to improve their
quality of life. For example, in trying to participate in the digital literacy program, one
person revealed that they were dealing with low general literacy, which made digital
learning all the more difficult. Although this person did not continue with the digital
learning program at this time, the organization enrolled them in a local literacy program.
Several care workers we spoke to disclosed that having to find out what people wanted
to do digitally, so they could assist them, gave them profound insight into the specific
interests of individual residents.

5.3 The Tech Mentors Experience

Patience, Empathy, Understanding. Anticipating the challenge of undertaking remote
teaching to older adults in a pandemic, in addition to providing a simple template on
how to provide older adults with skills in a particular order, the non-profit organizations
who initiated this project put much effort and reflection into hiring tech mentors who
they thought would succeed in meeting this challenge.

According to the coordinator for the tech mentors, it was essential to be “really good
at selecting people and recognizing [the tech mentors’] skills, and then assigning them to
the best positions to fit their skills so that everyone can best benefit: this increases chances
for people to feel successful in what they do.” The tech mentors received significant
training as part of their position. This included regular check-ins and follow-ups. They
also had access to a training manual that had been devised by one of the participating
non-profit organizations, to support them in their work.

We asked the tech mentors to describe the key skills that they thought were critical
to teaching older users how to acquire the digital skills they needed. The mentors were
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emphatic that their work did not require a particularly high degree of digital proficiency
beyond what they had acquired in their day-to-day life. Several mentors mentioned that
their prior experience in the restaurant industry, including dealing with a variety of
customers, as assisting them in their new role as a virtual tech mentor.

The mentors repeatedly articulated the qualities and attributes of patience, empa-
thy, understanding and flexibility as essential to assisting older learners to acquire the
confidence needed to feel empowered. As one mentor put it:

You need patience, you need empathy, you need to be understanding, someone
who just understands who these people are, how they’re feeling with technology
andwhat you can do to improve that. [...] giving them a sense of [...] empowerment
is so important.

Key to creating confidence, or feelings of “empowerment” was demonstrating a
willingness to engage for long periods at a time. Both tech mentors and older adults
recounted calls that lasted for hours, an investment in time that demonstrated “care”.

Flexibility. The techmentors often used the term “flexibility” as a key attribute in remote
learning. In analyzing the transcripts, flexibilitywas used in three differentways: in terms
of the digital content; in terms of scheduling; and in terms of the conversation.

Recognizing the diversity of their clients, the tech mentors first described flexibility
as an ability to tailor skills training to the particular interests of an older adult, a process
that began right at the beginning of the program, and led to a search for appropriate
apps to meet those needs. While each tech mentor would work with several older adults,
they also would fine tune their approach to teaching over time, as they came to know
each individual learner better. In this way, the activities selected for learning by the older
adults were notmerely the end goal, but became part of themeans for delivering effective
training.

Secondly, flexibility was discussed in terms of scheduling. As one respondent
recounted, the mentors were amenable to sudden changes in the availability of older
adults, which could happen from time to time, as during the pandemic older adults faced
health emergencies andmedical appointments: “I know sometimes residents would have
emergency appointments and they were flexible with us, they would reschedule”. They
appreciated the flexibility of the tech mentors in adapting to the needs, and schedules,
of the older adults.

Thirdly, flexibility was discussed in terms of the goals of sociability, including the
importance of the tech mentors being able to make participants feel “relaxed” and “not
rushed”. A representative of a community organization witnessed how the relationships
evolved between the tech mentors and the older adults beyond discussing access to
digital content, or solving more technical problems: “sometimes they would have very
nice talks, they would share the experiences, they would talk about their towns. You
know, it’s not only about learning technology, but it’s also, you know, talking about
different topics and sharing their life stories”.

Reliability, Professionalism and Ritual. Tech mentors were asked to be flexible, how-
ever, at the same time, interviewees stressed the importance of reliability. While the tech
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mentors were praised for their patience, calmness, and flexibility these were not seen as
oppositional to the qualities of reliability and professionalism. As one organizer stated:
“I liked that the program had them taking the lead and had them being the ones to talk
to the elders. They took on the effort, connected with the elders, did everything and
followed up”.

Reliability was critical, as well, because of a context in which so many other rituals
and routineswere in abeyance and disrupted. The digital program offered aweekly social
connection to the older adults during periods of isolation and disruption. Community
organizers and tech mentors both expressed that this weekly contact was appreciated by
the older adults as a moment of connection and interaction that broke from themonotony
and loneliness of confinement. In the words of one tech-mentor this “is really cool,
because a lot of it makes them not feel alone, and they feel like, ‘Oh, here’s my social
hour, you know, I get to socialize, feel like I’m a human being now’”. Likewise, many
older adults and mentors liked working with the same person from week to week, as this
consistency also helped to build trust, confidence and enhanced the learning experience
because one knew the whole person.

These comments underscore the empathic nature of communications. The impor-
tance of ritual and routine to creating bonds, tying community to communication, rever-
berates with the theoretical work of media and cultural theorists, such as James Carey.
In Communication as Culture, Carey underscores two dominant modes of communica-
tions: the transmission model of communications, which stresses the efficient diffusion
of information across space; communication understood as a ritual event and symbolic
activity of sharedmeaning-making occurring in time [34]. In the case of remote learning,
both modes of communication were in evidence. Transmitting information clearly and
efficiently was important, but even more valued but were the affective bonds created
between mentor and learner. Comments from the tech mentors convey the reciprocal
nature of this modality of ritual communications. In interview they enthusiastically
shared their genuine and vested interest in their assigned older participants, and the thrill
they experience in seeing older adults learn new skills and becoming “empowered”:

When that light bulb goes on in their head they, you know, you can just know
[...] that they’re feeling differently than they felt before with technology and the
number one feeling they all have beforehand is intimidation, it’s so rewarding to
turn that intimidation into empowerment. There’s nothing like that.

As researchers, we were asked to evaluate the impact of the program on the quality
of lives of older adults. The comments of the tech mentors and organizers make it
clear that the encounter between the tech mentors and the older participants was not
simply impactful, but could be meaningful, was oft-times reciprocal, and potentially
empowering for both the older adults and the tech mentor. Skills were transmitted to
older participants, who gained access to email, games, social media, video calls, and
information on a search engine. The experience, when it worked, also transformed the
tech mentors positively.

Several mentors mentioned how the mentoring experience transformed their under-
standing of aging and the potential rewards of life-long learning opportunities: “hearing
them and experiencing that they actually learned something at 90 years old, or whatever
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the case happens to be, and they didn’t find it scary” was identified as “rewarding”.
Another mentor reflected that the encounter with older clients had affected her percep-
tions of her own aging process, hinting at the transformative power of their encounters:
“Just knowing that when you’re older you can still learn things is a wonderful thing
for younger people to appreciate because we all get older. We’re all going to be on that
opposite side of the phone call someday you know, potentially.”

5.4 Structural and Systemic Challenges

The program had many successes, particularly those due to the ability of the tech men-
tors. Our research highlighted areas for improvement, but our interviews also revealed
challenges that would be difficult to rectify. While 73% of respondents thought that the
digital learning program made them feel more comfortable learning new technologies
in the future and a significant majority of the older adults we surveyed (82%) wanted
to keep using their devices after the end of the program, other systemic and structural
contingencies were revealed as stressful. In several interviews, stress over the data use
and future data costs was mentioned. As one organizer commented: “Just from a really
practical standpoint, we were always very nervous about going over that five gigabytes
of data. And they did assure me that if we were to go over it, it would just sort of slow
down our it’s a worse thing to go over.” While the program allowed older adults to keep
their tablets, it could provide only short-term access to data. So, while a small majority
of respondents (55%) stated that they would be likely to acquire a data plan or WiFi
so that they could keep using their tablets to connect to the Internet, continuing data
access was not so clear. Some organizations took it upon themselves to investigate other
service providers with whom they could broker advantageous deals on behalf of their
older clients. Other organizations, specifically those where older adults congregated in a
common space like residences for older adults or community centres, explored the idea
of installing a WiFi connection that could be used on-site by several older adults. The
reality remains, in these cases, that Internet plans are costly in Canada and continue to
serve as a barrier to digital access for older adults [10].

6 Discussion

As mentioned previously, the majority of the research in ICT studies focuses on the
role of family members as warm experts in providing support to older users learning
new ICT skills. Indeed, Bakardjieva’s theory of the warm expert [12] suggests that
warm experts already have a relationship to the learner, and an a priori familiarity
with their needs, habits, and learning styles. “he or she possesses knowledge and skills
gained in the System world of technology and can operate in this world but, at the same
time, is immediately accessible in the user’s lifeworld as a fellow man/woman’ [12].
This affective relationship of comfort and caring has been demonstrated, empirically, to
facilitate learning in numerous studies [20, 23, 24, 35, 36]. However, our discussions
with older participants, community organizers and tech mentors themselves suggest
another possibility for meeting the needs of digital learners to have access to “warm
experts”. These warm experts do not necessarily need to be family members and the
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attributes associated with warmness and kindness can be genuine even when it is paid
work, Vanwynsberghe and Boudry describe in their study of librarians [37]. Others
may play this pivotal role, of warm expert given the right skills in combination with
training, temperament and experience [17]. It is possible, in other words, to establish
new relationships and to become a paid warm expert. Acting as a warm expert is a skill,
whether it is paid or unpaid. In this discussion, we further discuss some of the socio-
political implications that may result from the assumption that the best type of digital
training is family-driven and free.

A Narrow Approach to Warm Experts Reifies a Heteronormative/ Chrononorma-
tive Approach to Later Life. The warm expert is often figured as a family member of
the older learner, and thus an integral actor in the development of digital skills. In the
original definition of the warm expert, and subsequent uses of the term, the approach
disproportionately values the pre-existence of “close relationships”. It foregrounds the
family as the source of digital training, potentially taking for granted a particular trajec-
tory through the life course structured through temporalmilestones centred on heteronor-
mative expectations, akin to what Freeman has termed chrononormativity [38]. It also
disproportionately positions the existence of the family, whether nuclear or extended or
intergenerational as a precursor to digital integration. Those who are socially isolated–
who share many of the socio-economic factors of social disconnection–may be among
the least likely to have access to this sort of familial support.

Assuming warm experts are unpaid suggests that digital training does not require
professionally-valuable skills. Our interviews with tech mentors indicated that digital
knowledge is not the primary skill-requirement when it comes to working with older
adults and ICTs. While the mentors had basic digital knowledge and some training in
program delivery, they possessed high levels of communication skills acquired through
years of hard work in the service industry. This gave the mentors experience in engaging
with a diversity of publics, often under high pressure, stressful conditions.

The tech mentors were valued for their ability to communicate with the older adults,
for their patience, respect and ability to adapt the training to engage with their clients’
needs and interests in a manner that was respectful. In the words of one community
worker: “Our mentors, were able to talk to them in a professional way and in a courteous
way, and treated them like people- not anything different […] they understood that that’s
what wewere trying to do was just to help them guide them not belittle them.” This made
the engagement of both client and mentor meaningful. This ability to adapt to expres-
sions of hesitancy or fear is akin to “articulation work” or the “often unacknowledged
management of awkward intersections among the social worlds of people, technology
and organizations,” that is often developed through jobs that require interaction with the
public [39].

Positioning digital training as a natural part of family relations and care duties may
assume that the skills most helpful for digital training are inherent features of family
relationships. This tacitly may devalue what is termed ‘soft skills’ in the context of
remunerated work and promote the assumption that patience and empathy are innate and
cannot be developed [40]. From a feminist perspective, this idea of natural caregiving
in the family may also reify a classist and sexist devaluation of the skills that are crucial
for success in traditionally gendered sectors like care work, education, hospitality or in



426 K. Sawchuk and C. Lafontaine

the service industry–and indeed digital literacy training. The idea of “warmth” in the
act of communication is underpinned by a converging set of characteristics that actually
are valued by customers, for example, in professional settings, as the term captures
traits “that are related to perceived intent, including friendliness, helpfulness, sincerity,
trustworthiness and morality” [41]. While we agree the value of warmth, as years of
feminist research into the persistence of gendered divisions of labour in the workplace
have revealed, work associated with these characteristics are not remunerated equally,
particularly in the context of care work [1, 42, 43].

Warm Expert 3.0? In his discussion of warm experts in intergenerational family set-
tings, Taipale reconceptualizes and updates the term warm expert in light of different
conditions locally, and historically in terms of the development and rapid diffusion of
ICTs [23]. Building on this insight, in the wake of an epidemic that became a pandemic
in 2020, the relationship with and reliance on digital media and online communications
has evolved since 2005. So, too, should our understanding of warm expertise shift in light
of these historical events, as well as changes in media. The relationship to technology
and the rapid domestication of the Internet has been in constant transformation since the
concept of the warm expert was introduced in 2005. Over the past decades, there has
been a steady, persistent digitization of nearly all spheres of life often associated with
the term mediatization [44].

We remain critical of the idea that digital technologies, and new developments such
as artificial intelligence, provide a panacea for all that ails, along with other critics of
the “digital sublime” [45]. However, the pandemic should cement once and for all our
understanding that digital access is now a fundamental aspect of life in Canadian society.
The Internet itself–at all times but especially in times of crises–mediates access to other
necessities of life like information, food, health care and other people. The digital literacy
gap within the older population is a sufficiently consequential and urgent issue that
requires themobilization of skilled interventions. In this regard, techmentors,motivating
older adults to learn, providing them with access to tools, and skills are only one part of
the solution. As the data anxieties of community organizers and older participants alike
indicates, in the Canadian context, ensuring inexpensive, reliable access to the Internet
to older adults, no matter where they reside, is essential.

7 Conclusions, Limitations and Implications for Future Research

In this paper, we attempted to answer the following questions: what did the older adults
find valuable about the program?What did they identify as themain challenges to remote
learning? As a corollary, we ask what skills were identified as essential for effective tech
mentoring by the older participants, the community organizers and the tech mentors
themselves? For the older adults participating in this remote learning program receiving
a tablet, a paid connection and “tech mentoring” furnished them with the ability to
connect with family and friends throughout this period, during an extremely difficult
moment in the pandemic in the Fall and Winter of 2020–2021.

The main challenge to remote learning, for this highly motivated group of older
learners, was that instructions were largely given by telephone, while they were asked to
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find buttons on the tablets, enter information, and access specific applications. Support
materials, including written instructions, and exercises were requested, and in many
cases developed on the fly, by intermediaries at the participating organizations. Once
basic skills were acquired, participants were able to personalize their digital experience
by adding applications to their tablets that reflected their specific interests and needs.

In addition to acquiring a device and skills, they described the pleasure of learning
because of the patience, care and flexibility of the tech mentors. These encounters were
described with enthusiasm and the caring attitude and attributes of the mentors, were
emphasized by the interviewees as the most essential element that assisted them in their
learning, and helped them to acquire not only skills but confidence, often expressed as
“empowerment”. In the words of one community organizer: “The digital empowerment,
it just hit us in the face, right. I think that’s the silver lining, the other silver lining to all
of this is that our partners, everybody is coming out of their silos and they’re working
together.”

7.1 Limitations and Implications

Limitations. Our research, which included surveys, interviews and observations make
clear, the pandemic has forced a recognition of the need for greater attention to the
digital knowledge and practices of their older adults. The program we discussed largely
succeeded in empowering the 75 older adults who participated, helped the community
organizations who became involved accelerate their digital agenda, and furnished the
tech mentors with meaningful paid employment. This is, to be sure but one case study
and the research was collected during or just soon after the program took place.

What would be helpful would be a follow-up study to analyze and understand the
longer-term effects of the program on individuals and on the organizations. Are they still
using the tablets? Are they using them in the same way or differently? How did they
manage a data connection after the program stopped furnishing it? Did the organizations
transform their programming? And finally, who updates and maintains those tablets and
provides assistance troubleshooting when things don’t work as they should?Who acts as
a “warm expert” now that the tech mentors are gone? There are questions for the future.

Despite its limited scope, this remote digital learning program filled a gap at an
important moment, allowing organizations to consider how their usual face-to-face ser-
vices could be reconfigured for the online world. Organizations could test out, on a
small scale, how the virtual could be incorporated in their day-to-day operations and
potentially be carried over in a post-pandemic context. It made individuals and organi-
zations envision other future scenarios where digital access would be necessary, such as
snowstorms or other climate emergencies. In the Canadian context, the pandemic also
accelerated funding for digital training programs locally through government support to
the non-profit sector, including through umbrella organizations, such as the UnitedWay.
What remains uncertain for these organizations is the longer-term implication of the
need to create access to the digital world, and the enduring knowledge gap of some older
adults. What is largely absent, and needs policy attention, is a sustained strategy that
provides necessary resources to bridge the digital gap, including the human resources
needed to accompany older adults in a digital transition. Much needed are governmental
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and multi-sectoral investments and strategies for a digital future that is inclusive of older
adults.

Another limitation, theoretically, is to examine in detail the relationship of this work
to communications policies, age-friendly city strategies, and ways to these structural
issues and systemic issues, including the links between this research and feminist political
economy. We agree that the concept of the warm expert, in discussions of aging in a
digital world that is replete with amultiplicity of digital divides, can be generative and an
acknowledgement of the work that goes on within families. Indeed, as Taipale’s research
discusses the challenges faced by “Warm Experts 2.0” in the family context, such as the
amount of time this work takes, the burden of responsibility and duty it entails in the
wake of other commitments, or the fear of burdening a family member with calls and
questions [23]. It requires an expertise in the art of communication. Certainly, no amount
of digital training alone can overcome the entangled social issues that continue to exclude
older adults from digital society, but the valuing of these skills, and the recognition of
their importance to our society, should be part of the solution. As researchers in media
and communication studies there is the need to consider the need to recognize the value
of this work of digital maintenance, or “digital housekeeping” [23] as an emergent form
of care work, digital care work, in the delivery of remote learning and in the push to get
older adults online. This is particularly critical for those older adults who may not have
a circle of family or friends to provide them with this assistance.

Implications: Digital Care Work. The implications of this research into the possibility
of paid warm experts to play a role in the digital education of older adults is theoretical
and political, as we have detailed. The development of strategies to empower older
adults, and not simply force them to become digital, “forced mediatization” [46], entails
valuing the expertise, at a social and political level, of those who become digital trainers,
or digital care workers. These skills are not merely technical. They may come from
experience outside of the tech realm. They may become a part of an education in the
social sciences and humanities that raises awareness of the power of social discourses
that too often stigmatize older adults as inept, incompetent or irrelevant. Becoming a
warm expert is no only about patience and caring: it requires an expertise that accounts
for the heterogeneity of older adults, and that is aware of the intersectional dynamics of
power at play.

As we discuss, these findings indicate the ongoing significance of Bakardjieva’s
term, the “warm expert”, which has been used in key works examining aging and dig-
ital literacy, with caveats. While most of these studies focus on the key role of family
members who do unpaid digital care work, our study suggests that this work can also be
effectively carried out by paid workers. The tech mentors themselves highlighted how
the most important asset that they brought to the remote learning experience was their
background in the service industry (mostly restaurants), confirming the importance of
the same qualities identified by the participants as essential [41].

To be clear, our intention is in noway to disparage orminimize the impact of themany
who take on thework of digital literacywithin their families and social circles–some of us
play this role in our own families–or those who volunteer to bridge the age-related digital
divide [47, 48]. However, in the same way that informal or natural caregivers have been
positioned as indispensable in the face of underfunded healthcare systems, we suggest
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that in this new environment, family members have taken on the added responsibility
to lessen age-related digital divides in addition to other responsibilities, a hallmark of
neo-liberal political agendas [47–49, 50].

While the consequences of digital disconnection may be felt at a highly personal
and intimate level, overcoming these divides cannot simply be the responsibility of
individuals or of families. In positioning families and close-knit social circles as the de
facto providers of digital training and warm expertise, we ask this: are we missing an
opportunity to advocate for skilled digital training and digital access for older adults as
a matter of social justice? If we are all being forced to become digital, then should not
this access be afforded to all and not just to those fortunate enough to have the social
capital to benefit from the free labour of family or friends?
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Abstract. With increasing concern about aging and its associated problems,
China is taking measures to cope with its aging population. Improving geriatric
health conditions is part of China’s effort to provide better lives for the elderly. The
broad impact of social media can play a vital role in the control or reduction of the
onset of potential diseases. The future time perspective (FTP) is a cardinal tenet of
the socioemotional selectivity theory (SST) that could explain older adults’ health
information behavior. This study aims to identify the effects of FTP and the grati-
fications that contribute to older adults’ health-oriented stickiness on social media.
Online survey data from 303 elderly Chinese users (above 55 years) were collected
and analyzed using the structural equationmodeling. This study indicates that both
the open-ended time perspective and the limited time perspective have significant
positive effects on hedonic, informational, emotional, and social gratification, and
the open-ended time perspective has a more significant influence on gratification
than the limited time perspective. The time perspectives affect different perceived
gratifications, which in turn affect the health-oriented stickiness intention on social
media. The results also prove the importance of informational, emotional, social
gratification, and the irrelevance of hedonic gratification in examining older adults’
health-related stickiness intention.

Keywords: Social media · Health information · Older adults · Stickiness ·
Socioemotional selectivity theory · Gratification · Future time perspective

1 Introduction

An aging populace will become more technology-dependent due to the progression of
technology and its invasive nature [1–3]. The 45th China Statistical Report on Internet
Development reported that 6.7% of their Internet users are over 60 years old [4]. While
people are living longer, societies are getting older; thus, to cope with the problems
associated with an aging population, China is taking measures to help senior citizens
bridge the digital divide and provide them with smart facilities and life services. Due to
the support of national policies, some social media applications (apps) added an easy
model to be friendlier to aged people. Recently, there are 43 apps and 115 websites
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that focus on designing elderly-friendly versions to assist with geriatric transportation,
health, living environments, and even work activities [5]. A case in point is WeChat, a
typical social and instant messaging app, which added functional guidance and dialect
recognition. This indicates that social media may gradually change into a wide resource
for obtaining hedonic, informational, social, and emotional support, and will set up
efforts to bridge the digital gap faced by seniors.

With geriatric health being considered as the most concerning issue, it is necessary
to encourage older adults to engage in formal-health related activities on the ubiquitous
massmedia. Socialmedia greatly encourage the public to engagewith health information
[6], and successively attract the elderly for health-oriented usage [7]. However, older
adults’ decreased biological, physiological, and cognitive capacity could block their
long-term using intention. To address the fundamental needs of senior citizens and
control or mitigate the onset of potentially risky diseases, it is meaningful to make
social media more hospitable for older adults. This will increase their involvement in
health-related activities and active behavior responses.

Although older adults are more likely to be resistant to new forms of information
and communication technologies, this does not mean that they are technophobic or dis-
like technology [1]. In discussing the current state of social media usage among the
elderly, previous studies on the elderly and their health-related information behavior
have focused on psychological factors and other influencing factors as well as obstacles
or constraints [8, 9]. However, the effect of time perception on older adults’ health infor-
mation behavior has not been extensively discussed. Previous researchers explained the
relationship between time perception and gratification [10, 11]. Future time perspective
(FTP) is one of the cardinal tenets of the socioemotional selectivity theory (SST). When
people perceive an open-ended temporal horizon, they tend to prioritize goals that pre-
pare them for a long and nebulous future [12]; otherwise, they prefer instant gratification.
Based on the perspectives of time and gratification, this study aims to identify the fac-
tors that contribute to older adults’ stickiness intention on social media for health-related
activities.

Consequently, adopting the SST to investigate elderly users’ health-oriented propen-
sity to stick with social media from the time perspective could answer the following
questions:

RQ1. How could the perspective of time influence users’ gratification?
RQ2. What kinds of psychological gratification can predict users’ stickiness intention
with health information on social media?

Overall, our results revealed the inherent influencing mechanism of FTP on elderly
stickiness of health information and confirmed the compatibility of the time perspective
and the gratification theory. In terms of information technology and managerial impli-
cations, the current findings could contribute to informing the user experience design of
elderly-oriented social apps and bringing more social inclusion for successful aging.
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2 Theoretical Background

2.1 Future Time Perspective

The SST suggests that individuals’ social goals are influenced by their perceptions of
future time [13]. The FTP is related to social motivations following the perception of the
temporal horizon, instead of chronological age [14, 15]. There are two kinds of social
goals divided by function: knowledge-related goals and emotional goals [16]. According
to the SST, people prioritize knowledge-related goals about gaining instrumental infor-
mation for their future when time is perceived as open-ended [16]. Conversely, when
the perception of the future is limited, people relatively tend to gratify their present
needs about emotion and hedonism because such goals often pertain to the acquisition
of short-term benefits [12].

The pioneers of SST focused on time perspectives, namely, FTPs,whichwere divided
into limited time and open-ended time [13], and the respective effects of these ramifi-
cations of time perspective on individuals’ social network and well-being [17]. In view
of this, Wright (2010) suggests that individuals’ age and health conditions influence
their online social preference [18]. If people had a limited time horizon perspective,
they would prefer strong-tie social support over weak-tie networks. Whereas, people
with an open-ended temporal horizon would prefer to stick with social communication
technologies for weak-tie interaction to expand their social network and gainmore social
benefit. The benefits of strong-tie relationships that contract with age enhance geriatric
technology adopters’ well-being more than weak ties do [19]. The SST also underscores
that the change of individuals’ perception of future time also changes their adaptive
behavioral responses [20]. Indeed, Settanni (2018) argues that the time perspective can
also work on the addictive stickiness of social media among elderly users [21].

The role of psychological demands within the geriatric populace should be consid-
ered principally. As chronological age relates to issues that affect how people perceive
time remaining in life, older adults are more likely motivated toward gratifying emo-
tional and meaningful goals with enjoyment and pleasure [16, 22]. According to the
relationship between individuals’ gratification and their time perspective [12], social
media should not only satisfy older adult’s psychological need for social contact or
emotional support but also enable users to benefit from the information and hedonic ele-
ments, and further contribute to life satisfaction and well-being [3, 23]. This paper uses
FTP to explore older adults’ behavioral responses on social media for their health-related
purpose based on two motivations.

First, psychological factors are a prominent topic in the study of the information
behavior of the elderly [24]. According to the SST, FTP has been a key indicator for
older adults’ psychological needs. This kind of awareness of the temporal horizons could
be viewed as an open-ended or limited dichotomy. Older adults’ gratifying perceptions
of enjoyment, knowledge, social benefits, and emotional rewards would promote their
engagement with social media to achieve personal goals under the influence of FTP
[3]. Second, social media began to incorporate more age-appropriate design elements
to meet the fundamental health needs of the senior population [25]. FTP provides a
time-structural manner to understand the effects of different time perspectives on the
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gratification of older adults, and in turn, their intention to stick to social media for
health-related purposes.

2.2 Time Perspective and Hedonic Gratification

Hedonism is a type of benefit identified by the gratification framework [26]. Hedonic
gratification refers to the need for escape and diversion from problems and routines
[27]. In this study, hedonic gratification reflects the nature of individuals’ expectations
of enjoyment and pleasure in the context of social media. According to Jochemczyk
(2017), a present-hedonistic time perspective can positively influence people’s behav-
ioral responses [28]. He explained how different time orientations play imperative roles
in the desire for hedonic benefits. According to the SST, older adults reported higher
levels of positive emotions than younger adults [12, 29]. Those older adults who have an
open-ended time perspective would prefer to engage with emerging technologies, and
their higher levels of well-being would make them gratify hedonic expectations easier
than younger adults. Thus, the following hypothesis is proposed:

H1a: Open-ended time perspective will positively influence the elderly users’ hedonic
gratification.

Individuals with limited time perspective would be aware of constraints on time and
therefore tend to be selective with affective events that afford them immediate pleasure
[30]. If older adults perceived a limited time perspective, their preferential goals would
change to acquire present hedonic gratification [28]. Hence, elderly users are more likely
to use social media for instant entertainment gratification [20]. Furthermore, based on
their limited FTP, older adults’ higher levels of positive effects would also have a positive
effect on hedonic gratification. Thus, we propose the hypothesis as:
H1b: Limited time perspective will positively influence elderly users’ hedonic gratifica-
tion.

2.3 Time Perspective and Information Gratification

The gratification of informational needs predominantly motivates older adults’ engage-
ment with health information on social media [31]. According to the SST, there is an
age-related reduction in information seeking, which may lead to negative outcomes for
older adults’ health interventions [30]. To promote information seeking in late life, Löck-
enhoff (2004) suggested that health information about protection from threats of illness
is more palatable than those health threats for older adults [30]. Furthermore, social
media affords elderly users access to health-related information through multiple ways
such as seeking health-related information, encountering health news, communicating
with family or friends, following certified health-oriented celebrities in the online com-
munity. When time is perceived as open-ended, individuals prioritize the acquisition of
knowledge [12, 16]. With the expeditious development of social media technology, a
myriad of health information has been accessible on the Internet. Thus, it is assumed
that elderly users with open-ended time perspectives would like to perceive the benefits
and gratification of health information through the health-oriented utilization of social
media [31, 32]. Therefore, the following is hypothesized:
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H2a: Open-ended time perspective will positively influence elderly users’ information
gratification.

Limited time-oriented individuals’ positive affect generally remains highly stable
[12]. Older adults with limited-time perspectives desire to maintain high levels of well-
being and tend to process information with positive affect. Social media can afford
users to receive health information and contribute to life satisfaction [23]. Because of
the limited time perspective, elderly users with positive attitudes were more likely to
satisfactorily receive useful andmeaningful health information than younger adults [32].
Therefore, the following was hypothesized:
H2b: Limited time perspective will positively influence elderly users’ information
gratification.

2.4 Time Perspective and Emotional Gratification

Emotional gratification refers to a user’s emotional fulfillment, pleasant feelings from
social contact, and aesthetic experience of the utilization of an IT artifact [27]. To achieve
emotional fulfillment, open-ended time-oriented users tend to get acquainted with new
friends and expand their social networks. Studies have shown that people who perceived
time as a distant future report greater emotional well-being if they had extensive social
networks [12, 23]. Social media enables people to get emotional support from oth-
ers when communicating health-related issues with friends, family, and even strangers
[33]. Therefore, elderly users with open-ended time perspectives would like to achieve
emotional gratification through engagement with health information on social media.
Hence:

H3a: An open-ended time perspective will positively influence the elderly users’
emotional gratification.

On the contrary, as people age and time horizons are constrained, they tend to view
the closeness of relationships as a more pertinent issue instead of the social network
size. Social media offers limited time-oriented individuals a virtual space to express their
emotions of fearfulness, happiness, and panicwith other users to get comfort. The elderly
user could talk about health conditions to get instant emotional gratification through
health-related interactions with intimate partners on social media [31, 32]. Hence:
H3b: Limited time perspective will positively influence the elderly users’ emotional
gratification.

2.5 Time Perspective and Social Gratification

In this study, social gratification refers to the benefits of social media that satisfy user
desires [32]. According to the SST, when the future is perceived as relatively open-ended
and filled with positive rewards, people are expected to widen their exposure to make
new friends [13]. The elderly user with an open-ended time perspective tends to seek
social gratification which is associated with more positive social experiences through
expanding social networks. Hence:
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H4a: An open-ended time perspective will positively influence the elderly users’ social
gratification.

While limited time-oriented individuals consider the future time perspective as
restrictive, they prefer to keep company with intimate partners. Narrowing the social
scale is likely to result in greater social satisfaction for people who feel the future time is
limited [13]. Zhang (2021) asserted that keeping in touch with familiar partners is one of
the most important factors for older adults’ active engagement with health information
on social media [31]. Hence:
H4b: Limited time perspectivewill positively influence elderly users’ social gratification.

2.6 Gratification Perspective and Stickiness Intention

Both individuals with open-ended time and limited time-oriented perspectives would
have the rudimentary demands of health issueswhile socialmedia gratifies health-related
goals in several ways. A case in point is Baldensperger’s (2018) set hypotheses derived
from the SSTwhich suggested that FTPmay play a crucial role in future diseasemanage-
ment programs [34]. Several studies suggest that perceived gratification enhances users’
stickiness on social media [35, 36]. According to previous studies, hedonic gratifica-
tion, informational gratification, emotional gratification, and social gratification are the
most prominent factors to adopt social media for health-related purposes [33], instead
of professional healthcare platforms [37, 38]. Kim (2001) suggested that users’ infor-
mation gratification, social support, and entertainment are the predominant motivations
for engagement with social media [39]. Furthermore, studies have shown that the ele-
ments of hedonism, the emotional fulfillment fromself-expression, and the social benefits
from communication with acquaintances positively influence users to adopt social media
services [6, 40, 41]. Hence:

H5: Hedonic gratification will positively influence the elderly health-oriented stickiness
intention on social media.
H6: Information gratification will positively influence the elderly health-oriented
stickiness intention on social media.
H7: Emotional gratification will positively influence the elderly health-oriented sticki-
ness intention on social media.
H8: Social gratification will positively influence the elderly health-oriented stickiness
intention on social media.

In the end, the conceptual model was built as shown in Fig. 1 (see Fig. 1).
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Fig. 1. Research model.

3 Methodology

3.1 Measures

All construct items in this study were adapted from existing studies. Each item was
measured according to a seven-point Likert scale ranging from 1 (strongly disagree) to 7
(strongly agree). There were two stages of questionnaire formation. Initially, we invited
22 senior citizens with health-oriented experience of social media use to participate
in the initial questionnaire. Based on their feedback, we revised the questionnaire and
obtained the final version. The construct items and references are detailed in Table 1.

Table 1. Research items and references.

Constructs Items Source

Open-ended time OT1: Many things await me to do in the
future
OT2: It seems to me that my future plans are
pretty well laid out
OT3: I get the work done on schedule and
on time
OT4: I’ll be proactive about what happens in
the future

[13, 22]

Limited time LT1: I have the sense that time is fleeting
LT2: I begin to experience that time is
limited
LT3: I try to live in the moment
LT4: I worry about my health in the future

[13, 16]

(continued)
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Table 1. (continued)

Constructs Items Source

Hedonic gratification HG1: I feel relaxed about engagement with
health-related activities through social
media
HG2: I find it interesting to get
health-oriented information through social
media
HG3: I use social media for health-related
purposes with pleasure
HG4: The dissemination of health
information on social media is
entertainment for me

[42, 43]

Information gratification IG1: Health information from social media
help me to prevent illness
IG2: I can get useful health-related
information on social media
IG3: Through social media, I can get good
advice on health issues
IG4: Searching for health information on
social media could solve my problem

[31, 43]

Emotional gratification EG1: By talking with others about my
health situation on social media, I feel the
emotional concern and encouragement
EG2: Sharing health-related experiences
and knowledge on social media make me
comfortable
EG3: Health information on social media
has eased my worries about health risks
EG4: Talking with others about my health
situation on social media has eased my
loneliness

[13]

Social gratification SG1: Social media has enhanced my
opportunities to communicate with family
and friends about health issues
SG2: When I share health-related
information on social media, I can get
support from others’ likes and comments
SG3: Exchanging health-related information
on social media can make me get closer to
my family or friends

[42, 44]

Health-related stickiness intention HSI1: I will continue to use social media for
health-related information
HSI2: I hope to continue to talk with others
about health-related issues on social media
HSI3: I will continue to engage in
health-related activities through social
media

[35, 45]
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3.2 Data Collection and Sample

Although the definition of “older adults” varies in the literature [46, 47], people over
55 years of age were selected as potential respondents in the current study as this popu-
lation segment is usually considered in studies related to health-related usage of social
media among older adults.Moreover, this age group is associated with a greater potential
need and concern for health information [7]. To examine the proposed research model,
we conducted an online survey focused on older adult users over 55 years of age in China
and adopted the snowball sampling approach for data collection. Finally, a total of 303
questionnaires were collected. Table 2 summarizes the demographic information of the
303 participants. The age of the participants mostly ranged from 55 to 65. 53.1% were
male and 46.9% were female. About 79.6% thought they were completely healthy. Five
participants reported their health status as very poor due to poor immunity, high blood
pressure, glaucoma, heart disease, and so on. We set up a multiple-choice question and
found that children were selected most frequently as the main contact person in their
social networks, which is also consistent with the prior findings [48].

Table 2. Demographic information of participants (N = 303).

Measure Items Frequency Percentage (%)

Gender Male
Female

161
142

53.1
46.9

Age 55–60
60–65
65–70
70–75
75–80
80–85
Over 85

119
106
44
20
5
5
4

39.3
35.0
14.5
6.6
1.7
1.7
1.3

Health status Very well
Good
Poor
Very poor

96
145
57
5

31.7
47.9
18.8
1.6

Main contact on social media (multiple choices) Spouse
Children
Parents
Relatives
Friends
Colleagues

166
257
88
178
176
78

54.8
84.8
29.0
58.8
58.1
25.7



Understanding Older Adults’ Stickiness Intention of Health Information 441

4 Results and the Analysis

In this study, we utilized partial least squares (PLS) to test the proposed model and
employed SmartPLS to test both the measurement and structural models. The statisti-
cal significance levels of the structural model path coefficients were verified using the
bootstrapping technique.

4.1 The Measurement Model

The reliability and validity of the research model were evaluated through multiple data
analyses. Reliability is a test of the consistency or stability of survey data. The value of
Cronbach’s alpha (α) and the composite reliability (CR)were used to examine the internal
consistency of the conceptual model constructs. Cronbach’s alpha values exceeded the
recommended level of 0.6, indicating acceptable reliability [49]. CR values exceeded
the recommended level of 0.7, indicating good reliability. Furthermore, the average
variance extracted (AVE) was used to measure the convergent and discriminant validity
of the research model. First, the AVE values of all constructs exceed the 0.5 thresholds,
suggesting qualified convergence validity and proving that items can effectively show
the corresponding constructs [7]. The reliability and convergence validity results are
detailed in Table 3. Moreover, the diagonal of Table 4 is the square root of AVE, and
its values were all higher than the correlation of inner constructs, confirming that the
measurement model has good discriminant validity.

Table 3. Reliability and convergence validity

Construct Composite reliability AVE Cronbach’s alpha

EG 0.855 0.596 0.773

HG 0.803 0.505 0.672

IG 0.847 0.581 0.759

LT 0.832 0.556 0.736

OT 0.842 0.572 0.750

SG 0.835 0.628 0.705

HSI 0.851 0.656 0.738

Table 4. Discriminant validity

Construct EG HG IG LT OT SG HSI

EG 0.772

HG 0.677 0.711

IG 0.571 0.640 0.762

(continued)
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Table 4. (continued)

Construct EG HG IG LT OT SG HSI

LT 0.296 0.264 0.263 0.746

OT 0.491 0.518 0.445 0.037 0.756

SG 0.683 0.709 0.647 0.280 0.462 0.793

HSI 0.642 0.626 0.696 0.309 0.405 0.709 0.810

4.2 The Structural Model

The test of the structural model included the examination of path coefficients and the
corresponding significance levels. Figure 2 presents the results of the PLS analysis (see
Fig. 2). The hypothesis testing results are listed in Table 5. We also adopted the boot-
strapping technique that can directly test the influence of the independent variable on
the dependent variable. The results show that the positive effects of open-ended time
perspective and limited time perspective on each gratification are significant, supporting
H1a, H1b, H2a, H2b, H3a, H3b, H4a, and H4b. Regarding gratification perspectives,
information, emotional, and social gratification significantly influence stickiness inten-
tion, indicating H6, H7, and H8 are supported. Results indicate that the influences of the
hedonic gratification on HSI are not statistically significant. Hence, H5 is not supported.

Fig. 2. Structural equation model with standardized coefficients. Note: *p< .05, **p< .01, ***p
< .001, ns = nonsignificant, Nonsignificant paths are presented by a dashed line.

In total, eleven of twelve hypotheses were supported. In sum, these significant
links indicate that older adults’ FTP and health-related social media usage have the
relationships specified in the model.
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Table 5. Results of hypothesis testing

Hypothesis Paths Path coefficients t-value p-value Hypothesis validation

H1a OP → HG 0.509 7.829 0 Supported

H1b LP → HG 0.245 3.606 0 Supported

H2a OP → IG 0.436 6.810 0 Supported

H2b LP → IG 0.247 3.876 0 Supported

H3a OP → EG 0.480 7.949 0 Supported

H3b LP → EG 0.279 4.347 0 Supported

H4a OP → SG 0.452 7.901 0 Supported

H4b LP → SG 0.263 4.485 0 Supported

H5 HG → HSI 0.044 0.644 0.520 Not supported

H6 IG → HSI 0.352 5.025 0 Supported

H7 EG → HSI 0.195 2.874 0.004 Supported

H8 SG → HSI 0.318 4.535 0 Supported

5 Discussion

This study aimed to investigate the influence factors of elderly health-oriented stickiness
intention on social media and the perspective of time on old adult users’ gratification.
Our research developed a model based on an integrity model of FTP and gratification
perspective to examine the influence factors that affect users’ stickiness intention of
health information behavior on social media platforms. We conducted an online survey
for 303 users of social media such asWeChat,Weibo, and other mainstream social media
platforms in China. The findings were as follows.

5.1 Gratification Perspective

First, consistentwith the framework of the gratification perspective,we found that elderly
health-oriented stickiness intention on social media is significantly affected by IG, EG,
and SG. Specifically, the results of this study indicate that information gratification was
the most salient factor. The results showed there was a significant strong effect of social
gratification toward older adults’ stickiness intention. This result has been confirmed
in most previous studies [31, 42]. A previous study on WeChat found that activities
with social ties were more likely to attract people to stick with social media applica-
tions [42]. In this study, according to the gratification theory, social gratification which
is driven by health-oriented social interaction satisfies older adults’ demands for get-
ting support or maintaining social contacts. We also found that emotional gratification
is another indispensable influence factor that has significant positive effects on older
adult users’ health-oriented stickiness intention. Numerous studies revealed that adopt-
ing social media technology can alleviate emotional difficulties and enhance the level
of well-being [19, 23]. Therefore, the elderly-oriented design of social media platforms
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should give full consideration to the emotional demands of elderly users toward dif-
ferent relationships. Considering the critical role of health information for older adults,
social media platforms should also design a relatively simple user interface where health
information can be obtained and particularly highlight the health information from close
friends to gratify elderly users’ emotional rewards. Besides, service providers should
focus on the real meaning of healthcare and aim at the importance of the popularization
related knowledge of the public health emergencies of control and prevention disease on
social media for elderly users to promote both their information and social gratification.

Second, examining the effect of hedonic gratification toward stickiness showed that
there was no significance. This finding reflects that the purpose of users’ health-oriented
stickiness on social media is not for pure entertainment. Although according to previ-
ous studies [33, 42], hedonism is an important element of social media. However, the
stickiness of health information may not gratify users’ hedonic needs. This shows that
the recreational health information of social media, such as health-related videos, pho-
tos, and so on, increases users’ pleasure, but does not bring functional affordances for
health-oriented purposes. It can also be explained that the particularity of health infor-
mation makes users pay more attention to their benefits from information, social and
emotional rewards when forming their stickiness about health information. Therefore,
for elderly users, social media should focus more on the quality and effectiveness of
health information instead of entertainment properties, meanwhile, maintain the social
network with close partners especially.

5.2 Future Time Perspective

From the FTP, we found that elderly health-oriented hedonism, information, emotion,
and social gratification on social media are significantly affected by open-ended time
perspectives and limited time perspectives. First, this study shows that future time per-
ception positively affects health-oriented stickiness on social media among older adults
through perceived gratification. According to the SST, elderly users with an open-ended
time perspective would prefer knowledge acquisition, while the emotional rewards of
social interaction are more attractive to the elderly with a perception of limited time.
However, the current elderly-oriented design genres in socialmedia paymore attention to
the simplification of social affordances and ignore the elderly’s motivation to seek health
information. Therefore, social media’s elderly-oriented future design should focus more
on the demands of knowledge acquisition to meet older adults’ usage gratifications.

Second, our results suggested that the effects of an open-ended time perspective on
gratificationweremore significant than a limited time perspective. According to the SST,
older people are more likely to evoke emotion for positive information. The open-ended
time perspective increases older adults’ desire for health information with rich content
and high quality, while a limited time perspective makes them prefer emotional benefits.
However, it is difficult to use current social media technology to widely measure and
classify older adults’ FTPs. Moreover, this study shows that hedonic gratification has no
significant impact on the stickiness intention of the elderly. Therefore, health information
disseminated on social media should contain more positive effects and usefulness while
retaining entertainment elements that are not distracting to cater to all older adults’
positive preferences for information processing.
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6 Conclusion

This study makes theoretical and practical contributions. First, it confirms the compati-
bility between the SST and the gratification theory. Although the SST is the main theory
used in exploring the technology adoption of elderly users [1], there are few studies
on health-related stickiness intention on social media guided by SST. In this study, the
FTP is considered an important factor and is combined with perceived gratifications
to explore the influencing mechanism of health-oriented stickiness. This study not only
echoes the previous research on stickiness intention described by the gratification theory
but also expands the application of SST on social media. Our results also provided a
new perspective for elderly-oriented technology research and filled the knowledge gap
regardingFTP in the context of health informationpractice. Second, this study establishes
the connection between elderly users and their health-oriented behavior responses on
social media. Our findings are useful for informing the development of optimal designs
for elderly-oriented social media applications to bridge the digital gap between older
adults’ endorsements and new forms of social media.
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Abstract. This article presents the results of a qualitative-quantitative research
on the relationship between work background and digital media use among the
elderly. The aim of the study is to investigate the relationship between gender,
employment status and professional level, and the technological endowments,
skills, use and appropriation processes of ICT by the elderly. A sample of 900
Italians between 65 and 74 years old was used for quantitative analysis, together
with 20 in-depth interviews. The researchwas conducted betweenDecember 2013
and April 2014. From the results it emerges that gender, working condition and
professional level differently influence technological endowment, frequencyof use
of Internet and PC and Social Networks, while gender, income and educational
qualification determine IT competence. This evidence was further corroborated
and enriched by the ethnographic investigation.
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1 Introduction

The ageing of population is a global trend that challenges society in its entirety, by
producing massive transformations that involve almost every sector of society in every
part of the world [1].

Italy, in particular, is one of the countries with the higher average age among citizens
[2]. Ageing arguably and dramatically affects welfare costs, nonetheless the elderly can
also age actively and healthily [3–5]. Older people, when healthy, are also dynamic
beings in terms of work as well as social and cultural capital. Within this theme, ICT
(Information and Communication Technologies) are often considered as a viable way to
guarantee active ageing thanks to their potential for inclusion [6]. The empowerment of
the elderly through the use of ICT is in turn influenced by their learning process in both
a formal (e.g. work environment) and informal (e.g. social and family life) capacity [7].

There are however still very few studies, especially when it comes to Italy, on the
role played by ICT in active ageing taking into account key elements such as work and
social conditions.
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This research, by using a mixed methodology (quantitative and ethnographic), thus
aims to fill that existing gap and to examine the work status of the elderly in its ability
to affect ICT access, use and acquisition.

2 State of the Art

The topic of the relation between use of ICT and users age generates from the premise of
massmediological researches on digital divide [8] and revolves around the study of the
connection between digital alphabetization and social inclusion of the elderly [9]. More
recently, an increasing number of empirical studies focused on the implementation of
ICT among the elderly with the purpose of promoting active ageing and wellbeing [10].
For example from a psychological point of view it would seem that the implementation
of ICT betters their elderly users’ quality of life by impacting variables such as personal
affirmation, autonomy and stress [11]. In addition, it also appears as if the use of ICT
helps the elderly in maintaining and growing their social networking, especially in high-
mobility or migration contexts [12]. Heo et al. [13] stressed how patterns of frequency in
Internet use by older people can attest positively to their social support net, life fulfillment
and wellness, and negatively to their loneliness.

As was the case for the studies on digital divide, the research on active ageing has
been criticized for the excessive (neoliberal) emphasis put on the elderly individual
traits and responsibilities [14], as well as for neglecting the social dimension of aging
processes and their context of development [15]. On this matter there is an urgency of
an understanding that goes beyond the study of the “present” and the individuality of
older people but rather examines their “past” and the life instances that led them to be
more or less prone to the use of ICT today.

Nowadays various researches correlate the elderly use of ICT to socio-demographic
variables (such as income, age, education [16]), but very few of them explore the elderly
work experience and Internet use. It however appears clear that retirement represents a
pivotal element in each individual’s biography, and that their previous work condition
heavily affects the processes of digital technologies implementation [17]. The digital
skill set (e.g. e-mail, processing of texts and calc sheet, video calls, etc.) acquired in the
workplace can directly influence the ways seniors utilize ICT in private [18]. Besides,
retirement has a tendency to reduce IT alphabetization and the frequency of Internet
use in both men and women (ibidem). Also, the negative effect of retirement on PC use
is greater on former workers who used to be employed in positions requiring a more
advanced and intense application of digital skills than on those who learned and used
ICT outside the workplace. Additional studies [19] stress how senior employees who
use the PC at work, feeling useful and motivated longer, postpone retirement.

3 Context, Research Questions, Sample, Methodology

This paper’s intention is that to investigate the link between work background and use of
ICT among the elderly with the aim to provide new evidence on a still underdeveloped
topic. According to Colombo et al.[9], only 21,3% of Italians aged 65–74 owns a PC, and
49,8% of senior digital users declare to have learned their skills in the workplace. Among
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the latter, more than half (57,8%) are men, while women are fewer (37,6%). Based
on these data, it appears important to conduct a further examination on the existing
connection between ICT implement and work position and condition of the elderly,
with a focus on gender: older women seem to have been less exposed than men to the
digitalisation process, probably due to their different work placement [20].

Therefore the following research questions have been formulated:

1. Does gender determine a difference in technological equipment (1a), Internet (1b)
and social networks (1c) use?

2. Does employment status determine a difference in technological equipment (2a),
Internet (2b) and social networks (2c) use?

3. Does professional rank determine a difference in technological equipment (3a),
Internet (3b) and social networks (3c) use?

4. Do seniors former work placement (4a), level of education (4b), income (4c), gender
(4d) and age (4e) favourably or unfavourably predict the acquired IT knowledge and
skills?

5. Do seniors former work placement (5a), level of education (5b), income (5c), gender
(5d) and age (5e) favourably or unfavourably predict the frequency of use of IT
technologies?

In order to answer these questions between December 2013 and January 2014 a
sample of 900 Italian seniors aged 65–74 were each asked to compile a face-to-face
questionnaire. The sample is representative of the Italian population between 65 and
74 years: the participants were selected with a random, proportional sampling, stratified
by region and size of the Municipality of residence. 1600 names were extracted from
the electoral lists of 90 municipalities, using a systematic method, carried out in two
stages with a 56% response rate and 900 respondents (Error sample: 3%. Confidence
error: 0.05%). 776 individuals responded in full.

The remaining sample averages an age of 69.34 (DS = 3.01) and is equally divided
between women (365) and men (411). The age bracket taken into consideration within
the research exhibits a high percentage of non-workers (homemakers, retirees): 80,2%
among men and 92,9% among women, and only 10,5% of men and 2,2% of women
work full-time.

In addition, 20 non-structured and in-depth home interviews took place among
younger seniors aged 65–74, all residents of Lombardy and users of ICT. The find-
ing of the subjects to be interviewed took place through the recruitment of a professional
agency.

As regards the qualitative portion of the research, its specific objective was the
deepening of certain aspects surfaced during the quantitative analysis. In particular, that
of pinpointing the biographic trajectories that influenced choices in the use of digital
technologies, digital skills and typology of services used, as well as the composition of
the domestic contexts of learning and the processes of implementation of ICT within the
households [21].
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4 Results

4.1 A Subsection Sample

All analyses were processed through the statistic software SPSS v. 24. The variables
used in the analyses are displayed in the notes. In order to answer research questions
1–3, we ran a χ2 test on independent samples and examined the relation among gender
(1), employment status (2), professional level (3), technological equipment and use of
Internet and social networks in the elderly. It was possible to detect significant connec-
tions between gender and Technological Equipment Index (χ2 (2) = 25.47, p < .001)
(1a), PC and Internet Use Index (χ2 (2) = 33.51, p < .001) (1b) and Social Networks
Use Index (χ2 (2) = 11.97, p = .003) (1c). The statistical significance for each of our
investigated relationships was quite strong, below the 5% threshold level. As regards
technological equipment, women own an inferior number of devices compared to men,
as well as it is almost inexistent their PC use. Lastly, the presence of both men and
women on social networks is extremely scarce, although slightly more common – albeit
still limited – when it comes to the former. Moreover, there is an statistically significant
strong link between employment status and technological equipment (χ2 (8) = 48.93,p
< .001) (2a), showing that the latter’s Index is quite low when referred to retirees, as
opposed to seniors who are still employed in any capacity (see Table 4), reaching its
peak values with those who are working on a full-time basis. Also strongly statistically
significant are the relations between employment status and PC and Internet Use Index
(χ2 (8)= 54.61, p< .001) (2b), and Social NetworksUse Index (χ2 (8)= 17.04, p= .03)
(2c). The data in Table 1 show how PC and Internet Use disappear with retirement but
are still present among active workers, even more so in full-time jobs, while limited in
part-time or occasional occupations. Social networks are instead sporadically used only
by those who are currently employed. Professional level is also linked to technological
equipment at high statistically significant level (χ2 (6)= 169.01, p< .001) (3a) as well
as PC and Internet Use Index (χ2 (6)= 170.29, p< .001) (3b) and Social Networks Use
Index (χ2 (6)= 85.61, p< .001) (3c). Surprisingly, the level of technological equipment
is lower for individuals occupying medium/high positions (i.e. intellectuals, business-
men) than for manual workers, who indeed hold the highest numbers; exactly the same
happens regarding the use of social networks, which is paltry within the first group and
more frequent within the second. Results show a complete opposite trend in relation to
PC and Internet use, which are a common practice among higher-level professionals and
scarce among the others.

In order to answer research questions 4 and 5, a correlation analysis was run between
all continuous variables of interest. As shown in Table 2, the variables put in correlation
were: Internet use frequency, IT proficiency, professional level, education, gender and
age. It appears clear that all independent variables are in fact correlated to dependent
variables IT proficiency and Internet use frequency.

In order to answer research question 4 (from4a to 4e), amultiple linear regressionwas
run. The regression model is statistically significant, F (7, 434)= 33.94, p< .001 with a
correct R2 of .35. As shown in Table 3, the participant’s professional level (β=−.001; p
= .95) (4a) is not a significant predictor of IT proficiency, with a p-value way above the
statistically significant threshold of 5%. Meanwhile, education is a statistically strong
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Table 2. Correlation table

Variable N M SD 1 2 3 4 5 6

1.Internet use
frequency

231 3.59 0.73 -

2.IT
Proficiency

775 1.23 0.72 .380** –

3.Professional
level

810 2.77 1.12 −.275** −.351** -

4.Education 896 2.29 1.64 .277** .525** −.553** –

5.Income 795 2.81 1.26 .241** .399** −.430** .540** -

6.Gender 900 1.54 0.50 −.111 −.200** −.039 −.152** −.183** –

7.Age 900 69.34 3.01 −.189** −.153** .063 −.119** −.110** .015

Note. **p < .01

and positively predictor of IT proficiency (β = .19; p = .001) (4b) as well as income
(β = .12; p = .001) (4c). Self-assessed IT proficiency seems to higher for males than
females (β =−.26; p= .001) (4d), and to decrease with aging (β =−.03; p= .01) (4e).

Table 3. Regression coefficients of professional level, education, income, gender and age
predictors

Variable B SE 95% CI p

LL UL

Constant 3.092 .773 1.574 4.611 .000

3. Professional level −.001 .008 −.016 .015 .947

5. Education .187 .030 .128 .246 .000

7. Income .118 .031 .056 .180 .000

8. Gender −.257 .065 -.383 −.130 .000

9. Age −.029 .011 −.050 -.008 .007

Note. Gender is codified with 1 for male and 2 for female

In order to answer research question 5 (from 5a to 5e) the samemultiple regression as
beforewas run, by substituting Internet use frequency to IT proficiency as an independent
variable. The regression model is statistically significant, F (7, 434) = 3.86, p < .001
with a correct R2 of .11. As shown in Table 4 none of the independent variables listed is a
valid predictor of Internet use frequency among the elderly, thus implying the following
answer: in this case neither professional level, education, gender nor income have a real
impact in determining Internet use frequency (all the p-value were highly above the
maximum statistical significance threshold of 5%, Table 4).
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Table 4. Regression coefficients of professional level, education, income, gender and age
predictors on Internet Use

Variable B SE 95% CI p

LL UL

Constant 5.753 1.353 3.076 8.422 .000

3. Professional level −.007 .012 −.032 .017 .558

5. Education .003 .040 −.077 .082 .947

7. Income .091 .062 −.030 .213 .139

8. Gender −.160 .119 −.395 .074 .179

9. Age −.031 .019 −.069 .006 .097

Note. Gender is codified with 1 for male and 2 for female

In summary, the survey shows how users’ former professional level does not really
affect IT knowledge and proficiency (p-values equal to .947 and .558 respectively, above
to 5% threshold). It however assumes a more central role when paired with work condi-
tions in determining the number of devices owned and PC, Internet and social networks
use frequency. It is specifically evident that being still employed, either on a full-time
or part-time basis, entails an increase in numbers pertaining the matter.

As regards proficiency, technological equipment and frequency in the use of devices,
the results highlight two staple points. The first concerns the impact caused by the
professional level: the higher it is, the lower is the number of devices owned and of
hours spent utilizing social networks, while more time is dedicated to PC and Internet
use. The second concerns gender difference: the number of olderwomenwho are familiar
with and utilize IT technologies is significantly inferior to that of men, so gender is a
definite predictor of perceived IT proficiency as a factor inversely proportional to being
a female. Plus, technological equipment as well as Internet and social networks use are
characterize women way less than men.

It is also worth of notice to mention how although professional level doesn’t affect
self-assessed IT proficiency, education and income, when higher, do entail a better IT
proficiency and efficiency. Data as such confirm what already established in previous
studies [22]: seniors with upper income, education and social standing are more suitable
to own and use ICT.

4.2 Ethnography

After the survey,whichmarked a starting point, in 2014 the research continued through an
ethnographic study. In the following pages some of the latter’s results will be explained,
paying particular attention to the link between the elderly work experience and their
processes of acquisition of ICT. The transcripts of the interviews were analyzed through
a grounded and inductive approach. The comparative method was used [23] for the
qualitative analysis of the interviews and the processing of data and recurring themes
emerging from the reading of the transcripts.
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Based on the analysis of the interviews, it is possible to outline three separate pro-
files of senior ICT users, each entailing a different way of implementing technologies
connected to the elderly work conditions.

1. Senior “White Collar” Retirees, i.e. Teachers and Office Workers in the 1990’s
It is the more representative group in terms of number among the owners of ICT
interviewed, corresponding to the professional categories of intellectuals and managers.

It includes those seniors who started to use digital and communication technologies
at work. Theywere part of the late 80’s-early 90’s digitalization process involving admin-
istration and office procedures that saw the replacement of typewriters with PCs. These
people learned at work how to use the Microsoft Office package, various accounting
programs and the computerised management of orders. Almost all of them decided later
on to purchase their own home PC and Internet connection quite in advance compared
to their peers [24].

Already having to use it at work I quickly realised its usefulness, so I was one of
the firsts among my friends to have an Internet connection at home in 1998 (M,
69, Retiree/Former office worker)

Technological literacy in the workplace embodied the driving force behind the accel-
erated entrance of certain groups of people into the IT and digital universe: workers from
the 1990’s (nowadays seniors) did rapidly understand the advantages provided by the
implementation of ICT [24]. For them, digital technologies are a well-acquired skill set
that they were able to pass onto other family members (especially their children) by
teaching them how to use a PC.

I started to teach (how to use) the PC to my children: how to start it, to move the
mouse, they needed to do researches for school and I reckoned it was useful to
have one and show them how it worked (F, 69, Retiree/Former teacher)

For these aforementioned seniors the use of PC at home derives from the application
background learned at work and, at least at first, leaves no room for leisure and entertain-
ment. After retiring though, thanks to all the free time available their approach undergoes
a transformation switching from a task-related utilitarian application to a recreational
activity. Nonetheless, their primary use of ICT remains focused on utility rather than
leisure, as demonstrated by their implementation in online e-Commerce, e-Banking,
e-Government and e-Health related practices.

Thus it is not by chance that the desktop PC (often equipped with printer, keyboard,
mouse, USB chargers etc.) is presently recognised as the main IT device for digital use,
while smart phones, tablets and even laptops are considered with a certain scepticism as
fun “toys”.

2. Still-Working Seniors
Amore limited, although consistent, number of seniors are still employed. Their working
status has a great impact on their chosen way to spend their free time and therefore on
their ICT use. They are mainly men with a reduced personal time who are active beings
and live primarily outside the family environment and in the workplace.
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This group can first be divided into those whose jobs are ICT use-oriented and
those whose jobs don’t require their use. The formers are office workers (insurance
agents, consultants, vendors) who need PCs in order to manage all the suppliers/clients
communication but also softwares specific to their work. The latter are artisans, small
businessmen, restaurateurs and more generally employees in low-digitalised sectors,
who resort to digital technologies in their free time and for personal purposes.

Regarding the first category, their professional activity represented a means to keep
up with the times and stay on par with younger colleagues [19]:

I decided to continue working as an insurance agent, but in order to do so I have
to be able to use the PC like my younger colleagues as well as the programs for
opening new policies or Whatsapp to contact my clients (M, 67, Insurance agent)

Such work-related technological proficiency only marginally applies to their private
life:

To me the PC is just a work tool, my wife has way more free time than me and
she’s the one keeping in touch with the grandchildren on Facebook, but when the
time comes for the tax return I get the mouse (M, 66, Consultant)

These seniors are apt ICT users at work but less capable in private:

If I need to enter a new policy in the database I do it and I do it quickly, if I have
to upload a photo on Facebook I’m always afraid to make mistakes, but maybe is
more important to do one’s job properly, I don’t really care about those other silly
things… (M, 67, Insurance agent)

As concerns the second category instead, the opposite stands: they are barely profi-
cient in ICT use at a professional level but more open to employ them tomanage personal
matters. Therefore at times ICT are seen as proof of their shortcomings from a work
point of view.

Everybody tells me to get Facebook for example for the restaurant, the bookings,
but I say no, I’mnot goodatmanaging it. I leave it to the new restaurants downtown,
we are something different… I’m going to work for a couple of years more and
then I’ll stop, so this is not the time to get into this tangle (F, 65, Restaurateur)

This type of reduced implementation of ICT in the workplace translates into a sim-
ilarly restricted use in the private sphere, also due to the limited free time available that
doesn’t facilitate an explorative approach to technologies:

My friends spend plenty of time on the PC and became very good, I don’t have time
and am lousy at it: I can send an e-mail or search for a supplier on the Internet,
but it takes a lot of effort (F, 65, Restaurateur)
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3. Senior “Blue Collar” Retirees, i.e. Workmen and Homemakers in the 1990’s
Together with the first group, are the more numerous among the interviewed. These
workers in the 90’s were employed in positions that didn’t require any form of PC use
(factory workers, artisans) or were simply unemployed (a large number of homemakers).
They never learned how to use such technologies at work and are only now starting to
approach digital media.

I’ve always been a homemaker and I haven’t needed the PC for it up until now…
perhaps now with all the recipies online things are going to change…[laughing]
(F, 71, Retiree/Homemaker).

These people are somewhat conscious of their digital delay compared to their contem-
poraries who throughout their lives had more opportunities to employ IT technologies.
Their former work conditions are thus considered at fault for their lack of proficiency:

I see my relatives who used to work at a desk job and ten, twenty years ago already
had a PC at home: I only started to use one two years ago and it was the first time
that I actually sit down typing (M, 71, Retiree/Former artisan)

They are senior who only recently bought (or were gifted) a PC, when all their
children were already living elsewhere. The input for the purchase is a general curiosity
toward the new digital world as well as a vague need to keep up with the times. They are
still at the explorative phase and their digital skills are basic. They are very interested
in some of the services provided on the Internet (homebanking, newsfeed) and in the
opportunities that it offers.

I wasn’t so passionate about it, but people used to tell me it was useful…then I
bought it, saw some interesting stuff, and thought “it’s like with the dishwasher, I
can save a lot of time” (M, 71, Retiree/Former artisan)

They aremostly self-taught: only few of them attend IT literacy courses, interestingly
with an approach similar to that of a professional training at a new job, and encounter
significant difficulty in applying the various tools.

I was worried I couldn’t use it. So I sign up for a course […] I finished it at Easter
time and now I can use it. It’s like with a new job, before starting you need to study
and learn how to do it (F, 72, Retiree/Homemaker).

A professional background non-related to an office job of some sort often entails for
the elderly an initial hurdle in handling keyboard and mouse. That is why they are the
ones who prefer to choose the more intuitive and simple “touch” devices, such as tablets
and smartphones.

A PC with a keyboard is something completely new to me, back when I was young
I never even used a typewriter. So in the end I decided to buy the tablet where
you only need to press with your finger and it’s the same, no, it’s better (M, 71,
Retiree/Former artisan)
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This attitude reflects in the different types of services used, which show a limited
fruition of writing and data management programs (e.g. Office Word and Office Excel)
and activities that are almost exclusively connected to the Internet and certain apps (Face-
book, Whatsapp, YouTube, public utility apps, games). While for the seniors belonging
to the previous two categories ICT are mainly connected to utilitarian functions like
work, news and service management applications, those comprised in this last group
employ the Internet and everything digital as a source of entertainment.

5 Conclusions, Limitations and Implications for Future Research

We here summarize the evidence that emerged from our results.

Q1. Does gender determine a difference in technological equipment (1a), Internet
(1b) and social networks (1c) use?

The results of our study showed that not only do women have a lower number
of devices than men (technological equipment), but they use the Internet and social
networks much less than men. This finding is not only in line with all the other studies
[e.g., 20, 22, 29, 30] that attest to the presence of gender differences in the use of ICT,
but also with what emerged from the qualitative interviews. Indeed, from the interviews
with the few women present in the qualitative sample it emerges that the use of the PC
is almost none and if used only out of necessity but not for recreational purposes is due
to an actual lack of skill (e.g., “Everybody tells me to get Facebook for example for the
restaurant, the bookings, but I say no, I’m not good at managing”) and time (“ I don’t
have time and am lousy at it: I can send an e-mail or search for a supplier on the Internet,
but it takes a lot of effort “).
Q2. Does employment status determine a difference in technological equipment
(2a), Internet (2b) and social networks (2c) use? and Q3. Does professional rank
determine a difference in technological equipment (3a), Internet (3b) and social
networks (3c) use?

The empirical results showed that although both occupational status and the level of
the position previously held were significantly correlated with technological equipment,
Internet and social network use, the relationships diverged between the two. In fact,
if for employment status, that is, whether or not the respondents were still working, it
seems that those who were still working owned more devices, who made a higher use
of the Internet than those who were retired or inactive, for employment status this trend
changed slightly. That is, those in intellectual positions had fewer technology devices
than manual workers. The same trend, however, was seen for frequency of internet use
greater for both employed and intellectual occupations, and for low use of social. Again,
these trends seem to have partially emerged in the ethnographic interviews as well:
respondents belonging to the intellectual professions show greater use of ICT than those
in manual professions (e.g., “I started to teach (how to use) the PC to my children” - F,
69, Retiree/Former teacher- “I wasn’t so passionate about it, but people used to tell me it
was useful” -Retiree/Former artisan-), as well as those who still work compared to those
who no longer work (“I decided to continue working as an insurance agent, but in order
to do so I have to be able to use the PC like my younger colleagues” -Insurance agent-
“A PC with a keyboard is something completely new to me” -Retiree/Former artisan-).
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Q4. Do seniors former work placement (4a), level of education (4b), income (4c),
gender (4d) and age (4e) favourably or unfavourably predict the acquired IT knowl-
edge and skills? and Q5. Do seniors former work placement (5a), level of education
(5b), income (5c), gender (5d) and age (5e) favourably or unfavourably predict the
frequency of use of IT technologies?

It is interesting to note that the level of education, gender and age were significantly
related to the acquired IT knowledge, the higher the level of education and income the
greater the acquired IT knowledge, on the contrary the higher the age the lower the
acquired IT knowledge, as well as once again confirming the gender pattern, whereby
men have a greater acquired IT knowledge than women. These latter findings support
our hypotheses as we expected and are in line with other studies on ICT and the elderly.

The starting point in our research was the overcoming of the biological and indi-
vidualistic approach to the discussion on the relations between seniors and technologies
[24] and overall to the processes of active ageing [25]. Neither age nor an alleged natural
difficulty in the use of ICT by the elderly affect the paths of technological acquisitions
[26], but are rather social contexts and life choices that determine the significance of ICT
in older people’s everyday life. In particular, our study shows quite the important role
played by work conditions in the practices of ICT implementation, role that is confirmed
both at a quantitative and a qualitative level. Indeed, while one’s former professional
status does not seem to influence IT knowledge and proficiency, work conditions do. A
senior still employed in any capacity is closer to IT technologies than an unemployed or
retired one. Being professionally active, especially in “intellectual” or office jobs, entails
a stronger awareness in the use of devices for practical purposes and a look at IT sciences
as a place of useful tools and services that revolve around the use of a PC.On the contrary,
retired seniors with plenty of free time available tend to a less technical ICT use favoring
leisure and entertainment contents accessed via tablets and smartphones. The same can
be said regarding professional status: the lower the former position covered the greater
the time spent in the recreational use of ICT, interacting on social networks through a
wide range of devices such as PCs, tablets and smartphones. Those who used to work in
intellectual, executive or management roles are more oriented toward the exclusive use
of PCs and utilitarian digital services (eCommerce, eBanking, eGovernment, eHealth).
When the past work life was characterized by an active implementation of ICT, during
the retirement years is more probable that the skill set formerly acquired will continue
to provide a significant awareness in the use of technologies, even when trying a more
recreational approach. When the past work life was instead set in a digital-free environ-
ment, a present use of technologies verges almost exclusively toward the entertainment
and an explorative rather than intense approach to digital media, tablet and smartphones
in primis.

All of the above allows for a reflection on the processes of digitalization involving
the elderly. Although ICT are undoubtedly and rapidly spreading amongmature citizens,
our research shows that not all of them get digital in the same way, at the same speed
and with the same opportunities to make ICT use significant in terms of inclusion and
digital citizenship. In particular those who are poorer, less educated, retired and inactive
risk to approach the digital world only as a place for low-cost entertainment and not
as an instrument for developing new skills. In a classic dynamic of radicalization of
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digital-operated inequities [27], the outbreak of ICT in the elderly life may expand the
social divide between biographically “rich” (in income, culture, relations, work) and
poorer (of resources able to transform ICT into multipliers of chances for active ageing)
seniors. ICT are not an element of active ageing in themselves, but they can paradoxically
embody an obstacle to healthy ageing [28].

A second instance surfaced from both the quantitative and the ethnographic analysis
and is related to gender. Women not only appear to be less IT-proficient than men but
also, as a consequence, have reduced technological equipment and ICT use frequency.
This further confirms that, whilst the digital gender gap is progressively disappearing
among the youth, older women are still behind their male counterparts as regards the ICT
implementation [22]. In adults this discrepancy can be explained according with a “life
course” perspective [20]. Throughout the years men and women have been exposed to
different expectations and occasions, especially concerning education, family duties and
job opportunities [29] and such diversities came to affect also ICT acquisition practices
and overall active ageing. A lesser education, less free time and less qualified work
placements all contributed to the present-day minor digitalization of females as opposed
to males among the elderly, carrying until the end the effects of lifelong disparities. This
last observation reminds us how active ageing opportunities are strongly influenced
by individual traits such as the elderly digital and social resources as well as gender.
Therefore, it becomes urgent a redesigning of the current digital inclusion and active
ageing policies in order to stop them from being “blind to gender” [30], and instead part
of the understanding of the differences at play within ageing (and ICT use) processes
between men and women.
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Abstract. World Health Organization and local governments recommended that
older adults self-isolate due to the elevated risk for adverse health outcomes faced
when contracting COVD-19. Technology offers better access to virtual communi-
cations for social connections and healthcare. Yet, the barriers and facilitators of
older adults’ use of technology during this world-changing event are, for the most
part, unknown. The purpose of this paper is to synthesize using inductive thematic
analysis the literature on broader health and social impacts on older adults from
lockdown-related measures caused by the pandemic. The findings consisted of
three dichotomous themes regarding older adults’ barriers and facilitators to tech-
nology. The first theme centers on personal belief and perception of oneself. The
second theme explores the digital literacy continuum. The third theme focuses on
older adults’ barriers and facilitators when adopting technology. The practical sig-
nificance of these findings is to better inform the design and delivery of accessible
technology to older adults.

Keywords: Older adults · Technology · Pandemic

1 Introduction

As many countries forced a self-isolation policy during the COVID-19 pandemic, better
access to virtual communications for social connections and healthcare became imper-
ative to improve the well-being of older adults. World Health Organization and local
governments recommended that people aged 65 and older self-isolate because contract-
ing COVD-19 brought elevated risk for adverse health outcomes in the aging population
[1]. Because older adults are disproportionally affected by the COVID-19 pandemic, it
is critical to understand the barriers and facilitators to technology adoption during this
world-changing event.

This paper synthesizes the literature on broader health and social impacts on older
adults from lockdown-related measures caused by the pandemic. The themes in the
literature were identified and assessed using a thematic synthesis method with inductive
coding. The purpose of this review is to learn from the lived experiences of older adults.
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The practical significance is understanding the key themes to better inform the design
and delivery of accessible technology to older adults.

2 Method

In preparation for the systematic literature review, a pilot searchwas conducted to inform
and improve the search strategy. The goal of the pilot search was to identify a set of gold
standard articles that are relevant to the topic and will be used to test the accuracy
of the final search results. Key terms were refined and re-evaluated using an iterative
approach to identify and capture the gold standard articles. A Lancaster University
librarian supported the search strategy in online consultations.

The pilot search yielded six gold standard articles to validate the final search results.
Given the anticipation of a high number of studies in this area, proximity operators were
used, including words like acceptance, barriers, and attitudes, to yield more precise and
inclusive search results. The final search strategy (Table 1) was run against titles and
abstracts of peer-reviewed studies for six databases (i.e., Cumulative Index to Nurs-
ing and Allied Health Literature (CINAHL), MEDLINE, Academic Search Ultimate,
PsycINFO, Web of Science, and Scopus), resulting in 8498 articles. After importing

Table 1. Search strategy

Concept Synonym Similar

COVID covid* or coronavirus* or
“corona* virus*” or
coronovirus* or “corono*
virus*” or coronavirinae* or
“corona* virinae*” or Cov or
“2019-nCoV*” or 2019nCoV*
or “19-nCoV*” or 19nCoV* or
nCoV2019* or “nCoV2019*”
or nCoV19* or “nCoV-19*” or
“HCoV-19*” or HCoV19* or
“HCoV-2019*” or HCoV2019*
or “2019 novel*” or Ncov* or
“n-cov” or “COVID-19” or
COVID-19 or “Coronovirus
Disease 2019” or pandemic

OR “SARS-CoV-2*” or
“SARSCoV-2*” or
“SARSCoV2*” or
“SARS-CoV2*” or
SARSCov19* or
“SARS-Cov19*” or
“SARSCov-19*” or
“SARS-Cov-19*” or
SARSCov2019* or
“SARS-Cov2019*” or
“SARSCov-2019*” or
“SARSCov-2019*” or SARS2*
or “SARS-2*” or
SARScoronavirus2* or
“SARS-coronavirus-2*” or
“SARScoronavirus 2*” or
“SARS coronavirus2*” or
SARScoronovirus2* or
“SARScoronovirus-2*” or
“SARScoronovirus 2*” or
“SARS coronovirus2*” or
“severe acute respiratory
syndrome*”

AND

(continued)
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Table 1. (continued)

Concept Synonym Similar

Technology technolog* or “smart tech*” or
“digital technology” or digital
or videoconferenc* or “video
conferenc*” or zoom or skype
or “virtual reality” or telehealth
or tele-health or “tele health” or
“digital health” or “mobile
health” or “tele-medicine” or
“tele medicine” or
"telemedicine" or eHealth or
“virtual care” or virtual or
internet or digital or email or
e-mail or alexa or “app” or
“instant messaging” or “search
engines” or “social networking”
or “online shopping” or
“telecare” or “smart homes” or
robots or gerontechnology or
“home health technology” or
WhatsApp or “smart watch” or
Fitbit or ICT or “internet-based
communications” or “social
media” or “online social
contact” or “social network” or
mHealth or “internet
communication” or Facetime or
“video chatting”

N/10 accept* or barrier* or
understand* or useful* or
reject* or confiden* or frail* or
ability or literac* or access or
attitude or utilizati* or activ* or
facilitators, attitudes or beliefs
or behaviors or behaviours

Older adults elder* or geriatric* or
grandmother* or grandfather or
grand-father* or grand-mother*
or grand-parent* or
grandparent* or older or aged or
senior or old or senior or aging
or ageing

N/5 citizen* or person* or
population* or parent* or man
or woman or men or women or
male or female or segment,
participants or people or adults
or patients

these studies into EndNote 20 software for de-duplication and removal of non-English
articles, 4955 articles advanced to the screening step.

The inclusion criteria included articles published in English, in a peer-reviewed
journal, targeted at adults aged 60 years or above, and presented results from the analysis
of primary outcomes. Included studies focused on the phenomenon of interest using a
qualitative method to capture the lived experience and views of independent older adults
on using technology during the pandemic. The exclusion criteria were studies focused
on older adults with cognitive impairment (e.g., dementia, Alzheimer’s) who lived in
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a long-term nursing facility (e.g., nursing home, institution, or hospital) and did not
personally interact with technology. The titles and abstracts screening resulted in thirty-
nine articles retrieved for full-text eligibility screening. The full-text screening led to the
removal of fifteen articles due to not meeting the inclusion criteria.

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline (Fig. 1) presents the search strategy that resulted in twenty-four
articles identified for analysis. The quality of each study was assessed using the Critical
Appraisal Skills Programme (CASP) Qualitative Checklist [2] tool, resulting in half of
the articles rated as high quality, third of the articles rated as medium quality, and the
rest as low quality.

The information was extracted and analyzed from the studies following the thematic
synthesis method guidance developed by Thomas and Harden [3]. The literature was
imported into the software package NVivo 12 for data organization, management, and

Fig. 1. PRISMA flow diagram
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coding. Following a thematic analysis as defined by Braun and Clarke [4], an iterative
inductive coding process was implemented. The codebook was tested and refined with
each reading of the literature focusing on the critical aspects related to the research
questions.

3 Literature Summary

In March 2020, the World Health Organization declared the COVID-19 outbreak a
global pandemic [5]. Across the globe, government-imposed restrictions went into effect
to reduce the viral spread amongst citizens. The twenty-four articles in the literature
review span thirteen countries across six continents and have 2317 older adults who
participated in open-ended surveys and semi-structured interviews during the pandemic.
The literature summary shown in Table 2 provides a synopsis of each article, including
author, year, country, population, and purpose. All the studies surfaced information on
older adults’ experience with technology during the pandemic. Fifteen of the twenty-
four studies sought to understand technology use by older adults during the pandemic
[6–20]. For the remaining nine studies, the guiding purpose was to understand how the
pandemic impacted older adults [21–29].

The studies discussed the impact of the mandatory public health restrictions, includ-
ing shelter-in-place orders, stay-at-home mandates, lockdowns, curfew laws, quaran-
tines, mask wearing mandates, physical distancing guidelines, public space closures,
travel restrictions, and public transport shutdowns [6, 7, 9, 13–15, 17, 18, 22–24, 26, 28,
29]. At many community-living housing complexes, the community centers, exercise
facilities, restaurants, and game rooms were closed, and social activities were halted [18,
22]. Several articles detailed the profound impact the pandemic had on the lives of older
adults forcing changes in their daily routines [9, 16, 17, 21, 23, 26]. The older adults in
these studies became more sedentary and isolated during the pandemic, harming mental
and physical health and overall well-being [14, 17, 22, 23, 25, 28]. Many older adults
saw technology as a tool to cope with the restrictive social conditions imposed by the
pandemic, and its use was to support meaningful goals [6, 7, 13, 19, 21–29].

With the onset of the public health restrictions, many older adults were secluded and
confined to their homes. As society turned to technology to stay connected, the literature
surfaced the challenges older adults face because of the digital divide [6, 13, 14, 16, 20,
22, 24]. The digital divide is “the economic, educational, and social inequalities between
those who have computers and online access and those who do not” (Merriam-Webster,
n.d.). Themain challenges are cost and access to technology and the infrastructure needed
to support it.Older adults are impacted by the digital divide regardless of their community
type (e.g., urban, suburban, and rural communities). However, the rural population is
heavily affected by limited access to reliable electricity and internet connections [6,
28]. The digital divide along with limited contact with social network due to pandemic
restrictions has led to older adults suffering what Ekoh et al. [6] describes as “double
exclusion”.
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Table 2. Literature summary

First author Year Country Participants Purpose

Bakshi [6] 2021 India N = 30 Explore the
experience older
adults, living in urban
India, had with
technology during
COVID

Bardach [7] 2021 USA N = 30 Understand how to
support older adults
with technology to
inform the
development of
training interventions

Carenzio [8] 2021 Italy N = 24 Explore older adults’
digital competencies,
internet use, and
desired support and
training

Chen [21] 2020 USA N = 10 Gather the
perspective of older
adults during the
onset of the pandemic
through a group
discussion forum

Daly [22] 2021 USA N = 21 Assess the impact the
pandemic has on the
mental and physical
health of older adults

Ekoh [9] 2021 Nigeria N = 11 Explore how older
adults in Nigeria are
dealing with double
exclusion from the
digital divide and
pandemic

(continued)
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Table 2. (continued)

First author Year Country Participants Purpose

Greenwood-Hickman
[23]

2021 USA N = 25 Understand directly
from older adult
narratives how the
pandemic affected
their mental, social,
and physical health
and to characterize
the ways they were
coping with these
challenges

Javanparast [10] 2021 Australia N = 30 Explore the telehealth
experience of patients
at high risk of poor
health outcomes
during the pandemic
to discern the value of
continuing with
telehealth visits
post-pandemic

Jiwani [11] 2021 USA N = 20 Explore modified
behavioral lifestyle
intervention using
mHealth and the
impact of “real
world” stressors due
to the pandemic

Johnson [12] 2021 USA N = 33 Identify the barriers
and facilitators of
older adults’ adoption
of teledermatology
during the pandemic

Kotwal [24] 2021 USA N = 115 Understand
experiences of social
isolation and
loneliness among
older adults during
the COVID-19
pandemic and health
needs stemming from
changes in social
interaction is needed

(continued)
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Table 2. (continued)

First author Year Country Participants Purpose

Lee [25] 2021 USA N = 18 Understand how
COVID-19 affected
older adults’ mobility
and daily lives

Liu [26] 2021 China N = 248 Explain the
underlying causes of
old adults’
persistence of
mobility

Llorente-Barroso [13] 2021 Spain N = 27 Explore the impact of
the use of ICT on the
emotional well-being
of elderly people
during their
confinement

Lopez [14] 2021 Canada N = 20 Explore the impact of
pandemic on older
adults’ social
connection and digital
connectivity

McCabe [15] 2021 Scotland N = 10 Explore the design
and delivery of
technological
interventions to create
solutions to reduce
the impingement of
older adults’ human
rights to fully
participate in society

O’Connell [16] 2021 Canada N = 25 Explore older adults’
perceptions, barriers,
and facilitators when
using of
videoconferencing
platform for social
interaction

(continued)
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Table 2. (continued)

First author Year Country Participants Purpose

Pisula [27] 2021 Argentina N = 39 Explore the emerging
needs related to the
mental health of
isolated older adults
in this period and to
identify their main
support networks they
have and the
emerging coping
strategies in the face
of the situation

Rao [17] 2020 India N = 15 Understand older
adults needs,
preferences, and
problems associated
with using technology
for managing their
routine health and
fitness

Saldanha [18] 2020 Canada N = 1 Provides the
perspectives and
experiences of an
active senior in an
independent living
facility who
transitioned to online
groups during the
pandemic

Tomaz [28] 2021 Scotland N = 1198 Explores the impact
of social distancing
during the COVID-19
pandemic on
loneliness, wellbeing,
and social activity,
including social
support, in Scottish
older adults

vonHumboldt [19] 2020 Italy, Mexico, Portugal,
and Spain

N = 351 Understand smart
technology’s impact
on the meaning of life
for older adults
during COVID

Wagner [29] 2021 Austria N = 8 Explores how older
adults’ lives have
changed because of
the pandemic

(continued)
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Table 2. (continued)

First author Year Country Participants Purpose

Wang [20] 2021 China N = 8 Explores how the
COVID-19 pandemic
high-lighted the
age-based mobile
digital divide in
China, and what are
the implications for
gerontological
internet-based social
work

4 Findings

4.1 Dichotomous Themes

Three dichotomous themes regarding older adults’ barriers and facilitators to technology
were identified in the literature analysis.

Theme 1 - Personal belief and perceptions of oneself

Keep up with the times Diminished future time

Overcome fear Internalized agism

Strong independence, empowerment Lack of confidence

Theme 2 - Digital literacy continuum

Prior experience with
technology

Digital literacy is tied to
purpose and social
connection

Real-time learning New normal

Theme 3 – Barriers and facilitators

Physical abilities and native language Technology support from Family

Cost and infrastructure Supporting peer

The first theme centers on personal belief and perception of oneself. On one end
of the spectrum, findings indicated that older adults cited strong perseverance to keep
up with the times, overcome fear, and strive for independence. On the other end of the
spectrum, the findings noted that older adults who had internalized ageism perceived a
diminished future lifespan, viewed technology as only for the youth, and had an overall
lack of confidence in adopting technology into their lives.

The second theme explores the digital literacy continuum. The American Library
Association defines digital literacy as “the ability to use information and communica-
tion technologies to find, evaluate, create, and communicate information, requiring both
cognitive and technical skills” [30]. The digital literacy continuum plots the progres-
sion of someone with no digital skills to someone who has mastered competency with
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technology. Whereas some older adults began the pandemic as digital literates, others
started the pandemic digital illiterate. Irrelevant to where they started, the primary factor
driving the decision to improve their technology skills depended on the purpose of use.

Some adults came into the pandemic with competencies due to prior workplace
exposure to technology. Purpose-driven need motivated the move along the digital con-
tinuum to reach a certain level of digital competency. Older adults require specific and
straightforward training to help with the transition to become digitally literate and inde-
pendent technology users. There was a greater emphasis on real-time learning to acquire
knowledge to meet an immediate need.

The third theme focuses on the barriers and facilitators older adults faced when
adopting technology. Barriers to technology included physical limitations, limited infras-
tructure, and financial costs. Older adults were often in digital poverty, measured by
one’s ability to afford and access technology. Family, friends, and peers were the most
significant facilitators to technology use in older adults.

4.2 Theme 1 - Personal Belief and Perceptions of Oneself

Keep Up with the Times. Resilience and perseverance enable older adults to adapt
to adversity caused by the pandemic and, no matter the difficulties or opposition, to
continue trying to achieve their desired outcome. Some older adults revealed a positive
personal view of technology with comments like: “I love technology!” and “I’m an old
fella, but I love modern technology” [6, p.3]. One older adult overcame the negative
typecasting of older adults with strong perseverance: “I’m still living in this world, and
things are changing, I mean things are changing so fast that you have to keep up! Or
you’re left behind” [14, p. 291]. For these older adults, it was vital to keep up with
the times: “Technology wasn’t in our time, but it is in our time now… when I retired I
realised I was going to be left behind, I had stayed upwith everything duringmyworking
life but realised that I would be left behind, so I went out and bought all the gear” [15,
p. 10]. These older adults believed their age did not impact their ability to learn: “I might
be old, but I still am teachable. It’s just a whole new, way of doing things and learning.
I guess I want to know, some seniors I think maybe don’t want to know. But I want to
know. And so, and I’d like to know, I don’t like to be left” [14, p. 290]. Nothing was
going to stop these older adults from learning new technology: “I would be willing to
learn how to use the app… They’re (apps) important, they really do help in times like
this…like Zoom” [12, p. 1586].

Overcome Fear. Along the continuum, the literature reveals that some older adults
expressed fear, anxiety, and isolation when adopting technology: “I really wish I could
use the computer… It’s time I learn a little technology. I’ll be stuck at home; the world
will pass me by. All my friends are on the Internet” [24, p. 25]. For one participant, the
fear corresponded with the initial use. Still, then she became more comfortable: “once I
found out not to be afraid of technology, I was a lot more comfortable…I learned that I
cannot break it if I make a mistake” [7, p. 4]. During the pandemic, older adults slowly
increased their adoption: “It does feel a bit isolated but I have replaced somedirect contact
with online communications” [21, p. 192]. One participant showed pride in overcoming
his fear of technology: “at first, I was afraid of losing things with technology. Now I love
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all this stuff and ability to do things. No fear anymore” [7, p. 4]. Some boldly repudiated
the ageist stereotype, like one participant who stated: “I’m fine with it [technology], I’m
not one of those little old ladies that is scared of it” [7, p. 5].

Strong Independence, Empowerment. Asolder adults gained competencywith digital
technology, it brought a strong sense of independence and empowerment. One partic-
ipant shared their view of learning technologies as “very important to develop myself
emotionally, physically and economically. I feel more empowered, I feel I grew up
another step” [19, p. 718]. Many older adults were interested in developing their digital
competencies to be “more autonomous” and not having to “depend on others” [8, p. 13].
One participant shared their journey to independence leading to a high self-efficacy:
“before I depended a lot on my children, now I learned a lot on my own; maybe with
their help, but I had to learn myself” [27, p. 6].

Diminished Future Time. Finally, on the opposite end, personal beliefs and percep-
tions of oneself were based on a perceived age limitation. Some older adults perceived
how much time they had left to live in this world as a limitation to learning and using
technology. This sentiment aligns with Socioemotional Selectivity Theory (SST), which
states that as we age, we become more selective with our activities as our future time
perspective diminishes; our motivation shifts from knowledge acquisition to emotion-
ally rewarding goals [31]. SST explains the older adults who felt too old to bother with
technology. One participant’s response toward learning new technology was that she
is “not interested at all. I’m 87 and won’t be around much longer” [7, p. 4]. Another
participant explained: “I don’t find it necessary at my age”; “not anymore, you know?!
My mind is too tired” [8, p. 11]. Some participants felt they reached the age where it
was unnecessary: “no, I don’t want to use technology more. If I were 5 years younger it
would be entirely different” [7, p. 4]. Another participant expanded on the idea of being
too old for technology, stating there is more benefit to technology if he was younger: “I
think it would depend on my age! I mean if I’m 92 I’m not going to worry about it. In
my 80s, early 80s I would probably go ahead and do it” [12, p. 1591].

Internalized Agism. Social messaging has ingrained an idea that technology is pri-
marily for the youth. The media often depict older people struggling to use or manage
technology, such as the Saturday Night Live [32] sketch about an Amazon Echo Silver
for Seniors. While the intent is to be humorous, it works like most stereotypes to under-
mine views of older adults as technology users.Many participants perceived that modern
technology solutions are for young people and do not benefit older adults. Some older
adults kindly reject technology with a fondness for traditions or ideas from the past: “I
don’t get on with the computer, I’m a bit old-fashioned” [10, p. 4]. Other older adults
expressed an outright renunciation, characterizing the use of technology as frivolous
and lacking any worthwhile purpose. As stated by one participant’s lack of interest in
technology: “no I can’t feel bad about that I’m not a child” [9, p. 636].

The negative stereotyping of older adults’ use of technology feeds into a harmful
narrative, which may become a self-fulfilling prophecy that can impact technology use.
The stereotype depicts older adults as incompetent learners who are incapable of using
technology. Older adults internalize the agism and believe they could not learn or use
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technology solely because of their age. As one participant reflected on technology: “I am
too old to start learning such things” [9, p. 637]. For those older adults who struggle with
internalized ageism, a problematic experience using technology can further reinforce
their negative perception as incompetent learners.

Lack of Confidence. A challenge accompanying internalized ageism is low perceived
self-efficacy and many older adults who lack confidence in their ability resign them-
selves as perceptual novices. One participant described how society’s rapid adoption of
technology made him feel inferior: “my only concern would be my personal incapability
of using iPhones like everybody else uses them… it’s not a comfort zone for me” [12,
p. 1586]. The lack of comfort lends itself to self-blame and despair, as shared by a par-
ticipant: “I am limited by not being comfortable on my iPhone for anything other than
as a telephone, e-mail, texts, and banking. It is my own fault so I get down on myself for
that” [24, p. 25]. The dependency on others for help seems inevitable, as expressed by a
participant: “when your PC crashes and you don’t have the basic notions to work on it
and you always have to ask for external help” [8, p. 11]. Ultimately, internalized ageism
manifests as a lack of confidence that impacts older adults from reaching a proficiency
level to achieve the desired outcome: “taking online classes and preparing ppt is a new
thing for senior teachers like us. So I’m struggling, learning and relearning to get used
to the new normal” [6, p. 199].

4.3 Theme 2 - Digital Literacy Continuum (Directional Dichotomy)

At the onset of the pandemic, older adults could land on various points along the dig-
ital literacy continuum, with some starting with a higher degree of computer literacy
and others having none. Those with a higher degree of digital literacy often had prior
exposure to technology in the workplace. The personal computer entered the market
in the mid-1980s and changed the workplace [33]. Younger older adults, individuals
in their 60s, more than likely had an opportunity to use computers in the workplace
compared to someone in their 80s [33]. Older adults of today are not the older adults of
tomorrow. So, the younger older adults may have more exposure to technology, but tech-
nology continues to evolve. Tablets, smartphones, mobile applications, and the sharing
economy entered the market in the 2010s. The evolution of new technology causes an
ever-expanding digital literacy continuum. The literature analysis shows that emotion-
ally meaningful goals were the greatest motivator for older adults to gain the necessary
knowledge to move along the continuum.

Prior Experience with Technology. Some participants acknowledge that they had
developed functional competencies with technology before the pandemic [6, 8, 13, 14].
One participant described her level of comfort with computers: “we had a computerwhen
computers-personal computers were really new. And we’ve always had them since then”
[14, p. 292]. Participants with more digital literacy had higher educational levels and
previous work experience exposure to technology. Older adults who had higher levels of
self-efficacy had computer training at her workplace andwere required to use technology
as part of their careers: “I started with the PCwhen there was noWindows, eh… because
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of my job, I had to take all possible and imaginable courses and, in particular, get a PC…
immediately” [8, p. 11]. These participants believe their use of technology when they
were younger positively impacted their current use during the pandemic. Their use of
technology earlier in life provided them the confidence to adopt new technology: “I did
not use the internet a lot before COVID-19. Now, I do use it more to shop than going
into the stores, even for household items … I started with computers and worked in a
business in 80’s … I’m not afraid of computers. I was able to load Zoom on my phone,
on my iPad, and on my laptop without any problems. That was surprising to me” [26,
p. 4].

Digital Literacy is Tied to Purpose and Social Connection. Technologywas purpose-
driven for older adults who lacked digital literacy. Acquiring new competency was typ-
ically associated with a specific upcoming need rather than a general desire to increase
competence. The perceived benefit of the technology eclipsed even low perceptions of
personal competency and compelled them to put forth the effort and time needed to learn
new technology. During the pandemic, an example of the purpose-driven use of technol-
ogy was to stay connected to friends and family: “Connecting with my grandchildren
over the video call. That was the driving force…empowering me to move forward” [13,
p. 12]. Other participants learned new technologies to stay connected: “We’ve tried to
learn the new technology as much as possible so we can at least try to stay connected
through different types of social media and using Zoom and stuff, to visit that way, and
that’s been really helpful” [23, p. 7]. Most older adults preferred human interaction:
“There’s nothing like being able to sit down and look into a person’s eyes and verbally
express what’s in a person’s heart” [7, p. 4]. Even though physical contact is preferred,
older adults use technology to stay connected: “It was hard not having close contact with
family but we FaceTimed daily” [28, p. 15]. Some older adults are resigned to technol-
ogy use because it’s necessary during the pandemic: “I do not like using technology but
do because it is the means to communicate” [24, p. 25]. Another example of a specific
need driving older adults’ technology use was to acquire groceries safely: “I’m trying
to figure out how to order my groceries online” [7, p. 5]. Once older adults gain the
technological competency to meet specific needs, they become fulfilled with their new
knowledge: “I don’t know of anything I would want to do that I can’t already do” [7,
p. 4].

The importance of technology to help them emotionally cope with the confinement
and safety issues brought forth by the pandemic led even those with a lower level of
digital literacy to step outside their comfort and learn how to use technology to meet
their goals. Equipping older adults with an understanding of the benefits and addressing
their training needs empowers their use of technology: “I like the idea of more Zoom
activities for meetings and things like that. The one thing that is needed, though, is a
concerted effort to educate people and help them set their computers up [22, p. 5).

Real-Time Learning. The literature revealed how the training was a vital part of
enabling older adults to move along the continuum to reach a level of digital literacy.
The training empowered older adults to use technology and helped them move along
the continuum to reach a level of digital literacy. Findings revealed that easy-to-follow
learning material facilitated independence, but complicated material was a barrier. One
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participant shared her struggle with complex training: “after, certain point of time, it
becomes difficult to follow or remember the steps. So, the more the instructions are sim-
ple and ‘nontechnical’ the easier it is. Luckily in my case whenever I have asked for help
in such matters, I didn’t get any undignified responses from my children” [6, p. 199].
Many adults expressed a need for additional or refresher training to avoid dependency
on others: “I know the basis of online payments, but I wish I learnt all about it previously
so that I did not have to call up my son or ask my neighbour to guide me through the
steps” [6, p. 197]. The fear of relearning causes older adults to be locked into outdated
technology. As an example, for older adults, upgrading from a mobile flip phone to a
smartphone and learning and using mobile apps was often difficult and even frustrating
because “there are always new functions or updates I don’t know how to deal with” [20,
p. 55]. It seems to indicate the need for real-time learning and knowledge acquisition
based on immediate needs: “training needs to be right then, because if I do it way ahead,
I will forget” [7, p. 5].

New Normal. Contrary to the stereotype that technology is for the youth, the pan-
demic has proven older adults can and want to adopt technology into their lives. As one
participant said: “sometimes new situations are good to break up myth” [19, p. 716].
Older adults use technology to accomplish rewarding activities and express apprecia-
tion for technology during lockdowns: “the virtual thing is a blessing” [18, p. 5). The
primary use of technology focused on staying connected with family and friends: “You
can be isolated in home during the lockdown and not feel isolated at all because you
can instantly connect with anyone at any part of the world. I make video calls to my
grandchildren because I don’t want to miss seeing them grow inch by inch during this
period” [6, p. 197]. Some participants found video conferencing software improved their
pre-pandemic connections: “I am communicating more than ever, I have a new friend…I
guess I want to say I am better with technology” [24, p. 25].

Because of social distancing, technology has replaced in-person activities: “I did not
use the internet a lot before COVID-19. Now, I do use it more to shop rather than going
into the stores, even for household items” [25, p. 4]. Older adults’ religious engagement
has moved online: “I continue to attend masses, but now on the internet” [19, p. 717].
Cultural institutions have adjusted to serving older adults during the pandemic better:
“Church has a livestream. I’m doing Zoom now as far as we have Bible study” [25, p. 4].
The use of the specific application has been beneficial for social distancing requirements:
“Zoom opportunities have substituted for some religious and exercise programs that I
previously would attend in person” [24, p. 25]. Older adults have adapted to using
technology for one specific purpose and expanded to use it for other purposes: “I do
some Zoom stuff like Zoom exercise and book club” [24, p. 25]. Older adults seek out
other technology to serve their interest: “I have explored the topics that interest me on
YouTube, I listen to podcasts, I have time to explore important apps. Technology has
served my interests” [19, p. 718]. Older adults have transitioned from purpose-driven
use of technology to using it for entertainment: “the last year and a half I really came into
YouTube and I’m enjoying it. Love some information and learning” [25, p. 5]. For older
adults, digital literacy in the pandemic ushered in a new normal of daily technology use:
“Today, I used the computer to check my emails and order some useful products for the
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family from Amazon, [and I used] the smartphone to check the bank account and the
tablet to read the news of the local newspapers” [8, p. 10].

4.4 Theme 3 - Barriers vs facilitators

Physical Abilities and Native Language. Physical abilities and native language bar-
riers are impediments to digital literacy. Older adults grow into physical challenges
that make technology use difficult, including but not limited to lack of dexterity, hearing
loss, and poor vision. To overcome dexterity issues, one user chose to use voice-activated
control; however, new challenges emerged: “only thing is that I don’t have the dexterity
of…people… I don’t like…texting. I don’t have the feeling.., That’s why I will often dic-
tate…for texts. And I get frustrated ‘cause…Siri doesn’t…understandme” [12, p. 1587].
Unfortunately, older adults with physical impairments might not realize how to mod-
ify their devices to accommodate their impairment. One participant said she is “always
looking for my eyeglasses” when options exist to enlarge the text on the screen [20,
p. 55]. Some older adults experience frommild cognitive impairment can make memory
recall difficult. One participant kept written notes to refer to when making a WhatsApp
video. The training notes were necessary to remind her of the steps as she would “forget
if not used frequently” [17, p. 39]. Others found using the on-screen keyboard to be
discomforting: “the (smartphone) screen is too small” and “I hate typing on the mobile
phone” regretting not having purchased a “mobile phone with a big screen” [20, p. 55].
For non-English language users: “not having a good hold of English” seems the main
obstacle to technology use [17, p. 39]. The default language setting on many devices is
English. This default setting will present the on-screen keyboard in English, and users
do not know they can install an on-screen keyboard in their native language. The phys-
ical abilities and native language barriers are not addressed because, as one participant
shares: “the people designing the technology are not sitting in our world” [15, p. 9].

Cost and Infrastructure. Financial costs and physical infrastructure may exacerbate
access to technology. For those with access to technology, the cost of internet service
was potentially prohibitive: “the hospital was where I could just go in because they had
different activities for the seniors. They still have a program online, but I don’t have
access to that [the internet]” [25, p. 5]. Technology was around them but not available to
them: “I don’t have it (smartphone) oh, but some people do showme things that happens
in there” [9, p. 635]. Some older adults understand the benefits of technology and stated
that they would like to own a smart phone to connect to their children and relatives. Still,
the cost was a prohibitor: “I heard that I can even be seeing my children on the phone if
I have that kind of phone, but I cannot afford to buy that kind of phone. If my children
can buy it for me, it will be good oh. At least I will be seeing them whenever I want” [9,
p. 636]. The lack of access made it problematic for older adults to participate in social
events online: “I try to use Zoom every Sunday, but everybody else is on the internet so
it’s hard to get it in the mornings because I don’t have the best internet service. But yes,
I do. I try to watch something as far as I can go, as long as my internet is working” [25,
p. 5]. Older adults who reside in rural regions are impacted by limited electricity, lack
of internet service, and the cost of digital devices. One rural participant recommended
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a focus on improving the infrastructure: “in this village, we don’t always have light
[electricity]. Howwill I charge the phone if I have a phone? I can’t start going to look for
where to charge the phone like all these children. They should start giving us constant
electricity first before you talk about us using phones” [9, p. 363].

Technology Support from Family. When needing support with technology, older
adults expressed relying on children, grandchildren, and other family members. The
supportive tasks include acquiring and setting up devices, suggesting software or social
media applications, downloading software onto devices, and training participants to nav-
igate the devices and software. One participant shared that she “went to buy a “ludo”
board, but the shops were closed. So my granddaughter has downloaded it on my phone”
[6, p. 197]. Another participant expressed having to “ask my granddaughter again and
again” because “the (interface of) those apps are so complicated” [20, p. 55]. Many
older adults needed guidance from family to set up social media applications like Zoom:
“The majority of my activities and Drs. visits can be done by Zoom. I have help from
granddaughter or others if I have a technology issue. I am trying to update my skills”
[24, p. 25]. Grandchildren appear to be a great source of supportive help: “I use that
[Facetime] whenever my grandkids call. Nobody had been able to teach me how to use
it. They walked me through it. You call that number and then their face pops up. My
granddaughter told me that. That’s all you gotta do Grandma, it’s not that hard” [25,
p. 5].

Supporting Peers. As older adults become comfortable with technology, they can gain
the skills independently: “In this time I learned a lot about technology and that and the
positive side of it.” [27, p. 6]. The newly gained confidence enabled them to encourage
others, as one participant stated: “Well I will try to encourage my friends to use Zoom
more. Not just so I can talk to them but, also, I think it would be a benefit to them” [16,
p. 5]. As older adults become more independent and competent with technology, they
expressed the desire to help others their age: “I have learned more… [about] technology
… I had opportunity to help other people through technology” [24, p. 25]. Another
participant shared how her new skills enabled her to support her peers: “It reassures
me that I can connect. I’ve used Zoom for different types of meetings like [community
group],… and a new member orientation meeting where I had to give a presentation.
And I was able to provide support and advice to the new members just like others do to
me. So, Zoom lets me be social” [16, p. 5].

5 Conclusion

Older adults may be disproportionately affected by lockdown-related efforts to contain
the COVID-19 pandemic because they tend to have more significant health problems.
Pre-pandemic inequities due to the digital divide impacted older adults onmultiple levels:
access, skills and usage, and the tangible outcomes from the use of technology. Due to
the pandemic, the government-imposed lockdown, travel restrictions, and ongoing social
distancing limited older adults’ physical and social contact. The lockdown and the digital
divide inequities amplified older adults’ isolation, causing a double exclusion.
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The findings re-emphasize older adults are not a homogenous population that can
be easily segmented solely by the length of time a person has lived. The literature
review surfaced interesting dichotomous themes regarding older adults’ acceptance and
adoption of technology. Older adults’ resilience affects how technology can impact their
aging experience in a positive and empowering way. The rewards can be life-changing
for those who persevere with technology during a pandemic: staying connected with
family and friends during self-isolation, utilizing digital services to complete tasks like
acquiring groceries, and increasing independence.
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Abstract. We report on the literature review of best practices in virtual cardiac
rehabilitation (VCR), with a focus on technology usability, acceptance, and adop-
tion barriers. We reviewed recent papers published in scientific conferences and
journals on the topics of virtual cardiac rehabilitation and remote cardiac mon-
itoring, with a publication dates from 2019 to 2021. Cardiovascular disease is
a leading cause of mortality in elderly populations worldwide, and older adults
are at an increased risk of COVID-19. Before the pandemic, the uptake of VCR
technologies was slow due to concerns about technology effectiveness and cost.
Since early 2020, better acceptance and adoption of VCR into routine care have
been observed in many countries, including Canada. Some VCR components, like
patient education or consultations are digitized relatively easy with online educa-
tion sessions and resource repositories available for patients. Other elements such
as supervised exercise and safe physical activity are more difficult to implement
and require use of home cardiac monitoring technology. A proper HCI design
of VCR services can contribute to better technology adoption by both service
provider s and patients, and lead to improved patient outcomes. Design recom-
mendations to increase adoption and improve user engagement with VCR by older
adults include using multimodal interfaces, providing structured training and sup-
port, tailoring content and mode of delivery to the user, enabling automatic data
transfer and easy integration across various systems and devices, improving accu-
racy of home cardiac monitoring devices, and conducting systematic technology
validation studies, including remote usability evaluations for VCR technologies
as part of the technology adoption life cycle.

Keywords: Virtual cardiac rehabilitation · Usability · Technology acceptance

1 Background

1.1 Virtual Cardiac Rehabilitation

This paper reports on the literature review of best practices in implementing virtual car-
diac rehabilitation (VCR), with a focus on technology usability, acceptance, and adop-
tion barriers. Cardiovascular disease (CVD) is a leading cause of mortality in elderly
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populations. In developed countries, such as the USA, Europe, and Australia, the com-
bined prevalence of CVD in those over 75 years of age is >50% for conditions, such as
coronary heart disease, heart failure, arrhythmias, and stroke [1]. In Canada, 73%of indi-
viduals aged 65+ have at least one of ten chronic diseases including hypertension 65.7%;
ischemic heart disease 27.0%; diabetes 26.8% and 60% having hypercholesterolemia
[2]. Older adults are also at an increased risk of severe COVID-19 [3, 4].

Before the pandemic, the uptake ofVCR technologieswas slowdue to concerns about
effectiveness and cost of remote service delivery [1]. Recently, widespread acceptance
and rapid adoption of VCR into routine care have been observed in many jurisdictions,
including Canada [5, 6]. However, in Canada there is a lack of legislation to ensure
equitable delivery of access to virtual care in rural areas [7], while these areas that are
more dispersed and less populated could benefit the most from virtual care.

VCR is delivered by virtual mechanisms as a home-based cardiac rehabilitation.
This could involve telephone and videoconferencing communication between patients
and care providers, e-mail, mail, text messaging solutions, smartphone applications,
online platforms, and use of wearable devices [8]. Remote monitoring, decision support
and guidelines-recommended clinical algorithms could be applied in the management
of cardiovascular risk in patients with no in-person visit required [9].

VCRpatient education and care resources are digitized relatively easy,with education
and specialist consultation sessions for patients conducted virtually via teleconferencing
and document sharing. Other aspects such as supervised exercise and physical activity
are more difficult to implement and require use of home cardiac monitoring, mobile
and wearable technology. During COVID-19 pandemic public health measures such as
social distancing and self-isolation can reduce exposure to the virus for senior adults,
however, the resulting lack of timely healthcare access and the increased susceptibility
to social isolation and loneliness is associated with poor physical and mental health
outcomes [10]. The proper design of VCR services is of utmost importance since the
usable design that encourages social interaction and behavioral change can contribute
to positive patient outcomes, especially for older patients.

1.2 Technology Acceptance by Older Adults

It has been shown that older adults (65+) are at increasing risk of being digitallymarginal-
ized due to lower familiarity with technology, social isolation, and lack of resources,
including peers who can provide the needed input [11]. Our recent study on technology
acceptance in the context of home health monitoring supports these findings and reveals
further insights into older adults’ experience with technologies for home health moni-
toring [12]. Study participants reported many usability problems with home monitoring
technology including stress in setting up a tablet for home health monitoring, not having
full control of a tablet, difficulties with mobile and wearable device synchronization,
and numerous software bugs. Other issues included technology reliability and stability,
and lack of immediate technical support. Participants expressed their frustration in not
being able to perform simple tasks due to the lack of training and manuals. The study
concluded that negative experiences and frustration with technology, if not addressed,
could lead to poor user experience with home health monitoring and low technology
acceptance by older adults.
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The technology acceptancemodel (TAM) is awidely used theoretical framework that
examines how people accept and use a specific technology [13]. Two of the key adoption
factors captured by the TAM are usability and perceived usefulness or utility. TAM has
been previously used by HCI researchers that studied the factors affecting the adoption
of technologies by older adults [14] and health care practitioners’ determinants of tele-
rehabilitation acceptance [15]. TheUnifiedTheory ofAcceptance andUseofTechnology
(UTAUT) has been also applied to digital healthcare and there is evidence in the literature
that suggests that providing adequate support, and promoting trust in the technology can
increase the acceptance (e.g., in patient healthcare professional interaction) and thus,
potential use of digital health solutions [16].

For example, researchers used TAM model to evaluate older adults’ adoption of
the early warning wearable cardiac system [17]. The results of the study demonstrated
significant relationship between technology anxiety, perceived ease of use, and perceived
popularity of technology use among wider population of older adults, e.g., technology
coolness factor. Additionally, the studies using the TAM model also demonstrated that
in order for seniors to adopt a software system or electronic device such a system must
be highly usable, and also offer a recognizable value [11]. This is especially true for
software that is not designed to connect older adults with family or friends, which would
have very obvious value for older adults, but to provide health and wellness value that
could not be as obvious or easily recognizable.

Unfortunately, various technology acceptance models (TAM, UTAUT, and STAM-
senior technology acceptance model) have some limitations and fall short in defining
which age-related barriers and facilitators influence usability and usefulness of technol-
ogy, and how they influence technology adoption [18]. The question of how acceptance
of technology (i.e., behavioral intention) and actual use behavior are connected has yet
to be answered. People do not always act upon their intention and this phenomenon has
been described as the “intention-behavior gap” [16]. TAMs are theoretical explanations
based on hypothetical scenarios rather than lived experiences of technology use.

In sharp contrast, human-centered design (HCD) focuses on understanding human
needs and how design can respond to those needs [19]. The term ‘design’ is no longer
used as a process to create physical products only, but increasingly used as a process
that leads to the creation of any type of intervention that changes existing situations
into preferred ones, including services, procedures, strategies and policies [19]. As a
systemic and more humane approach, HCD could play an important role in dealing with
today’s care challenges by designing products and services to address current gaps in
healthcare based on human needs [19].To better understand what drives the effectiveness
and usage of technologies, the collective perspectives of ends users of technology must
be analyzed, including their experiences, needs, and the barriers they face in using digital
health solutions [20].

1.3 Perceived Technology Value

As mentioned before, acceptance toward digital interventions by older adults was found
to be highly dependent on the perceived value of technology [11, 16]. It was shown that
digital interventions can have a positive impact on patients with CVD. However there
is a great need for easy to use, personalized, and user-friendly technologies that can
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benefit patients from all age groups, especially older adults [20]. Some of the motivation
factors for using VCR technology components for older adults included technological
support for CR and self-management, supportive maintenance of cardiac health, access
to peer support groups and specialists, and activity and health status tracking [21]. VCR
programs that had the ability to track patients’ activities, heart rate, and current health
status and showed their progress over time were considered valuable and engaging [20].

Alerts and reminders are generally valued by the patients. For example, text mes-
sages can push them to perform exercises, and patients also value alarm reminders for
medication management [20]. At the same time, there are some concerns among health-
care providers about the accuracy and reliability of VCR equipment available to patients,
and a possible mental toll of home cardiac monitoring using consumer grade devices and
not the “gold standard medical equipment,” including concerns that some patients could
become “e-hypochondriacs” [22] and, alerts and reminders could be upsetting for some
patients because they remind them of their sickness [20]. These examples of perceived
value (or not) show that the flexible/personalized and collaborative design of the VCR
program components is very important in order to improve VCR technology acceptance
by patients.

2 Literature Review

Our literature review focused on published research results about various aspects of HCI
design for VCR, including usability and technology adoption. The reviewwas conducted
for our project under the Aging in Place Program at the National Research Council of
Canada. We work in collaboration with health researchers and industry partners and
focus on the evaluation and adaptation of assistive technologies for older adults, and
on informing policy decisions on early adoption of digital health solutions. The project
will develop guidelines and tools for co-creating aging in place technologies and testing
virtual applications remotely with older adults, including safe, usable, and affordable
solutions in virtual cardiac care.

For this review we reviewed a number of papers published in scientific conferences
and journals on the topic of virtual cardiac rehabilitation and remote cardiac monitoring,
including papers reporting on home monitoring related to cardiac disease, with publica-
tion dates from 2019 to 2021. Table 1 depicts keywords we used to identify papers for
our review. We used Google Scholar database to find the research publications, with rel-
evant publications on topics such as design, usability, and technology acceptance listed
in Table 2. The highlights of our findings from the literature review and analysis are
listed in the sections below.

Table 1. Keywords for Google Scholar

Cardiac;  cardiovascular; cardiac rehabilitation; virtual cardiac rehabilitation; cardiac tele-
monitoring; cardiac care; digital cardiac rehabilitation; technology acceptance; usability; tech-
nology barriers; tele-rehabilitation, m-Health, mobile technology; COVID-19.
Filters: published in the last two years (2020-2021), English language.
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Table 2. Research publications reviewed

Author, year, country Title Topics Ref #

*Anttila, 2021, Finland Patients’ experiences of the
complex trust-building
process within digital cardiac
rehabilitation

Cardiac rehabilitation,
patient experiences, trust
building, technology
acceptance

[23]

*Astley, 2021,
Australia

Remote cardiac
rehabilitation services and
the digital divide:
implications for elderly
populations during the
COVID19 pandemic

Cardiac rehabilitation,
design considerations,
usability

[1]

Babu, 2020, India, USA COVID-19: a time for
alternate models in cardiac
rehabilitation to take centre
stage

Technology driven cardiac
rehabilitation

[25]

Batalik, 2020, Czech
Republic

Remotely monitored
telerehabilitation for cardiac
patients: a review of the
current situation

Cardiac rehabilitation,
review, technology
acceptance, barriers

[26]

Bayoumy, 2021, USA Smart wearable devices in
cardiovascular care: where
we are and how to move
forward

Wearable devices in
cardiovascular care, data
security and governance,
practical guide for
clinicians

[27]

Bhavnani, 2020, USA Digital Health: opportunities
and challenges to develop
the next-generation
technology-enabled models
of cardiovascular care

Cardiovascular care,
technology acceptance

[28]

Bond, 2021, USA Exergaming and virtual
reality for health:
implications for cardiac
rehabilitation

Cardiac rehabilitation,
virtual reality, technology
acceptance

[29]

Buyting, 2021, Canada Virtual care with digital
technologies for rural and
remote Canadians living
with cardiovascular disease

Virtual cardiac care,
technology acceptance

[7]

Calabrese, 2021, Italy Exercise training and cardiac
rehabilitation in covid-19
patients with cardiovascular
complications: state of art

Cardiac rehabilitation,
COVID-19 Patients

[30]

(continued)
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Table 2. (continued)

Author, year, country Title Topics Ref #

Chong, 2021, China Effectiveness of
technology-assisted cardiac
rehabilitation: a systematic
review and meta-analysis

Cardiac rehabilitation,
barriers

[31]

*Ding, 2021, USA MI-PACE home-based
cardiac telerehabilitation
program for heart attack
survivors: usability study

Cardiac rehabilitation,
usability

[32]

*Dohse, 2021, USA Patient perspective: wearable
and digital health tools to
support managing our health
during the COVID-19
pandemic and beyond

Cardiac care, patient
experience, home
monitoring, wearables

[33]

Epstein, 2021, USA Cardiac rehab in the COVID
era and beyond: mHealth and
other novel opportunities

Cardiac rehabilitation,
challenges, barriers

[34]

Falter, 2021, Belgium Digital health in cardiac
rehabilitation and secondary
prevention: a search for the
ideal tool

Cardiac rehabilitation,
sensors, artificial
intelligence

[35]

Harky, 2021 Technology and
cardiovascular diseases in
the era of COVID-19

Cardiac rehabilitation,
COVID-19, home
monitoring

[36]

Krishnaswami, 2020,
USA

Gerontechnology for older
adults with cardiovascular
diseases

Cardiac rehabilitation,
technology acceptance,
technology barriers

[24]

Marzolini, 2020,
Canada

Cardiac rehabilitation in
Canada during COVID-19

Cardiac rehabilitation,
COVID-19, barriers

[37]

*Meinhart, 2020,
Austria

Mobile technologies to
promote physical activity
during cardiac rehabilitation:
a scoping review

Cardiac rehabilitation,
mobile technologies,
review, technology
acceptance, usability

[21]

Miller, 2020, USA Home monitoring of cardiac
devices in the era of
COVID-19

Remote patient monitoring,
cardiac management,
COVID-19

[38]

Mizuno, 2021, USA Wearable devices to monitor
and reduce the risk of
cardiovascular disease:
evidence and opportunities

Cardiac rehabilitation,
wearable devices, barriers

[39]

(continued)
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Table 2. (continued)

Author, year, country Title Topics Ref #

Moulson, 2020, Canada Cardiac Rehabilitation
During the COVID-19 Era:
Guidance on Implementing
Virtual Care

Cardiac rehabilitation,
barriers

[6]

Nabutovsky, 2021,
Israel

Adherence to remote cardiac
rehabilitation during the
coronavirus pandemic

Remote cardiac
rehabilitation, COVID-19

[40]

Nakayama, 2021, Japan Remote cardiac
rehabilitation is a good
alternative of outpatient
cardiac rehabilitation in the
COVID-19 era

Remote cardiac
rehabilitation, COVID-19,
barriers

[41]

*Nesbitt, 2021,
Australia

Co-designing digital cardiac
rehabilitation with patients
living in rural and remote
Australia - the country heart
attack prevention project

Digital cardiac
rehabilitation, design, user
experience

[42]

*Olivier, 2021, USA Why digital health trials can
fail: lessons learned from a
randomized trial of health
coaching and virtual cardiac
rehabilitation

Virtual cardiac
rehabilitation, failed digital
health trial

[43]

Pecci, 2021, USA Cardiac rehab in the
COVID-19 pandemic

Cardiac rehabilitation,
COVID-19, barriers

[44]

Qiu, 2021, Canada The emerging role of digital
health technology in
cardiovascular care

Cardiac rehabilitation,
digital health, barriers

[8]

Sana, 2021, USA Wearable devices for
ambulatory cardiac
monitoring, JACC
state-of-the-art review

Cardiac monitoring,
devices, barriers

[45]

*Tadas, 2020 Barriers to and facilitators of
technology in cardiac
rehabilitation and
self-management: systematic
qualitative grounded theory
review

Cardiac rehabilitation,
barriers, patient acceptance

[20]

*Thimo, 2021,
Switzerland

Patient interest in mHealth as
part of cardiac rehabilitation
in Switzerland

Cardiac rehabilitation,
mHealth, technology
acceptance

[46]

Note: Studies that focus on technology usability, patient acceptance and satisfaction are marked
with an asterisk (*)
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2.1 Common Design Features for VCR Programs During Pandemic

From review of the literature, it is clear that the COVID-19 pandemic has compromised
the effective delivery of traditional face-to-face cardiac rehabilitation. This was due to
shifting of resources from outpatient care to COVID-urgent priorities and the need to
ensure social distancing [1, 6, 44]. Before the pandemic, the uptake of VCR technologies
was slow due to concerns about effectiveness and cost of remote service delivery [1].
Since the pandemic, a widespread acceptance and rapid adoption of VCR into routine
care have been observed in many jurisdictions, including Canada [5, 6]. A Table 3 below
lists common design elements of the VCR process during the pandemic and the patient
feedback on the program elements. Not all VCR programswere using all program design
elements in Table 3, depending on human and technology resources available. In the next
section, we will look at the information available from the literature review on usability
and patient feedback on differed parts of VCR programs.

Table 3. Common program design elements for VCR process

Category Design element

Training support Initial direct supervision of a specialist in a
hospital center, audiovisual electronic
presentation with possible chat

Educational support Educational brochures, booklets e-Learning,
smartphone applications for delivering
motivational and educational materials to
participants, cardiac rehabilitation website

Peer support Online interaction with a peer group via social
networks

Monitoring and coaching Remote monitoring during home exercise,
web-based coaching via a remote connection
using web-based software and an activity tracker,
real time tele-coaching with physical activity data
and communication with patients provided
through videoconferences or mobile phones,
post-exercise tele-coaching

Communication and interaction modalities Regular consultations via email/SMS,
motivational telephone calls, smartphone
applications, real time tele-coaching with physical
activity data and communication with patients
provided through videoconferences or mobile
phones

2.2 Patient Feedback and Usability

Only a few studies among the publications we reviewed focused on technology usability,
patient acceptance and satisfaction. These papers aremarked by an asterisk (*) in Table 2.
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Based on these publications, we identified some commonalities in patient feedback on
VCR technology. The most common trends in patient feedback are listed in Table 4
below.

Table 4. Patient feedback on VCR technology

Features and functionalities Details on the feedback received

Peer group support Great importance of peer group support, positive
importance of face-to-face peer group contact,
concerned about isolation in remote rehabilitation
without social support [23]

Activity monitoring using mobile and wearable
devices and sensors

Technology supports physical activity and
lifestyle changes, helps to recognize
development, provides immediate feedback on
levels of physical activity, allows to measure
performance, and motivates to move forward
toward achieving goals and further
self-management [20, 23, 32, 33]
Use of activity tracking technologies requires
digital literacy and mostly targets younger user
groups [21]
Higher dropout rates for the VCR programs could
be attributed to the lack of technology
acceptance, usability, and user-friendliness of
technologies, including activity trackers and
mobile devices [21]

Tele- and web-based coaching The feedback and support from healthcare
professionals through a web-based program helps
patients seek and utilize information to evaluate
their goals and progress [23, 32]

Cardiac rehabilitation website Co-designing of the website with the patients can
improve desired content and features. Improved
usability scores can be achieved through further
incorporating user feedback into the development
of the website [42]

Text messaging Text messaging can improve medication
adherence. Text messaging-only interventions
have limited capacity to monitor adherence with
small effects [43]
Text messages pushed to perform exercises,
reminders are needed for medication
management. Some patients did not like
reminders, as they constantly reminded them of
their sickness [20]

(continued)
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Table 4. (continued)

Features and functionalities Details on the feedback received

Online and telephone surveys and questionnaires Limited availability of stable Internet and
telephone signals hampers delivery of VCR in
rural areas [25]
Age-related cognitive impairments limit the
applicability of these tools [20]

Personalization and gamification Personalization and gamification facilitate patient
engagement and self-management, care must be
taken to avoid overburdening people [20, 29]

3 VCR Technology Acceptance and Barriers

Our literature review revealed that during theCOVID-19 pandemic cardiac rehabilitation
programs in many jurisdictions, including Canada, have suspended in-person services
as a result of large-scale physical distancing recommendations, with up to 50% of all
Canadian CR programs ceased [6]. During this time, a widespread acceptance and rapid
adoption of VCR into routine care have been observed in many countries, including
Canada [1, 5, 6, 30, 34, 36, 37, 41, 44]. According to preliminary research presented at the
American Heart Association’s Scientific Sessions 2020, remote or virtual cardiovascular
or cardiac rehabilitation programs using tele-counselling with specialists provided via
telephone or mobile apps and web-based technologies were found to be as effective as
on-site programs offered in hospitals [33].

Some of the general challenges listed for VCR program delivery during the pan-
demic included resource limitations, loss of in-person interactions, difficulties with risk
stratification and supervision, and a lack of specific VCR delivery standards that made
it difficult to maintain VCR safety, particularly in older and frail cardiovascular patients
with comorbid illnesses [6]. Other barriers to adoption included limited access to afford-
able, effective VCR technologies and a lack of technology literacy that has the potential
to exacerbate care delivery gaps in vulnerable populations including the elderly, those
of lower socioeconomic status, and those living in rural settings [6]. Additionally, it
has been observed that there is a lack of long-term studies to evaluate VCR technology
usability, patient acceptance of VCR technology, and sustainability of improved health
outcomes [35]. There is also a need to include more gender equality in CR research and
implementation, by adopting a participatory VCR design and development methodol-
ogy, more usability and user experience focus, and including behavioral theories and
frameworks in the development of VCR interventions [21].

The literature points to some technology-specific barriers to widespread VCR adop-
tion, including a lack of customization for consumer activity monitoring devices that is
cardiac rehabilitation specific. For example, VCR patients reported a concern that inter-
rupted or short walks did not count toward their walking time recorded by activity tracker
devices. As we found, Fitbit and other similar activity trackers currently count active
minutes only after 10 min of continuous moderate-to-intense activity, which may not
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apply to older and frailer users, and there is a need to lower the walking time threshold
for older adults participating in VCR [32].

Another frequentlymentioned technologybarrier to address is the accuracyof cardiac
monitoring devices used for VCR. Many popular commercial wearable devices in the
form of thewatch, bracelet, or ring thatmonitor heart rate can be used to assess cardiores-
piratory fitness and allow for remote monitoring of patient safety [34]. For example, the
Apple Watch can measure a single-lead ECG and blood oxygen level (SpO2), so does
the Fitbit Sense watch, while the Kardia Mobile 6L device can accurately measure 6
lead ECG [22]. The recent study [47] has demonstrated a feasibility of combining serial
smartphone single-lead electrocardiograms for the diagnosis of ST-elevation myocardial
infarction. These types of mobile devices can notify the patient about heart bradycardia,
tachycardia, or irregular rhythms, and Apple Watch is also able to detect when a patient
may have fallen and notify emergency contact. According to a recent study, the Apple
watch–generated ECGs were 93% to 95% accurate at correctly identifying and distin-
guishing between different types of heart attacks while among the healthy people, the
watch’s accuracy was 90% for correctly noting the absence of a heart attack [48]. All
these features could be very useful for the purpose of VCR. However the accuracy and
diagnostic validity of the above-mentioned devices are still under review by healthcare
providers, including VCR service providers.

In general, we found the accuracy of wearables used in VCR programs, such as
devices that track exercise activity, sleep, heart beat rate and other health indicators, as
compared to the gold standard medical equipment, is not normally tested thoroughly and
in many cases demonstrate significant error [26, 27]. The uncertain accuracy of VCR
devices could lead to diminished trust toward technology from healthcare practitioners
and patients, possibly leading to lower perceived technology value for the users, and
serve as a deterrent to a widespread acceptance of VCR technology.

Additionally, the use of activity monitoring mobile devices requires digital literacy
[38] and VCR technology is most frequently embraced by and targeted toward younger
user groups [39]. The frequently higher dropout rates in the VCR activity monitoring
with mobile devices could be attributed to the lack of technology acceptance, usability,
and user-friendliness [21]. Therefore, needs and preferences of older adults require
special consideration in the design of mobile systems for cardiac rehabilitation. User
participation in the design and development of activity monitoring mobile systems for
VCR, including technology co-design activities with older adults will help to improve
technology acceptance, usability, and user-friendliness [21, 49, 50].

The above-mentioned accuracy shortcomings of VCR technology highlight a need
to conduct systematic technology validation studies, including usability evaluations for
mobile and wearable equipment for VCR. Remote usability evaluation methods and
technologies could be used to study usability of VCR for homebound senior adults. This
research area is new and needs urgent research advances to be developed so it could be
used for Aging in Place purposes [51].

4 Conclusions

This literature review was conducted for the project on the evaluation and adaptation
of assistive technologies for older adults by the National Research Council of Canada
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under the Aging in Place Program. We work in collaboration with health researchers
and industry partners and focus on evaluation and adaptation of assistive technologies
for older adults, and on informing policy decisions on early adoption of digital health
solutions. Outcomes of the project will include guidelines and tools for co-creating aging
in place technologies and evaluating virtual applications remotely with older adults,
including safe, usable, and affordable solutions in virtual cardiac care.

Our literature review revealed that while the COVID-19 pandemic led to suspension
of in-person cardiac rehabilitation services and rapid adoption of virtual cardiac reha-
bilitation into routine care, there are numerous barriers for a widespread acceptance of
VCR technologies by the patients, especially by older adults. Some of the challenges
included resource limitations, loss of in-person interactions, lack of access to technol-
ogy, and especially lack of specific VCR delivery standards that lead to difficulties in
maintaining VCR safety, particularly in older patients with comorbid illnesses.

There is a need to adopt human-centered design approaches targeting older popula-
tions in order to improve the usability of home cardiac monitoring devices. Technology
acceptance by older patients could be supported by increasing user participation in the
design and development of personalized, safe and user-friendly home monitoring sys-
tems that better meet their needs. This will require access to new collaborative design
and remote evaluation technologies that would support the development of the next
generation of VCR programs and services.
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Abstract. Since entering the 21st century, the problemof social aging has become
increasingly prominent. At the same time, more and more elderly people begin
to try to use intelligent technology with the rapid development of science and
technology. Many studies have used different models to study the technology
acceptance of the elderly. This study reviewed literature on the elderly’s acceptance
of technologies from 2008 to 2021, and found that the variables in the model
changewith the development of time and technology.We divided the literature into
three main periods and found that the variables in the model gradually changed
from focusing on technology to focusing on the social factors, as well as the
emotions and feelings of the elderly. Thedegree of attention to the elderly gradually
increased in this process.

Keywords: Elderly · Technology acceptance · TAM

1 Introduction

The global population is aging rapidly. According to the statistics released by the world
bank, by 2020, the number of people over the age of 65 has reached 720million, account-
ing for 9.3% of the world’s total population [1]. It is estimated that by 2100, there will be
2.52 billion people over the age of 65, accounting for about 22.49% of the world’s total
population [2]. At the same time, China’s population over the age of 65 has reached 190
million, accounting for 13.5% of the total population [3]. Obviously, the aging popula-
tion is becoming more and more serious, and this social phenomenon has also brought
many new social problems. Therefore, how to meet the needs of the increasing elderly
population has become a challenge for many countries [4].

Nowadays, science and technology have developed rapidly. As the aging problem is
becoming increasingly prominent, intelligent products and services also need to gradu-
ally adapt to the needs of the elderly and the needs of the new economic environment
[5]. However, due to the physiological and psychological characteristics of the elderly, it
is difficult for them to integrate into today’s digital information society without any help
[6]. Therefore, many studies attempt to focus on factors affecting the elderly’s accep-
tance of technology, so as to provide some suggestions for researchers and designers to
help the elderly to use innovative technology smoothly. For example, Ma et al. indicated
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that facilitating conditions has a significant impact on the use of mobile phones by the
elderly, thus that a better environment for the elderly to learn intelligent technologies
can be provided, such as carrying out proper training [7].

Several models and theories have beenwidely utilized in research on user acceptance
of new technologies, and researchers usually add some other variables to expand these
models according to their research purposes. This study aimed to explore the evolution
of variables focused in these studies over time and the development of technology.

2 Background Research

2.1 The Elderly and Their Use of Technology

As illustrated above, the trend of world population aging is intensifying, and the decline
in physical condition and cognitive ability are the main reasons that hinder the use of
new technologies by the elderly. Iancu et al. indicated that the elderly’s acceptance of
intelligent technology is relatively low due to the decline [8]. Besides, research found
that the decline of cognitive ability, such as memory and information processing speed,
will affect the performance of the elderly when using technology products [9]. Because
of the lack of assistance from others and the complexity of information technology, it is
difficult for the elderly to use new technologies alone, and their anxiety about use will
influence their acceptance of new technologies [10].

However, although it may be difficult for the elderly to use technologies, using
rationally can help them improve their happiness and quality of life. For example, Li
et al. studied the elderly acceptance of wearable devices and pointed out that wearable
health detection devices can solve the cognitive ability and action ability barriers of the
elderly, which provides medical assistance for the elderly and reduce the cost of physical
examinations [11]. Besides, He and Huang indicated that self-confidence and sense of
achievement obtained by the elderly in the process of using smartphones and constantly
learning to use new programs enhanced their expectation and happiness of life [12].

To sum up, in spite of its difficulty for the elderly to use, intelligent technology
can not only provide various conveniences for the elderly, but also help them improve
their happiness in daily life. Therefore, understanding factors that affect the elderly’s
acceptance of intelligent technology has become a common topic for many studies.

2.2 Research Models

A variety of theories and models have been proposed to study technology acceptance,
like Theory of Reasoned Action (TRA), Technology AcceptanceModel (TAM), Unified
Theory of Acceptance and Use of Technology (UTAUT), etc.

TRAwas proposed by Fishbein and Ajzen [13], whichmainly explains how attitudes
affect individual behavior. According to TRA, behavior intention can reflect a person’s
behavior, which is determined by the person’s attitude and subjective norm related to
the behavior. The theory holds that any factor can only indirectly affect usage behavior
through attitudes and subjective norm. However, this view is based on the assumption
that people can completely control their own behavior, but human behavior will also be
restricted by external factors in fact [14, 15]. Figure 1 shows the main structure of TRA.
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Fig. 1. Theory of Reasoned Action (TRA)

Then, in order to explain the decisive factors in the widespread acceptance of com-
puters, Davis (1989) proposed TAM [16]. The most important constructs in TAM are
perceived usefulness and perceived ease of use. Perceived usefulness was defined as the
degree to which a person believes that using the particular technology would enhance
his/her job performance, and perceived ease of use was defined as the extent to which
a person believes that using a technology is free of effort [16]. In addition to these two
constructs, the model also includes external variables, attitude toward using, behavioral
intention to use, and actual system to use. The main relationships between them are that
perceived usefulness and perceived ease of use decide attitude towards using together,
and perceived usefulness and attitude have a direct impact on behavior intention. Besides,
external variables include user differences, system characteristics, and task characteris-
tics, etc., and their effects are fully mediated by perceived usefulness and perceived ease
of use [16]. Figure 2 shows the main structure of TAM.

Fig. 2. Technology Acceptance Model (TAM)

Recently, TAM has been widely applied in various technology use contexts such as
Augmented reality technology [17, 18], e-book [19, 20], mobile banking [21, 22], smart
watch [23, 24], and virtual reality [25, 26].

On the basis of TAM, Venkatesh & Davis developed TAM2 by integrating social
influence process and cognitive instrumental process into the original model [28]. In
TAM2, subjective norm was considered to have a direct impact on behavioral intention.
Compared with TAM, TAM2 explained technology acceptance from more dimensions
[28]. Figure 3 showed the structure of TAM2.
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Fig. 3. Technology Acceptance Model 2 (TAM2)

Later, Venkatesh et al. [27] reviewed eight user acceptance models and established
UTAUT,whichhad a stronger predictive power than anyof the eightmodels [27].UTAUT
proposed three direct determinants of behavioral intention (performance expectancy,
effort expectancy, and social influence), two direct determinants of use behavior (behav-
ioral intention and facilitating conditions), and fourmoderators (gender, age, experience,
and voluntariness of use). Specifically, the model emphasized “utilitarian value” (exter-
nal motivation), like performance expectancy and effort expectancy. Due to the ability
to integrate different technology acceptance models, UTAUT has made an important
contribution to understanding technology acceptance and use [27]. Figure 4 showed the
structure of UTAUT.

However, the above models have a common limitation in that they do not consider
the complexity of interaction and different tasks in a non-work environment [28]. There-
fore, after fully considering the characteristics of consumers and adapting to a specific
environment,UTAUT2has been developed [29].UTAUT2 adjusted the focus of the “util-
itarian value” (external motivation) in the UTAUT to consumer settings, and added three
additional dimensions (price value, hedonic motivation, and habits). Figure 5 showed
the structure of UTAUT2.

In order to improve the prediction ability of technology acceptance, several studies
combined multiple models or added some new variables to meet different research pur-
poses. In the field of technology acceptance for the elderly, Ma et al. combined TAM
and UTAUT, and developed a Smartphone Acceptance Model for Chinese Older People
(SAMCOP) [7]. Besides, Chen and Chan developed a model on the basis of TAM and
UTAUT for the acceptance of aging technologies called the Senior Technology Accep-
tance Model (STAM), and showed that personal characteristics (like age, education
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Fig. 4. Unified Theory of Acceptance and Use of Technology (UTAUT)

Fig. 5. Unified Theory of Acceptance and Use of Technology 2 (UTAUT2)
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level, self-efficacy, anxiety, etc.) and environmental facilitating support (like assistance
and guidance) were more helpful to predict the elderly’s technology use behavior [9].

3 Method and Findings

In recent years, due to the continuous emergenceof new technologies and the increasingly
serious phenomenon of the aging society, many studies began to focus on the elderly’s
acceptance of new technologies. In this study, ACM, Elsevier, Springer, Talor & Fran-
cis, and China National Knowledge Infrastructure were used as sources, and (elder or
old or senior) and (technology acceptance) were used as keywords. Finally, 33 studies
closely related to the technology acceptance of the elderly were selected. The authors,
research contents, and results of the studies are shown in the appendix. By sorting out the
variables in these studies, we found the changes of research variables in three different
periods. Table 1 shows the changes of variables in the literature in these three different
periods. The blue part is the variables related to the investigated technology, orange is
the variables related to social factors, while green and red represent the variables related
to the physiological status of the elderly and the psychological status of the elderly
respectively. It can be seen that the concern of the newly added variables for the elderly
is gradually increasing.

3.1 Model Used in These Studies

As mentioned above, various acceptance models have their advantages in predicting
user acceptance. Meanwhile, research often adapted the original models according to
different research purposes. In the selected studies, the majority of applied models are
TRA, TAM, TAM2,UTAUT,UTAUT2, and some studies integrated two or threemodels.
Among these models, TAM is the most widely used model, with a total of 22 studies
used. The second is the UTAUT, which is used in 8 studies. The numbers of studies
using TAM2, TAM3, UTAUT2, STAM, and TRA are 3, 2, 2, and 1.

3.2 Related Variables Change with Technology

In the 33 studies, the models and related variables used vary with the change of tech-
nology. These changes were explained in three periods. 2008–2013 is the first period.
By summarizing the technologies studied in the literature, we find that the technologies
studied in the literature from 2008 to 2013 are relatively niche, including the testing of
some design prototypes. From 2014 to 2018, the technologies studied in the literature
were more popular and more related to mobile Internet and elderly care. After 2019, the
technologies studied in the literature will become more popular, including smart wear-
able devices and online shopping, which are becoming more and more popular among
the elderly in recent years. This may be because since 2014, mobile Internet technology
has become popular, and people’s lifestyle has also brought great changes.
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Table 1. The changes of variables in the literature.

2008-2013 2014-2018 2019-2021
Perceived Risk (PR) Facilitating condi-

tions (FC)
Trust (TRU)

Perceived physical condi-
tion (PPC)

Social Influence (SI) Perceived Enjoyment (PE),

Perceived Safety (PS)
Wii and Game Difficulty 
(WGD)

Social relationships 
(Relaion)
Subjective  Norm 
(SN)

Eudaimonic Well-Being 
(EW)
Perception, Acceptance and 
Willingness (PAW)

IT knowledge (IT) Doctor’s  Opinion 
(DOC)

Technology anxiety (TA)

Game Realism (GR) Health conditions 
(HC)

Hedonic Motivation (HM)

Output Quality (OQ), Cognitive  ability 
(CA)

Resistance to Change (RC),

Quality of training materi-
als and manuals

Physical  functioning

Computer  Playfulness 
(CPLAY)

Health  Knowledge 
(HK)

Compatibility (CP) Health   Care Need 
(HCN)

Transfer from using tech-
nology in general, 
Transfer from using similar 
system, 
Transfer from learning ex-
periences

Physical   condition 
(PC)

From the above, we can see that the technology change trend applied by TAM
model is from niche to mass, from small coverage to wide coverage, from prototype
design to mass production and high maturity products. Therefore, we found that in these
literatures, the research variables in TAM gradually changed from paying attention to
the availability of technology itself to the impact of social factors on the elderly and the
physiological characteristics of the elderly, and then to the emotional experience of the
elderly.
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Research from 2008 to 2013. There are 10 studies in this period. In these studies, Zaad
et al. investigated the elderly’s acceptance of ambient intelligence, and results showed
that perceived control and subjective norm had the greatest impact on use intention [30].
Besides, Ryu et al. studied the intention of the elderly to participate in video UCC, and
results indicated that factors such as prior similar experience, life course events, and
computer anxiety will directly or indirectly affect their willingness to use [31]. What’s
more, Conci et al. demonstrated the important role of perceived safety, self-actualization,
and MP support in the acceptance of mobile phones by the elderly [32]. Moreover, a
study based on TAMandUTAUT showed that subjective norm has a significant influence
on the elderly’s use of the Internet [33]. A study of the elderly’s acceptance of sharetouch
hardware products showed that output quality and result demonstrability have a positive
effect on the elderly using the system [34]. To sum up, most of the variables focused in
these studies are related to the new technology itself, such as Wii and game difficulty,
output quality, etc. Besides, some variables were related to the subjective feelings of the
elderly brought by a certain technology, such as computer anxiety, perceived enjoyment,
and perceived safety.

Research from 2014 to 2018. There are 14 studies in this period. In these studies, Chen
et al. [35] indicated that self-efficacy, technology anxiety, health, and cognitive abilities
significantly affected the elderly’s acceptance of Gerontechnology. Besides, there are
three studies in mobile medicine, which referred to excellent ubiquity, health care need,
and health knowledge [36–38]. Doctor’s opinion, perceived security, effort expectancy,
computer anxiety, resistance to change, and social influencewere proved to be the factors
that impact the elderly’s acceptance. Besides, results of two studies on intelligent pension
service [39, 40] showed that the elderly’s use of this technology is influencedbyperceived
cost, perceived security, technology anxiety, and perceived risk. In the two studies on ICT
[10, 28], self-satisfaction, social influence, hedonic motivation, and habit were proved
to have significant effects on use intention. Additionally, a study on the elder’s game
intention shown that social interaction, narrative and physical conditions significantly
affect the elder’s use intention [44].

In this period, social factors and others’ opinions have been focused on. Variables
such as social influence, social relationships, and doctor’s opinionswere frequently used.
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Research from 2019 to 2021. There are 9 studies in this period. Three of them inves-
tigated the acceptance of intelligent wearable devices by the elderly [11, 41, 42]. And
results showed that compatibility, perceived social risk, prior experience, and effective
qualitywere important to use intention. Besides, two studies demonstrated that perceived
lack of shopping mobility and perceived social isolation will impact online shopping of
the elderly [43, 44]. Besides, a study on the use of smartphones by the elderly based
on TAM showed that intergenerational technical support will affect the happiness of
the elderly [12]. In addition, a study on the acceptance of tablet devices by the elderly
proved the impact of trust on use attitude of the elderly [45]. To sum up, the variables
focused on in this period are mainly related to the emotional experience of the elderly.
Trust, eudaimonic well-being, successful social isolation, affective quality all reflect the
importance of the elderly’s emotion in the research in this period.

4 Discussion and Conclusions

The problemofworld population aging has becomemore andmore serious, whichmakes
researchers gradually consider the use and acceptance of emerging technologies by the
elderly.

This study is one of the few that analyzed the evolution of variables in technology
acceptance studies in the time dimension. By combing and analyzing literature on the
acceptance of intelligent technology by the elderly from 2008 to 2021, the evolution of
variables in these studies over time was investigated. Variables in technology acceptance
studies changed with time and technology progress, from focusing on the technology
itself to the social factors, and then to the psychological feelings of the elderly. The
degree of attention to the elderly gradually increased in this process.

Appendix. The Authors, Research Contents, and Results
of the Studies.



Evolution of Applied Variables in the Research 509

A
ut

ho
rs

  
Su

bj
ec

ts
 

Te
ch

no
lo

gy
 

St
ud

ie
d

T
he

or
ie

s/
 M

od
el

s
C

on
st

ru
ct

s 
Si

gn
ifi

ca
nt

 R
el

at
io

ns
hi

p 

Za
ad

 
an

d 
A

llo
uc

h 
(2

00
8)

 [3
0]

A
U

:1
2 

us
er

s PU
:2

08
 

el
de

rly
 

A
m

bi
en

t 
In

te
lli

-
ge

nc
e 

(A
m

I)
U

C
A

M
 (b

ac
ed

 o
n 

TA
M

)

Pe
rc

ei
ve

d 
U

se
fu

ln
es

s (
PU

)
Pe

rc
ei

ve
d 

R
is

k 
(P

R
)

Pe
rc

ei
ve

d 
Pr

iv
ac

y 
(P

P)
Pe

rc
ei

ve
d 

C
on

tro
l (

PC
)

C
og

ni
tiv

e A
tti

tu
de

 (C
A

)
A

ffe
ct

iv
e A

tti
tu

de
 (A

A
)

B
eh

av
io

ra
l I

nt
en

tio
n 

to
 u

se
 (B

I)

A
U

 (a
ct

ua
l u

se
):

SN
→

 A
A

, P
U

, B
I, 

C
A

C
A

, P
U
→

B
I

Po
te

nt
ia

l U
se

rs
 1

: P
U

, P
R

, P
C
→

B
I

SN
→

C
A

, P
U

, P
P,

 P
C

Po
te

nt
ia

l 
U

se
rs

 2
:S

N
→

B
I, 

C
A

, 
PU

, 
PR

, P
C

PU
, P

R
, P

C
→

B
I

Ry
u 

et
 

al
. 

(2
00

9)
[3

1]
29

0 
el

de
rly

V
id

eo
 

us
er

-
cr

ea
te

d 
co

nt
en

t 
se

rv
ic

e 
(v

id
eo

 
U

C
C

)

TA
M

Pe
rc

ei
ve

d 
us

er
 re

so
ur

ce
 (P

U
R

)
Pr

io
r s

im
ila

r e
xp

er
ie

nc
e 

(P
SE

)
C

om
pu

te
r a

nx
ie

ty
 (C

A
)

Pe
rc

ei
ve

d 
ph

ys
ic

al
 c

on
di

tio
n 

(P
PC

)
Li

fe
 c

ou
rs

e 
ev

en
ts

 (L
C

E)
Pe

rc
ei

ve
d 

be
ne

fit
 (P

B
)

C
om

pa
tib

ili
ty

 (C
P)

Pe
rc

ei
ve

d 
ea

se
 o

f p
ar

tic
ip

at
io

n 
(P

EO
P)

Pe
rc

ei
ve

d 
en

jo
ym

en
t (

PE
)

In
te

nt
io

n 
to

 p
ar

tic
ip

at
e

C
on

tro
l v

ar
ia

bl
es

PU
R
→

C
P,

PE
O

P,
PE

,IP
PS

E→
C

P,
PB

,P
E

C
A
→

PE
O

P
PP

C
→

IP
LC

E→
PE

,IP
PB
→

IP
, 

C
P→

PB
, P

EO
P,

 
PE

O
P→

PB
,IP

PE
→

PE
O

P,
 IP

C
on

ci
 

et
 

al
. 

(2
00

9)
 [3

2]
74

0 
el

de
rly

M
ob

ile
 P

ho
ne

TA
M

Se
lf-

A
ct

ua
liz

at
io

n 
(S

A
)

En
jo

ym
en

t (
EN

J)
Pe

rc
ei

ve
d 

Sa
fe

ty
 (P

S)
Pe

rc
ei

ve
d 

U
se

fu
ln

es
s (

PU
)

Pe
rc

ei
ve

d 
Ea

se
 o

f U
se

 (P
EU

)
So

ci
al

 In
flu

en
ce

 (S
I)

B
eh

av
io

ra
l I

nt
en

tio
n 

(B
I)

M
P 

Su
pp

or
t (

SU
P)

U
SA

G
E

PU
, P

EU
, S

I, 
SU

P→
B

I
PE

U
, S

I, 
EN

J, 
PS

,S
A
→

PU
SA

, E
N

J, 
SU

P→
PE

U
SA
→

EN
J



510 R. Liu et al.

Th
en

g 
et

 
al

. 
(2

00
9)

 [4
6]

28
 e

ld
er

ly
N

in
te

nd
o 

W
ii(

G
am

e 
pl

ay
-

er
)

TA
M

M
ak

in
g 

Se
ns

e 
(M

S)
Pe

rc
ei

ve
d 

B
en

ef
its

 (P
B

)
Fa

ci
lit

at
in

g 
C

on
di

tio
ns

 (F
A

C
)

W
ii 

an
d 

G
am

e 
D

iff
ic

ul
ty

 (W
G

D
)

Pe
rc

ei
ve

d 
U

se
fu

ln
es

s (
PU

)
Pe

rc
ei

ve
d 

Ea
se

 o
f U

se
 (P

EO
U

)
B

eh
av

io
ra

l I
nt

en
tio

n 
(B

I)
Pr

io
r E

xp
er

ie
nc

es
 (E

X
P)

Se
lf-

Ef
fic

ac
y 

(S
EC

)
Aw

ar
en

es
s o

f W
ii 

(A
W

A
)

IT
 k

no
w

le
dg

e 
(I

T)
G

am
e 

R
ea

lis
m

 (G
R

)

PB
, G

R
→

PU
W

G
D

, S
E→

PE
O

U

N
ay

ak
 

(2
01

0)
 

[4
7]

59
2 

el
de

rly
(I

nt
er

ne
t 

no
n-

us
ag

e 
gr

ou
p:

29
2 

)
(I

nt
er

ne
t 

us
er

s 
gr

ou
p:

30
0)

In
te

rn
et

 
TA

M

G
en

de
r

A
ge

 
Ed

uc
at

io
n 

gr
ou

p
H

ea
lth

 g
ro

up
U

se
fu

ln
es

s(
U

) 
Ea

se
 o

f u
se

 (E
O

U
)

R
el

ev
an

ce
 (R

EL
)

A
tti

tu
de

 (A
TT

)
In

te
rn

et
 u

sa
ge

 (I
U

)

St
ud

y1
(h

ou
rs

 o
f 

In
te

rn
et

 u
sa

ge
): 

AT
T

，
H
→

IU
St

ud
y2

(u
si

ng
 

In
te

rn
et

 
ac

tiv
ity

): 
U

, 
AT

T,
 H
→

IU

Pa
n 

an
d 

M
ar

sh
 

(2
01

0)
 [3

3]

37
4 

el
de

rly
 

(5
0-

81
)

M
od

el
1:

 
20

8
M

od
el

2:
 

16
6

In
te

rn
et

 
TA

M
 a

nd
 U

TA
U

T

M
od

el
1:

 P
er

ce
iv

ed
 U

se
fu

ln
es

s 
(P

U
), 

Pe
r-

ce
iv

ed
 E

as
e 

of
 U

se
 (P

EU
), 

Su
bj

ec
tiv

e 
N

or
m

 
(S

N
), 

Fa
ci

lit
at

in
g 

co
nd

iti
on

s(
FC

), 
G

en
de

r, 
A

ge
, I

nt
er

ne
t U

se
 In

te
ns

io
n 

(I
U

I)
M

od
el

2:
 P

U
, 

PE
U

, 
SN

, 
FC

, 
G

en
de

r, 
A

ge
, 

In
te

rn
et

 A
do

pt
io

n 
(I

A
)

M
od

el
1:

PU
, S

N
, F

C
→

IU
I

M
od

el
2:

 P
U

,P
EU

,S
N
→

IA

H
ua

ng
 

an
d 

Le
e 

(2
01

3)
[4

8]

40
0e

ld
e

rly
Te

le
ca

re
 

TA
M

Pe
rc

ei
ve

d 
U

se
fu

ln
es

s (
PU

)
Pe

rc
ei

ve
d 

Ea
se

 o
f U

se
 (P

EO
U

)
A

tti
tu

de
 (A

)
B

eh
av

io
ra

l I
nt

en
tio

n 
(B

I)

PE
O

U
→

PU
PU
→

AT
T

AT
T→

B
I

Ts
ai

 
et

 
al

. 
(2

01
2)

[3
4]

52
 e

ld
er

ly

Sh
ar

et
ou

ch
 

sy
st

em
 

(a
 

us
er

-
fr

ie
nd

ly
 in

te
rf

ac
e 

sy
st

em
)

TA
M

In
te

nt
io

n 
to

 U
se

, (
I)

Pe
rc

ei
ve

d 
U

se
fu

ln
es

s (
PU

), 
Pe

rc
ei

ve
d 

Ea
se

 o
f U

se
 (P

EO
U

), 
En

jo
ym

en
t (

EN
J)

, 

PU
,P

EU
, E

N
J, 

O
Q

, R
D
→

IU



Evolution of Applied Variables in the Research 511

O
ut

pu
t Q

ua
lit

y 
(O

Q
) ,

 
R

es
ul

t D
em

on
st

ra
bi

lit
y(

R
D

)

B
ar

na
rd

 e
t 

al
. 

(2
01

3)
 [4

9]
13

 e
ld

er
ly

ha
nd

he
ld

 
to

uc
hs

cr
ee

n 

U
TA

U
T 

an
d 

ST
A

M
(S

en
io

r 
Te

ch
no

l-
og

y 
A

cc
ep

ta
nc

e 
an

d 
A

do
pt

io
n 

M
od

el
)

M
od

el
1:

 P
er

ce
iv

ed
 s

el
f 

ef
fic

ac
y,

 P
er

ce
iv

ed
 

di
ffi

cu
lty

, A
tti

tu
de

 t
o 

le
ar

ni
ng

, 
In

te
nt

io
n 

to
 

le
ar

n,
 S

oc
ia

l 
en

vi
ro

nm
en

t, 
Ex

pe
rim

en
ta

tio
n 

an
d 

ex
pl

or
at

io
n,

 E
xp

er
ie

nc
ed

 d
iff

ic
ul

ty
 o

f 
le

ar
ni

ng
, R

ej
ec

tio
n,

 A
cc

ep
ta

nc
e 

an
d 

st
ar

t 
of

 
ad

op
tio

n
M

od
el

2:
 

Tr
an

sp
ar

en
cy

, 
A

ffo
rd

an
ce

, 
Fe

ed
-

ba
ck

, 
Er

ro
r 

re
co

ve
ry

, 
Tr

an
sf

er
 f

ro
m

 u
si

ng
 

te
ch

no
lo

gy
 i

n 
ge

ne
ra

l, 
Tr

an
sf

er
 f

ro
m

 u
si

ng
 

si
m

ila
r s

ys
te

m
, T

ra
ns

fe
r f

ro
m

 le
ar

ni
ng

 e
xp

e-
rie

nc
es

, Q
ua

lit
y 

of
 tr

ai
ni

ng
, Q

ua
lit

y 
of

 tr
ai

n-
in

g 
m

at
er

ia
ls

 
an

d 
m

an
ua

ls
,

Su
pp

or
t 

an
d 

en
co

ur
ag

em
en

t 
fr

om
 

so
ci

al
 

en
vi

ro
nm

en
t, 

R
ej

ec
tio

n,
 A

cc
ep

ta
nc

e 
an

d 
st

ar
t o

f a
do

pt
io

n 
 

K
iv

im
äk

i e
t a

l. 
(2

01
3)

[5
0]

7 
el

de
rly

 
(F

in
la

nd
) 

4 
el

de
rly

 
(A

us
tri

a)
 

A
m

bi
en

t 
C

O
m

-
m

un
ic

at
io

n 
fo

r 
Se

ns
e 

O
f 

Pr
es

-
en

ce
 

(A
M

C
O

SO
P)

TA
M

3

Pe
rc

ei
ve

d 
U

se
fu

ln
es

s 
(P

U
), 

Pe
rc

ei
ve

d 
Ea

se
 

of
 U

se
 (

PE
O

U
), 

C
om

pu
te

r 
Se

lf 
Ef

fic
ac

y 
(C

SE
), 

C
om

pu
te

r 
Pl

ay
fu

ln
es

s 
(C

PL
AY

), 
C

om
pu

te
r 

A
nx

ie
ty

 
(C

A
N

X
), 

Pe
rc

ei
ve

d 
En

jo
ym

en
t (

EN
J)

C
he

n 
an

d 
C

ha
n 

(2
01

4)
[3

5]

10
12

 e
ld

er
-

ly
 

G
er

on
te

ch
no

lo
gy

TA
M

+U
TA

U
T

G
er

on
te

ch
no

lo
gy

 se
lf-

ef
fic

ac
y(

SE
)

G
er

on
te

ch
no

lo
gy

 a
nx

ie
ty

(A
N

X
) 

Fa
ci

lit
at

in
g 

co
nd

iti
on

s(
FC

)
Pe

rc
ei

ve
d 

U
se

fu
ln

es
s(

PU
)

U
sa

ge
 B

eh
av

io
r (

U
B

)
Pe

rc
ei

ve
d 

Ea
se

 o
f U

se
 (P

EO
U

)
A

tti
tu

de
 to

w
ar

ds
 U

se
 (A

T)

SE
→

PU
, U

B
, P

EO
U

A
N

X
→

U
B

, P
EO

U
FC
→

PU
, U

B
, P

EO
U

PE
O

U
→

PU
, A

T
PU
→

AT

N
ie

ha
ve

s a
nd

 
Pl

at
tfa

ut
 

(2
01

4)
[5

1]
15

0 
el

de
rly

In
te

rn
et

 
U

TA
U

T 
an

d 
M

AT
H

M
od

le
1:

 P
er

fo
rm

an
ce

Ex
pe

ct
an

cy
 (P

E)
Ef

fo
rt 

Ex
pe

ct
an

cy
 (E

E)
So

ci
al

 In
flu

en
ce

 (S
I)

B
eh

av
io

ra
l I

nt
en

tio
n(

B
I)

M
od

el
2:

 P
er

fo
rm

an
ce

Ex
pe

ct
an

cy
 (P

E)
Ef

fo
rt 

Ex
pe

ct
an

cy
 (E

E)
So

ci
al

 In
flu

en
ce

 (S
I)

M
od

el
1:

EE
, P

E,
SI
→

B
I

M
od

el
2:

 S
I, 

ED
U

, E
E,

 P
E,

FC
→

B
I



512 R. Liu et al.
B

eh
av

io
ra

l I
nt

en
tio

n(
B

I)
Ed

uc
at

io
n 

(E
D

U
) 

G
en

de
r 

(G
EN

) 
In

co
m

e 
(I

N
C

) A
ge

 (A
G

E)

C
he

n 
an

d 
C

ha
n 

(2
01

4)
[9

]

10
12

 e
ld

er
-

ly
 

G
er

on
te

ch
no

lo
gy

ST
A

M

G
er

on
te

ch
no

lo
gy

 se
lf-

ef
fic

ac
y(

SE
)

G
er

on
te

ch
no

lo
gy

 a
nx

ie
ty

 (A
N

X
)

Fa
ci

lit
at

in
g 

co
nd

iti
on

s(
FC

)
H

ea
lth

 c
on

di
tio

ns
(H

C
) 

C
og

ni
tiv

e 
ab

ili
ty

()
So

ci
al

 re
la

tio
ns

hi
ps

 (R
el

ai
on

) 
A

tti
tu

de
 to

 li
fe

 a
nd

 sa
tis

fa
ct

io
n(

A
LS

)
Ph

ys
ic

al
 fu

nc
tio

ni
ng

Pe
rc

ei
ve

d 
U

se
fu

ln
es

s (
PU

)
Pe

rc
ei

ve
d 

Ea
se

 o
f U

se
 (P

EO
U

)
U

sa
ge

 B
eh

av
io

r (
U

B
)

A
tti

tu
de

 to
w

ar
ds

 U
se

 (A
T)

G
SE
→

PU
, U

B
, P

EO
U

G
A
→

U
B

, P
EO

U
FC
→

PU
, U

B
, P

EO
U

,A
T

H
C
→

U
B

, P
EO

U
C

A
→

U
B

SR
→

PU
,U

B
A

LS
→

U
B

, P
EO

U
PF
→

U
B

, P
EO

U
PE

O
U
→

AT
,,P

U
PU
→

AT

H
si

ao
 

an
d 

Ta
ng

 
(2

01
5)

[3
6]

39
0 

el
de

rly
M

ob
ile

 
he

al
th

 
ca

re
 

M
H

TA
M

(m
ob

ile
 

he
al

th
ca

re
 T

A
M
、

TR
A

Pe
rc

ei
ve

d 
U

se
fu

ln
es

s (
PU

)
Pe

rc
ei

ve
d 

Ea
se

 o
f U

se
 (P

EU
)

Pe
rc

ei
ve

d 
U

bi
qu

ity
 (P

U
B

) 
H

ea
lth

 K
no

w
le

dg
e 

(H
K

)
H

ea
lth

 C
ar

e 
N

ee
d 

(H
C

N
)

A
tti

tu
de

 (A
TT

)
Su

bj
ec

tiv
e 

N
or

m
 (S

N
)

B
eh

av
io

ra
l I

nt
en

tio
n 

(B
I)

PE
U

, P
U

B
, H

K
, H

C
N
→

AT
T

AT
T,

 S
N
→

B
I

P0
EU
→

PU

C
im

pe
rm

an
 e

t 
al

. (
20

16
) [

37
]

40
0 

el
de

rly
ho

m
e 

te
le

he
al

th
 

se
rv

ic
es

 
U

TA
U

T 

D
oc

to
r’s

 O
pi

ni
on

 (D
O

C
), 

C
om

pu
te

r A
nx

ie
ty

 
(C

A
), 

Pe
rc

ei
ve

d 
Se

cu
rit

y 
(P

S)
 

Pe
rc

ei
ve

d 
Ea

se
 o

f U
se

(P
E)

Ef
fo

rt 
Ex

pe
ct

an
cy

(E
E)

So
ci

al
 In

flu
en

ce
(S

I)
Fa

ci
lit

at
in

g 
C

on
di

tio
ns

(F
C

)
B

eh
av

io
ra

l I
nt

en
tio

n(
B

I)

D
O

C
.P

S,
EE
→

PE
C

A
,P

S,
 →

EE
PS

, F
C

,E
E,

PE
→

B
I



Evolution of Applied Variables in the Research 513

W
an

g 
an

d 
Su

n 
(2

01
6)

 [5
2]

53
4 

el
de

rly
D

ig
ita

l g
am

es
ET

A
M

Pe
rc

ei
ve

d 
U

se
fu

ln
es

s (
PU

)
Pe

rc
ei

ve
d 

ea
se

 o
f u

se
 (P

EO
U

)
N

ar
ra

tiv
es

 (N
)

A
tti

tu
de

 to
w

ar
d 

pl
ay

 (A
TP

) 
In

te
ns

io
n 

to
 p

la
y 

(B
I)

So
ci

al
 in

te
ra

ct
io

n 
(S

I)
Ph

ys
ic

al
 c

on
di

tio
n 

(P
C

)
G

en
de

r (
G

)
A

ge
 (A

)
Ex

pe
rie

nc
e 

(E
)

N
, P

U
, P

C
, S

I →
B

I

M
a,

 C
ha

n 
an

d 
C

he
n 

(2
01

6)
 

[7
]

12
0 

el
de

rly
sm

ar
tp

ho
ne

SA
M

O
P(

Sm
ar

tp
ho

ne
 

A
cc

ep
ta

nc
e 

M
od

el
 

fo
r 

C
hi

ne
se

 
O

ld
er

 
Pe

o-
pl

e)
(b

as
ed

 o
n 

TA
M

 a
nd

 
U

TA
U

T)
 

Fa
ci

lit
at

in
g 

co
nd

iti
on

s(
FC

)
Se

lf-
Sa

tis
fa

ct
io

n(
SS

) 
C

os
t T

ol
er

an
ce

(C
T)

Pe
rc

ei
ve

d 
Ea

se
 o

f U
se

(P
EO

U
)

Pe
rc

ei
ve

d 
U

se
fu

ln
es

s(
PU

) 
B

eh
av

io
ra

l I
nt

en
tio

n(
B

I)
A

tti
tu

de
 to

w
ar

ds
 U

se
(A

T)

FC
, S

S,
 →

PE
U

SS
→

PU
PU
→

AT
C

T→
B

I
PE

U
→

PU

Q
ia

o 
(2

01
7)

[5
3]

33
2 

el
de

rly
D

ig
ita

l r
ea

di
ng

TA
M

, T
A

M
2,

 T
A

M
3

Pe
rc

ei
ve

d 
U

se
fu

ln
es

s (
PU

)
Pe

rc
ei

ve
d 

Ea
se

 o
f U

se
 (P

EO
U

)
Se

lf 
Ef

fic
ac

y 
(S

E)
A

tti
tu

de
 (A

TT
)

B
eh

av
io

ra
l I

nt
en

si
on

 (B
I)

So
ci

al
 N

or
m

 (S
N

)

SE
→

PE
O

U
PU
→

AT
T,

B
I

PE
O

U
→

PU
,A

TT
,

SN
→

AT
T,

B
I

AT
T→

B
I

Ju
dg

es
 

et
 

al
. 

(2
01

7)
[5

6]
10

 e
ld

er
ly

In
To

uc
h 

(a
 

di
gi

ta
l 

co
m

m
un

ic
at

io
n 

to
ol

 )

TA
M

2

Pe
rc

ei
ve

d 
U

se
fu

ln
es

s (
PU

)
Pe

rc
ei

ve
d 

Ea
se

 o
f U

se
 (P

EU
), 

Su
bj

ec
tiv

e 
no

rm
s(

SN
),

Fa
ci

lit
at

in
g 

co
nd

iti
on

s(
FC

) 

PU
, P

EU
, S

N
,F

C
→

B
I

X
ia

 (2
01

7)
[3

9]
25

9 
el

de
rly

Sm
ar

t 
pe

ns
io

n 
se

rv
ic

e 
TA

M

Pe
rc

ei
ve

d 
U

se
fu

ln
es

s (
PU

)
Pe

rc
ei

ve
d 

Ea
se

 o
f 

U
se

 (
PE

O
U

), 
Pe

rc
ei

ve
d 

C
os

t (
PC

)
Pe

rc
ei

ve
d 

Se
cu

rit
y 

(P
S)

Pe
rc

ep
tio

n 
A

tti
tu

de
 (P

A
)

Pe
rc

ei
ve

d 
W

ill
in

gn
es

s (
PA

)

PE
O

U
→

PU
PE

O
U

, P
U

, P
C

, P
S→

PA

PC
, P

A
→

PW



514 R. Liu et al.

M
ac

ed
o 

(2
01

7)
[2

8]
27

8 
el

de
rly

IC
T

U
TA

U
T2

 

Pe
rf

or
m

an
ce

 E
xp

ec
ta

nc
y 

(P
E)

Ef
fo

rt 
Ex

pe
ct

an
cy

 (E
E)

B
eh

av
io

ur
al

 In
te

nt
io

n 
(B

I)
U

se
 B

eh
av

io
ur

 (U
SE

)
Fa

ci
lit

at
in

g 
C

on
di

tio
ns

 (F
C

)
So

ci
al

 In
flu

en
ce

 (S
I)

H
ed

on
ic

 M
ot

iv
at

io
n 

(H
M

)
Pr

ic
e 

Va
lu

e 
(P

V
)

H
ab

it(
H

T)
 

A
ge

  
G

en
de

r  
Ex

pe
rie

nc
e 

 
Ed

uc
at

io
n

PE
, E

E,
 S

I, 
FC

, H
M

, H
T→

B
I

H
T,

 B
I→

U
B

H
oq

ue
 

an
d 

So
rw

ar
 

(2
01

7)
[3

8]
30

0 
el

de
rly

m
H

ea
lth

 
U

TA
U

T 

Pe
rf

or
m

an
ce

 E
xp

ec
ta

nc
y 

(P
E)

Ef
fo

rt 
Ex

pe
ct

an
cy

 (E
E)

So
ci

al
 In

flu
en

ce
 (S

I)
Fa

ci
lit

at
in

g 
C

on
di

tio
ns

 (F
C

)
Te

ch
no

lo
gy

 A
nx

ie
ty

 (T
A

)
B

eh
av

io
ra

l I
nt

en
tio

n 
(B

I)
R

es
is

ta
nc

e 
to

 C
ha

ng
e 

(R
C

)
U

se
 B

eh
av

io
r (

U
B

)

PE
,E

E,
SI

,T
A

,R
C
→

B
I

B
I→

U
B

Lu
o 

et
 

al
. 

(2
01

8)
 [4

0]
68

0 
el

de
rly

C
om

m
un

ity
 

in
te

lli
ge

nt
 

pe
n-

si
on

 se
rv

ic
e

TA
M

Te
ch

no
lo

gy
 A

nx
ie

ty
 (T

A
)

Pe
rc

ei
ve

d 
R

is
k 

(P
R

)
So

ci
al

 N
or

m
 (S

N
) 

Pe
rc

ei
ve

d 
Ea

se
 o

f U
se

 (P
EO

U
)

Pe
rc

ei
ve

d 
U

se
fu

ln
es

s (
PU

)
B

eh
av

io
ra

l I
nt

en
tio

n 
(B

I)

TA
→

PR
, P

EO
U

, P
U

, B
I

PR
→

SN
, P

EO
U

, P
U

PE
O

U
→

PU
, B

I

PU
→

B
I

G
un

er
 

an
d 

A
ca

rtu
rk

 
(2

01
8)

 [1
0]

St
ud

y1
:2

32
 

el
de

rly
 

St
ud

y2
:2

35
 

yo
un

ge
r 

ad
ul

ts
 

IC
T

TA
M

So
ci

al
 In

flu
en

ce
(S

I)
Fa

ci
lit

at
in

g 
C

on
di

tio
ns

 (F
C

)
A

nx
ie

ty
 (A

N
X

)
Se

lf-
Sa

tis
fa

ct
io

n(
SS

) 
Pe

rc
ei

ve
d 

U
se

fu
ln

es
s (

PU
)

Pe
rc

ei
ve

d 
Ea

se
 o

f U
se

 (P
EO

U
)

A
tti

tu
de

 to
w

ar
d 

U
si

ng
 (A

TU
)

B
eh

av
io

ra
l I

nt
en

tio
n 

(B
I)

St
ud

y1
: S

I, 
FC

, A
N

X
→

PE
O

U
SS
→

PU
PE

O
U
→

PU
PU

,P
EO

U
→

AT
U

AT
U
→

B
I

St
ud

y2
: S

I, 
A

N
X

, S
S→

PU
FC

, A
N

X
→

PE
O

U
PE

O
U
→

AT
U

,P
U

AT
U
→

B
I



Evolution of Applied Variables in the Research 515

PU
→

AT
U

Li
 e

t a
l. 

(2
01

9)
 

[1
1]

14
6 

el
de

rly
Sm

ar
t 

w
ea

ra
bl

e 
sy

st
em

s

SW
A

M
(S

m
ar

t
W

ea
ra

bl
es

 
ac

ce
pt

an
ce

 
m

od
el

)

In
te

nt
io

n 
to

 U
se

 (I
U

)
Pe

rc
ei

ve
d 

Ea
se

 o
f U

se
 (P

EO
U

)
Pe

rc
ei

ve
d 

U
se

fu
ln

es
s (

PU
)

Fa
ci

lit
at

in
g 

C
on

di
tio

ns
 (F

C
)

C
om

pa
tib

ili
ty

 (C
O

M
)

So
ci

al
 In

flu
en

ce
 (S

I)
Pe

rc
ei

ve
d 

So
ci

al
 R

is
k 

(P
SR

)
Pe

rf
or

m
an

ce
 R

is
k 

(P
R

)
Se

lf-
re

po
rte

d 
H

ea
lth

 C
on

di
tio

ns
 (H

ea
lth

)

FC
,C

O
M
→

PE
O

U
C

O
M

, S
I, 

H
ea

lth
, P

R
, P

EO
U
→

PU
C

O
M

, H
ea

lth
, P

U
, F

C
→

IU

O
jia

ko
 

et
 

al
. 

(2
01

9)
 [4

5]
20

3 
ad

ul
ts

ta
bl

et
 d

ev
ic

es
FT

D
A

(T
he

 
fr

am
ew

or
k

fo
r 

ta
bl

et
 d

ev
ic

e 
ad

op
-

tio
n)

ba
se

d 
on

 T
A

M

C
om

pa
tib

ili
ty

 (C
O

M
P)

Pe
rc

ei
ve

d 
U

se
fu

ln
es

s (
PU

)
Pe

rc
ei

ve
d 

ea
se

 o
f u

se
 (P

EO
U

)
Pr

im
ar

y 
in

flu
en

ce
 (P

I)
Se

co
nd

ar
y 

in
flu

en
ce

 (S
I)

R
es

ou
rc

e 
fa

ci
lit

at
in

g 
co

nd
iti

on
s (

R
FC

)
Te

ch
no

lo
gy

 fa
ci

lit
at

in
g 

co
nd

iti
on

s (
TF

C
)

Se
lf-

ef
fic

ac
y 

(S
E)

A
tti

tu
de

 (A
TT

)
Su

bj
ec

tiv
e 

N
or

m
 (S

N
)

Pe
rc

ei
ve

d 
be

ha
vi

or
al

 c
on

tro
l (

PB
C

)
Tr

us
t (

TR
U

)
In

te
ns

io
n 

to
 U

se
 T

ab
le

ts
 D

ev
ic

e 
(I

N
T)

A
ct

ua
l u

se
 o

f t
ab

le
ts

 (A
U

)

O
ld

er
 g

ro
up

: 
PB

C
,A

TT
→

IN
T

C
O

M
P,

 P
U

, T
R

U
 P

EO
U
→

AT
T

Yo
un

ge
r g

ro
up

: 
PB

C
→

IN
T

C
O

M
P,

 T
R

U
→

AT
T

H
e 

an
d 

H
ua

ng
 

(2
02

0)
 [1

2]
33

0 
el

de
rly

sm
ar

tp
ho

ne
TA

M

Pe
rc

ei
ve

d 
U

se
fu

ln
es

s (
PU

)
Pe

rc
ei

ve
d 

Ea
se

 o
f 

U
se

 (
PE

U
) 

In
te

rg
en

er
a-

tio
na

l t
ec

hn
ic

al
 su

pp
or

t (
IT

S)
, 

A
tti

tu
de

 (A
TT

), 
Pe

rc
ei

ve
d 

En
jo

ym
en

t 
(P

E)
, 

B
eh

av
io

ra
l 

In
te

nt
io

n 
(B

I)
, 

A
ct

ua
l U

se
 (A

U
), 

Eu
da

im
on

ic
 W

el
l-B

ei
ng

 (E
W

)

PU
, I

TS
→

AT
T

IT
S,

 A
TT
→

B
I

IT
S,

 B
I→

A
U

IT
S,

A
U
→

EW
PE

U
→

PU



516 R. Liu et al.

So
h 

et
 

al
. 

(2
02

0)
 [4

3]
20

0 
el

de
r-

ly
(5

0)
on

lin
e 

sh
op

pi
ng

U
TA

U
T 

an
d 

IR
T

Pe
rf

or
m

an
ce

 E
xp

ec
ta

tio
n 

(P
E)

Ef
fo

rt 
Ex

pe
ct

at
io

n 
(E

E)
So

ci
al

 In
flu

en
ce

 (S
I)

,
Fa

ci
lit

at
in

g 
C

on
di

tio
ns

 (F
C

),
U

sa
ge

 B
ar

rie
r (

U
B

), 
Va

lu
e 

B
ar

rie
r (

V
B

), 
R

is
k 

B
ar

rie
r (

R
B

),
Tr

ad
iti

on
 B

ar
rie

r (
R

B
)

Im
ag

e 
B

ar
rie

r (
IB

)
Pe

rc
ep

tio
n,

 A
cc

ep
ta

nc
e 

an
d 

W
ill

in
gn

es
s 

(P
AW

)

V
B

, R
B

 ,T
B

, U
B

, S
I, 

FC
, P

E→
PA

W

Zh
an

g 
(2

02
0)

[5
4]

31
0 

el
de

rly
Sm

ar
t h

om
e

TA
M

Te
ch

no
lo

gy
 a

nx
ie

ty
 (T

A
)

R
es

is
ta

nc
e 

to
 c

ha
ng

e 
(R

TC
)

Pe
rc

ei
ve

d 
U

se
fu

ln
es

s (
PU

)
Pe

rc
ei

ve
d 

Ea
se

 o
f U

se
 (P

EO
U

)
B

eh
av

io
ra

l i
nt

en
tio

n 
to

 u
se

 (I
TU

)
Pe

rf
or

m
an

ce
 ri

sk
 (P

R
)

Se
cu

rit
y 

ris
k 

(S
R

)
Fi

na
nc

ia
l r

is
k 

(F
R

)

R
C

, T
A
→

PE
O

U
R

C
, P

EO
U
→

PU

PU
,P

EO
U

, P
R

, S
R

, F
R
→

B
I

Ta
lu

kd
er

 e
t 

al
. 

(2
02

0)
 [4

1]
32

5 
el

de
rly

W
ea

ra
bl

e 
he

al
th

ca
re

 
te

ch
-

no
lo

gy
 (W

H
T)

U
TA

U
T2

 

Ef
fo

rt 
Ex

pe
ct

an
cy

(E
E)

,
Pe

rf
or

m
an

ce
 E

xp
ec

ta
nc

y,
(P

E)
H

ed
on

ic
 M

ot
iv

at
io

n(
H

M
)

Te
ch

no
lo

gy
 A

nx
ie

ty
(T

A
),

Fa
ci

lit
at

in
g 

C
on

di
tio

ns
 (F

C
), 

So
ci

al
 In

flu
en

ce
 (S

I)
, 

R
es

is
ta

nc
e 

to
 C

ha
ng

e 
(R

C
), 

Fu
nc

tio
na

l C
on

gr
ue

nc
e 

(F
U

C
),

Se
lf-

A
ct

ua
liz

at
io

n 
(S

A
)

B
eh

av
io

ra
l I

nt
en

tio
n 

to
 u

se
 (B

I)

H
M

, S
A

, T
A

, R
C

,  
FU

C
, S

I, 
PE
→

B
I

La
za

ro
 

et
 

al
. 

(2
02

0)
 [4

2]
76

 e
ld

er
ly

Sm
ar

tw
at

ch
 

TA
M

Pr
io

r E
xp

er
ie

nc
e 

(P
E)

.
A

ffe
ct

iv
e 

Q
ua

lit
y 

(A
Q

)
Te

ch
no

lo
gy

-R
el

at
ed

 A
nx

ie
ty

 (T
R

A
)

So
ci

al
 S

up
po

rt 
(S

S)
.

A
cc

es
si

bi
lit

y 
(A

C
C

).
Pe

rc
ei

ve
d 

Ea
se

 o
f U

se
 (P

EO
U

)
Pe

rc
ei

ve
d 

U
se

fu
ln

es
s (

PU
)

AT
,A

C
C
→

B
I

SS
→

AT
PE

,A
Q

,T
R

A
→

PE
O

U
PE

O
U
→

PU
PU

,S
S→

AT



Evolution of Applied Variables in the Research 517

A
tti

tu
de

 (A
T)

B
eh

av
io

ra
l I

nt
en

tio
n 

(B
I)

W
u 

an
d 

So
ng

 
(2

02
0)

 [4
4]

36
6 

el
de

rly
on

lin
e 

sh
op

pi
ng

 
co

nt
in

ua
nc

e 
in

te
nt

io
ns

 
TA

M
 a

nd
 T

PB

Pe
rc

ei
ve

d 
La

ck
 o

f s
ho

pp
in

g 
M

ob
ili

ty
 (P

LM
)

Pe
rc

ei
ve

d 
Ea

se
 o

f U
se

 (P
EU

)
Pe

rc
ei

ve
d 

U
se

fu
ln

es
s (

PU
)

Pe
rc

ei
ve

d 
So

ci
al

 Is
ol

at
io

n 
(P

SI
)

O
nl

in
e 

sh
op

pi
ng

 A
tti

tu
de

s (
AT

T)
O

nl
in

e 
sh

op
pi

ng
 

co
nt

in
ua

nc
e 

in
te

ns
io

ns
 

(I
N

T)
Pe

rc
ei

ve
d 

be
ha

vi
or

al
 c

on
tro

l (
PB

C
)

So
ci

al
 N

or
m

(S
N

)

PE
U

,P
LM
→

PS
I, 

PU
PE

M
→

PU
PU

, P
EU
→

AT
T

PU
, A

TT
→

IN
T

PS
I→

PB
C

, S
N

PB
C
→

IN
T

Zh
an

 
an

d 
Su

n(
20

21
) 

[5
5]

88
5 

el
de

rly
Sm

ar
t 

pe
ns

io
n 

se
rv

ic
e 

TA
M

Pe
rc

ei
ve

d 
Ea

se
 o

f U
se

 (P
EO

U
)

Pe
rc

ei
ve

d 
U

se
fu

ln
es

s (
PU

)
C

om
pa

tib
ili

ty
 (C

PB
)

Te
st

ab
ili

ty
 (T

ES
T)

O
bs

er
va

bi
lit

y 
(O

B
)

C
om

pl
ex

ity
 (C

PL
)

C
om

pa
ra

tiv
e A

dv
an

ta
ge

 (C
A

)
A

tti
tu

de
 (A

TT
)

In
te

nt
io

n 
of

 u
si

ng
 b

eh
av

io
r (

IU
B

)

C
A

, T
ES

T,
 P

EO
U

, P
U
→

AT
T

AT
T→

IU
B



518 R. Liu et al.

References

1. https://ourworldindata.org/grapher/size-of-young-working-elderly-populations?country=
~OWID_WRL

2. https://ourworldindata.org/grapher/population-by-age-group-to-2100?country=~OWI
D_WRL

3. Ning, J.Z.: Report on main data of the Seventh National Census (2021)
4. Mostaghel, R.: Innovation and technology for the elderly: systematic literature review. J. Bus.

Res. 69, 4896–4900 (2016). https://doi.org/10.1016/j.jbusres.2016.04.049
5. Plaza, I., Martín, L., Martin, S., Medrano, C.: Mobile applications in an aging society: status

and trends. J. Syst. Softw. 84, 1977–1988 (2011). https://doi.org/10.1016/j.jss.2011.05.035
6. Klimova, B., Simonova, I., Poulova, P., Truhlarova, Z., Kuca, K.: Older people and their

attitude to the use of information and communication technologies – a review study with
special focus on the Czech Republic (older people and their attitude to ICT), Educational
Gerontology, vol. 42 (2016). https://doi.org/10.1080/03601277.2015.1122447

7. Ma, Q., Chan, A.H., Chen, K.: Personal and other factors affecting acceptance of smartphone
technology by older Chinese adults. Appl. Ergon. 54, 62–71 (2016). https://doi.org/10.1016/
j.apergo.2015.11.015

8. Iancu, I., Iancu, B.: Designingmobile technology for elderly. A theoretical overview. Technol.
Forecast. Soc. Change 155 (2020). https://doi.org/10.1016/j.techfore.2020.119977

9. Chen, K., Chan, A.H.: Gerontechnology acceptance by elderly Hong Kong Chinese: a senior
technology acceptance model (STAM). Ergonomics 57, 635–652 (2014). https://doi.org/10.
1080/00140139.2014.895855

10. Guner, H., Acarturk, C.: The use and acceptance of ICT by senior citizens: a comparison of
technology acceptance model (TAM) for elderly and young adults. Univ. Access Inf. Soc.
19(2), 311–330 (2018). https://doi.org/10.1007/s10209-018-0642-4

11. Li, J., Ma, Q., Chan, A.H., Man, S.S.: Health monitoring through wearable technologies for
older adults: smart wearables acceptance model. Appl. Ergon. 75, 162–169 (2019). https://
doi.org/10.1016/j.apergo.2018.10.006

12. He, J., Huang,X.: Smart phone use andwell-being of urban elderly: based on intergenerational
support theory and technology acceptance model. Chin. J. Journalism Commun. 42, 49–73
(2020). https://doi.org/10.13495/j.cnki.cjjc.20200409.003

13. Fishbein, M., Ajzen, I.: Belief, Attitude, Intention, and Behavior: An Introduction to Theory
and Research. Addison-Wesley Publishing Company, Reading, MA (1975)

14. Bian, P.: Review on technology acceptance model. Res. Libr. Sci. (2012). https://doi.org/10.
15941/j.cnki.issn1001-0424.2012.01.022

15. Sun, J., Cheng, Y., Ke, Q.: Advances of research on technology acceptance model. Inf. Sci.
25, 1121–1127 (2007)

16. Davis, F.D., Bagozzi, R.P., Warshaw, P.R.: User acceptance of computer technology: A Com-
parison of two theoretical models. Manage. Sci. 35 (1989). 0025–1909/89/3508/0982$01.25
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Abstract. Mobile payment has become increasingly popular worldwide, espe-
cially during the COVID-19 pandemic. However, older adults have more difficul-
ties in adapting to mobile payments than others. To understand the reasons behind
this phenomenon, we explore cognitive lock-in and its antecedents in adopting
WeChat Pay based on the status quo bias theory. We use the PLS-SEM technique
with survey data from Chinese older adults over the age of 50. The results show
that the cognitive lock-in of older adults is significantly affected by technology
anxiety, habit, regret avoidance, and uncertainty costs. Moreover, older adults’
intention to adopt WeChat Pay is positively associated with social influence and
self-actualization, while cognitive lock-in is a significant negative determinant.
This study can help us better understand the underlying mechanism behind older
adults’ adoption of mobile payment from a cognitive lock-in perspective. Further-
more, this study steers the discussion about improving older adults’ digital literacy
and optimizing age-appropriate services for mobile payments.

Keywords: Mobile payment adoption · Cognitive lock-in · Older adults ·
WeChat Pay · Status quo bias

1 Introduction

Mobile payment, as a representative of financial technology, has developed rapidly and
taken over the market with its convenience worldwide, especially after the emergence of
the COVID-19 pandemic. According to Worldpay Report 2021, 44.5% of e-commerce
transactionsweremade by digital wallets in 2020 globally, up 6.5% from 2019 [1]. China
is themarket leader for mobile contactless payments, with 87.3% of the population using
such a method [2]. WeChat Pay is a third-party mobile platform, officially launched in
2013, which is based on WeChat, one of the biggest social media in China. Notably,
there are quite a few payment applications linked with it, such as WeChat red envelopes
and WeChat transfer, which facilitate the penetration of mobile payment in China. It
is currently one of the two dominant mobile payment platforms that have been widely
adopted in China. The emergence and popularization of WeChat Pay is making China a
fast-growing cashless society.

Although mobile payment is not a new technology, plenty of older adults still have
difficulty in cognitively adapting to the change from traditional cash to electronic pay-
ments, and this not only leads to substantial inconvenience but also hinders their social
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integration. Older adults in this study refer to the population over the age of 50, and
they are also typified as the silver generation [3]. They have become a larger and more
significant group in the contemporary Chinese society. However, there is a digital divide
in their information and communications technology (ICT) usage problem. Older adults
have lower familiarity with ICT usage, as well as worse sensory and cognitive capa-
bilities [4]. Thus, they experience difficulties in using Internet-related products [5]. In
a mobile payment context, they may find it difficult to use the Internet to shop online
and participate in certain family activities, such as sending red envelopes. In addition
to product flaws, older adults’ inherent mindset, including cognitive lock-in, may be a
barrier to their use of mobile payments. Therefore, it is essential to explore the reasons
for such a fixed mindset and promote older adults’ adoption of mobile payments.

In this study, we introduce the cognitive lock-in concept, unearth its antecedents, and
explore its effect on older adults’ adoption of WeChat Pay. The study contributes to the
literature by exploring older adults’ adoption ofmobile payment from a cognitive lock-in
perspective. This study provides suggestions on methods to enhance older adults’ user
experience and improve their digital literacy.

2 Related Work

Agrowing number of studies have investigatedmobile payment adoption and they can be
mainly categorized into five dimensions: determinants, user inclination, innovativeness,
technology readiness, catalyst factors, and moderation effect [6]. Although some studies
on mobile payment adoption have considered different age groups [7–9], few scholars
explore the factors that influence the adoption of mobile payment from the perspective
of older adults. Cognition is an important factor in user behavior and there is a relatively
strong cognitive lock-in phenomenon in older adults; thus, it is essential to explore the
relationship between the two. Furthermore, as a special group, the cognitive lock-in
phenomenon of older adults is worth studying; however, few studies have treated it as
the core construct.

Cognitive lock-in was first proposed by Arthur [10, 11] when discussing a cog-
nitive path dependence caused by technological innovation, which was highly similar
to individual level cognitive inertia defined by Polites [12]. It can significantly predict
consumers’ deliberate inertia [13]. Notably, cognitive lock-in and cognitive inertia both
highlight a state of cognitive reluctance to change. Some scholars posit that transition
costs, sunk costs and perceived value [12, 14], uncertainty costs [15], loss aversion, regret
avoidance [16, 17], and so on, are determinants of cognitive lock-in. Moreover, the pre-
vious literature on cognitive lock-in has focused on different information behaviors or
intentions, such as continued use [18], switching [19], and resistance [20]. However, few
studies have researched on adoption, especially in the payment scenario.

Overall, factors influencing the resistance to information systems are mainly
individual-, system-, and interaction-related, and compared to the other two, studies
on individual factors are relatively few [20]. Some studies have examined cognitive
lock-in and mobile payment. For instance, Park et al. [21] and Mu and young [22]
explored the influence of cognitive lock-in on continuous use intention and switching
intention, respectively, and they revealed a significant impact of these phenomena. In
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our study, cognitive lock-in refers to the phenomenon that even if it has been recog-
nized that mobile payments can engender considerable convenience, older adults still
have path dependence to continue to use other traditional payment methods, such as
cash and credit card. Older adults are a population with high dispositional resistance to
change [23], and they are less enthusiastic and have more anxiety toward adopting new
technologies [24, 25]. However, few studies have focused on the cognitive antecedents
behind the psychological phenomenon; thus, it is necessary for us to further explore.

Based on the literature above, we propose two research questions as follows:

(1) What are the antecedents of cognitive lock-in in older adults’ adoption of WeChat
Pay?

(2) What is the relationship between cognitive lock-in and WeChat Pay adoption
intention?

3 Research Model and Hypothesis

3.1 Research Model

Status quo bias theory (SQB) is frequently used in to examine cognitive lock-in and
inertia [12, 26, 27]. Notably, SQB is mainly used to explain why people do not act on the
status quo when facing a new (potentially better) choice and maintain the current state
[16]. Samuelson andZeckhauser claimed that SQBexplanations can be divided into three
categories: cognitive misperception, rational decision, and psychological commitment
[16]. Not all SQB explanations present at the same time in a certain context [12].

In terms of ICT adoption, there are a few previous articles that have explored the
determinants of resistance and adoption behavior using SQB, and it has been found that
users (a) make rational decisions based on switching and uncertainty costs related to new
technology (b) adopt cognitive misperceptions based on perceived value and cognitive
inertia, and (c) have a psychological commitment to the current system due to social
influence and regret avoidance [12, 28, 29]. We also include habit as a subconscious
factor in our model [30].

In this study, we employ cognitive lock-in as the core construct and adoption inten-
tion as the dependent variable. Based on the existing literature and research context, we
choose perceived value, uncertainty cost, transition costs, social norms, regret avoid-
ance, and habit according to SQB. Additionally, due to our research context of older
adults, we will also include technology anxiety and self-actualization to represent their
particular personality characteristics. Moreover, gender, age group, length of WeChat
use, education level, and health condition are set as control variables [31, 32].

3.2 Research Hypothesis

Cognitive Lock-In. Cognitive lock-in implies that users have higher cognitive momen-
tum caused by several factors, such as regret avoidance and transition cost, to overlook
the status quo [27]. Prior studies have explored the cognitive lock-in effect in switching
to mobile payment service in Taiwan[33]. In our research, cognitive lock-in entails that
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because they prefer doing what they have always done for decades, older adults are
inclined to stick to the payment methods that they are familiar with and reluctant to use
mobile payments. Therefore, we postulate that:

Hypothesis 1: Cognitive lock-in has a negative influence on the adoption of mobile
payment by older adults.

Antecedents of Cognitive Lock-In.
Transition Cost and Uncertainty Cost
Transition costs are the tangible costs incurred in adapting to a new alternative, while
uncertainty costs are intangible psychological uncertainties or risk perceptions that occur
when changing to an unfamiliar situation [14]. Kim and Kankanhalli [14] showed that
transition cost and uncertainty cost play a critical role in increasing user resistance.
Polites and Karahanna [12] found that high transition costs lead to increased inertia on
new system acceptance. In our context, the reasons for transition costs include time,
money, effort spent, and unexpected difficulties in learning how WeChat Pay works.
Research has also shown that older adults have declining physiological conditions and
need more effort to adopt new technologies [18]. Therefore, the transition cost for older
adults would be higher, thereby suggesting more inertia. Uncertainty costs are caused
by the gap between the limited information and the expectation they have regarding to
WeChat Pay and, specifically, they are not well informed about the situation regarding
personal information security, financial security, and regulations on this platform. Older
adults are more cautious andmore likely to avoid the threat they may face after adoption.
Thus, we formulate the following hypotheses:

Hypothesis 2: Transition costs have a positive influence on cognitive lock-in by older
adults.
Hypothesis 3: Uncertainty costs have a positive influence on cognitive lock-in by older
adults.
Regret Avoidance
The main reason for regret avoidance is that the regret caused by action is stronger than
that caused by inaction [16]. Previous studies have reported that regret avoidance is a
major variable that can increase the resistance to adopt a change [29]. Moreover, regret
avoidance is linked with cognitive feelings. Thus, we suggest as follows:

Hypothesis 4: Regret avoidance has a positive influence on cognitive lock-in by older
adults.

Habit
Habit is “a type of behavior or action, although not reasoned action. It may nevertheless
derive from an action that at one time was reasoned” [34]. Therefore, habits are subcon-
scious, as they are goal-oriented but may occur outside of consciousness. It takes fewer
cognitive resources for individuals to exhibit habitual behaviors. Polites and Kankan-
halli [12] found that users’ habitual use of the current system will significantly and
positively affect inertia, thus affecting users’ willingness to adopt the system. Regard-
ing the influencing factors of the upgraded system usage, Wang et al. also supported
this conclusion [30]. In our study, older adults have used traditional payment for many
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years, and they have formed a habit that is difficult to change without external forces. Hu
and Zhao [35] explored the influencing factors of users’ adoption of mobile payment,
and the results show that the habit of Internet payment will significantly enhance users’
cognitive lock-in. Based on these arguments, it is postulated that:

Hypothesis 5: Habit has a positive influence on cognitive lock-in by older adults.
Technology Anxiety

Technology anxiety and self-actualization have both been identified as aging specific
constructs [36]. Previous studies reveal that technology anxiety is a significant inhibitor
on older adults’ acceptance of mobile health technology, while self-actualization is a
significant enabler [23, 36–38].

Technology anxiety refers to users’ apprehensionwhen facedwith the chanceof using
new technologies [39]1. It will have a negative influence on older adults’ perception of
their ability and reduce their willingness to use a technology [40]. Declining physical
and cognitive capabilities may cause older adults to suffer a higher level of anxiety which
will further lower their intention to adopt new technology [37].

Hypothesis 6: Technology anxiety has a positive influence on cognitive lock-in.

Perceived Value.
Perceived value evaluates whether the benefits derived are worth the costs incurred in
changing from the status quo to the new situation [14]. This construct can be measured
based on an SQB principle referred to as loss aversion, which implies that people’s
perception of the value of loss is stronger than that of gain and larger than it actually is
[20]. Prior studies have shown that perceived value is positively associatedwith transition
from web to mobile payment services [41].

In this research, the loss includes time and effort to learn the payment method and
the loss of control after using it, while the gain includes performing the payment more
quickly, and so on. When the perceived value is lower (higher), older adults are less
(more) likely to adopt mobile payments. According to the definitions of cognitive lock-
in and cognitive inertia, perceived value will not have a direct impact on it. Therefore,
we formulate the following hypothesis:

Hypothesis 7: Perceived value has a negative influence onWeChat Pay adoption intention
by older adults.

Self-actualization.
According toMaslow’s[42] Hierarchy of Needs, self-actualization is one’s internal moti-
vation to achieve everything that one is capable of. According to Erikson’s [43] eight
stages of life model, a sense of fulfillment becomes a crucial element for the successful
adjustment of senior citizens to later life. In our research, learning to use WeChat Pay
may present opportunities for older adults to actualize their personal capacity. Therefore,
we assume technology anxiety strengthens the cognitive lock-in of older adults. Thus,
we propose that:

1 Simonson, M. R., Maurer, M., Montag-Torardi, M., & Whitaker, M. (1987). Development of
a standardized test of computer literacy and a computer anxiety index. Journal of Educational
Computing Research, 3(2), 231–247. https://doi.org/10.2190/7CHY-5CM0-4D00-6JCG
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Hypothesis 8: Self-actualization has a positive influence on the adoption of mobile
payment by older adults.

Social Influence.
Social influence implies the influence of people around one’s choice and opinion [44].
Previous studies presented that friends, family, and colleagues can all influence an indi-
vidual’s decision to adopt new technologies [45]. Hsieh found that social influence and
regret avoidance both hamper consumer’s intention to switch from cash payment to
medical mobile payment[46]. Thus, it is proposed that:

Hypothesis 9: Social influence has a positive influence onWeChat Pay adoption intention
by older adults.

The proposed research model and related hypotheses are shown in Fig. 1.

Fig. 1. Research model.

4 Methods

4.1 Measures

To operationalize the research constructs, we use the measurement scales from prior
studies and revise the characteristics, as depicted in Table 1. The control variables are
derived from Guo et al. [23], Wong et al. [9], Claes et al.[47], and Van et al. [48].

The measures are based on 5-point Likert scales, ranging from 1 (strongly disagree)
to 5 (strongly agree) to assess respondents’ attitudes on each statement. We employ
translation (from English to Chinese) and back-translation (from Chinese to English)
techniques to develop the questionnaire.
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Table 1. Measurement scale.

Construct Item Factor
loading

Wording Reference

Cognitive
Lock-in

I [will] continue using my
existing method for pay,

Polites and Karahanna
(2012) [12]

CI1 0.956 …even though I know it is
not the best way of doing
things

CI2 0.936 …even though I know it is
not the most efficient way
of doing things

CI3 0.942 …even though I know it is
not the most popular way
to do things

Perceived value PV1 0.809 Considering the time and
effort that I have to spend,
changing to WeChat Pay is
not worthwhile

Kim and Kankanhalli
(2009) [14]; Hsieh (2021)
[46]

PV2 0.934 Considering the loss that I
incur, changing to WeChat
Pay instrument is of good
value

PV3 0.882 Considering the hassle I
will experience, changing
to WeChat Pay is not
beneficial to me

Social influence SI1 0.854 Most of my peers think I
should use WeChat Pay

Hsieh (2021) [46];
Kim and
Kankanhalli
(2009) [46]

SI2 0.558 Most of my WeChat
contacts think that I should
use WeChat Pay

SI3 0.887 My friends and families
think that I should use
WeChat Pay for paying my
bills

SI4 0.923 The opinions of my family,
friends, and those who I
value are important in my
decision to use WeChat Pay

(continued)
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Table 1. (continued)

Construct Item Factor
loading

Wording Reference

Regret
avoidance

RA1 0.924 I think I will be sorry for
choosing the WeChat Pay
service

Hsieh (2021) [46]

RA2 0.91 I think I will regret the bad
outcomes that are the
consequence of using the
WeChat Pay service

Uncertainty costs UN1 0.878 The confidentiality and
security of personal data
are not guaranteed when I
adopt WeChat Pay

Hsieh (2021) [46]

UN2 0.88 The present regulations
remain unclear regarding
who will take responsibility
for damages when you
adopt WeChat Pay

UN3 0.825 Overall, I consider the
adoption of WeChat Pay to
be risky

Transition costs TC1 0.841 Entering the required
information to join WeChat
Pay is annoying

Hsieh (2021) [46]

TC2 0.864 It would involve substantial
costs to use WeChat Pay
services (e.g., internet
access, smartphone, and
mobile payment charges)

TC3 0.784 Learning how to use
WeChat Pay would not take
much time or effort for me

Habit H1 0.737 Whenever I need to pay, I
unconsciously use
traditional method

Park et al. (2017) [21]

H2 0.886 It would be difficult to
control my tendency to use
traditional method when I
pay

H3 0.911 I do not need to devote a lot
of mental effort to deciding
that I will use traditional
payment method

(continued)
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Table 1. (continued)

Construct Item Factor
loading

Wording Reference

Adoption
Intention

AI1 0.911 I would be willing to adopt
WeChat Pay

Wong (2021) [9]

AI2 0.923 I intend to use WeChat Pay
in future

AI3 0.865 I have a strong desire to
interact further with
WeChat Pay

Technology
Anxiety

TA1 0.881 I feel apprehensive about
using WeChat Pay

Guo et al. (2013) [23]

TA2 0.866 It scares me to think that I
could cause the mobile
device to induce bad
consequences due to wrong
operation

TA3 0.908 I hesitate to use technology
for fear of making mistakes
I cannot correct

TA4 0.894 WeChat Pay is somewhat
intimidating to me

Self-actualization SA1 0.923 Learning to use WeChat
Pay gives me the
opportunity for personal
development

Deng et al. (2014) [37]

SA2 0.897 Learning to use WeChat
Pay increases my feeling of
self-fulfillment

SA3 0.876 Learning to use WeChat
Pay gives me a feeling of
accomplishment

4.2 Data Collection

First, we conduct a pilot survey with 25 representative respondents and revise the ques-
tionnaire based on their comments and suggestions. Thereafter, we post the questionnaire
on Fengling System (https://www.powercx.com/), which is one of the largest profes-
sional data collection platforms in China. A commercial sampling service provided by
Fengling System was used to help us reach the target respondents. We obtained 318
questionnaires in this study from January 10 to January 20. Finally, we have 265 valid
questionnaires.

https://www.powercx.com/
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4.3 Data Analysis

Partial Least Squares (PLS) was used to test the research model. Notably, PLS is more
suitable for theoretical development with empirical data and building a complex model
[49]. Furthermore, this type of structural equation model can handle the non-normal
distributional sample and a relatively small sample size [50]. We use SmartPLS 3 to
examine the measurement and structural models.

5 Results

5.1 Sample Description

Table 2 shows the demographic characteristics of the study. The proportion of males
and females in our sample is relatively balanced (male 50.57%; female 49.43%), and
their ages are all over 50. Most of the sample respondents are aged between 50 and
60 years old, accounting for approximately 67.93% of the total sample. As for education
level, the percentages of Junior college degree/4-year college degree and high school
graduate/higher vocational education are, respectively, 58.11% and 26.42%, suggesting
an overall high education level of the respondents. The distribution of subjective health
status scores is similar to a normal distribution. Less than 10% of the respondents live
alone, meaning the majority of them can receive help in daily life from others. Approxi-
mately 70% of the respondents have more than 5 years of WeChat usage experience and
over 90% of the respondents have used WeChat Pay before, which indicates that they
are familiar with ICT and the mobile payment platform.

Table 2. Demographic characteristics (n = 265).

Demographic characteristic Frequency Percentage

Gender Male 134 50.57%

Female 131 49.43%

Age 50–59 168 67.93%

60–69 78 24.91%

70+ 19 7.17%

Education level Primary school graduate 15 6.79%

Junior high school graduate 8 3.02%

High school graduate or higher
vocational education

70 26.42%

Junior college degree or 4-year
college degree

154 58.11%

More than 4-year college degree 18 6.79%

(continued)
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Table 2. (continued)

Demographic characteristic Frequency Percentage

Living situation Home, alone 12 4.53%

Home, together with
husband/wife

167 63.02%

Home, together with other
family members

86 32.45%

Subjective Health Status 10 26 9.81%

8–9 98 36.98%

6–7 98 36.98%

≤5 43 16.22%

Length of WeChat Use <1 year 10 3.77%

1–2 year 24 9.06%

2–4 years 47 17.74%

5–7 years 69 26.04%

>7 years 115 43.4%

Whether to use WeChat Pay Yes 242 91.32%

No 23 8.68%

5.2 Measurement Model

Table 3 reports the psychometric properties a of all constructs in the proposed research
model. First, the internal reliability was assessed by the Cronbach’s alpha and composite
reliability (CR) values, and all of themare over the recommended value of 0.7 [51],which
support strong internal reliability. Second, the convergent validity was assessed by the
values of average variance extracted (AVE). The results suggest that all the AVE values
are greater than 0.5 [52], and all the item loadings (see Table 1) are above the recom-
mended value of 0.7, which indicates high convergent validity. Third, the discriminant
validity was examined by the square root of the AVE, as well as the Heterotrait–Mono-
trait (HTMT) ratio [53]. The square root of the AVE values for each construct is higher
than all of its correlation coefficients with other constructs, as n in Table 3 [49]. All
the HTMT values are below the recommended threshold values of 0.85, as in Table
4 ([52], indicating qualified discriminant validity. The aforementioned results present
good psychometric properties for all the constructs in our study.
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Table 3. Correlations and psychometric characteristics.

1 2 3 4 5 6 7 8 9 10

1. Perceived
value

0.876

2. Transition cost 0.316 0.830

3. Uncertainty
cost

0.266 0.661 0.861

4. Regret
avoidance

0.282 0.539 0.407 0.917

5. Social
influence

0.128 0.341 0.189 0.183 0.819

6. Habit 0.178 0.571 0.403 0.487 0.309 0.849

7. Technology
anxiety

0.327 0.733 0.638 0.549 0.394 0.604 0.888

8.
Self-actualization

0.195 0.214 0.19 0.148 0.435 0.108 0.249 0.899

9. Cognitive
lock-in

0.279 0.627 0.545 0.541 0.298 0.625 0.697 0.196 0.945

10. Adoption
intention

0.318 0.530 0.427 0.450 0.455 0.454 0.641 0.404 0.722 0.900

Cronbach’s
Alpha

0.854 0.776 0.828 0.811 0.832 0.805 0.910 0.882 0.940 0.883

Composite
reliability

0.908 0.869 0.896 0.914 0.887 0.887 0.937 0.927 0.961 0.928

Average Variance
Extracted (AVE)

0.768 0.689 0.742 0.841 0.670 0.720 0.788 0.808 0.893 0.810

Note(s): Values on the diagonal represent the square roots of the average variance extracted (AVE)
for each construct

Table 4. Heterotrait–Monotrait (HTMT) ratios.

1 2 3 4 5 6 7 8 9 10

1. Perceived value

2. Transition cost 0.368

3. Uncertainty cost 0.305 0.829

4. Regret avoidance 0.329 0.671 0.474

(continued)
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Table 4. (continued)

1 2 3 4 5 6 7 8 9 10

5. Social influence 0.146 0.379 0.231 0.231

6. Habit 0.202 0.481 0.701 0.583 0.344

7. Technology anxiety 0.354 0.870 0.721 0.638 0.420 0.698

8. Self-actualization 0.215 0.252 0.215 0.171 0.516 0.118 0.273

9. Cognitive lock-in 0.285 0.724 0.607 0.617 0.306 0.704 0.753 0.21

10. Adoption intention 0.344 0.633 0.493 0.532 0.504 0.526 0.716 0.453 0.792

5.3 Structural Model

We use standard bootstrap in SmartPLS with 5,000 bootstrapping samples to examine
the significance. Figure 2 and Table 5 illustrate the structural model results.

Fig. 2. The results of the structural model. Notes ***p < .001,**p < .01,*p < .05, nsp > .05.

First, we examine the antecedents of cognitive lock-in. Cognitive lock-in is signif-
icantly strengthened by technology anxiety (β = 0.321, p < 0.001), habit (β = 0.266,
p < 0.001), regret avoidance (β = 0.141, p < 0.05), and uncertainty costs (β = 0.121,
p < 0.05) whereas transition cost does not significantly influence cognitive lock-in.
Therefore,

the R-squared value indicates that the technology anxiety, habit, regret avoidance,
and uncertainty costs can explain 57.6% of the variance in cognitive lock-in. Therefore,
H3, H5, H6, and H7 are supported, but H2 is not.
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Second, with regard to the determinants ofWeChat Pay adoption intention, we found
that adoption intention was significantly influenced by cognitive lock-in (β = −0.595,
p < 0.001). In addition, self-actualization (β = 0.190, p < 0.01) and social influence
(β = 0.157, p < 0.001) have a positive impact on adoption intention while perceived
value does not. The R-square value indicates that cognitive lock-in, self-actualization,
and social influence explain 62.7% variance of adoption intention. Therefore, H4, H8,
and H9 are supported, while H1 is not.

Lastly, among all the seven control variables, only subjective health and length of
WeChat use have salient influences on adoption intention with path coefficients of 0.091
and 0.088, respectively (p < 0.05).

Table 5. The results of the structural model.

Hypothesis
testing

Path coefficient Standard Deviation p-value Hypothesis testing

Cognitive Lock-in -
> Adoption
Intention

−0.595 0.053 0.000 Supported

Perceived Value - >
Adoption Intention

0.079 0.041 0.054 Not Supported

Transition Cost - >
Cognitive Lock-in

0.084 0.076 0.266 Not Supported

Uncertainty Cost -
> Cognitive
Lock-in

0.121 0.061 0.048 Supported

Regret Avoidance -
> Cognitive
Lock-in

0.141 0.06 0.019 Supported

Social Norm - >
Adoption Intention_

0.157 0.049 0.001 Supported

Habit - > Cognitive
Lock-in

0.266 0.064 0.000 Supported

Technology Anxiety
- > Cognitive
Lock-in

0.321 0.087 0.000 Supported

Self-actualization -
> Adoption
Intention

0.190 0.049 0.000 Supported

Age - > Adoption
Intention

0.031 0.042 0.466

(continued)
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Table 5. (continued)

Hypothesis
testing

Path coefficient Standard Deviation p-value Hypothesis testing

Education Level - >
Adoption Intention

0.020 0.053 0.710

Gender - >
Adoption Intention

−0.013 0.040 0.744

Subjective Health -
> Adoption
Intention

0.091 0.039 0.020

Living Condition -
> Adoption
Intention

0.044 0.038 0.244

Length of We Chat
Use - > Adoption
Intention

0.088 0.041 0.032

Whether to use
WeChat Pay - >
Adoption Intention

0.047 0.047 0.319

6 Discussion

6.1 Key Findings

This study employed status quo bias theory to investigate the relationship between cog-
nitive lock-in andWeChat Pay adoption intention as well as the antecedents of cognitive
lock-in. The findings indicate that the cognitive lock-in of older adults is significantly
strengthened by technology anxiety, habit, regret avoidance, and uncertainty costs. The
study also reveals that users’ intention to adoptWeChat Pay is positively associated with
social influence and self-actualization, while cognitive lock-in is a significant negative
determinant.

Among the four antecedents of cognitive lock-in, technology anxiety is the most
important (β = 0.321, p < 0.001), which is consistent with the previous literature that
technology anxiety is one of the most important barriers in adopting mobile health ser-
vices in China [30]. According to the research by Tsai, Juin-Ming, et al. [55], technology
anxiety negatively impacts the perceptions of compatibility, usefulness, and ease of use,
which makes it a subconscious factor for maintaining SQB. Habit, as the second most
important factor in our model, is also a subconscious factor. We can assume that the
subconscious factor may be more important than the conscious factor in the study of
older adults.

Meanwhile, the significance of uncertainty cost reveals that some older adults are
not familiar with WeChat Pay and are fearful of losing their privacy or property, which
contribute to their cognitive reluctance to change because users’ feelings of uncertainty
mainly ensue from the fear that the performance of the mobile payment platform may
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fail to meet expectations. Furthermore, the significance of regret avoidance is possibly
due to the telecom fraud they have experienced or heard and the increased convenience,
which leads them to spend more money.

Conversely, the insignificant effect of transition cost is a little surprising, given that
some prior studies have found it to be significant. (e.g., Heish, 2021; Gong, Xiang,
et al. 2020 [41]). We assume that there may be two reasons. One is that the other four
antecedents are more vital, and they might be less influential for transition cost, as
the transition cost of mobile payment is relatively low compared to other innovative
technologies [38]. The other is that the respondents in our sample have generally had
access to the Internet for many years, and the cost is steadily reducing.

With regard to the constructs related to adoption intention, social influence has the
largest positive effect size, which is aligned with the previous study by Talukder et al.
[36]. As we mentioned before, WeChat Pay is dominant in the Chinese mobile payment
market and has a good reputation; thus, it is natural for older adults to try and follow
the majority, especially those in the same social circle, to prevent social disconnection.
It might be a good way to increase the adoption behavior by stimulating users to attract
people around them to useWeChat Pay-related functions such as sending red envelopes.

Another enabler we find is self-actualization. The result proves that learning or using
ICT might be an opportunity for older adults to achieve a sense of accomplishment or
self-actualization. Because of high self-actualization, older adults adopt WeChat Pay to
show their learning ability and get a feeling of accomplishment.

However, the impact of perceived value is not significant. This result is in line with
Hsieh’s [46] study, where perceived net benefit does not significantly influence user’
intentions to switch from cash payment to medical mobile payment. The influence of
perceived value may be relatively small compared to cognitive lock-in, which is in line
with the definition of cognitive lock-in.

6.2 Implications

Theoretically, this study helps us better understand inner mechanisms of older adults’
adoption of mobile payment from the perspective of cognitive lock-in based on SQB.
First, we explore adoption by older adults from a new perspective of cognitive lock-in,
which is a supplement to explain the adoption behavior of older adults. Second, we
develop a model of cognitive lock-in in mobile payment, including its antecedents and
consequences, which is an extension of cognitive locking itself. We also extended the
perspective of SQB by adding habit and technology anxiety as two significant subcon-
scious factors. Third, our research contributes to mobile payment adoption behavior
research in older adult groups. This research reveals that in a mobile payment research
context, the characteristic of older adults weighs more than ordinary factors. Thus,
in future research considering older adults, scholars should pay more attention to the
sociocultural characteristic and personalities of older adults.

Practically, our study can help promote older adult-oriented design, relieve the
cognitive lock-in, and improve the digital literacy of this group.

First, for WeChat Pay and other mobile payment platforms, this study provides ref-
erences on optimizing age-appropriate services for mobile payment to further enhance
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user experience. As Linck et al. [56] argue, perceived security is one of the most impor-
tant factors for the market breakthrough of mobile payment systems. Low perceived
security leads to uncertainty and anxiety. Our research implies that uncertainty cost,
regret avoidance, and technology anxiety are significant antecedents of cognitive lock-
in. Therefore, to reduce cognitive lock-in by older adults, WeChat Pay and other mobile
payment platforms need to pay critical attention toward enhancing the service quality
and perfecting the platform security. They should not only design specialized barrier free
user interfaces and functions for older adults but also reduce the risk by adding extra
authentication regulations and safety confirmation measures into large payment orders.

Second, this study offers suggestions on improving the digital literacy of older adults.
As social influence and self-actualization have a significant influence on theWeChat Pay
adoption of older adults, WeChat developers can attract more older users by encourag-
ing their families or peers to share the service based on social functions on WeChat.
Moreover, intergenerational learning is an effective way to relieve anxiety and enhance
confidence [57]. We should encourage children, younger families, caregivers or recruit
volunteers to guide, participate, and transfer relevant knowledge and skills to older
adults. In addition, product developers as well as communities can provide ICT train-
ing courses for older adults through online and offline, which can enhance the sense of
self-actualization. Habit is an essential antecedent to their cognitive lock-in. In this case,
helpful solutions to change their fixed mindset are still to establish new habits through
social influence and reduce the inhibitors including high switching costs (both transition
and uncertainty costs), especially for those non-users who have little smartphone usage
experience. Once they start using mobile payment, especially during the COVID-19
pandemic, they are likely to continue use it after the pandemic, if they feel satisfied and
get accustomed to this technology [58].

6.3 Limitations and Future Research

There are some study limitations which offer implications for future research. First, the
data we used are self-reported data collected from the online survey, so older adults’
real perceptions may not be fully reflected. The constraints of cross-sectional data also
undermined causal relationships. Future studies can use longitudinal data or conduct
experimental studies to mitigate these limitations. Second, this research was conducted
in China which has a high mobile payment adoption rate, and our respondents have an
overall higher education level as well as longer WeChat use experience. These mean
that people are more familiar with this technology and have relatively higher digital
literacy; thus, it would be interesting to further conduct cross-cultural research with a
larger sample size and validate our results.
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Abstract. Owing to the global COVID-19 (coronavirus disease 2019)
pandemic, many people have been forced to adopt a new lifestyle that
makes extensive use of information and communication technology (ICT)
under the slogan “Stay Home.” Because older adults have been reported
to be more resistant to information technology, such rapid changes in
their lifestyle would be more difficult for them to accept. However, some
senior citizens have used ICT or have improved their ICT skills since
the COVID-19 pandemic. Analyzing the current situation of older adults
may allow for a detailed analysis of the acceptance process of information
technology. In this article, we aim to clarify the mechanism of acceptance
and use of information technology among older adults in terms of social
conditions, support systems, and the usability and accessibility of inter-
faces. The results indicated that the transtheoretical model of behavior
change in terms of interest and usage status of ICT/IoT services can be
used to categorize technology acceptance situations.
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1 Introduction

Japan’s aging rate reached 28.7% in 2020 and 29.1% in 2021, and the work-
ing population is expected to continue to decline while social security costs are
expected to rise [4]. In addition, some of these older people are unaware of how
to use information and communication technology (ICT), making it difficult for
them to live in an increasingly information-oriented society [10,12,16,23,28,36].
Furthermore, as a result of the global COVID-19 (coronavirus disease 2019)
pandemic, many people have been forced to adopt a new lifestyle that makes
extensive use of ICT under the slogan “Stay Home” [2,22,34,35]. Because older
adults have been reported to be more resistant to information technology, such
rapid changes in their lifestyle would be more difficult for them to accept
[5,7,13,14,20,33].

However, some senior citizens have been more proficient in the use of ICT
than before the COVID-19 pandemic [8,19,27], and there are some learning
circles established by older superusers to spread their knowledge on a community
basis [31,37]. Furthermore, user interface diversification has recently progressed,
and various accessible technologies have been enhanced and prevailed [24,38].
Particularly, recently, since there are an increasing number of health-related
technologies with accessible and senior-friendly interfaces, some older people may
adopt ICT in their daily lives [9,11,15,17,18,21,29,39,40]. Thus, the barriers for
older adults to begin using ICT have been reduced as a result of a combination
of social conditions, interfaces and accessibility of information technology, and
voluntary support systems, and the situation is thought to be gradually changing
to make it easier and easier for them to continue using it. As a result, analyzing
the current situation of older adults may allow for a more detailed analysis of
the acceptance process of information technology.

Therefore, this study aims to better understand the process of acceptance and
use of information technology among older adults in terms of social conditions,
support systems, and the usability and accessibility of interfaces. The following
are our research questions.

Q1. What are the factors related to the acceptance, resistance, and use of ICT
by older adults?

Q2. How can older adults be classified in terms of their attitudes toward the use
of ICT?

Q3. What kind of ICTs do older adults start to accept?

2 Method

2.1 Procedure and Questionnaire Items

We conducted a questionnaire survey to ascertain whether the use of information
technology had changed as a result of the COVID-19 pandemic in areas where
older people volunteered to provide ICT support. A self-administered question-
naire was used to collect responses from 1,177 households in an eastern Japanese
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Table 1. Age group of the participants.

Age <30s 30s 40s 50s 60s 70s 80s

Frequency 2 22 44 52 78 276 172

suburb. Respondents were asked about their socio-demographic characteristics,
digital device support needs, use of and intention to use ICT/IoT (Internet of
Things) services and their awareness of technology acceptance and resistance in
Japanese. We considered 12 items (e.g., smartphones, tablet devices, laptops) for
the use and intention to use ICT/IoT services, as shown in Table 2, extracted
from the ELSA 50+ Health and Life [1,30], and participation in online meet-
ings/chats. Participants answered these items with 4-point scale composed of 1.
I have been using it before “Stay home,” 2. I started using it because of “Stay
home,” 3. I do not use it, but I am interested in it, and 4. not used and interested.
To ensure unidimensionality, we organized the data into three levels based on
the start time of use (answers 3. and 4. were considered equal) and three levels
based on the interest (answers 1. and 2. were regarded as equal). Because we
obtained similar results based on the starting time of use and the interest, this
paper will only discuss the results based on the starting time of use.

The questionnaire on technology acceptance and resistance comprised of
acceptance-related items include perceived usefulness (PU), perceived ease of use
(PEoU), intention to use (IU), facilitating condition (FC), adaptation intention
(AI), and subjective norm (SN), and resistance-related items include resistance
to change (RC) and technology anxiety (TA), as shown in Table 3. Participants
in the questionnaire were asked to rate these items on a 5-point Likert scale: 1.
strongly disagree, 2. disagree, 3. neutral, 4. agree, and 5. strongly agree. These
items were culled from various studies on technology acceptance and resistance
[3,5,6,10,16,23,32].

This study was approved by the ethics committee at The University of Tokyo.

2.2 Dataset and Participants

There were 702 responses (59.6% collection rate). Missing data were omitted for
the 90 questions about ICT use and technology acceptance and resistance to the
extent that homoscedasticity from the original data distribution was preserved.
As a result, when including responses with approximately 25% missing data
(N = 646), the equivariance was satisfied for all response items at a significance
level of 5%, so we decided to use this data set. There are 350 males and 296
females among the 646 participants. The age group of the participants is shown
in Table 1; the majority of the participants were older adults in their 70s and
80s.

2.3 Analysis

First, we ran exploratory and confirmatory factor analyses on two question item
sets: intention to use ICT/IoT services and technology acceptance and resistance.
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These analyses are intended to see if the factors we initially assumed could be
extracted, particularly in terms of technology acceptance and resistance. In this
case, we first extracted items for which reliability could be assured using the
Kaiser–Mayer–Olkin measures of sampling adequacy, and then used Bartlett’s
sphericity test to confirm that the observed variables were uncorrelated. After
removing the problematic items, we used exploratory factor analysis to extract
the factors. At the time, the Kaiser–Guttman criterion, screeprot, parallel analy-
sis, MAP (maximum a posteriori) criterion, and parallel analysis with SMC were
used to determine the appropriate number of factors (squared multiple correla-
tion). The factors were then extracted using the maximum likelihood method,
and the factor axes were rotated using the promax rotation. Finally, the number
of factors extracted by exploratory factor analysis was determined by subjective
interpretability and goodness of fit measures such as RMSEA (root mean square
error of approximation) and TLI (Tucker–Lewis index). Meanwhile, because of
confirmatory factor analysis, we interpret the most appropriate and reasonable
factor sets using similar criteria, but we used goodness of fit measures such as
RMSEA and TLI, as well as CFI (comparative fit index) and SRMR (standard-
ized root mean square residual).

We used cluster analysis to analyze the respondents’ situation after calculat-
ing the factor loadings and scores for each response to the obtained factors. We
used the k-means method, a non-hierarchical clustering method, to separate the
clusters after determining the appropriate number of clusters based on the Gap
coefficients. Finally, structural equation modeling was used to create a model
of the relationship between changes in ICT usage and the previously mentioned
factors. We decided to conduct the analysis using the multiple indicator model
at this time. We used the factor scores of the 462 participants with no missing
values because factor scores could not be calculated for responses with missing
values.

3 Results and Discussion

3.1 The Use and Intention to Use ICT/IoT Services

Figure 1 depicts the use and intent to use ICT/IoT services. In addition to check-
ing the news, maps, and traffic information, most participants used ICT to com-
municate with family and friends (q2,3, and 12). After staying at home, the
most common activity was using online meeting apps (q14), followed by watch-
ing movies, TV dramas, and videos, and listening to music and radio programs
(q4). Watching over family members and pets (q9) and entertainment (q1) were
rarely used by participants.

Table 2 depicts the factor loading matrix of starting time to use applications
obtained by exploratory factor analysis. The consistency of the factors extracted
by the exploratory and confirmatory factor analyses was also confirmed. We
conducted factor analysis for the cases of 1, 3, 4, and 5 factors as a result of the
factor numbers criteria. We extracted four factors based on interpretability: 1)
information acquisition, 2) entertainment, leisure, and consumption activities,
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q14. Online meetings or chats

q13. Take and share photos and videos

q12. Keep in touch with family and friends

q11. Cashless payment

q10. Shopping, booking & purchasing tickets

q9. Watch over family or pets at home

q8. Record footsteps, exercise, & health info.

q7. Take notes and keep records

q6. Alarm clocks, timers, & calendars

q5. Books and magazines

q4. Movies, TV, music & radio

q3. Map, traffic, and weather

q2. News & the latest information

q1. Entertainment

0.00 0.25 0.50 0.75 1.00
Ratio

4. Not used and interested in it. 3. Not used it, but interested in 2. Started using it because of "Stay home" 1. Used it before "Stay home"

Fig. 1. The use and intention to use ICT/IoT services. Detailed question items are
shown in Table 2.

Table 2. Factor loading matrix of starting time to use applications acquired by
exploratory factor analysis.

3) time, schedule, and physical activities, and 4) multimedia communications
(RMSEA = .038 < .05, TLI = .968 > .95 in exploratory factor analysis). In
confirmatory factor analysis, CFI = .936 > .90, TLI = .911 > .90, RMSEA
= .070 < .10, SRMR = .049 < .05 . The factor analysis results revealed little
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Fig. 2. Factor scores calculated for each age group in four factors extracted by the
exploratory factor analysis. In these graphs, the higher the vertical axis value, the less
interested the respondents are.

difference between the values reconstructed as the three levels of the starting time
of use and the interest. This finding implies that different types of applications
begin to be used at different times.

Figure 2 shows the factor scores calculated for each age group and displayed
in box plots. In this plot, the higher the vertical axis value, the less interested
the respondents are. We discovered that the older the respondents were, the
less interested they were in all factors. Factor 1: information acquisition demon-
strated a significant difference between participants in their 80s. As the age group
grows older, the use of traditional media such as television and newspapers may
increase without the use of ICT, and this trend may be especially pronounced
in participants in their 80s.

3.2 Factors on Technology Acceptance and Resistance

Table 3 shows the results of the exploratory factor analysis. The consistency of
the factors extracted by the exploratory and confirmatory factor analyses was
also confirmed. We conducted factor analysis for the cases of 3, 5, 6, and 10
factors as a result of the factor numbers criteria. We extracted the six factors
described in the Sect. 2.1 based on the interpretability: perceived ease of use
(PEoU), subjective norm (SN), technology anxiety (TA), perceived usefulness
(PU), intention to use (IU), and resistance to change (RC) (RMSEA = .036 <
.05, TLI = .978 > .95 in exploratory factor analysis). In confirmatory factor
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Table 3. Factor loading matrix of technology acceptance and resistance acquired by
exploratory factor analysis.

analysis, CFI = .960 > .95, TLI = .944 > .90, RMSEA = .068 < .100, SRMR
= .053 < .100. The facilitating condition (FC) and adaptation intention (AI)
factors were not extracted.

Figure 3 depicts the path diagram based on the confirmatory factor analysis
of technology acceptance and resistance. The correlation coefficients between
the factors revealed positive correlations between TA and RC, PU and SN, and
TA and IU, as well as negative correlations between TA/RC and PEoU/PU,
respectively. Taking these findings into account, it is possible to conclude that
those who perceived ICT to be more useful wanted others to use it, whereas
those who perceived ICT to be simple to use felt less anxious about it. On the
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Fig. 3. The exploratory factor analysis calculated factor scores for each age group in
six factors about technology acceptance and resistance. The character strings in the
circles and rectangle boxes represent the factors and question numbers listed in Table 3.

other hand, as people’s fear of technology grew, so did their willingness to use it.
This result could have been obtained while staying at home to avoid COVID-19
infection.

3.3 Clusters of Those Who Feel the Acceptance and Resistance
to Technology

Table 4 depicts the results of clustering the factor scores of technology acceptance
and resistance using the k-means method along with the average factor scores
in each cluster. For the sake of Gap statistics and interpretability, the case of
seven clusters was used in this analysis. The clusters were analyzed by assigning
them to the five stages of Prochaska’s transtheoretical model of behavior change
[25,26]. The clusters in Table 4 correspond to the progress of the stages such
as maintenance, action, preparation, contemplation, and precontemplation, in
order from the top of the table. As a result, classification of ICT usage could be
performed to some extent in accordance with the five stages. We could categorize
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Table 4. Results of cluster analysis on the factor scores of technology acceptance
and resistance shown. Because the directions of acceptance and resistance are positive
and negative, respectively, the directions of positive/negative are reversed only for TA
(technology anxiety) and RC (resistance to change).

Table 5. Age group of participants in each cluster for technology acceptance and
resistance shown in Table 4.

the groups that felt usefulness of ICT and the groups that felt fatigue of ICT use
in the action/maintenance (C1/C2) stages based on the average value of each
factor score. Furthermore, the contemplation stage (C6/C7) could be divided
into two groups: those who are disgusted by ICT and those who are not.

Table 5 depcits the ratio of age groups that comprise each cluster. There
were more people in the maintenance/action stage, C1/C2, who were in their
60s or younger than in the other clusters. Clusters C4 to C7, however, had
a higher proportion of older people, primarily in their 70s and 80s. It is worth
noting, however, that the precontemplation with less disgust in C6 was primarily
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associated with older adults in their 80s. This finding suggests that many older
adults, particularly those in their 80s, may not be resistant to ICT in and of
itself, despite difficulties in using and learning ICT.

3.4 Relationship Between the Starting Time to Use Applications
and Technology Acceptance and Resistance

Figure 4 depicts the relationship between the factors of technology acceptance
and resistance and the factors of starting time to use applications (CFI = .956 >
.95, TLI = .944 > .90, RMSEA = .047 < .05, SRMR = .050 < .10). Those
that begin with “T ” represent the factors that determine when applications
can be used for the first time. In general, all factors influencing the initial time
spent using applications were highly and positively related to perceived ease of
use (PEoU), perceived usefulness (PU), and subjective norm (SN). However,
information acquisition (T IA), multimedia communication (T MC), and enter-
tainment, leisure, and cashless payment (T EL) was negatively and significantly
related to technology anxiety (TA). Furthermore, multimedia communication
and T EL were found to be negatively related to resistance to change (RC).

Because T TS (time, schedule, and activities) had many simple applications
and was related to time management, which is essential in everyday life, the
influence of RC and TA may be less. Furthermore, because T IA is a collec-
tion of information acquisition methods, it has little impact on lifestyles, etc.
Thus, among the negative indicators, it was not strongly related to RC and may
have only been related to TA. However, because T MC and T EL are functional
groups that can influence one’s lifestyle, they may be closely related to not only
TA but also RC. It is well known that various forms of peer support are effec-
tive in dealing with such technology [31,37]. On the other hand, it is difficult
to directly improve the RC; however, because the factors of beginning to use
applications related to RC are also related to TA, it is possible that the effect
of RC can be reduced by moderating TA.

4 Summary and Future Work

We discovered some aspects regarding the use of and attitude toward ICTs
under stay-at-home situations based on factor and cluster analyses of the starting
time to use ICT/IoT services and technology acceptance/resistance, as well as
structural equation modeling of the extracted factors. Our accomplishments are
as follows:

A1. The acceptance, resistance, and use of ICT by older adults can be summa-
rized as the factors of perceived ease of use (PEoU), subjective norm (SN),
technology anxiety (TA), perceived usefulness (PU), intention to use (IU),
and resistance to change (RC). The factors of facilitating condition (FC),
and adaptation intention (AI), as initially assumed, was not extracted.
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Fig. 4. The relationship between the factors of starting time to use applications and
technology acceptance and resistance is depicted in a path diagram. Positive and neg-
ative relationships are represented by green and red lines, respectively. The following
are the methods for the character strings in the circles: T EL: Begin using applications
for entertainment, leisure, and consumption activities. T MC: Begin using multimedia
communications, T TS: Begin using time, schedule, and activity-related applications,
T IA: Time to begin using information acquisition applications, PEoU stands for per-
ceived ease of use, SN stands for subjective norm, TA stands for technology anxiety, and
PU stands for perceived usefulness. IU stands for intention to use, and RC stands for
resistance to change. The strings in rectangle boxes represent question numbers begin-
ning with T, and q represents the question items shown in Table 2 and 3, respectively.
(Color figure online)

A2. The transtheoretical model of behavior change in terms of interest and usage
status of ICT/IoT services can be used to categorize technology acceptance
situations. Furthermore, the presence or absence of a sense of usefulness or
fatigue can be used to classify the usage status, and the presence or absence
of a sense of disgust can classify the precontemplation status.
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A3. To maintain a stable life, applications such as time, schedule, and activities
can be preferred. Regarding negative factors, only the factor of technol-
ogy anxiety affects the information acquisition factor (news, traffic informa-
tion, etc.). However, when it comes to entertainment, leisure, and consump-
tion activities, as well as multimedia communication, resistance to change
is affected in addition to technology anxiety.

Our future work is as follows:

– Further analysis will be conducted, for example, by including variables such
as age and the availability of supportive people.

– We will investigate measures to encourage older adults who do not use ICT
based on the findings of technology acceptance and resistance.
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Abstract. The 2020 Census was the first U.S. census to use an online reporting
option as the primary data collection vehicle. The online census questionnaire was
available between March and October of 2020. User satisfaction with the online
census experience was measured via an online follow-up survey called the 2020
CensusUser Experience (UX) Survey. A sample of 153,000web respondents from
the 2020 Census were invited to complete the UX survey, and notified with up to
three text message invitations. We selected a representative nationwide sample of
respondents likely to have had different experiences filling out the Census, such as
those who answered the census in March and those who waited until October, or
those who answered using a smartphone and those who used a PC.We did not take
into consideration the demographics of the respondentswhen selecting the sample,
however, post analysis showed some age-related differences in both satisfaction
with the online census experience and in responding to the UX survey through a
link sent via text message. Older adults who already answered their census online
and who likely owned a cell phone were more likely to interact with the text
message (either by replying STOP or answering the survey) than either younger
users or middle-age users. Older adults were also more satisfied than younger
adults. However, satisfaction did not differ between older and middle-aged adults.
These findings add to the general research on older adults and technology.

Keywords: SMS · Text ·Motivation · Satisfaction · U.S. 2020 Census

1 Introduction

The 2020 Census was the first U.S. census to use an online reporting option as the
primary data collection vehicle. The online census questionnaire was available between
March and October of 2020, with Census Day being April 1, 2020. Most residential
addresses in the U.S. were mailed notifications about answering the census. In these
mail pieces, the URL of the online census questionnaire was included along with the
authentication code, called the Census ID, specific to that address. The public could
report their census information even if they did not have a Census ID, but they would
have to enter their address. In May 2020, Census Bureau staff noticed a higher-than-
expected use of the online census path where users did not enter a Census ID and these
respondents were more likely to exit the census questionnaire before reaching the end
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of it. The former problem could have been due to confusion on the questionnaire’s login
screen, or problems with the mail material where the authentication code was printed.
The latter problem could also have been a usability problemwith that questionnaire path.
To examine if there were usability issues with the online census questionnaire or themail
materials, staff created and disseminated a short 3-min survey to measure satisfaction
with the online census experience called the 2020 Census User Experience (UX) Survey.

Because the UX survey was not originally part of census production planning, and
due to restricted mobility during the COVID-19 pandemic, staff needed a convenient
way to notify the sample to minimize unanticipated costs and additional staffing needs.
Contact via text message appeared to be a viable option, as the Census Bureau requested
respondents’ phone numbers in the online census in the event of any official business
follow-up. The UX survey was the Census Bureau’s first experience with text-only
notification for an online survey.

Whilewe did not select a sample for theUXsurvey based on respondent demographic
characteristics, this paper repurposes the data to look at age-related differences. One
goal is to determine whether older adults who answered their census online would
be more or less likely to use text messaging as a communication vehicle to access
another online survey. Measuring any limitations associated with notification modes is
important to reduce total survey error [1]. The other goal of this analysis is to see whether
older adults differed in their satisfaction with the online 2020 Census questionnaire
compared to middle-aged and younger adults. As this was the first census to use an
internet questionnaire as the primarymode of response, documenting if the online survey
was satisfactory for all respondents, regardless of age, was important.

To be in the sampling frame for the UX survey, the respondent had to initiate or
complete the online version of the 2020 Census, which included entering a cell phone
number as their contact number. There was some concern that the online census ques-
tionnaire would pose a burden for older adults as internet access is not as prevalent with
that age group [2, 3]. However, older adults traditionally have been considered “good”
responders to the census in general, with high response rates. In a study measuring the
attitudes and behaviors of the U.S. public, older respondents were more likely to report
intent to participate in the census while younger householders were least likely to report
they intended to participate in the census [4–6]. These findings suggest that while some
older adults will not be able to use the online census questionnaire, for those who have
internet access, their likelihood of answering the census online should be higher than
younger adults.

To access the UX survey, the census respondent also had to respond to a text mes-
sage sent to the cell phone number collected by the online census questionnaire. Like
internet access, older adults are less likely to text, with differences especially apparent
by health and socioeconomic status. Those with fewer physical limitations and higher
education levels use technology more [7]. Other studies show that older adults who use
text messaging do so successfully to build social relationships [8] and improve health
experiences [9, 10]. Given the fact that older adults have been shown to be “good”
responders and that these particular older adults are technically savvy since they already
completed the 2020 Census online, we predict that there will be age-related differences
in engaging with a survey through a text notification. Our hypothesis is that older adults
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will be more likely to engage with the text message than middle-aged or younger adults.
Engagement includes actions such as refusing to participate (engaging with the text by
replying STOP) or participating (accessing, initiating, or completing the web survey by
selecting the link). We also examine participation as measured by breakoffs while in the
survey (this is the difference between those who initiate and complete the survey).

We also wanted to determine whether user satisfaction of the online census question-
naire differed by age. Researchers who have examined the “positivity effect” associated
with older adults [11] have observed a shift in behavior and attitude from a negativity
bias early in life to a positivity bias in middle and late adulthood [12]. While there is
some debate in the literature whether this phenomenon occurs because older adults for-
get or suppress negative experiences more easily, or because they simply assess those
experiences more positively, studies tend to point to the latter [13–16]. In prior Census
Bureau research with online mobile web surveys, adults 50 years and older rated their
survey experience more positively than adults under 50 [17]. Based on this literature our
second hypothesis is that older and middle-aged adults will be more satisfied with their
online census experience than younger adults.

2 Methods

Below are highlights of methods relevant to the online follow-up satisfaction survey.

2.1 User Experience Survey Questions

The UX survey took on average three minutes to answer and was programmed in
Qualtrics, an off-the-shelf software application for designing web surveys. The first
question in the UX survey (Fig. 1) asks for the respondent’s satisfaction with their
online census questionnaire experience. The UX survey measured respondent satisfac-
tion with the online census questionnaire to examine why census respondents were not
using their Census ID. Because respondents who did not use their Census ID were also
less likely to click “submit” at the end of the survey, the UX survey also sought to better
understand whether something about this path led to increased exiting prior to selecting
“submit” at the end of the questionnaire [18].
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Fig. 1. Satisfaction question in the 2020 Census User Experience Survey

2.2 User Experience Survey Sample

We selected a representative nationwide sample of 2020 Census respondents who
reported online. This sample consisted of 153,000 phone numbers to receive the User
Experience Survey via a web-link in a text notification. These were likely cell phones
as we took the phone numbers collected in the online census and matched them to an
administrative list of possible cell phone numbers in order to remove landlines before
sampling. Online responses from Puerto Rico were also removed as our satisfaction
survey was in English only.

We stratified and sorted the sample before sampling.We did not aim to sample partic-
ular demographics of respondents, but rather to include 2020 Census online responders
whomight have had different experiences, such as those who used amobile phone versus
those who used a large device (such as a laptop or PC) to answer the census. We also
wanted to oversample those who did not use the Census ID as the authentication code
and those who did not fully submit their census during the session (that is, those who
had answered a number of the questions in the questionnaire but who had failed to click
the “submit” button).

In terms of timing, the “early responders” (those reporting in March through June)
were sent the text notification to participate in the UX survey in August. For the later
responders, text notifications were sent in one of three additional waves (September,
October, or November 2020) based on when they answered the census. Those texts were
sent about a month after they had answered the census. Each wave had an 11-day field
period from the time the first text was sent until the closeout of that wave.
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Fig. 2. Example of the first text notification for the 2020 Census User Experience Survey

2.3 User Experience Survey Notification Method

For this UX survey, we sent up to three texts. Figure 2 is an image of how the first text
message looked on a phone. Once respondents finished the UX survey, they did not get
the subsequent texts. Recipients could also reply STOP and they would be taken off any
subsequent messages.

Textswere sent through theSMS texting capability inQualtrics.Users sawafive-digit
number, like what is shown at the top of Fig. 2, on their phone. The three messages for
the three texts underwent expert review and limited pretesting. We sent the texts during
the daytime at 12 noon or 6 pm in the respective time zone of the address associated with
the phone number. We sent texts during the week and not on the weekend or holidays.
We sent the first two texts two or three days apart and then the third text about a week
later. See [18] for more details about the text messages.

2.4 Sample for These Analyses

To study age-related differences in the use of text message notifications to access a web
survey, we examined three age groupings of respondents: 18–29, 40–51, and 65–76.
Those groupings are far apart enough to detect age-related differences and were used in
other age-related analysis at the U.S. Census Bureau [19]. Out of the 153,000 in sample
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for the UX survey, 70,392 fell into one of the three age ranges used in our analysis as
shown in Table 1.

Table 1. Recipient age groups used in analyses

Age group Number Percent

Younger adults 18–29 22,711 32.3%

Middle-aged adults 40–51 32,589 46.3%

Older adults 65–76 15,092 21.4%

Total 70,392 100.0%

Table 2. Session characteristics sampled and with respondent age

Census characteristics Percent from original UX sample Percent with respondent age
associated with file and in one of
the age brackets

Device used to complete

Larger device
Mobile device

48.7%
51.3%

50.8%
49.2%

Authentication code

Census ID used
Census ID not used

65.2%
34.8%

68.4%
31.6%

Submitted census

Yes
No

77.6%
22.4%

86.0%
14.0%

Date responded

Early (March–July)
August
September
October

78.3%
14.3%
3.8%
3.6%

79.8%
12.5%
4.2%
3.6%

Total number 153,000 70,392

As stated earlier, the original UX frame was stratified and sorted by characteristics
that could impact user satisfaction with the online experience in order to determine
why users did not use an authentication code and did not select the submit button.
Table 2 includes the breakdown of the original UX survey sample by these different
characteristics, and then the breakdown of those characteristics for the 70,392 cases we
use in the analyses reported in this paper. The data illustrate that our original percentages
differ slightly from the sample we use in this paper. Percentage-wise, our dataset for
these age-related analyses includes more larger device users, more users who used the
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authentication code to access the census, more users who fully submitted the census,
and finally more users who reported early to the census.

2.5 Analysis Methods

To address the first hypothesis, we initially conduct a Chi-square test of independence
to examine whether the text message usage differs by the three age groups, specifically:

• Churn rate (the percent who replied STOP to the text message to remove themselves
from receiving future text messages from the Census Bureau);

• Access rate (the percent who selected the survey link in the text message – they may
or may not have completed any of the survey);

• Minimum completion rate (the percent who answered at least the first question in
the UX survey, including those who answered or got to the last question in the UX
survey);

• Full completion rate (the percent who answered or got to the last question in the UX
survey); and

• Breakoff rate (of those who started the UX survey, the percent who answered at least
the first question but who did not finish the UX survey). This is the difference between
those who reached minimum survey completion and those who reached full survey
completion.

We then use logistic regression models to check for possible confounding factors
and examine the same five elements. The independent variable of interest is the age
groupings. The older adult age group is the reference group so that we can compare
older adults to the young adults and older adults to the middle-aged adults. The models
control for other characteristics from Table 2 which might influence responding to the
UX survey: the device, use of an authentication code, whether the census was fully
submitted, and the date they responded to the census.

For the second hypothesis, first we examine the five-level satisfaction scores (from
very satisfied to very dissatisfied) by the three age groupings to see whether there is a
relationship between satisfaction and age using a Chi-square test of independence. Then
we use a proportional odds model to explore whether there are significant differences in
satisfaction by age, again controlling for the same variables mentioned earlier.

In the analysis, we consider significance to be p = 0.05 or less.

3 Results

There was a 5.9% access rate and a 15.7% churn rate across all 70,392 recipients,
with a small amount of overlap between the two groups. The remainder, 78.6%, did
not engage with the texts at all. Most of the people who accessed the survey answered
the first question (5.3%). Of the 5.3% who accessed the first question, 16.7% of them
broke off before completing the entire UX survey. Overall, satisfaction for the online
census questionnaire experiencewas high; 87.4% reported either being very or somewhat
satisfied.
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3.1 Hypothesis 1: There Are Age-Related Differences in Engaging
with a Text-To-Web Survey

Table 3 includes the percent of each age subgroupwho replied STOP to the text, accessed
the UX survey link from the text, answered the first question, and finished the survey.
The bottom row provides the Chi-square test of independence statistics for each column.
Each of the Chi-square statistics are significant so we fail to reject our hypothesis. There
is evidence that engaging with the text-to-web survey is dependent on age for these four
measures.

Table 3. Text-to-web survey engagement rates by age groups

Age group Churn rate:
Replied STOP to
the text message

Access rate:
Selected the UX
survey link in text
message

Minimum
completion rate:
Responded to the
1st question in UX
survey

Full completion
rate: Finished
UX survey

Younger
adults 18–29
(n = 22,711)

11.9% 4.1% 3.5% 2.9%

Middle-aged
adults 40–51
(n = 32,589)

15.8% 5.7% 5.2% 4.5%

Older adults
65–76
(n = 15,092)

21.1% 9.4% 8.8% 7.6%

Chi-square
statistic
(*p < .05;
**p < .01)

586.7** 466.2* 501.3** 457.3**

Logistic regression models allow us to examine differences between age subgroups
while controlling for fixed effects that might have also influenced participation in the UX
survey. For churn, we found that younger adults were less likely to reply STOP than older
adults (β =−.33, p < .01). We found no evidence that middle-aged adults were more or
less likely to reply STOP than older adults (β = −.009, p = .5). On survey access, we
found that younger adults and middle-aged adults were both less likely to access the UX
survey than older adults (β=−.4, p< .01 and β=−.06, p< .01, respectively). This same
pattern held for answering the first question in the survey. However, for fully completing
the survey, while young adults were less likely to fully complete the UX survey than
older adults (β = −.04, p < .01), there was only marginal evidence that middle-aged
adults were less likely to fully complete the survey compared to older adults (β =−.04,
p = .06).

We separate breakoffs from the other engagement elements in Table 3 because for
breakoffs, we subset the data to examine only those who answered the first question
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in the survey. Table 4 includes the percent of each age subgroup who broke off before
completing the entireUX surveywith the Chi-square test of independence statistic. In the
table we see the pattern of younger adults having the highest breakoff rate followed by
middle-aged adults and then older adults. However, theChi-squarewas not significant for
age groupings by breakoffs. Thus, we conclude the tendency to break off is independent
of age. When controlling for the other factors in the logistic model, we confirm this
finding. That is, we did not find evidence that age groupings differ in their breakoff rates
(Waldχ2(2)= 1.5, p= .5). Younger adults were nomore or less likely to breakoff within
the UX survey than older adults (β = −.05, p = .5), and the same held for middle-aged
adults. They too were no more or less likely to breakoff compared to older adults (β =
−.03 p = .6).

Table 4. Respondent age groups by breakoffs

Age group User experience survey breakoff

Younger adults 18–29
(n = 797)

16.3%

Middle-aged adults 40–51
(n = 1,702)

14.6%

Older adults 65–76
(n = 1,330)

13.3%

Chi-square statistic 3.6 (n.s)

3.2 Hypothesis 2: Older Adults and Middle-Aged Adults Will Be More Satisfied
with Their Online Census Questionnaire Experience Than Younger Adults.

Table 5 contains the satisfaction results for the three age groupings: younger adults,
middle-aged adults, and older adults. The Chi-square statistic was significant (χ2(8) =
99.0, p < .01) meaning satisfaction differed by age group.

The proportional odds model found age to be associated with satisfaction when
controlling for the other fixed effects. Younger adults were more likely to report lower
satisfaction than older adults (with coefficient β =−0.3849, p< 0.01), but middle-aged
adults and older adults did not differ in satisfaction ratings (with coefficient β = 0.0037,
p = 0.5). This provides evidence in favor of Hypothesis 2.
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Table 5. Satisfaction by age groups

Age group Very
satisfied

Somewhat
satisfied

Neutral Somewhat
dissatisfied

Very
dissatisfied

Younger
adults 18–29
(n = 728)

64.2% 17.5% 11.7% 2.8% 4.0%

Middle-aged
adults 40–51
(n = 1,655)

75.2% 12.2% 8.1% 2.2% 2.2%

Older adults
65–76
(n = 1,309)

82.4% 8.3% 5.7% 2.0% 1.6%

4 Discussion

The purpose of this research was two-fold: to learn more about older adults’ use of
text messages for survey notification and to explore whether these older adults had a
satisfactory experience using the 2020 Census online questionnaire, or whether there
were age-related differences in satisfaction. While the 65 and older population in the
U.S. generally has the lowest rate of internet access, still more than 60% of them have
internet access and many of them used it to complete the 2020 Census online.

Most of the U.S. was notified about the online census through letters and postcards
mailed through theU.S. Postal Service. In a follow-up surveymeasuringuser satisfaction,
the Census Bureau was able to study how text-notification for an online survey would
work for the public. We defined engaging with the text messages as either selecting the
survey link and answering some or all of the survey, or replying STOP to end the text
message notifications. For older adults (defined in our experiment as those 65–79 years
old) who answered the census online and who had a cell phone, we found that they
were more engaged with the text messages than either younger adults (18–29 years old)
or middle-aged adults (40–56 years old). Based on these data, we conclude that text
message is a viable communication tool for older adults who are already online and who
have a cell phone.

It is impossible, however, to disentangle whether using text message to notify older
adults of other survey opportunities would result in the same level of engagement had
the survey not been for census follow-up purposes. Past research has shown that older
adults are aware of the census and its importance. These factors likely contribute to the
high rate of self-report among this age group. Nevertheless, knowing that it is possible
for older adults to engage with text messages for survey purposes is useful for other
survey research activities. Also, once engaged in the online survey, older adults are not
more or less likely to break off before completing than the other age groups studied.

In this experiment we examined satisfaction with the online census questionnaire
experience. Similar to prior research findings [17], we continue to find that older adults
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report higher satisfactionwith their survey experience compared to younger adults. How-
ever, so were the middle-aged adults (40–56 years old). As suggested in the literature,
older adults exhibit a “positivity effect” which could help explain these findings.

5 Conclusions

This research set out to examine the use of text messaging for survey notification and to
gather more data on how satisfaction of survey experiences differs by age, specifically
if we could replicate a previous result that older adults tend to rate survey experiences
as more satisfactory than younger adults. For older adults who are able to answer online
questionnaires, like the census, and who have cell phones, text notifications about an
online survey can be as effective as it would be for other age groups. We also found a
greater satisfaction for those 40 years and older compared to those 18 to 29 years old,
which may be explained by the general “positivity effect” found in middle aged and
older adults. Greater satisfaction might also be explained by differences in household
composition between younger adults and middle-aged and older adults. Future research
should address whether controlling for covariates such as the household size and rela-
tionships within the household affects the differences in satisfaction by respondent age.
Finally, the data used in this analysis continue to show how engaged older adults are
with the U.S. Census.

6 Limitations and Implications for Future Research

Our research on older adults is limited to the group who uses the Internet and who
has a cell phone to receive text messages. Other older adults who do not have these
characteristics might behave differently.
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Abstract. The aim of the study is to examine the perceived barriers to health
information among people at the age 60 years or older in Iceland. The following
questions were asked: 1) What barriers do older adults experience in relation
to information about healthy living? 2) How do the perceived barriers relate to
their age group, sex, and education? The data was gathered by a telephone survey
using a random sample of 300 people aged 60 years or older, the response rate
was 42%. Information barriers were measured by a total of 10 questions. The
participants were divided into two groups, people who are aged 60–67 years and
those who are 68 years and older, and the interaction of age and education on
the experience of barriers examined for each group. The results indicate that the
participants experience of barriers were primarily related to beliefs about the
availability of information, the ability to seek and find it, and the capability to
interpret and understand information. Deciding what information can be trusted
was not considered to be a hindrance. The experience of barriers varied by age and
education,with people in the older age groupbeing less likely to be confrontedwith
hindrances than people in the younger group. In addition, in both age groups people
with university education experienced higher barriers than people with secondary
or primary education. The results and possible explanations are discussed in the
article.

Keywords: Age · Education · Health information barriers · Older adults

1 Introduction

In an information landscape that is getting ever more complex, the resources and the
capacity required to gain access to and assess the contents and functions of health
information have become increasingly more important. The current paper will examine
how people at the age 60 years and older experience barriers to health information.

The term health literacy is significant in this context. TheWorld Health Organization
has defined health literacy as “the cognitive and social skills which determine themotiva-
tion and ability of individuals to gain access to, understand and use information in ways
which promote and maintain good health” (p. 264) [1]. Health literacy is, furthermore,
closely related to a joint definition by UNESCO and IFLA (International Federation of
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Library and Information Association) of media and information literacy, which allows
individuals to “…access, retrieve, understand, evaluate and use, create, as well as share
information and media content in all formats…” [2]. Thus, competency in media and
information literacy is important as a tool for lifelong learning, which provides people
with better opportunities to make informed health decisions. Various factors, however,
may act as barriers that older adults perceive as limiting their possibilities to add to their
knowledge and understanding of the interrelated aspects of health and lifestyle.

In the past years, the emphasis has been on the digitalization of health information
and the challenges that senior citizens deal with in that respect, e.g., weak physical
condition [3], problems with the visual and auditory presentation of information [4–6],
and changes in peoples motor ability [4, 7]. Nevertheless, there has been a substantial
growth in older adults’ use of digital sources [8]. It has also been pointed out that by
taking the needs of older people into account when information technology is designed,
for example with suitable interface design and touch screen solutions [9], some of the
obstacles that they are faced with might be minimized.

Lack of confidence in information sources has, furthermore, been identified as a
hindrance. Particularly health information on the internetmay be regarded as less reliable
than information fromother sources or channels [10–14].Moreover, there are indications
that people prefer to get support from health professionals to identify reliable health
information [15].

The same applies to beliefs about the lack of utility of information in different kind
of sources [12, 16]. Thus, the relevance of digital information is important, and if older
people consider it to be high, they are more motivated and prone to make more effort at
seeking it [17]. Finding an information source, however, as well as knowing what kind
of information is to be found in it, can be problematic [18, 19]. There are, for example,
indications that information about various health matters, provided by professionals
through a health system, is rarely being sought [20]. In addition, health information has
sometimes been described as complex and difficult to understanding [15, 21].

Furthermore, the increase in false health information has been described as a complex
issue that may create serious health risk, whether it is misinformation, which are not put
forwardwith the intention to deceive the receiver, or disinformation, which are published
or presented for the purpose of deception [22, 23]. International organizations have
warned that false information, recently termed as “Infodemic” [24], can cause serious
harm during an international epidemic such as COVID-19 [25, 26]. An identification of
ways to conteract the situation has emphasized the importance of supporting people’s
media and information literacy [27, 28].

Aim and Research Questions. It is a crucial issue that older adults have a possibility
to improve their knowledge about healthy behaviour. Otherwise they will not be able
to make informed choices that promote their health and wellbeing. Yet, there is still
a number of unanswered questions about the information barriers that they may be
confronted with. The aim of the current study is to examine the perceived barriers to
health information among people at the age 60 years or older in Iceland. People aged 60
or over are, however, not a homogeneous group but can consist of many different social
groups with different backgrounds and it is necessary to take this into account.
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The paper will seek answers to the following questions: 1) What barriers do older
adults experience in relation to information about healthy living? 2) How do the per-
ceived barriers relate to their age group, sex, and education?By identifying these barriers,
the professionals who are responsible for health promotion are given the opportunity to
diminish, or preferably eliminate, them. Subsequently, people’s access to health infor-
mation and their capacity to use it effectively to improve their way of living can be
enhanced.

2 Methods

2.1 Data Collection

This is a quantitative study using data that were gathered by a telephone survey from
November 2018 to January 2019. The sample consisted of 300 people aged 60 years and
older from the whole country, randomly selected from the National Register of Persons
in Iceland.

It is traditional to use retirement age to define “elderly” in Western countries [29].
In Iceland. elderly is defined by law as people who have reached the age of 67 [30],
when it is usual for people to retire. This has, however, been criticized for not taking into
consideration the heterogeneity of older adults [31]. It has been pointed out that people’s
chronological age is less important than determinants, like their physical, cognitive, and
social capabilities [32]. In accordancewith the viewpoints, that there is no clearly defined
age when people become senior citizens, the associations for senior citizens in Iceland
admit those who have reached the age of 60 to become members [33]. In view of this, it
was decided that people who have reached the age of 60 should be included in the study,
and that those who are at the age 60 to 67 years, a group who is approaching retirement,
should be compared with people aged 68 years or older, who have already reached the
retirement age.

The total response rate was 42%. Because of the response rate, the data wereweighed
by gender, age, place of residence and education, so that it corresponds with the distri-
bution in the population. Table 1 shows the number of participants before and after the
data was weighed.

Table 1. Number of participants within the sample before and after weighing the data

Before weighing the data After weighing the data

60–67 years old 51 66

68 years and older 75 96

2.2 Measurements and Data Analysis

The measurement consisted of socio-demographic variables as well as variables that
measure information barriers:
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1. Socio-demographic information included traditional background variables. Based on
previous analysis the variables sex and education are used in the current study. Edu-
cation was measured as the highest level of education completed. Three levels were
distinguished: 1) primary education includes those who have finished compulsory
education; 2) secondary education includes those who have completed vocational
training or secondary school; 3) university education.

2. Age groups. To assess how the experience of information barriers may relate to age,
the participants were divided into two groups, those who are aged 60 to 67 years and
those who are 68 years and older.

3. Information hindrances were measured by a total of 10 questions, which are all in
the form of statements that refer to challenges in relation to people’s attitudes and
cognitive aspects. The statements were developed from the concept of media and
information literacy and the discussion of information barriers above. They were
categorized into four groups: Two of them refer to beliefs about the availability of
information, three refer to beliefs about the ability to seek and find information,
two refer to beliefs about the capability to interpret and understand information, and
three refer to trust in information. Each statement had a 5-point response scale (1=
Strongly disagree – 2 = Disagree – 3 = Neither agree nor disagree – 4 = Agree – 5
= Strongly agree).

All analysis is based on weighed data. For each age group, ANOVA (one-way) was
performed to examine difference across educational groups and t-tests to examine dif-
ferences by sex, Tuckey test was used to examine if the differences were statistically
significant. Differences between participants who are 60–67 years old and those who
are 68 years or older were assessed by comparing the mean values for the age groups.

3 Results

The chapter starts with presentation of results about the participants beliefs about the
availability of information.

The results in Fig. 1 show that in both age groups, mean values for the statement
“Information that I may need do not exist” are above median (3, neither agree nor
disagree), for both men and women, as well as for all educational groups.

Despite some differences by sex, it was not significant, neither in the younger group it
(p= 0,133) nor in the older group (p= 0,165). There is, however, a significant difference
by education in the younger group (p = 0,039), as well as the older group (p = 0,019).
People with university education were more likely to agree with the statement than the
other two educational groups (Fig. 1).

A comparison of the age groups shows that, women, and people with primary edu-
cation in the younger group were more likely to agree with the statement than those in
the older group, but apart from this the values for the groups are similar (Fig. 1).

Figure 2 shows that in the younger group,mean values for the statement “Information
exists but I do not have access to it” are above 3 (neither agree nor disagree), except
for people with secondary education. In the older group, values for all groups, except
people with university education, are below 3.
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People with university degree in the younger age group were significantly more
likely to agree with the statement than those who have primary or secondary education
(p = 0,004). Although people with university education in the older age group were
also more likely to agree with this than those with primary or secondary education, the
difference is not significant (p= 0,118). In addition, there is not a significant difference
by sex in the younger group nor in the older group (p = 0,808; p = 0,313, respectively)
(Fig. 2).

Values for the younger group are in all cases higher than for the older group, the
main difference, however, is by men and by people with university education (Fig. 2).

Three statements referred to beliefs about the ability to seek and find information.
The results are presented in Figs. 3, 4 and 5.
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Fig. 3. I do not know where to seek information – Age groups, sex, and education

As can be seen in Fig. 3, in the younger group, mean values for the statement “I do
not know where to seek information” are above 3 (neither agree nor disagree), except
for people with secondary education. In the older group, the mean values for men and
those with secondary and university education are above 3.

People in the younger group with secondary education were significantly less likely
to agree with the statement than those from the other two educational groups (p =
0,006). There is also a significant difference by education in the older group. Those
with university education were more likely to agree with the statement than the other
educational groups (p = 0,028). The results show, on the other hand, that difference by
sex is not significant, neither in the younger age group (p= 0,204) nor in the older group
(p = 0,292) (Fig. 3).
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Thevalues for the younger group are higher than for the older group, except for people
with secondary education. The main difference across the age groups is for people with
primary education and women (Fig. 3).
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Fig. 4. It is difficult to find information with useful advice about health protection – Age groups,
sex, and education

Figure 4 shows that the means for the statement “It is difficult to find information
with useful advice about health protection” are above 3 (neither agree nor disagree) in
the younger group. The same applies to the older group, except for people with primary
education where the mean is below 3.

There is a significant difference by education. In the younger group, those who have
university education were most likely to agree that “it is difficult to find information
with useful advice about health protection”, while people with secondary education
were least likely to do so (p= 0,045). In the older group, those with university education
were also most likely to agree with the statement but those who have primary education
were least likely to agree with it (p = 0,002). Although there is some difference by sex
in the younger group, with women being more likely to agree with the statement than
men, it is not statistically significant (p = 0,11). In the older group there is only a slight
difference by sex, and it is not significant (p = 0,622) (Fig. 4).

A comparison of the age groups shows that themean values are higher for the younger
group, except for people with secondary education where the means of those who belong
the older group are slightly higher. The main difference across the age groups is between
primary education and women (Fig. 4).
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Fig. 5. If I need information about specific items about health protection it can be difficult to
find – Age groups, sex, and education

The results in Fig. 5 show that in the younger group, the means for the statement “If
I need information about specific items about health protection it can be difficult to find”
are in all cases above 3 (neither agree nor disagree). In the older group the means are
above 3 for people with secondary and university education, but below for those with
primary education and for both men and women.

Difference by sex, is not significant, neither for the younger group (p = 0,443), nor
the older group (p= 0,591). Although people with university education weremore likely
to agree with the statement than those in the other two educational groups, the difference
is not significant (p = 0,198). Differences by education in the older group were smaller
and not significant (p = 0,385) (Fig. 5).

The means for the younger group are somewhat higher than for the older group,
apart from people with secondary education, where there is only a very slight difference.
The main difference across the age groups is between those with university education
(Fig. 5).

Two statements referred to beliefs about the capability to interpret and understand
information, the results are presented in Figs. 6, 7.

Figure 6 shows that the means for the statement “There is too few information in
Icelandic” are above 3 (neither agree nor disagree), except for men in the older group.

Men in the older age group were significantly less likely to agree with the statement
than women (p= 0,001). Although there was some difference across men and women in
the younger group it is not significant (p= 0,069). Furthermore, there is not a significant
difference by education, neither in the younger group nor in the older group (p= 0,238;
p = 0,664, respectively) (Fig. 6).
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Fig. 6. There is too few information in Icelandic – Age groups, sex, and education

Values for the younger group are in all cases higher than for the older group, although
the difference by women and people with secondary education is small (Fig. 6).
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As can be seen in Fig. 7, in the younger group the means for the statement “In-
formation is to complicated and difficult to understand” are above 3 (neither agree nor
disagree), except for men and people with secondary education. In the older group, the
means are below 3, except for people with university education.

In the younger group, there is a difference by sex. Men were significantly (p =
0,006) less likely to agree with the statement than women. In the older group, on the
other hand, there was only a slight difference by sex (p = 0,455) (Fig. 7). Furthermore,
there is a significant difference across educational groups in both the younger age group
(p= 0,041) and the older group (p= 0,007). In the younger group, those with secondary
education were least likely, and those with university education most likely, to agree
with the statement. In the older group, those with university education were most likely
to agree with the statement, while the difference across the other educational groups was
small (Fig. 7).

Values for the younger group are in all cases higher than for the older group. The
main difference, however, is between women in the two age groups and between people
with primary education (Fig. 7).

Three of the statements referred to trust in information. The results are presented in
Figs. 8, 9 and 10.
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Fig. 8. Health specialists do not always agree on what is best for health protection, therefore I do
not know what information I can trust – Age groups, sex, and education

As Fig. 8 shows, in both age groups, values for the statement “Health specialists do
not always agree on what is best for health protection, therefore I do not know what
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information I can trust” are below median (3, neither agree nor disagree), for both men
and women, as well as for all educational groups.

There is only a slight difference, and not significant, by sex in both the younger
group (p= 0,569) and the older group (p= 0,642). In addition, results about differences
across educational groups are not significant for the younger group (p = 0,628) and the
older group (p = 0,066) (Fig. 8).

Themeans for the younger group are somewhat higher than in the older group, except
for people with secondary education, where those in the older group are slightly higher
(Fig. 8).
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Fig. 9. The media often publishes information from people whose qualifications I don’t know,
therefore it’s difficult to know the reliable and quality of it – Age groups, sex, and education

Figure 9 shows that the values for the statement “The media often publishes infor-
mation from people whose qualifications I don’t know, therefore it’s difficult to know
the reliable and quality of it” are below 3 (neither agree nor disagree) for all groups.

There is no significant difference by sex, neither in the younger group (p = 0,666)
nor the older group (p= 0,95). In the younger group there is not a significant difference
by education (p = 0,95). There is, however, a significant difference in the older group
(p = 0,009), people with university education were most likely to agree with this and
those with primary education least likely (Fig. 9).

Themeans for the younger group are somewhat higher than in the older group, except
for people with university education, where those in the older group are slightly higher
(Fig. 9).

Whenpresentedwith the statement “The amount of information on the internetmakes
it difficult to choose from, therefore I do not know what information I can trust”, the
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Fig. 10. The amount of information on the internet makes it difficult to choose from, therefore I
do not know what information I can trust – Age groups, sex, and education

results in Fig. 10 show that the values are below median (3, neither agree nor disagree),
except for women and people with primary education in the younger group.

Difference by sex is very small and not significant, neither in the younger group (p=
0,495) nor in the older group (p= 582). Difference by education, on the other hand, was
significant. In the younger group, those who have primary education were most likely
to agree with the statement (p = 0,024), while in the older group, those with primary
education were least likely to do so (p = 0,0001) (Fig. 10).

The means for the younger group are higher than the older group, except for people
with university education where the older group is slightly higher. The main difference
is between those who have primary education, the means of people in the younger group
are considerably higher than for those in the older group (Fig. 10).

4 Discussion

As a key to older adults’ health andwellbeing it is important to promote their possibilities
to be actively involved in health promotional interventions through life-long learning.
This cannot be achieved while they are confronted with hindrances to information. The
study results provide some insight to the barriers that older adults are confronted with.
On a scale of 1 to 5, values over 3 (neither agree nor disagree) represented barriers, while
values below 3 do not. Because the results were analyzed by both sex and education it
was decided that although a value was below 3 for one of the socio-demographic groups,
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it should still be considered a barrier. Likewise, if a value was above 3 for only one group
it was not considered a barrier.

The participants’ experience of hindrances varied by their age group. Of the 10
statements presented in the study, six were found to represent information barriers for
the younger group (Figs. 1, 2, 3, 4, 5 and 6), while for people who are 68 years or older,
only three of them did so (Figs. 1, 4, 6). These statement all fall in the groups referring
to beliefs about the availability of information, the ability to seek and find information,
and the capability to interpret and understand information.

Likewise, the age groups experiences of what did not stand for barriers varied. For
the older group four statements did not stand for barriers, that is the ones referring to
trust in information, as well as the one stating that information is to complicated and
difficult to understand (Figs. 7, 8, 9 and 10). For the younger group, two of the statements
referring to trust in information did not stand for barriers (Figs. 8 and 9).

Thus, the study results indicate that older people were less likely to be confronted
with hindrances in relation to health information than thosewho are younger. In addition,
participants in both age groups did not consider it problematic to decidewhat information
can be trusted, although the older group believed more strongly in this that the younger
group. It is, however, important to keep in mind that data for the study were obtained
before the outbreak of the COVID-19 epidemic. People may have different opinions and
beliefs regarding health information today than they did before, particularly in terms of
trust in information.

A closer examination, where the age group were tested against education and sex,
revealed certain trends about the participants experience of information barriers. A sig-
nificant difference was found by sex for only two statements. In the younger group, men
were less likely to find information to be complicated and difficult to understand than
women, and in the older group women were more likely to believe that there is too few
information in Icelandic than men.

Education, on the other hand, was found to interact significantly with age for seven of
the statements (Figs. 1, 2, 3, 4, 7, 9 and 10). The main result here is that participants with
university education experienced higher barriers than those in the other two educational
groups. These results were comparable for the age groups, in the younger group this was
found for five statements and in the older group for six statements.

At first sight, this findingmay appear contradictory, as it seemsmore logical for those
who have higher education to experience lower information barriers than people who are
less educated. The key elements of health literacy and of media and information literacy
is that people possess the motivation and the personal skills that allow them to acquire
health information and draw knowledge from it, for their own advantage [1, 2]. Previous
research has reported that peoplewho aremore educated are alsomore likely to engage in
health information seeking than those who are less educated [15, 34–36]. In addition, the
need to pay more attention to motivation, especially how interest in a topic may act as a
driving force that inspires people to seek health information, has been stressed in several
studies [37–39]. Thus, more educated older adults might also be more motivated and
likely to seek information about healthy living and, as a result of this, it is possible that
they are more aware of information barriers than those who are less educated. Although
this is merely speculations that serve to seek an explanation, the findings of the study are
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interesting and give reasons to look further into the connection between the perceived
information barriers and the skills of media and health information literacy that people
possess.

The overall study is limited by a total response rate of 42%. Even though his may
be considered satisfactory in a survey it raises the question whether or not those who
answered the survey are giving a biased picture of those who did not respond. In order
to compensate for this bias the data were weighed by gender, age, place of residence
and education, so that it corresponds with the distribution in the population. Thus, the
findings may provide valuable knowledge about the barriers that older adults living in
Iceland experience in relation to health information.

5 Conclusion, Limitations and Policy Implications

As a key to older adults’ health andwellbeing, it is important to promote their possibilities
to be actively involved in health promotional interventions, through life-long learning.
For that, they must be enabled to acquire the information and understanding that is
necessary tomaintain, and preferably to renew, their knowledge of healthy behavior. The
study examined what barriers older adults experienced in relation to information about
healthy living and how it related to their age group, sex, and education. Answers were
sought to the following research questions: 1) What barriers do older adults experience
in relation to information about healthy living? 2) How do the perceived barriers relate
to their age group, sex, and education?

Taken together, the results indicate that the participants experience of barriers were
primarily related to their beliefs about the availability of it, the ability to seek and find it,
and the capability to interpret and understand information. Furthermore, deciding what
information can be trusted was not considered to be a hindrance. Their experience of
hindrances varied by their age and education, and to some extent their sex. The results
indicate that people at the age 68 years or older were less likely to be confronted with
hindrances than people aged 60 to 67 years. In addition, in both age groups people
with university education were found to experienced higher barriers than people with
secondary or primary education. It must, however, be stressed that these findings need
to be taken with caution, as it is possible that groups that previous results have shown
that seek information more often, such as those who are more educated, may also be
the ones more likely to be aware of information barriers. Furthermore, the data for the
study was collected before the outbreak of the COVID-19 epidemic. Although the study
participants seem to be confident about their capabilities at critically evaluate health
information, it may be that older adults evaluate information differently today because
of the health threat that it has caused. Thus, there is a need to study the topic further,
particularly if and how COVID-19 has changed the information landscape and peoples’
beliefs about health information.

The overall study is limited by a total response rate of 42%. Even though his may
be considered satisfactory in a survey it raises the question whether or not those who
answered the survey are giving a biased picture of those who did not respond. In order
to compensate for this bias the data were weighed by gender, age, place of residence
and education, so that it corresponds with the distribution in the population. Thus, the
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findings may provide valuable knowledge about the barriers that older adults living in
Iceland experience in relation to health information.

The policy implications of the findings are that health authorities and professionals
need to work together to find ways to stimulate older adults’ media and health infor-
mation literacy. By identifying the hindrances that older people are confronted with,
the professionals who are responsible for health promotion are given the opportunity to
diminish, or preferably eliminate, them. Subsequently, people’s access to health infor-
mation, and their capacity to evaluate and use it effectively to improve their way of
living, can be enhanced.
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Kurbanoğlu, S., Boustany, J., Špiranec, S., Grassian, E., Mizrachi, D., Roy, L. (eds.) ECIL
2015. CCIS, vol. 552, pp. 233–240. Springer, Cham (2015). https://doi.org/10.1007/978-3-
319-28197-1_24

15. Lee, K., Hoti, K., Hughes, J.D., Emmerton, L.: Dr Google is here to stay but health care
professionals are still valued: an analysis of health care consumers’ internet navigation support
preferences. J. Med. Internet Res. 9(6), e210 (2017). https://doi.org/10.2196/jmir.7489

16. Mettlin, C., Cummings, M.: Communication and behavior change for cancer control. Prog.
Clin. Biol. Res. 83, 135–148 (1982)

17. Loos, E.: Senior citizens: digital imigrants in their own country? Observatorio 6(1), 1–23
(2012)

18. Dunne, J.E.: Information seeking and use by battered women: a “person-in-progressive-
situations” approach. Libr. Inf. Sci. Res. 24(4), 343–355 (2002)

19. Davies, J., et al.: Identifyingmale college students’ perceived health needs, barriers to seeking
help, and recommendations to help men adopt healthier lifestyles. J. Am. Coll. Health 48(6),
250–267 (2000)

20. Pálsdóttir, Á.: The use of new information and communication technology for health infor-
mation among older Icelanders. In: Gao, Q., Zhou, J. (eds.) HCII 2020. LNCS, vol. 12208,
pp. 354–364. Springer, Cham (2020). https://doi.org/10.1007/978-3-030-50249-2_26

21. McKenzie, P.J.: Communication barriers and information-seeking counterstrategies in
accounts of practitioner-patient encounters. Libr. Inf. Sci. Res. 24, 31–47 (2002)

22. Ratzan, S.C., Sommariva, S., Rauh, L.: Enhancing global health communication during a
crisis: lessons from the COVID-19 pandemic. Public Health Res. Pract. 30(2), e3022010
(2020). https://doi.org/10.17061/phrp3022010

23. Vosoughi, S., Roy, D., Aral, S.: The spread of true and false news online. Science 359(6380),
1146–1151 (2018). https://doi.org/10.1126/science.aap9559

24. World Health Organization: Infodemic. https://www.who.int/health-topics/infodemic#tab=
tab_1

25. Dramé, D.: The health crisis: fertile ground for disinformation. UNESCO Courier 3, 24–26
(2020). https://en.unesco.org/courier/2020-3/health-crisis-fertile-ground-disinformation

26. Stop Corona Fake News. https://www.stopcoronafakenews.com/en/
27. WHO. Fighting misinformation in the time of CoVID-19, one click at the time

(2020a). https://www.who.int/news-room/feature-stories/detail/fighting-misinformation-in-
the-time-of-covid-19-one-click-at-a-time

28. WHO. Novel Coronavirus (2019-nCoV). Situation Report – 18 (2020b). https://www.who.
int/docs/default-

29. Thane, P.: History and the sociology of ageing. Soc. Hist. Med. 2(1), 93–96 (1989)
30. Lög um málefni aldraðra nr. 125/1999 [Act on the affairs of the elderly]
31. Berger, K.S.: The Developing Person Through the Lifespan, 3rd edn. Worth Publishers, New

York (1994)
32. Ries,W., Pöthiga,D.:Chronological and biological age. Exp.Gerontol.19(3), 211–216 (1984)
33. Landsamband eldri borgara. http://leb.is/. Association for senior citizens
34. Eriksson-Backa, K.: In sickness and in health: how information and knowledge are related to
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Abstract. People over 60 years have found themselves caring for other depen-
dent older adults in many countries. This situation is an especially relevant topic
in Latin America, where the lack of care systems affects the lives of caregivers.
Research has shown that the Internet is a helpful tool in providing information and
methods to minimize the negative consequences of caregiving but also, age is neg-
atively related to its use. Thus, using the national representative Chilean Sociode-
mographic Characterization Survey (2017), we performed weighted descriptive
analysis and weighted logistic regressions of five types of Internet use related
to information seeking, communication, and entertainment, in association with
sociodemographic characteristics. We included sociodemographic variables such
as age, gender, education level, marital status, and the number of people living
within the household among a subsample of older caregivers. Education level was
a significant and positive predictor of all types of Internet use among caregivers,
while age decreased the probability of using the Internet. Gender was only asso-
ciated with communication through social networks, where females were more
likely to report this type of use. This information helps develop interventions to
overcome the barriers of age and educational level, allowing the most vulnerable
older caregivers to access the benefits of technology use.

Keywords: Caregivers · Older adults · Internet use

1 Introduction

Population aging has led to an increase in the number of caregivers over 60 years of
age who are compelled to take care of other people in a situation of dependency. In
addition, it is known that the probability of requiring care from others increases with age
as the prevalence of diseases is higher. Thus, people over 60 years have found themselves
caring for others.
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The aging of caregivers is especially relevant in Latin America, where there is still
no high-quality care system, and family members are obliged to take responsibility. For
example, in the case of Chile, there is still no national care plan, and the cost of a long-
stay residence or in-home professional support cannot always be afforded by families if
required. Thus, care is typically provided by the family members themselves, who are
generally women [1].

According to the Sociodemographic Characterization Survey of Chile [2], 47.3%
of people over 60 years with functional dependence have an older caregiver, and the
average age of caregivers is 60.1 years, with a range between 20 and 91 years [3].

On the other hand, extensive literature shows the impact of caregiving on care-
givers’ psychological well-being. The number of caregiving hours has been associated
with greater depressive symptomatology [4], anxious symptoms [5] and lower cognitive
functioning [6]. A Chilean study revealed that anxious and depressive symptomatology
explained 25% of the variance in the quality of life of caregivers of people living with
dementia [7]. This context arises the concept of caregiver burden, understood as a neg-
ative indicator of caregiving on the well-being of caregivers [8]. The caregiver burden
affects the caregiver, but also the person being cared for [8], decreasing the quality of
life of both people.

Studies focused on older caregivers concur in reporting negative life changes after
taking on caregiving tasks, including decreased leisure activities, financial difficulties,
and increased loneliness and isolation [9].

Additionally, the experience of older caregivers can be more challenging due to their
health difficulties [10]. Namely, some caregivers report having complex health situations
such as Parkinson’s, cancer, or a history of heart attacks [11]. Moreover, older people
report more difficulties asking for help than younger caregivers [9, 12].

Confrontedwith this scenario, somepeople can face this new reality through effective
coping strategies. In contrast, others experience high frustration levels, accounting for
the diversity of the impact of care [11].

This context shows the relevance of exploring the reality of caregivers over 60 years,
considering the particularities that this group has in contrast to other age groups.

1.1 Older Caregivers and Internet Use

The resources available for caregiving are essential to decrease the possible negative
consequences [8]. The Internet is considered a helpful tool in providing information
and methods to minimize the negative consequences of caregiving [13]. For example, it
could reduce isolation and loneliness reported by older caregivers [9].

A study in Greece reported that 84.1% of caregivers of people with dementia used
the Internet, and 47.5% used it to receive online services associated with dementia
care [14]. However, this was linked to sociodemographic characteristics, being younger
and more educated caregivers most likely to use the Internet to search for information
about dementia and caregiving [15]. In contrast, a study in the United States found that
caregivers of people with dementia use the Internet less frequently than the general
population, and only 59% reported using the Internet to search for health information.
In this case, educational level was also associated with greater Internet use.
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In addition, higher caregiver stress impacted higher Internet use [15, 16]. A Por-
tuguese study coincides with lower Internet use in caregivers of people with dementia
and highlights different uses. While information-seeking is frequent, finding emotional
support is infrequent [13].

In this context, the Internet is considered a resource that provides knowledge and
support, increasing the levels of participation [17]. As a result, even some research teams
began to design interventions focused on caregivers. These programs have the advantage
of being flexible in time, less expensive, and personalized [17]. They also have greater
accessibility, for example, by reaching rural areas. Moreover, online interventions pre-
vent the caregiver from leaving the person they care for too long or from not attending the
program because they have no one to replace them [18]. Thus, online-based intervention
can be adapted to the reality and demands of caregivers, allowing them access from their
homes [18]. In this way, the Internet provides opportunities for support resources that
contribute to reducing the burden [19], decreasing anxious and depressive symptoma-
tology [20, 21], as well as increasing self-efficacy [22] and the feeling of being more
prepared for the task [23].

Beyond interventions through the Internet, it also allows an everyday use, gaining
access to multiple resources in a variety of categories, such as news, health information,
videos, music, books, articles, etc. Namely, the Internet can be a source of informa-
tion and support during demanding circumstances such as informal care [17]. Thus,
Internet use can be transformed into a coping strategy in the face of possible negative
consequences of caregiving (e.g., decreased leisure and entertainment activities) [11,
17].

However, some caregivers reported long caregiving hours and do not have the time
or energy to use the Internet for information and support, which highlight the need for
initiatives that give a rest to the caregiver, allowing the availability of time for Internet
use [15] and the maintenance of their social life and personal goals [24].

In Chile, 16.2% of the population is over 60 years, reaching 2,850,171 people [25].
Among this age group, 31.5% use the Internet [2]. Also, smartphone use by older people
increased from 45.9% in 2019 to 54.8% at the beginning of the pandemic (2020) [26].
Of internet users, over 60.79% report doing so at least once a day [27]. Additionally,
50% of people over 60 years declared having Internet at home [28] and smartphone
ownership increased by 38.9% between 2013 and 2019. However, no disaggregated
analysis considers whether the person is a caregiver.

Currently, there is limited evidence on the Internet use of informal caregivers over
60 years (e.g., Reinwand’s study [17]). This lack of information is even more evident
in Latin America. Thus, it is necessary to explore this topic in a cultural context where
the population has aged rapidly, and caregiving is most often performed by untrained
family members [1].

Furthermore, previous literature shows benefits of technology use on psychologi-
cal well-being in older people, such as reduced depressive symptomatology [29, 30],
decreased loneliness [31, 32], and increased life satisfaction [33] and connectedness [34,
35].

The present study aims to describe the types of Internet use in informal caregivers
over 60 years old. In addition, the relationship of sociodemographic variables (e.g., age,
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gender, educational level, and the number of people living in the household) with the
different types of Internet use were analyzed. Thus, the questions we seek to answer are:
what sociodemographic variables impact Internet use in caregivers over 60 years old?
Are there differences in the types of Internet use depending on the sociodemographic
variables of caregivers over 60 years old?

Hopefully, this information will contribute the development of public policies and
initiatives for the digital inclusion of older people, especially caregivers.

2 Methodology

2.1 Sample and Procedures

This study used data from the National Socioeconomic Characterization Survey
(CASEN) [2]. This survey has national representativeness and collects information from
wide age ranges, including older people. It is conducted every three years and allows
analysis with a weighted and expanded sample, where the last complete survey was
during 2017.

Due to the covid pandemic, there was a shorter survey version during 2020. For
this reason, we used the CASEN 2017, which includes information about dependency,
caregivers, and Internet use.

TheCASENused a stratifiedprobability sampling and collected information about all
residents within the household. This survey is representative of the Chilean population.

2.2 Measures

Caregiving Role. The CASEN asked about who provides care within the household.
However, the person that is characterized in detail is the respondent. Therefore, the
question does not allow us to know the Internet use of the caregiver. Because of this, we
selected the question about reasons for not having a paid job and the alternatives (1) “I
have no one to leave an older adult” or (2) “I have no one to leave a family member.”
This question was used to filter persons that cannot have paid work because of their role
in caring for a family member. Thus, it was assumed that all those people are informal
caregivers who do not receive formal payment for their work. It is important to note that
we excluded people who reported to care their grandchildren.

Internet Use. Different types of Internet use were measured through four dichotomous
(yes or no) questions. For instance, use the Internet to seek information (through search
engines, digital media, or social networks), communicate through social networks, and
entertainment (Table 2). Also, a measurement of general Internet use was carried out
creating a new variable considering if the person uses or not the Internet independently
of the type of use.

Sociodemographic Characteristics. Age (continuous variable), gender
(i.e., female/male), educational level (i.e., primary or secondary education, technical
or training school-college, and bachelor’s degree or postgraduate degree), marital status
(i.e., single, divorced, widowed, and living with a partner or married), and the number
of people living within the household were considered for the analysis (dichotomized in
living alone or with someone else).
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2.3 Data Analysis

We conducted all the analysis with a weighted and expanded sample of all caregivers
over 60 years. Firstly, data were described using frequency tables.

Five logistic regressions were carried out, including different types of Internet use
and general Internet use as outcome variables, and sociodemographic characteristics as
predictors. For this, age was considered a continuous variable. Education level, gender,
marital status, and people living within the household were included as categorical
variables as described in Sect. 2.2.

All data were analyzed using the survey package in R Studio [36].

3 Results

3.1 Sample Characteristics

The mean age of the sample is 66.09, with a range of 60 to 96 years. Most of the
participants were female (88.01%) and had primary or secondary education (77.96%).
Regarding marital status, 60.63% of the participants were married, 19.37% were sin-
gle, 12.42% were divorced, and 7.57% were widowed. Additionally, most participants
lived with more than one person (97.98%), while only 2.02% lived alone. Detailed
demographics by Internet Use are summarized in Table 1.

The mean age of caregivers that use the Internet is 65. Female caregivers make
more extensive use of the Internet than males, mainly when used for entertainment and
communication through social networks. In addition, caregivers with higher education
use more Internet functions than those with primary/secondary education and technical
training education, except for getting information through digital media or social net-
works. Whereas married, divorced, and single caregivers have a broad Internet usage,
widowed participants use it substantially less, remaining below 16.88%. Lastly, care-
givers who live with more than one person have greater general Internet use and seek
information with a search engine, while those who live alone use the Internet mainly for
entertainment, to communicate, and get information through social networks. All these
characteristics are representative of Chile’s caregiving population.

3.2 Logistic Regressions

Table 2 shows the results of our five logistic regression models of Internet use
related to general Internet use, Internet use for information seeking, Internet use for
communication, and Internet use for entertainment.

The variables most often associated with Internet use were age and education level.
As the age increased, caregiverswere slightly less likely to use the Internet, and caregivers
with a bachelor’s or postgraduate degree were more likely to use the Internet than those
with primary or secondary education.

Age and education level were statistically significant for general Internet use (model
1).Aone-year increase in the caregiver’s age decreased the probability of general Internet
use by 7% (OR= 0.93). Caregivers with technical or training education were 5.84 times
more likely to use the Internet than caregivers with primary or secondary education.
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Table 1. Frequency table of sociodemographic characteristics and types of Internet use (expanded
sample)

Total
population n
(%)

General
internet use n
(%)

Internet use
for
information
seeking using
a search
engine n (%)

Internet use
for getting
information
through
digital media
or social
networks n
(%)

Internet use for
communicating
through social
networks n (%)

Internet use
for
entertainment
n (%)

Age 66.09 64.95 64.61 64.47 64.81 64.79

Gender

Male 3061 (11.85) 646 (21.1) 418 (13.66) 626 (20.45) 352 (11.50) 262 (8.56)

Female 22761 (88.14) 7516 (33.02) 6733 (29.58) 4574 (20.10) 6115 (26.87) 4651 (20.43)

Education level

Primary/secondary
education

20131 (77.96) 5076 (25.21) 4470 (22.2) 3035 (15.08) 3667 (18.22) 3079 (15.29)

Technical/training
education

2394 (9.27) 1294 (54.05) 889 (37.13) 1004 (41.94) 1146 (47.87) 541 (22.6)

Bachelor’s
degree/postgraduate
degree

3297 (12.77) 1792 (54.35) 1792 (54.35) 1161 (35.21) 1654 (50.17) 1293 (39.22)

Marital Status

Married or living
with a partner

15657 (60.63) 5403 (34.51) 4725 (30.18) 3010 (19.22) 4217 (26.93) 3327 (21.25)

Divorced 3207 (12.42) 1095 (34.14) 1038 (32.37) 998 (31.12) 860 (26.82) 736 (22.95)

Widowed 1955 (7.57) 330 (16.88) 319 (16.32) 231 (11.82) 224 (11.46) 128 (6.55)

Single 5003 (19.37) 1334 (26.66) 1069 (21.37) 961 (19.21) 1166 (23.31) 722 (14.43)

Number of people
living at the
household

Alone 10184 (39.44) 136 (26.1) 136 (26.1) 137 (26.1) 138 (26.1) 139 (26.1)

More than two
people

15638 (60.56) 8026 (31.72) 7015 (27.73) 5064 (20.02) 6331 (25.02) 4777 (18.88)

In the case of caregivers with a bachelor’s degree or a postgraduate degree, they were
4.36 times more likely to use the Internet than caregivers with primary or secondary
education.

Age and education levels were significantly associated with Internet use for informa-
tion seeking using a search engine (Model 2a). A one-year increase in the caregiver’s age
decreased the probability of Internet use for information seeking by 9% (OR = 0.91).
Also, information seeking was positively associated with education level. Caregivers
with technical or training education were 3.25 times more likely to use the Internet for
information seeking than those with primary or secondary education. Caregivers with
a bachelor’s or a postgraduate degree were 5.50 times more likely to use the Internet
for information seeking than those with primary or secondary education. Similar results
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were found when the outcome variable was Internet use for getting information through
digital media (model 2b).

The use of the Internet for communicating through social networks (model 2c)
was the only type of usage where gender was significant. Female caregivers were 4.20
times more likely to use the Internet for communicating through social networks than
male ones. Furthermore, education level was positively associated with communicating
through social networks. Caregivers with technical or training education were 8.38 times
more likely to use the Internet for Communicating through social networks than those
with primary or secondary education. Caregivers with a bachelor’s degree or a postgrad-
uate degree were 5.97 times more likely to use the Internet for communicating through
social networks than those with primary or secondary education.

Only bachelor’s or postgraduate degree education was significant for Internet use for
entertainment (model 2d). In this case, caregivers with higher educational levels were
4.30 times more likely to use the Internet for entertainment than those with primary or
secondary education.

In addition, marital status and the number of people living within the household were
not significantly associated with any type of Internet use.

4 Discussion

This study explored the sociodemographic characteristics of older caregivers and their
influence on different types of Internet use. 31.6% of older caregivers were identified as
Internet users. This data revealed a difference of 1.1% between the general use of the
Internet in the older population (30.50%) and older caregivers.

In this context, the education level had the greater impact on general Internet use
after controlling by age, gender, marital status, and the number of persons living in the
household. Caregivers that reported more education levels also reported higher Internet
use.

Regarding specific types of use, the education level was also related to more Internet
use for information seeking (through search engines and social networks), communicat-
ing (through email and social networks), and entertainment. Also, all types of Internet
use, excluding communicating through social networks and entertainment use, were
negatively related to age. Those with higher age also presented a lower probability of
using the Internet for those activities. These findings are in line with one of the few
studies on everyday Internet use and caregivers, which found that younger and more
educated caregivers are more likely to use the Internet to search for health-related infor-
mation, especially about characteristics of dementia and tips for caregiving [15]. While
Kim’s study was conducted in North America, our results show that the same sociode-
mographic variables are linked to Internet use in caregivers in Latin America. However,
as mentioned above, being a caregiver reduces the probability of Internet use [8, 16].

The task of caregiving involves several challenges, and older caregivers are con-
fronted at the same time with their age-related changes [10]. Thus, older caregivers need
effective coping mechanisms to face this reality and find a balance between their own
life and the caregiving task that could lead to a feeling of lack of realization [24]. The
Internet could be helpful for this purpose since it offers information and tools that could
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Table 2. Logistic regression for internet use for older caregivers

General Internet
use

Internet use for
information
seeking using a
search engine

Internet use for
getting
information
through digital
media or social
networks

Internet use for
communicating
through social
networks

Internet use for
entertainment

Variable Model 1 Model
2a

Model
2b

Model
2d

Model
2e

OR 95%
CI

OR 95%
CI

OR 95%
CI

OR 95% CI OR 95%

Age 0.93* 0.85,
1.01

0.91* 0.84,
0.99

0.91* 0.85,
0.99

0.93 0.86,
1.00

0.93 0.86,
1.02

Gender (ref: male)

Female 2.12 0.49,
12.57

2.52 0.73,
8.73

1.02 0.28,
3.42

4.20* 1.10,
16.10

2.65 0.69,
10.22

Education level
(ref: primary or
secondary
education)

Technical/Training
Education

5.84*** 1.35,
28.91

3.25* 1.30,
8.14

4.93** 1.68,
14.46

8.38*** 2.77,
25.38

2.49 0.83,
7.44

Bachelor’s degree
postgraduate

4.36** 1.29,
15.74

5.50** 1.76,
17.20

3.58* 1.31,
9.17

5.97** 1.90,
18.76

4.30* 1.36,
13.64

Marital status (ref:
married or living
with a partner)

Divorced 0.57 0.14,
2.10

0.66 0.26,
1.68

1.18 0.45,
3.07

0.51 0.16,
1.62

0.70 0.23,
2.12

Widowed 0.27 0.02,
1.66

0.38 0.09,
1.64

0.42 0.09,
2.05

0.20 0.03,
1.34

0.21 0.03,
1.69

Single 0.54 0.15,
1.69

0.50 0.19,
1.34

0.71 0.22,
2.23

0.67 0.24,
1.90

0.52 0.19,
1.43

Number of people
at the household
(ref: living alone)

2 or more people
within the
household

0.57 0.02,
52.80

0.44 0.05,
4.17

0.45 0.04,
4.93

0.34 0.04,
3.29

0.23 0.03,
2.02

Nagelkerke’s
r-squared

0.12 0.12 0.09 0.14 0.08

Note. * p < .05, ** p < .01, *** p < .001

minimize the negative consequences of caregiving [13]. Accordingly, a North American
study revealed that stressed caregivers use the Internet more [8, 16], suggesting Internet
use as a coping strategy.

Communication through social networks also showed a positive association with
being female. These conclusions are consistent with previous literature that claims a
higher use of social networks by older women [38].
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At this point, it is important to note that being a caregiver does not happen randomly
in the population [39, 40]. In general, females and lower educational levels are more
likely to be caregivers [41]. Thus, they are exposed to greater vulnerability than the
general population [42, 43].

Internet use for entertainment was only associated with education level. Particularly
those who hold a bachelor’s or postgraduate degree are more likely to use the Internet
for this purpose. Previous research concluded that Internet use for entertainment acts as
a coping mechanism in adverse contexts, for example, the COVID-19 pandemic [44].
Also, a pre-pandemic study state that leisure use was the only one related to better
psychological well-being in older people [33]. Considering the possible negative health
outcomes of caregiving [45], Internet use for leisure and entertainment could be a relevant
tool to enhance the well-being of older caregivers. However, it is crucial to consider that
some caregivers have neither energy nor time for leisure and entertainment [15], so this
must be combined with programs that support the caregiver’s availability for these types
of activities.

Likewise, caregivers could feel a loss of freedom combined with a reduction of
leisure and entertainment activities [9]. Regardless of that, some evidence suggested a
higher frequency for online gaming in older caregivers, which coincides with the theory
of Internet use for leisure and entertainment as a coping strategy that allows the reduction
of stress [17].

5 Conclusion, Limitations, and Implications for Future Research

The use of the Internet has great potential to promote the well-being of older adults,
especially those engaged in caregiving tasks. The present study investigated the sociode-
mographic characteristics linked to different types of Internet use in older caregivers.
We answered the research questions: what sociodemographic variables impact Internet
use in caregivers over 60 years old? Are there differences in the types of Internet use
depending on the sociodemographic variables of caregivers over 60 years old?

We found that educational level is one of the most relevant variables for Internet
use, with those with a higher education level being more frequent Internet users. In
addition, age was negatively associated with most types of Internet use; therefore, the
older the caregiver, the lower the probability of using the Internet. In general, this situation
is similar in almost all types of uses measured, except entertainment, where age has
no significant association, and use for communicating through social networks, where
gender was significant.

This information is relevant for developing interventions that strengthen the Internet
use of most vulnerable older caregivers. This focus will allow overcoming the barriers
imposed by educational level and, in some cases, age and associated factors.

These findings need to be interpreted considering some limitations. Even though the
data is representative of the country’s population, therewas no detailed information about
the characteristics of the person being cared for (e.g., relationship with the caregiver or
kind of pathology). Previous evidence concluded that the severity of dependence and
type of pathology (e.g., dementia) are related to the impact of caregiving [11]. Therefore,
it is relevant to explore the relationship between Internet use and caregiving considering
this information.



Internet Use of Older Caregivers and Their Sociodemographic Characteristics 593

Moreover, being a partner could influence the caregiver’s health because they share
similar risk factors, lifestyles, and access to health services [46]. Additionally, some
older caregivers do not recognize their role because they feel that it is a task they must
perform to help their partner [47].

Future research needs to explore the link between Internet use and caregivers’ well-
being, especially mental health. Previous evidence showed that loneliness and isolation
are common in caregivers, particularly the older ones [9], which, in turn, reduces their
quality of life [48]. In a caregiving situation, the Internet could be important to strengthen
the social connection of caregivers. Also, considering that females are more likely to
be caregivers and use more social networks for communication, some interventions that
aim to reduce caregiver burden could consider this information to enhance its benefit.

Acknowledgments. Thisworkwas funded by theANIDMillenniumScience Initiative Program–
ICS2019_024.
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Abstract. This study aimed to examine the associations of sociodemographic
factors and factors related to physical, mental, cognitive, and social functioning
with the non-use of digital services among older adults during the second wave
of the COVID-19 pandemic. Nationally representative data from Finland were
collected between October 2020 and January 2021. The present study included
1524 respondents (response rate 68.2%, 56.6% female) aged between 70 and 100.
The analyses were conducted with multivariable logistic regression. Almost half
of the respondents did not use digital services independently. Those who needed
assistance due to functional limitations, had insufficient energy in everyday life,
perceived that their memory or ability to learn was impaired, had three or more
members in the household, and lived in rural region had greater odds of being
non-users of digital services than their counterparts. Thus, challenges to cope
independently in everyday life, cognitive impairment, and rural living seemed
to expose older adults to risk for exclusion from digital services. Factors may
be interconnected, further weakening the inclusion of older people in society. It
seems that adapting to rapid digital development and face-to-face service delivery
constraints during the pandemic may have been particularly challenging for these
vulnerable individuals. To ensure wider use of digital services, the natural decline
in functioning with age should be noted, and older adults should be included in the
development of digital services. Accessible support and traditional face-to-face
services must be secured.

Keywords: Older adults · Digital divide · Digital exclusion · Digital services ·
Internet use · COVID-19

1 Introduction

The global COVID-19 pandemic has led to a remarkable surge in the provision of digital
services, and technological advances have been increasingly used to promote and enable
societal services [1]. Older adults have experienced the strictest COVID-19 restrictions
to maintain social distance and minimize the risk of infection [2], as they are at an
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increased risk for severe health outcomes and mortality due to the virus [3]. Restrictions
have been found to increase loneliness and social isolation among older adults, which in
turn might lead to deterioration of mental and physical health [4]. Older adults’ quality
of life [5], health and well-being have also been negatively affected by the COVID-
19 quarantine [6]. Digital services provide numerous opportunities for people of all
ages to communicate, access information, and engage in recreational activities [7, 8].
Technology is also increasingly used in healthcare for service delivery, self-monitoring,
health information sharing, and peer support [9]. Internet use appears to contribute to
older adults’ well-being and sense of empowerment by affecting their interpersonal
interactions, cognitive functioning and contributing to their experience of control and
independence [10]. Technology use also appears to improve the older adults’ quality of
life [11] by augmenting their ability to perform a variety of tasks, access information,
and remain independent longer [9]. In addition, higher levels of social support, less
loneliness [7, 12], and less depression [7, 11] have been observed as benefits of Internet
use among older adults. However, in order to benefit from digital services, one must be
able to use them [13].

Older adults have been shown to have lower access and usage of digital technologies
[13–15] and be less likely to learn [16] and adopt information technologies than younger
generations [17, 18]. Often, the most vulnerable individuals who would benefit the most
from the use of digital solutions have less access to these technologies [2]. Unfortunately,
the age-related digital divide continues to prevent these benefits from being achieved
[11, 19].

The concept of the digital divide was defined by Castells [20] as inequalities in
access and use of information and communication technology (ICT). Access may refer
in a narrow sense to physical access or in a broader sense to motivation, physical require-
ments, skills, and usage [21]. The digital divide can be considered to encompass at least
three levels [22]; 1) infrastructural access, such as Internet connection (first-level digi-
tal divide) [22], 2) differences in skills and usage patterns (second-level digital divide)
[23], and 3) inequalities in Internet use outcomes (third-level digital divide) [22, 24].
Furthermore, Helsper’s [25] corresponding fields model suggests that digital and social
exclusion influence each other, and the resources individuals have offline influence their
ability to use online digital solutions. Therefore, sociodemographic factors and factors
related to physical, mental, cognitive, and social functioning have potential effects on the
digital divide. It is important to examine older adults as socially situated, psychophysical
human beings, with the emphasis on the relationship to their environment [26].

Previous research has reported the association of demographic and socioeconomic
factors with the Internet use among older adults [27]. Lower educational level [11] and
poor financial status have been found to increase the likelihood of not using digital
devices and services [16, 27]. Moreover, disabilities or reduced functional abilities may
hinder Internet use among older adults [16]. Cognitive abilities have been reported to
be particularly important for older adults’ Internet use [8] because impairments that
affect daily activities and social interactions are most likely to occur later in life [27]. In
addition, older adults with a wider social network have been found to use the Internet
more likely than those with a more limited network [11]. Previous research has also
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shown that living alone can decrease older adults’ access to computer-based technologies
[16].

However, above-mentioned earlier studies have been conducted prior to the COVID
-19 era and therefore have limited applicability to the changed situation caused by the
pandemic. The COVID -19 pandemic has had a significant negative impact on the daily
lives of even the healthiest and most active people [6] and the rapid application of digital
services has increased the risk of digital divide for the vulnerable group of older adults
[1]. Therefore, it is necessary to obtain up-to-date information in a highly digitalized
society, such as Finland, about the factors associated with the non-use of the digital
services among older adults.

This study aimed to examine which factors are associated with older adults’ non-use
of digital services.More specifically, we examined the associations of sociodemographic
factors (urbanicity, financial situation) and factors related to physical, mental, cognitive,
and social functioning (functional disability, need of assistance, energy in everyday life,
psychological distress, memory, ability to learn new things, household size, loneliness)
with the non-use of digital services among older adults during the second wave of the
COVID-19 pandemic in Finland. By examining these factors together, we were able to
identify the various causes of digital exclusion among older adults. Our findings may
provide information that will help identify older adults who are most at risk of being
excluded from services due to increasing digitalization of services. The information
gained from this study can be used in the development of digital services and targeting
support to promote digital inclusion and equality for older adults in society.

2 Methods

2.1 Study Sample and Data Collection

This study was a cross-sectional study whose nationally representative data on older
adults were collected between October 2020 and January 2021 as a part of the FinHealth
2017 Follow-up Study conducted by the Finnish Institute for Health and Welfare [28].
The sample was drawn from the Finnish Population Information System by two-stage
stratified cluster sampling. The samplingmethod for original FinHealth 2017 data gather-
ing has been reported elsewhere [29]. The invitation to participate in 2020 was sent to all
those whowere invited in 2017 with some exceptions (e.g., those who hadmoved abroad
or died). Altogether 2233 participants aged 70 years and older were invited to respond to
the survey. Of those, 1524 older adults aged from 70 to 100 years responded (response
rate 68.2%, 56.6% female). Participation in the study was possible electronically (33%
of respondents), by completing a postal questionnaire (62%), or by participating in a
telephone interview (5%). The questionnaires were available in Finnish, Swedish, and
English. Ethics approval was obtained from the Ethics Committee II of the Helsinki and
Uusimaa hospital region (HUS/2391/2020).

2.2 Context

Finland is a Nordic country with approximately 5.5 million inhabitants [30]. At the end
of 2020, almost 20% of the population were aged 65–84 years and approximately 3%
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were 85 years or older [31]. The rapid growth of the aging population lays Finland as
one of the fastest aging societies in Europe [32]. The population density of Finland was
18.2 inhabitants per square kilometer in 2021, referring to a relatively sparse population.
Differences in population density are large as the population is heavily concentrated in
the southern parts of the country as well as in the largest urban areas [33]. Finland has
uniformly high standard broadband coverage and high-speed Internet connections are
widely available. Altogether 98 percent of the Finnish households in the capital region
and 88 percent in rural areas had an Internet connection in 2021 [34].

Finland is one of the leading countries in digitalization [35]. In 2019, Finland enacted
a lawon the provision of digital services to promote their availability, quality, information
security, and equal opportunities in the use [36]. There are currently more than a hundred
public digital services available to private customers, such as services in the areas of
social security, tax administration, health care, transport, and housing [37].

Nearly all adults in Finland used the Internet in 2021, but the utilization rate decreased
with age [38]. The Internet was used daily by 78% of those aged 65–74 and 42% of those
aged 75–89, but in both age groups, usagewas approximately 20 percentage points higher
than in 2019 [38, 39]. Number of online shoppers increased only among those over 65, as
the majority of younger people already bought goods and services online [38]. In 2021,
the use of the Internet increased also for communication among older adults compared
to the previous year [38]. Video calls and social media use were more prevalent among
75–89-year-olds [38].

2.3 Measurements

Dependent Variable. Non-use of digital services referred to that the respondent did
not use digital services independently. The non-use of digital services was assessed by
asking whether the respondent used the Internet for electronic transactions or services
(e.g., online banking, Social Insurance Institution KELA, tax office, ticket sales, local
public services, online shops). The response options were 1) yes, 2) I need assistance,
or someone else does it on my behalf, and 3) never. For the analyses, the measure was
binary coded: 0= yes, uses the Internet independently (response option 1) and 1= does
not use the Internet independently (response options 2–3).

Independent Variables. Independent variables included sociodemographic factors and
factors related to physical, mental, cognitive, and social functioning.

Sociodemographic Factors. The age and gender of the respondents were received from
the national Population Information System. Age was categorized in intervals of five
years: 70–74, 75–79, and 80–84. In addition, respondents aged 85 years or older formed
one group.

Education was assessed by asking for the highest educational degree. The variable
was categorized as 1) primary level (response options elementary school, basic education,
or lower secondary education), 2) secondary level (vocational school or equivalent,
upper secondary education, or high school), and 3) higher level (non-university lower
education, Bachelor’s Degree, and Master’s Degree).
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Urbanicity was based on the municipality number. Municipalities were classified
into four regional categories: 1) urban, 2) semi-urban, 3) rural heartland, and 4) sparsely
populated rural. The variable was coded as a dichotomous variable: 0 = urban or semi-
urban (response options 1–2) and 1 = rural (response options 3–4).

Financial situation was determined by the question: “Do you have enough money to
meet your needs?” with five response alternatives: 1) not at all, 2) a little, 3) moderately,
4) mostly and 5) completely. The variable was coded as a dichotomous variable: 0 =
reasonably or adequately (response options 3–5) and 1 = not at all or a little (response
options 1–2).

Factors Related to Physical, Mental, and Cognitive Functioning. Functional disability
was assessed with The Global Activity Limitation Indicator (GALI) [40]. GALI has
been used as a measure of disability in many European surveys [41] and has shown
good validity and reliability [42]. The first part of the two-part GALI asked, “Are you
limited in the activities you normally do because of a health problem?Would you say you
are…?” with three response alternatives 1) severely limited, 2) limited but not severely,
or 3) not limited at all. If the respondent indicated being limited, the question continued:
“Have you been limited for at least the past 6 months?” with response alternatives 1) yes
or 2) no. Those who had any limitations (first question, response options 1 and 2) that
had existed for at least 6 months (second question, response option 1) are classified as
having longstanding activity limitation [41]. The variable was coded as 0= no functional
disability and 1 = functional disability.

The need for assistance was asked with the question “Do you need and do you get
help for your everyday activities due to your impaired functional capacity?” with five
response alternatives: 1) I do not need help and do not get it, 2) I would need help but do
not get it, 3) I get help, but not enough, 4) I get enough help and 5) I get more help than
I need. For analysis, the variable was coded as a dichotomous variable to describe the
need for help in daily life due to functional limitations: 0 = no need for help (response
option 1) and 1 = needs help (response options 2–5).

Sufficient energy in everyday life was assessed asking whether the respondent had
enough energy for everyday life. The response options were: 1) not at all, 2) little, 3)
moderately, 4) almost enough and 5) completely enough. The variable was coded as a
dichotomous variable: 0 = somewhat or enough (response options 3–5) and 1 = not at
all or little (response options 1–2). The question is one of the eight EuroHIS-8 indicators
of quality of life [43] and is used in this study only to map the energy perceived by older
adults as sufficient for daily living.

Current psychological distress was assessedwith theMental Health Inventory (MHI-
5) [44], derived from the SF-36 scale [45]. The MHI-5 includes five questions: “How
much of the time during the past 4weeks: Have you 1) been a very nervous person? 2) felt
so down in the dumps that nothing could cheer you up? 3) felt calm and peaceful? 4) felt
downhearted and blue? 5) been a happy person? All items have a 6-point scale, ranging
from “all of the time” to “none of the time”. In calculating the total score, the answers
to two items (the third and the fifth) were reversed and the raw scores were converted
to a scale ranging from zero to 100. The cut-off value for current psychological distress
was a total score of 52 or less [44]. Based on this value, a dichotomized variable was
formed: 0 = no psychological distress and 1 = psychological distress.
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Memory functioning and the ability to learn new things were assessed with the
question “How would you estimate your present memory and learning capabilities?”
Respondents rated their abilities in these functions with the questions a) “Howwell does
your memory work?” and b) “Are you able to acquire new information and learn?”.
Response options were 1) very well, 2) well, 3) adequately, 4) poorly and 5) very poorly.
Both variables were coded as dichotomous variables: 0 = well (response options 1–2)
and 1 = impaired (adequately or poorly; response options 3–5).

Factors Related to Social Functioning. Household size was measured with the ques-
tion, “How many members are there presently in your household (yourself included)?”
The variable was categorized as follows: 1) one, 2) two, and 3) three or more members.

Loneliness was assessed with the question “Do you ever feel lonely?” with five
response options: 1) never, 2) very rarely, 3) sometimes, 4) fairly often and 5) all the
time. The variable was coded as a dichotomous variable: 0 = at most occasionally
(response options 1–3) and 1 = fairly often or constantly (response options 4–5).

2.4 Statistical Analysis

Multivariable logistic regression analyses were used to examine the relationships
between the independent variables and the dependent variable. Analyses were con-
ducted in two steps. First, we examined the independent effect of each variable adjusted
for age, gender, and education inModel A. Age, gender, and education were only used as
adjustments, as these factors have already been extensively studied. Second, we exam-
ined further the multivariable associations in a fully adjusted model that included all
the examined variables to determine the relative importance of each variable when the
effects of all other variables were controlled for (Model B). We included all adjustment
variables in Model B because previous research has shown that the selected independent
variables may influence Internet use among older adults. Inverse Probability Weighting
(IPW)was used to correct for possible nonresponse bias [46]. Therefore, methods appro-
priate for weighted data were used: Complex Samples Logistic regression and Complex
Samples Descriptives or Frequencies for descriptive statistics. Due to non-response for
some items, the number of observations in the analyses varied. Analyses were performed
using the SPSS 27 statistical package.

3 Results

3.1 Characteristics of the Study Population

Thecharacteristics of the respondents are shown inTable 1.Nearly half of the respondents
(46.8%) did not use digital services independently. This proportion included respon-
dents who used digital services with assistance (weighted count 207/1449, 14.3%). The
weighted mean age of the respondents was 78.4 years (SE= 0.20). More than half of the
respondents were females, and the majority lived in urban or semi-urban areas. Almost
half of the respondents had primary education. More than half of the respondents had
a disability that had lasted for longer than 6 months. However, less than a quarter of
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the respondents required assistance with daily living. Less than one in ten experienced
psychological distress, and even fewer reported insufficient energy in everyday life.Well
over a third estimated that their memory was impaired, and an even larger proportion
felt that their ability to learn new things was impaired. Less than half of the respondents
lived alone, and one-tenth experienced at least frequent feelings of loneliness.

3.2 Non-use of Digital Services Among Older Adults

The results of the complex samples logistic regression analyses regarding non-use of
digital services canbe seen inTable 2.Respondentswith a need for assistance, insufficient
energy in everyday life, impaired memory, impaired ability to learn new things, and
three or more members in the household had greater odds of not using digital services
independently compared to their counterparts according to the results of Model A. In the
fully adjusted Model B, all the detected associations remained significant. In addition,
urbanicity was associated with the non-use in the fully adjusted model.

The independent variables in the fully adjusted model (Model B) explained 36.8%
(Nagelkerke R2) of the variance in the non-use of digital services. Respondents who
needed assistance in everyday activities had almost two times greater odds of being
non-users of digital services compared to respondents who did not need help with daily
living. Those who did not have enough energy in everyday life had 2.7 times greater
odds of not using digital services than respondents who had at least adequate amount
of energy. Memory impairment was associated with greater odds of not using digital
services independently. Respondents who felt that their ability to learn was impaired
had nearly two times greater odds of not using digital services compared to respondents
who felt that they learned new things well. Older adults who had three or more members
in their household had 3.6 times greater odds of not using digital services than those
who lived alone. Rural living area was associated with greater odds of not using digital
services independently.

Table 1. Characteristics of the respondents according to non-use of digital services

All (n = 1524) na

(%)
Non-users (n =
678) na (%)

Users (n = 771) na

(%)
pb

Sociodemographic background

Age <.001

70–74 607 (39.8) 184 (27.1) 407 (52.8)

75–79 375 (24.6) 150 (22.2) 215 (27.9)

80–84 277 (18.2) 159 (23.5) 103 (13.4)

85–100 265 (17.4) 184 (27.2) 45 (5.9)

(continued)
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Table 1. (continued)

All (n = 1524) na

(%)
Non-users (n =
678) na (%)

Users (n = 771) na

(%)
pb

Gender .007

Female 879 (57.7) 415 (61.2) 413 (53.5)

Male 645 (42.3) 263 (38.8) 358 (46.5)

Education <.001

Primary 646 (43.6) 386 (58.8) 221 (28.9)

Secondary 376 (25.3) 185 (28.2) 178 (23.3)

High 460 (31.1) 85 (13.0) 366 (47.8)

Urbanicity <.001

Urban or
semi-urban

1142 (74.9) 477 (70.4) 620 (80.4)

Rural 382 (25.1) 200 (29.6) 151 (19.6)

Income in relation
to needs

.001

Reasonably or
adequately

1329 (94.9) 572 (92.7) 724 (96.6)

Not at all or little 72 (5.1) 45 (7.3) 25 (3.4)

Physical, mental, and cognitive functioning

Functional
disability

<.001

No 738 (48.4) 277 (40.8) 426 (55.2)

Yes 786 (51.6) 401 (59.2) 345 (44.8)

Need of assistance <.001

No 1110 (76.4) 410 (62.5) 675 (88.6)

Yes 343 (23.6) 246 (37.5) 87 (11.4)

Sufficient energy <.001

Reasonably or
adequately

1307 (93.2) 543 (88.0) 732 (97.4)

Not at all or little 95 (6.8) 74 (12.0) 20 (2.6)

Psychological
distress

.051

No 1202 (91.8) 509 (90,0) 673 (93.3)

Yes 107 (8.2) 57 (10.0) 48 (6.7)

(continued)
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Table 1. (continued)

All (n = 1524) na

(%)
Non-users (n =
678) na (%)

Users (n = 771) na

(%)
pb

Memory
functioning

<.001

Well 883 (60.3) 306 (45.5) 563 (73.3)

Impaired 581 (39.7) 366 (54.5) 205 (26.7)

Learning new things <.001

Well 633 (43.4) 179 (26.7) 445 (58.1)

Impaired 826 (56.6) 492 (73.3) 322 (41.9)

Social functioning

Household size,
members

<.001

One 657 (43.1) 334 (49.2) 266 (34.5)

Two 824 (54.1) 315 (46.5) 493 (64.0)

Three or more 43 (2.8) 29 (4.3) 12 (1.5)

Loneliness .004

At most
occasionally

1308 (89.8) 579 (87.3) 706 (91.8)

Fairly often or
constantly

149 (10.2) 84 (12.7) 63 (8.2)

aWeighted population size estimate
bChi-square

Table 2. The results of the logistic regression analyses for non-use of digital servicesa. Odds
Ratios (OR) and their 95% Confidence Intervals (95% CI) (n = 1228b)

Model Ac Model Bd

OR 95% CI p OR 95% CI p

Sociodemographic background

Urbanicity 0.080 .023

Urban or semi-urban 1 1

Rural 1.37 0.96–1.95 1.51 1.06–2.15

Income in relation to needs 0.390 .968

Reasonably or adequately 1 1

Not at all or little 1.31 0.71–2.41 0.99 0.54–1.82

(continued)
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Table 2. (continued)

Model Ac Model Bd

OR 95% CI p OR 95% CI p

Physical, mental, and cognitive functioning

Functional disability 0.066 .944

No 1 1

Yes 1.29 0.98–1.69 1.01 0.72–1.43

Need for assistance <0.001 .002

No 1 1

Yes 2.35 1.70–3.26 1.81 1.23–2.66

Sufficient energy <0.001 .008

Somewhat or enough 1 1

Not at all or little 3.19 1.71–5.94 2.69 1.30–5.58

Psychological distress 0.813 .120

No 1 1

Yes 1.07 0.61–1.90 0.60 0.31–1.14

Memory functioning <0.001 .024

Well 1 1

Impaired 2.32 1.79–3.01 1.45 1.05–1.99

Learning new things <0.001 <.001

Well 1 1

Impaired 2.43 1.86–3.19 1.91 1.38–2.66

Social functioning

Household size, members 0.002 .027

One 1 1

Two 0.85 0.67–1.08 0.96 0.70–1.30

Three or more 2.93 1.43–5.99 3.63 1.38–9.59

Loneliness 0.262 .498

At most occasionally 1 1

Fairly often or constantly 1.26 0.84–1.87 0.84 0.51–1.39
aInverse Probability Weighting (IPW) corrected
bNumber of unweighted cases in model B
cModel A included the main effect of variable adjusted for age, gender, and education
dModel B included all examined variables adjusted for age, gender, and education



606 P. Saukkonen et al.

4 Discussion

The strong digitalization of society and the increased shift of transactions to the Internet,
fueled by the COVID-19 pandemic, pose a challenge to equal access to services. In
addition, as the population ages, it is increasingly important to understand and address
the digital divide among older adults. This study aimed to examine the association
between sociodemographic factors and factors related to physical, mental, cognitive,
and social functioning with the non-use of digital services among older adults during the
second wave of the COVID-19 pandemic. Based on our results, nearly half of those aged
70 years and older did not use digital services independently. Factors that predispose
older adults to digital exclusion included need for assistance in everyday activities,
insufficient energy in everyday life, impaired memory, impaired ability to learn new
things, having three or more members in the household, and rural living area.

According to our results, the need for assistance due to impaired functional ability
was associated with non-use of digital services. Respondents who needed assistance in
everyday activities were almost twice more likely to be non-users of digital services
compared to respondents who did not need help with daily living. However, functional
disability was not associated with non-use of digital services. Our findings suggest
that functional disability impairs independent use of digital services when abilities have
declined to the point that external assistance for everyday functions is required. Previous
studies have suggested that poorer health is associatedwith lower computer, Internet [47–
49] and patient portal use [50]. Keränen et al. [51] discovered that the frail older adults
used less ICT compared to their non-frail counterparts. The use of technology has the
potential to enhance older adult’s quality of life by improving their ability to perform
tasks and remain independent for longer [8]. However, our findings raise concerns about
whether older adults with limited functioning benefit from digital services.

Older adults who experienced insufficient energy in everyday life were over two
times more likely to be non-users of digital services compared to those with at least
adequate amount of energy. Experiencing insufficient energy in everyday life might be
the result of several factors that weaken the overall feeling of vitality. According to
Gruet et al. [52], fatigue is a common, non-specific symptom associated with many
health conditions. It can be classified as mental, referring to the cognitive or perceptual
aspects of fatigue, or physical, referring to the performance of the motor system [52].
Fatigue or lack of energy in everyday life may thus deprive older adults’ motivation and
resources to learn to use new digital services.

We found that older adults who perceived that their memory was impaired were
1.5 times more likely to be non-users of digital services than those experiencing well-
functioningmemory. This is congruentwith a previous finding showing cognitive impair-
ments as barriers to the use of personal health records [53]. According to a previous
study by Gusman-Parra et al. [54], people with dementia or mild cognitive impairment
frequently used smartphones and tablets, but they had only limited use of certain appli-
cations or softwares to support memory. The cognitive abilities of older adults who use
the Internet daily have been shown to be better than the abilities of non-frequent users
[14]. In addition, the use of various forms of digital technology is believed to stimulate
cognitive abilities such as executive function, memory, and reasoning [55, 56]. However,
more evidence is needed on whether the Internet use contributes to maintaining good



Non-use of Digital Services Among Older Adults During the Second Wave 607

cognitive function [57–59]. Digital services could potentially support people with cogni-
tive problems to live independently, support their functioning, and improve collaboration
between older adults, their loved ones, and care providers.

Our results showed that respondents who experienced impairments in their ability
to learn were almost two times more likely not to use digital services compared to those
experiencing that they learned new thingswell. Increased age is generally associatedwith
a decline in processing and reasoning, which are fundamental elements for learning [8].
In the study by Kaihlanen et al. [60], older adults expressed their willingness to receive
digital support because insufficient digital skills hindered or even prevented their use
of digital services. However, due to the COVID-19 pandemic, the opportunities for
receiving digital support were limited asmany services providing support were cancelled
or switched to online [60].

Based on our result, older adults who had three or more members in their house-
hold were over three times more likely not to use digital services than those who lived
alone. However, there was no statistically significant difference between those living
alone and those whose household also included another member. Previous findings have
highlighted the importance of social participation and the presence of a partner for using
the Internet [13, 22, 48, 61]. As the population ages, there are more older people living
alone who may be at risk of social isolation which may have an adverse impact on their
health and wellbeing [62]. According to Friemel [63], family and friends are the most
important sources for learning Internet use among older adults [63]. Non-professional
support from a close person has been shown to increase the range of digital devices and
services available to older adults [64]. Our findingsmay suggest that inmultigenerational
families, other family members use digital services on behalf of older family members.
A previous study byBunyan and Collins [65] found that households with younger people
were more digitally engaged. In addition, social networks have been shown to motivate
older adults to use digital services independently [63]. Based on our results, we cannot
say whether these older adults living with more than two family members are however
engaged in digital society even if they do not use digital services independently.

Loneliness, also a factor related to social functioning, was not significantly asso-
ciated with the non-use of digital services in our results. However, previous research
has reported that older adults mitigated their increased loneliness during the COVID-19
pandemic by using new online services tomaintain social relationships [66]. Even before
the pandemic, it was argued that Internet use is an important tool for older adults with
functional limitations to restore and maintain social relationships [12]. Older adults who
interact via the Internet have also been found to have a lower risk for social isolation and
loneliness [62]. Previous research has reported that older adults suffering from loneliness
more often indicated a lack of access to online services as a reason for disengagement
than a lack of interest [67]. Based on our findings, no conclusions can be drawn about
the extent to which digital services are inaccessible to older adults who suffer from
loneliness.

According to our findings, older adults living in rural areas were more likely not to
use digital services than those living in urban or semi-urban areas. This association was
not significant in Model A, but became significant when the effects of all other factors
were controlled for inModel B. Furthermore, the unadjusted main effect was significant.
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Berner et al. [61] have also previously reported lower Internet usage among older adults
in Swedish rural areas. Global differences in Internet access and connection speeds
between urban and rural areas are well stated before [68]. The standard broadband
coverage is uniformly high and high-speed Internet connections are widely available
in Finland, although there are some rural parts, especially in the Northern Finland,
with poor connections. The aging of the population combined with urbanization in an
already sparsely populated country like Finland creates imbalances in the needs for
services, revenue, and resources [30]. Despite the extensive research suggesting that
online technologies have the potential to improve service delivery in rural areas, our
findings support previously expressed concerns that older adults in rural areas may not
benefit equally from digital services [69, 70].

Financial situation was not associated with the independent use of digital services
among older adults according to the results of our study. However, previous research has
shown an association between lower income and lower Internet use [27, 63]. Expenses
related to technologymayhinder the older adult’s use of digital services [16, 60]. It should
be noted that we asked older adults whether they had enough money to meet their needs.
Needs and adequacy can be defined differently according to individual experiences. The
technology needed to use digital services may not be a high priority for some older
adults. In addition, public libraries provide free access to computers and the Internet for
all Finnish residents. However, the COVID-19 pandemic forced libraries to temporarily
close, leaving some people without access to digital services. The distance to the library
can also be a challenge, especially for older adults living in rural areas with limited
functional abilities.

Strengths and Limitations. We used a national population-based sample with a rela-
tively good participation rate and register-based individual-level data to adjust for non-
participation. This allowed us to better generalize our results to the entire population of
older adults in Finland. In addition to the option of responding by mail or web-based,
respondents also had the option of answering the survey by telephone interview, allow-
ing those older adults who have difficulty answering paper questionnaires or web-based
surveys to participate. However, the non-use of digital services by older adults is presum-
ably an even broader phenomenon than captured by our study, since poor functioning
may have limited the participation to this survey. This study was conducted during the
second wave of COVID -19 when the provision and use of digital services had increased
and restrictionswere set due to the pandemic. Presumably, avoiding face-to-face encoun-
ters motivated older adults to use digital services. However, the restriction measures in
Finland were not quite as strict as in many other countries.

Our study has some limitations that should be considered when interpreting our
results. First, the results are based on self-report, which may lead to problems related
to general method variance and the inflation of the strength of associations. Second,
the non-use of digital services referred to respondents who did not use digital services
independently. Thus, the non-users also included respondents who used digital services
with assistance. In addition, non-users may include persons on whose behalf a relative
has used digital services, as transactions on behalf might not be perceived as assisted
use in some responses. Therefore, caution is warranted when arguing the importance of
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support and guidance based on our findings. However, assisted use of digital services
among older adults in our study was relatively low (14.3%). Third, although many
factors in our fully adjusted model were controlled, possibility of residual bias remains.
In addition, several factors with possible influence on the Internet use were not examined
in our study, such as access to digital tools or the Internet. In addition, comparing different
studies of older adults’ non-use of digital services is difficult due to differences in age
categories [27] and adjustments in analyses. Fourth, because cross-sectional survey data
were used, no causal conclusions can be drawn from the results. Finally, Finland is one
of the pioneers of digitalization with a high standard of living [71]. Therefore, caution
should be exercised when generalizing our findings to countries with a different ICT
infrastructure or socioeconomic status among the population of older adults.

5 Conclusion

Challenges to cope independently in everyday life, cognitive impairment, and rural liv-
ing seem to expose older adults to the risk for exclusion from digital services. Factors
related to older adults’ digital exclusion and functional capacity may be interrelated, and
perpetuate in other areas of life, further weakening older adults’ inclusion in society.
Adapting to rapid digital development and limitations in the face-to-face service provi-
sion due to the COVID -19 pandemic may have been particularly challenging for these
vulnerable individuals.

Overall, this study highlights the importance of recognizing the individual needs and
perspectives of older adults from diverse backgrounds and environments. The potentially
growing need for services due to aging, in addition to the proliferation of digital services,
underline the importance of personal support equally in rural and urban areas. Age-
related cognitive and functional challenges should be considered in the development of
digital tools, services, and support. Therefore, older adults should be involved throughout
the development processes [2]. With the natural decline of functional capacity in older
age, the use of digital services may becomemore difficult or even impossible, suggesting
that the availability of traditional face-to-face services and support for digital service
usage should be ensured. Further research should be conducted to examine the impact
of COVID-19 on the third level digital divide among older adults, particularly in the
critical service areas such as health and social care.
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Abstract. The outbreak of the COVID-19 pandemic created an unequal need for
limiting physical contacts and tracing possible exposures to a novel coronavirus.
Smartphone-based contact tracing applications (CTAs) were presented as a vehi-
cle for stopping virus transmission chains and supporting the work of contact
tracing teams. In this study, older adults’ adoption of a CTA was studied using
socioeconomic background factors, satisfaction with health, and the measure of
digital activity as predictors. The data were drawn from a larger questionnaire sur-
vey targeted at older internet users. A subsample of older Finnish internet users
(N = 723) was analyzed using a logistic regression model. Results showed that
older internet users had widely adopted the Finnish CTA calledKoronavilkku irre-
spective of demographic background factors, level of education, and self-assessed
satisfaction with health. Besides high income and retirement status, digital activ-
ity measured through the breadth of mobile phone features used and the use of
an online symptom checker increased the likelihood of having the CTA installed
on a smartphone. The results of the study lend themselves to be used for future
epidemics and other occasions that require a real-time and/or retrospective tracing
of people and their physical encounters.

Keywords: Contact tracing app · COVID-19 · Internet · Older adults · Online
symptom checker · Smartphone

1 Introduction

The outbreak of the COVID-19 pandemic in early 2020 created an unequal need for
limiting physical contacts and tracing possible exposures to a novel coronavirus all
over the world [1, 2]. From very early on, the oldest people, especially those with
various health conditions, were found to be at a higher risk for a serious infection
[3–6]. Therefore, both recommendations for self-isolation and statutory measures to
limit moving and face-to-face contact were pronouncedly targeted at older citizens. For
instance, the Finnish government released the instructions in March 2020, according to
which “people over the age of 70 are obliged to separate from contacts with other people
where possible” [7].

Despite certain privacy concerns, smartphone-based contact tracing applications
(CTAs) were presented in many countries as a vehicle for stopping virus transmission
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chains and supporting the work of contact tracing teams soon after the outbreak of the
pandemic [8]. Voiced privacy concerns were mainly related to the various ways in which
tracing apps manage, store, and transmit personal data. The “decentralized” solutions
kept user data on the device itself, while “centralized” solutions transmitted data to a
central repository [9]. While the former solution provoked somewhat less privacy con-
cerns than the latter, in general CTAs were perceived as an intrusive technology that
compromised the sovereignty of an individual [9].

Whereas privacy concerns may have hindered the adoption of CTAs, smartphone
ownership was an absolute precondition for adoption. Hence, CTA adoption could not
be taken for granted, especially among the oldest population. For example, in Finland,
75% of adults aged 65–74 and only 34% of those aged 75–89 had a smartphone equipped
with a 3G or 4G connection and touchscreen for their personal use in 2020 [10]. The
limited prevalence of smartphones as well as a sizable variation in digital skills and in
ways of using smartphones [11, 12] may have affected older adults’ use of COVID-19
CTAs in particular ways.

This paper aims to investigate older adults’ adoption of a COVID-19 CTA in Fin-
land using socioeconomic background factors, satisfaction with health, and measures
of digital activity as key predictors. All respondents included in the sample are inter-
net users, constituting a highly select group of older adults (aged 62–92). First, this
study explores (RQ1) what socioeconomic and well-being factors are related to the use
of COVID-19 CTAs. Second, it is investigated whether (RQ2a) the breadth of mobile
phone features used and (RQ2b) the use of an online symptom checker—two measures
of digital activity—are associated with the adoption of CTA. To obtain answers to these
questions, a subsample of questionnaire survey data (N = 723) collected in November
2020 is analyzed using a logistics regression model.

The rest of the paper is organized as follows. The paper begins with a short overview
of what is already known about the willingness to adopt and actual use of COVID-19
CTAs in different countries. After this, the Finnish COVID-19 CTA calledKoronavilkku
is introduced. The data, measures, and methods are presented before the results section.
In the discussion and conclusions, the significance of retirement status, income, and
overall digital activity for the use of CTAs is highlighted, and the implications for further
research and practices are discussed.

2 Previous Literature on COVID-19 Contact Tracing Apps

In less than two years from the launch of the first COVID-19 CTAs in Asian countries,
such as China, South Korea, and Singapore [13], many studies have been published
about citizens’ intentions and willingness to adopt these applications [1, 2, 14]. More
recently, a study has also been conducted on the actual usage of CTAs [15]. So far, most
of the studies have focused on entire adult populations [14–16], and some studies have
addressed specific subpopulations like health care students [17]. Older adults have not
yet attracted special attention in CTA studies, although they are both at a higher risk for
serious COVID-19 infection and often less likely to adopt new technology than younger
age groups. Despite this lack of research on older age cohorts, the earlier studies on
CTAs provide much useful information about potential predictors of older adults’ CTA
adoption.
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As regards age, a Dutch study found that the predicted adoption rate of a COVID-19
CTA was significantly lower for the oldest respondents (aged 75 or more, 45.6%) than
for the youngest age bracket (aged 15–34, 79.4%) [2]. In a five-country study including
respondents from France, Germany, Italy, the United Kingdom, and the United States, it
was reported that the acceptability of CTAswas considerably high in all age groups, yet it
slightly decreased with the increasing age of respondents [1]. Likewise, in a study from
the United States, it was found that the oldest respondents were slightly less willing
to adopt a CTA than younger respondents [14]. In contrast to others, a study dealing
with the use of COVID-19 CTAs in Switzerland found no relationship between age and
application use [15].

To date, no gender differences have been found regarding the acceptability or use
of COVID-19 CTAs. Altmann et al. [1] showed that the acceptability of these apps did
not vary by gender in their five-country study. Similarly, von Wyl et al. [15] reported
no gender differences in Switzerland. Regarding education, prior findings have shown
equally consistent results. Both a Dutch study [2] and a U.S. study [4] reported that
the more educated people were, the more willing they were to adopt COVID-19 CTAs.
Prior studies have paid relatively little attention to family-related factors. One of the few
studies found that neither partnership status nor having children was associated with the
use of COVID-19 CTAs in Switzerland [15].

Previous research has reported mixed findings regarding the predictive power of
economic factors. In Switzerland, it was found that higher household income was asso-
ciated with the use of COVID-19 CTAs [15], while another study from the United States
detected no household income effect [14]. Due to major differences in countries’ eco-
nomic structures, taxationmodels, andwelfare systems, these inconsistencies in findings
are not surprising. Similarly, there are also notable differences in population density and
degree of urbanization. Nevertheless, previous studies have provided only limited infor-
mation about the connections between these factors and CTA use. In the United States,
a study found that the urban residency of respondents was not associated with CTA use
[14]. Other types of regional informationwere provided by a Swiss study. In Switzerland,
people residing in French-speaking or Italian-speaking regions were associated with a
lower CTA adoption than those living in German-speaking regions [15].

In addition to sociodemographic and economic factors, the connection between
health status and CTA use has attracted some attention in previous research. In the
Netherlands, a study revealed a connection between a worsened perception of general
health and the preference to adopt a CTA [2]. The same study also found a positive
relationship between some specific health issues, such as lung disease, kidney disease,
and a compromised immune system, and the preference of having a CTA. Similarly, it
was reported in a five-country study that respondents with one or more comorbidities
were more likely to support the use of a CTA than those with no comorbidities [1].
In the United States, a study showed that the respondents who belonged to a high-risk
group due to a certain health condition were 1.5 times likelier to adopt a CTA than the
respondents without medical conditions [14]. To sum up, there is solid evidence that
health conditions constituting a higher risk for infection increase the willingness to use
and actual use of COVID-19 CTAs in various country contexts.
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Lastly, previous studies have indicated that overall digital activity is associated with
the use of COVID-19 CTAs. For example, both the higher frequency of mobile phone
use [1] and internet use [15] were related to an increase in the likelihood of adopting
and using CTAs. Similarly, higher internet skills were found to be associated with the
willingness to install CTAs on a smartphone in the United States [14]. In contrast, the
main reasons for the nonuse of COVID-19 CTAs in Switzerland were the perceived
lack of usefulness (37%), not having a suitable smartphone or operating system (23%),
and privacy concerns (22%) [15]. In the same study, it was concluded that the older
respondents were, the more often they reported “not the right phone” as a reason for
nonuse [15].

3 COVID-19 Contact Tracing App in Finland

In Finland, the COVID-19 CTA called Koronavilkku was developed by the Finnish
Institute for Health and Welfare (THL). It was developed to assist in finding out if its
user had been exposed to the coronavirus and should therefore self-isolate oneself and
contact the health care services for a possible COVID-19 test. In the case of a positive
test result, a person could share this information anonymously with those who had
been in proximity with him/her. In terms of data privacy, Koronavilkku is based on a
decentralized protocol. The app sends a randomly generated anonymous code to other
apps in close proximity, and these codes are locally stored on mobile phones only.

The Koronavilkku app was rolled out on August 31, 2020, and it was promoted
with nationwide advertising campaigns. The app was free to download from the Google
Play Store and Apple’s App Store. The oldest supported operating system for Android
phones was 6.0 and for Apple iOS13.5, which was possible to install on iPhone 6s and
subsequent models. The app required a Bluetooth connection to function.

When the survey data used in this study were collected in November 2021, THL
reported that the Koronavilkku app had been downloaded over 2.5 million times in a
country of 5.5 million inhabitants. According to an opinion survey commissioned by
THL [18], 90% of Finns had at least heard about it in late 2020. Of the surveyed people
under the age of 25, 71% had downloaded the app, while the adoption rate was the lowest
among adults aged between 45 and 54.

4 Data and Method

4.1 Survey Data

For this study, the data were drawn from the third wave of the Aging+ Communication
+ Technology (ACT) cross-national longitudinal survey collected in November 2020.
The countries involved in the survey study were Austria, Canada, Israel, Finland, the
Netherlands, Romania, and Spain. The initial target population of the survey was older
internet users aged 60 or above in 2016 (Wave 1). Respondents were recruited from the
respondent panels of commercial research agencies. Questionnaires were administered
and filled out online in every country except Romania [19]. The third-wave data set
includes 4,445 respondents in total. After completing the main survey questionnaire,
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a couple of additional questions concerning the use of COVID-19-related digital ser-
vices were presented to Finnish respondents. These questions dealt with the use of the
Koronavilkku CTA and the use of theOmaolo online service developed to facilitate self-
assessment of various symptoms, including those of COVID-19, and service needs. As
the COVID-19-related questions were only collected from Finland and in the latest wave
of the survey, the analysis of this study was restricted to the subsample of older Finnish
internet users (N = 723).

4.2 Measures

Descriptive statistics of the dependent and independent variables are presented inTable 1.
As the dependent variable, the study used the question, “Do you have Koronavilkku
installed on your mobile phone?” Independent variables, selected following the above-
presented literature review, consisted of demographic measures (gender, age, family
status, urban/rural residency, the Nomenclature of Territorial Units for Statistics (NUTS)
region), socioeconomic variables (education, income, retirement status), self-assessed
satisfaction with health, and two measures of digital activity—the breadth of mobile
phone features used and the use of the Omaolo online symptom checker.

4.3 Statistical Procedures

A binary logistic regression model was applied to find out how different background
factors and the two measures of digital activity—the breadth of mobile phone features
used and the use of online symptom checker—are associated with the use of the COVID-
19 CTA. McFadden’s Pseudo R2 was used as a goodness-of-fit indicator.

5 Results

Table 1 shows that almost two-thirds of our respondents had the Koronavilkku CTA
installed on their smartphone, and less than a fifth had experience in using the Omaolo
online symptom checker at the time of the data collection in late 2020. Respondents’
self-perceived health was at a good level on average. A vast majority of respondents
reported their health satisfaction being either at a high or at a medium level.

All results concerning the research questions are presented in Table 2. Regarding
RQ1, the analysis revealed no associations between basic demographic measures (gen-
der, age, family status, urban/rural residency, NUTS region) and COVID-19 CTA use.
Similarly, education and self-reported health satisfaction turned out to be insignificant
predictors. On the contrary, employment status and self-reported income (relative to a
national average) were strongly associated with the adoption of the Koronavilkku CTA.
More precisely, the retired respondents had the CTA downloaded on their phones more
likely than the nonretired (i.e., the employed, unemployed, volunteer workers). Respon-
dents with an average or above-average income had, in turn, the app more commonly
installed on their phones than those who reported having an income lower than a national
average.
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Table 1. Descriptive statistics.

Variable N %

COVID-19 contact tracing app

No 291 40.2

Yes 432 59.8

Gender

Female 349 48.3

Male 374 51.7

Age

64–69 345 47.7

70–75 242 33.5

76–92 136 18.8

Family status

No spouse, no children 121 16.9

No spouse, with children 128 17.9

Spouse, no children 258 36.0

Spouse, with children 209 29.2

Rural/urban residency

City or suburb 326 45.5

Town 262 36.5

Countryside 129 18.0

NUTSa regions

Helsinki-Uusimaa (Capital region) 193 26.7

Southern Finland 166 23.0

Western Finland 187 25.9

Northern and Eastern Finland 177 24.5

Education

Primary 101 14.1

Secondary 326 45.7

Tertiary 287 40.2

Income

Below average 296 46.3

Average 115 18.0

Above average 228 35.7

(continued)
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Table 1. (continued)

Variable N %

Retirement status

Other 55 7.6

Retired 668 92.4

Satisfaction with health

Low 46 6.4

Med 297 41.4

High 374 52.2

Breadth of mobile phone features used

Narrow 238 32.9

Medium 306 42.3

Broad 179 24.8

Online symptom checker use

No 582 82.7

Yes 122 17.3
aThe Nomenclature of Territorial Units for Statistics (NUTS)

In response to RQ2a, it was found that the breadth of mobile phone features used
was strongly associated with the adoption of the Koronavilkku CTA among the studied
population. The wider the array of mobile phone features used, the higher the likelihood
of having the CTA installed on the phone. Regarding RQ2b, the results showed that the
use of the Omaolo online symptom checker was associated with the use of the CTA.
Respondents who had used the online symptom checker were 2.8 times likelier to have
the Koronavilkku CTA installed on their mobile phone than those with no experience in
using it.

Table 2. Predictors of COVID-19 tracing app use (binary logistic regression).

Variable Odds ratio SE t-value p-value

Gender (ref. female) 1

Male 1.004 .204 0.02 .984

Age group (ref. 64–69) 1

70–75 .835 .184 −0.82 .412

(continued)
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Table 2. (continued)

Variable Odds ratio SE t-value p-value

76–92 .703 .177 −1.40 .162

Family status (ref. no spouse, no children) 1

No spouse, with children .968 .299 −0.10 .916

Spouse, no children 1.124 .309 0.42 .671

Spouse, with children 1.211 .345 0.67 .502

Education (ref. primary level) 1

Secondary .615 .175 −1.70 .088

Tertiary .642 .201 −1.42 .157

Satisfaction with health: (ref. low)

Med .741 .288 −0.77 .439

High .933 .367 −0.18 .859

Monthly personal income (ref. below average) 1

Average 1.944 .509 2.54 .011

Above average 2.278 .561 3.34 .001

Rural/urban residency (ref. city or suburb) 1

Town 1.144 .247 0.62 .534

Countryside .773 .206 −0.97 .333

NUTS (ref. Helsinki-Uusimaa (capital region)) 1

Southern Finland .898 .245 −0.39 .695

Western Finland 1.214 .319 0.74 .460

Northern and Eastern Finland 1.498 .403 1.50 .133

Retirement status (ref. other) 1

Retired 2.958 1.022 3.14 .002

Breadth of mobile phone features used (ref. narrow) 1

Medium 2.603 .542 4.59 <.001

Broad 5.271 1.398 6.27 <.001

Online symptom checker use (ref. no) 1

Yes 2.752 .745 3.74 < .001

Constant .235 .142 −2.39 .017

McFadden’s Pseudo R2 0.132

N 614
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6 Discussion and Conclusions

The results of the study show that older internet users had widely adopted the COVID-
19 tracing app irrespective of demographic background factors, level of education, and
self-reported satisfaction with health. These results align well with previous studies that
have found no gender effects [1, 15] or variation in the adoption of CTAs according to
family status or marital status [15]. However, the results depart from the earlier findings
regarding age and education. Unlike previous studies [1, 2], this study did not support
the negative association between the use of COVID-19 CTAs and age. Similarly, this
study did not find evidence for a connection between education and the adoption of CTA
[cf. 2, 14]. These less anticipated findings may be interpreted as acknowledging the
characteristics of the target population. Older internet users are more likely to be highly
educated and experienced users of CTAs than their agemates not using the internet and
thus not included in our data.

Strong associations between socioeconomic factors and the adoption of COVID-
19 CTAs were found in the analysis. First, retired respondents were significantly more
likely to use the CTA than other respondents who were mostly full-time or part-time
workers. Since virtually all the respondents had reached their minimum retirement age,
it can be presumed that employed respondents comprise a relatively healthy subgroup of
individuals. In fact, it is unlikely that the employed respondentswould have serious health
conditions as they have continued to work beyond the age of 64. For the same reason,
they may not consider themselves at an equivalent risk of getting a serious infection
compared with their retired agemates and had therefore not installed a COVID-19 CTA
on their phones.

More surprisingly, the study found that the respondents with a below-than-average
income were less likely to use the COVID-19 CTA than the respondents with higher
incomes. Although this finding is in line with some previous findings [15], it can be
considered at least partly counterintuitive as the CTA is completely free to download.
A possible explanation for this finding lies in mobile phones and their operating sys-
tems. Without further evidence, it can only be hypothesized that the respondents with a
low income may have possessed older phone models that cannot run the Koronavilkku
CTA requiring a Bluetooth connection and a relatively new version of iOS or Android
operating system.

Based on the results of this study, the subjective measure of health satisfaction is
not associated with the adoption of the COVID-19 CTA among the studied popula-
tion of older Finnish internet users. This finding complements the previous knowledge,
according to which both specific heath conditions constituting a high risk for a severe
infection and self-perceived general health [1, 2, 14] are positively associated with CTA
use. This divergent finding indicates that subjective measures of health satisfaction do
not inevitably correlate with diagnosed health conditions and may not similarly increase
people’s awareness of risks related to COVID-19 infection.

Lastly, RQ2a and RQ2b dealt with the associations between two measures of digital
activity—the breadth of mobile phone features used and the use of the Omaolo online
symptom checker—and the adoption of the Koronavilkku CTA. Both measures were
strongly and positively associated with having the CTA installed on a mobile phone.
In this respect, the results are consistent with the previous studies that applied other
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measures of digital activity, such as the frequency of mobile phone use [1] and of
internet use [15]. Regarding the online symptom checker, it is worth mentioning that
it was developed before the COVID-19 pandemic to self-check the symptoms of other
common health conditions. Hence, some respondents may have been familiar with and
even used it before the pandemic. Prior knowledge of e-health applications like Omaolo
may have lowered the threshold for adopting the Koronavilkku app. To conclude, the
results of the study imply that apart from higher income and retirement status, digital
activity in general increases the likelihood of CTA adoption among older internet users.

7 Limitation and Future Research

This study has certain limitations that arise from its sample and measures. As the sur-
vey was originally developed to study older people’s media use, the sample was only
indicative of older internet users. Additional measures on COVID-19 CTA use and
online checker use were only added to the Finnish version of the questionnaire. Hence,
it was not possible to make country comparisons. The data set also included some obvi-
ous limitations regarding potential independent variables. It did not involve measures
of digital skills or detailed information about respondents’ personal techno-biography,
which could have served as good predictors of CTA adoption. Similarly, the data did not
contain information about respondents’ diagnosed health conditions, which have been
successfully applied as independent variables in some prior studies [2]. Moreover, it is
likely that older adults’ social connectedness and lifestyles are related to their perceived
need for and willingness to adopt a CTA. If a person’s lifestyle is home-centered and
in-person encounters with others are rare, the need for a CTA is certainly perceived as
relatively small. These types of measures would be important to include in future models
to also cover motivational factors behind the adoption of CTAs.

As new pandemics may break out at any time, it is crucial to understand what factors
influence their adoption rates. The effectiveness of CTAs is largely dependent on the
overall adoption rate, which should be as high as possible. Although the effectiveness of
CTAs in breaking and tracking infection chains has been questioned, a recent systematic
review shows that CTAs can be a valuable addition to the work of manual tracing teams
[20]. The results of this and similar studies also lend themselves to other possible appli-
cations of CTAs on occasions where real-time and/or retrospective tracing of people and
their physical encounters are required. In the future, portable CTAs may turn out to be
useful in other types of emergencies, such as natural disasters or bioterrorism. It is hence
important to pay attention to their acceptability and reliability in the future.
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Abstract. The mobility of bus space is strong and there are many facilities and
functional areas in the bus, which makes interior design works difficult. Visual
search can reflect the adaptability of passengers to a certain space to some extent.
However, this ability of the elderly is significantly different from that of the young
group. Therefore, an interior layout suitable for older passengers should make up
for the lack of information in their process of visual search. This paper summa-
rized 48 bus interior layouts and established the correlation model between the
acceptability of the elderly and their eye movement characteristics including fixa-
tion, saccade and pupil diameter when observing these layouts. On this basis, the
visual search law of the elderly was found and the important areas were located.
By means of this method, the priority of the key functional areas to guide the
vision of the elderly was figured out. The study found that for old people, the
initial recognition degree of the rear seat area was higher, and there were more
meaningful clues in the middle right part. The conclusions provided a reference
for determining the position of visual symbols which were used to guide the line
of sight and designing an elderly-oriented layout in buses.

Keywords: Bus interior · Elderly passengers · Visual search · Eye movement ·
Acceptability · Seat arrangement

1 Introduction

The establishment of new standards for bus comfort, safety and environmental pro-
tection in the new era provides passengers with a better commuting environment and
comfortable experience. Although the subway has gradually become the first choice for
young passengers such as office workers in big cities, the bus is still the main means of
transportation for the elderly in medium and long distance travel. However, the concept
of universal design, which has been constantly raised, still does not take into account
the perceptual and physical characteristics of elderly passengers well, especially in the
number of seats, seat density, seat direction, aisle width and the imperfection of barrier
free facilities. With the progress of social development, passengers pay more attention
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to the safety and space experience brought by the layout of seats and handholds when
taking public transport. Consumer groups with different professional backgrounds and
ages have differences in preference, which puts forward higher requirements for the
optimal design of bus interior space. It can be considered that in the future bus ride
process, people will no longer perceive multiple information sources dispersedly, but
the overall information space.

Compared with the functional travel for the purpose of going to school or work,
the travel of the elderly is mainly to meet the needs of daily life. The elderly usually
avoid the rush hours in the morning and evening, so the space in the bus is relatively
ample. In this case, the layout of facilities in the bus plays an important role in guiding
visual attention and keeping the body stable, so as to avoid the elderly passengers feeling
blocked inmovement or difficult to stand.An ideal aging-oriented layout should conform
to the visual search law of the elderly, so that they can judge the problems that may be
encountered in the process of maintaining physical stability and movement at a glance.

Researchers found thatwith the increase of age, people’s visual search ability showed
a downward trend [1]. The ability of the elderly is significantly different from that of the
young group. This study took buses in Beijing as examples, analyzed the visual attention
law of the elderly induced by interior space of buses, and located important functional
areas. In this way, the role of each functional area in guiding the vision of the elderly
was proposed. The purpose is to optimize the interior layout design of existing buses
and improve the convenience and safety of elderly passengers.

2 Literature Review

In recent years, remarkable achievements have been made in the modeling of bus inte-
rior layout and passenger characteristics. For example, Agent-based simulation could
evaluate the performance of different bus layout designs from the perspective of pas-
sengers [2], so as to help bus manufacturers design more attractive interior layout. The
study summarized eight types of passenger personas, and passengers’ preferences and
characteristics had been realized through a calibrated decision-making algorithm. The
research method was advanced.

There are significant differences between older and younger passengers in boarding
and alighting time, handhold use, seat position preference and posture stabilitymaintain-
ing [3]. For the elderly passengers, lowfloor buses are safer. The barrier-free accessibility
of its interior facilities is reflected in the door position, seat configuration and large front
wheel housing, which jointly affect getting on and off the bus and internal movement of
passengers. Relevant study had shown that the specific design conditions of low floor
buses could significantly influence the preferences of walking aid users [4]. However,
passengers using wheeled mobile devices still faced safety problems and low efficiency
in boarding, alighting and internal circulation in low floor buses, and high passenger
load had adverse effects across three types of interior layouts [5].

At present, there are many studies on injuries of passengers in public transport. For
example, a study used modeling of MADYMO Hybrid III 50% Dummy to explore the
factors related to passenger injury in crash accidents, including the direction of sitting
passengers and the spacing of seats [6]. Such method can also be used to improve the
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safety of elderly passengers. As for the design issues which might bring about injury,
Solah et al. [7] studied the problems of doors, seats, handrail and steps, and proposed
design principles for reducing injury of occupants, especially the elderly passengers.

In terms of bus ride human-machine system, Pityn et al. [8] analyzed the windshield
glare produced by the illuminants inside the bus primarily set for improving the safety of
passengers. The study gave a quantitative reference for optimizing the driver conditions
and evaluating design components in public transport. Yang [9] researched the physio-
logical problems of joint stiffness and insufficient muscle strength of lower limbs of the
elderly, and put forward the design scheme of passenger leaning facility according to
the research conclusions.

In the era of intelligent public transport, the in-vehicle information system is becom-
ing more and more important to passengers. Researchers designed an embedded device
to inform passengers that they had arrived at the destination through both auditory
channel (speakers) and visual channel (LCD screens) [10], which was of great value
to the elderly and illiterates. As the information media become abundant, the research
on human response time and adaptability gets more difficult. Eye-tracking is a useful
research method. A study for the elderly users showed that it was feasible to analyze
the dialogue boxes, graphical user interface and touch screen operations of the vehi-
cle information system through eye movement on color, icons and characters, and the
visual feature model and relevant design tactics of old people could be obtained [11].
The conclusion also provided theoretical guidance and technical support for bus interior
study.

3 Method

3.1 Eye Movement Analysis

The diversity of bus interior facilities improves the ride experience, but also increases
the information burden of passengers and distracts attention. In addition to searching for
seats and handholds to avoid stumbling, it is also necessary for the passengers to pay
attention to visual interfaces such as bus stop posters, LED rolling display screens and
LCD advertising screens. This requires the layout of the facilities can meet the visual
search law of the elderly. Visual search refers to the task that people scan visual images to
find important information. Tinelli et al. [12] pointed out that visual search meant users
could determine targets in an interference environment based on rapid visual processing
and accurate control of eye movement. To study the visual search of elderly passengers
for interior layout and facilities, which can be reflected through eye movement to a
certain extent, has guiding significance for designing interior human-machine system in
line with the cognitive load of the elderly.

Visual processing of the elderly is quite different from that of the young. Some
studies have found that the elderly cannot adjust attention processing according to the
situation, and the flexibility declines. When goals are highlighted, the elderly are more
vulnerable to distractions [13–15]. Therefore, for the analysis of elderly-oriented layout
of buses, it is necessary to understand and refer to the visual search law of the elderly.
Visual search has two main functions: firstly, to determine the spatial layout of object
surface in an environmental scene; secondly, to identify objects.
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By the comparison of sub items of the data from different area of interest (AOI),
the general visual search law of people can be summarized. Correspondingly, this study
analyzed the eye movement characteristics of the elderly when gazing at bus interior
images. Generally, the more the total fixation times (FT) in the target area, the lower the
search efficiency. More FT of an AOI shows that the region is more important for the
observer and can attract more attention. At the same time, it also reflects the region is a
key part for design. Besides, longer fixation duration (FD) of an AOI means the area is
more difficult for the passenger to extract information or the target is more attractive. For
elderly-oriented buses, the seat unit planning should be helpful to reduce the elderly’s
fear for extreme open space and standing in the bus. Therefore, we used eye movement
law to reflect the attentional situation of elderly passengers to different functional areas
and the difficulty to plan their movement path. In addition, the first fixation duration
(FFD) is the lasting time of the first fixation spent on an object or a region, which is
usually used to express the initial recognition degree of the target stimulus. The shorter
the FFD of the target, the more it can attract the attention. For the research on the spatial
layout of bus interior, eye movement is useful to judge which areas are more in line with
the visual search law of elderly passengers.

Due to the need to study the information hidden in the process of regional shifting
of the elderly’s fixation, saccade is meaningful to be taken into consideration. Saccade
is the eye movement that makes an individual quickly move his sight line to the position
of interest when exploring a visual environment. For the interior layout with the highest
acceptance, we analyzed the subjects’ saccade amplitude (SA). The greater the SA,
the more meaningful clues in the new location, which reflects that the area attracts the
attention of the elderly to a certain extent, and should be paid more attention in design
works.

Moreover, researches showed that for simple tasks, the pupil diameter (PD) would
present an increasing trend with the augment of cognitive load [16]. Therefore, in the
image observation task of this study, we also collected the average PD of both eyes as
one of the input layer indicators of the prediction model for acceptance degree.

3.2 Stimulus Materials

Existing research found that visual acceptability and emotion could be helpful for people
to discriminate between different instrument panels bymeans of observing pictures [17].
Although the immersion degree of pictures is not high enough, they can still reflect the
users’ experience and preference [18]. In this study, we took the pictures that could com-
prehensively show the layout of interior space as the eye-tracking stimulation materials,
analyzed the eyemovement characteristics of the elderly in the process of bus observation
and recognition, summarized the laws and provide reference basis for elderly-oriented
design.

In the bus interior, there aremore than ten features, such as seat distribution, handhold
distribution, handhold density, handhold shape, auxiliary armrest position, leaning facil-
ity position,wheelchair area configuration, etc.And each feature has a variety of changes.
In order to locate the key design opportunities, we selected the most typical four features
(front seat distribution,middle seat distribution, rear seat distribution andwheelchair area
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location). Cabin parameters and interior photos and videos of buses in Beijing were col-
lected from authoritative websites as the reference for drawing stimulation materials.
The sources included the official website of Beijing Public Transport (http://www.bjbus.
com/home/index.php), Buspedia (https://buspedia.top/) and Chinabuses (https://www.
chinabuses.com/), as well as the official websites of companies providing buses for Bei-
jing, such as Youngmanbus Co., Ltd, Yutong Bus Co.,Ltd., and Sunlongbus Co., Ltd. A
total of 87 bus model images were collected, basically covering all types of single-deck
and single-cabin models used in operating lines on Beijing roads.

After classifying the interiors of the 87 bus models, excluding special buses, cus-
tomized buses and special cases, the four features of the remaining samples were sum-
marized into specific categories. The category number of each feature is shown in
Table 1:

Table 1. Specific categories of the main interior features

A: Front seat
distribution

B: Middle seat
distribution

C: Rear seat
distribution

D: Wheelchair area

Category A1. Two columns
of seats are
arranged
horizontally on
both sides and face
each other

B1. Two columns
of seats are
arranged vertically
and horizontally
respectively

C1. The middle
two rows of seats
face each other

D1. There is a
wheelchair area in
the space

A2. One column of
seats are arranged
vertically

B2. Two columns
of seats are both
arranged
horizontally

C2. All seats face
the same direction

D2. No wheelchair
area

A3. Two columns
of seats are
arranged vertically
on both sides and
for each column,
the two seats are
back-to-back

B3. Two columns
of seats are both
arranged vertically

– –

A4. No seat in this
area

– – –

By combining different categories of the four features, a total of 4 * 3 * 2 * 2 = 48
interior layouts can be obtained, which is the eye movement stimulation material of this
study. Referring to the idea of Delphi method, six experts in the field of shared travel and
vehicle design were invited to score the color matching and handhold quantity of the 87
samples. After scoring, the staff will make statistics and sort, and feedback the results
to the experts, so that they can compare their specific opinions with others, modify their
judgments and then score for the second round. By this means, in the third round a
unanimous conclusion has been basically reached. The quantity of handholds and color

http://www.bjbus.com/home/index.php
https://buspedia.top/
https://www.chinabuses.com/
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scheme with the highest scores were selected for applying in the stimulating materials,
which were 3D modeled by the software Rhinoceros and rendered out by Keyshot.

In order to make the pictures clear and highlight the layout features, the production
of the picture follows three principles: (1) Ignoring the color particularity of special
seats for the old, young, disabled and pregnant, all seats are uniformly set to blue. (2)
Do not separate the seat surface into several pieces with color blocks. The whole seat
is blue (R:96; G:134; B:196), and the armrest is yellow (R:252; G:234; B:56). The 48
stimulating materials are shown in Fig. 1:

Fig. 1. Stimulating materials of this experiment (Color figure online)
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3.3 Experimental Process

We applied a desktop telemetry type eye-tracker (SMI Co. Ltd., German) to collect the
elderly’s eye movement. The sampling rate was set to 60 Hz. Each picture was played
on the screen for eight seconds, and the time interval was five seconds. The AOI editor
in the software BeGaze was used to edit polygonal AOIs, as shown in Fig. 2.

Fig. 2. AOIs of one of the stimuli

33 elderly people aged 65–81 were invited to participate in the experiment, including
19 males and 17 females. The experimental task is to observe the bus layout pictures.
Based on their own riding experience, the subjects should observe each functional area
on the picture according to their natural observation habits after getting on a bus. The
subjects were required to observe and memorize the interior details as comprehensively
as possible, and were told that there was a subsequent feature memory test for the 48
layouts after the experiment, to enhance the subjects’ attention to the layout.

After completing the eye movement experiment task, the subjects were asked to fill
in a questionnaire and describe the biggest difficulty encountered in the process of taking
a bus.

3.4 Acceptability and Extreme Learning Machine

The elderly-oriented design emphasizes the importance of taking the elderly as the
foundation. Therefore, it is needed to underline the expression of individual wishes of
elderly users. For the acceptability analysis of bus layout, we referred to the Technol-
ogy Acceptance Model (TAM). Although the model is oriented to information system
and technologies, it can play a role in researches of elderly care needs [19]. The model
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proposed two main determinants: perceived usefulness (PU) and perceived ease of use
(PEU). Starting from the above two concepts, this study used Likert scale with 7-level to
quantify the acceptance of the elderly. Subjective evaluation can reflect the comprehen-
sive experience of users in a human-machine system [18, 20]. The specific connotation
of the two indicators was explained to the subjects during data collection, which is the
extent to which a certain bus interior layout will make the elderly feel useful or easy to
control in the process of moving, maintaining body stability and seating.

The factors affecting users’ PUmainly include health anxiety, service quality, privacy
security, etc., which are always abstract. However, PEU is more specific and intuitive,
which is the users’ expectation for the ease degree and convenience of using a system
[19]. Therefore, considering the roles of PU and PEU in bus interior perception, the
original scores of the two concepts were given a weight of 0.4 and 0.6 respectively to
obtain the total score of acceptance, which is:

Y = 0.4 ∗ Z1 + 0.6 ∗ Z2 (1)

where Y is the acceptance score, Z1 and Z2 are the scores of PU and PEU respectively.
For the prediction of acceptance score, we used Extreme Learning Machine (ELM).

ELM is a form of feedforward artificial neural network. As a prediction algorithm, its
generalization ability and learning rate are good [21], suitable for prediction works in
engineeringfield.Amain advantage of themodel is that the constructure is brief,with few
parameters to be adjusted, on the premise of getting over the fault of iterating repeatedly.
The ELM used in this study is a single hidden-layer network. The expression of an ELM
with L hidden layer neural nodes is [21]:

L∑

i=1
βig(wixi + bi) = oj (2)

where βi means the weight linking the hidden layer and the output layer, g(*) refers to
the activation function being selected, wi indicates the weight connecting nodes of the
input layer and hidden layer, and bi is the hidden layer bias.

During the ELM training, wi and bi are determined by random generation. In order
to calculate the output result of the network, the weight (βi) is the only parameter that
needs to be figured out [22]. The model was trained and saved by the training set, and
then the testing set was used to verify the prediction performance. In this study, the Sine
function was selected as the activation function. The model was established by taking
FD, FT and PD in the nine AOIs of the subjects under 48 layouts as the input data (a
matrix with 48 rows and 27 columns), and the average acceptance score of each layout
as the output data (a column vector with 48 rows). 36 rows of data were randomly picked
out as the training set, and the leftover 12 rows were the testing set.

4 Results

4.1 General Trend of the 48 Types of Layouts

Set the quantity range of hidden layer nodes of the ELM model as 1–100, and build
models respectively. The Sine function was used as the activation function to train the
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models. Each model was trained 50 times and the error variation curve was generated.
When the quantity of hidden layer nodes got 55, the error started to converge. Thus,
the quantity was determined to be 55. The model with a mean relative error (MRE) of
less than 10% would be accepted, or else the model would be trained again. The finally
obtained prediction outcome of the acceptance score is illustrated in Fig. 3.

Fig. 3. The prediction result of acceptance by ELM

Theperformance criteria of thefinalmodel are shown inTable 2. The results indicated
that the model could accurately predict the elderly’s acceptance for different bus layouts.

Table 2. The performance criteria of the ELM model

MRE MAE MSE R2

Model 0.061 0.303 0.163 0.817

Figure 4 presents the relative error values of the testing set, in which it can be seen
that the relative errors of most testing samples are less than 10%, and only one exceeds
15%. This confirms that the elderly’s visual search characteristics are indeed related to
their acceptance.

The seats in the carriage are generally arranged in three regions: the left (linear
arrangement), the right (also linear arrangement) and the rear (U-shaped arrangement).
In order to reflect the differences brought by the visual search of the elderly in these
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Fig. 4. The relative error values of the testing set

three regions, we averaged the eye movement data of AOI5 and AOI8, AOI6 and AOI9
respectively, and obtained the average FD and PD of the three seat distribution areas
(Table 3).

Table 3. FD and PD of the three seat distribution areas (n = 48)

Left seat area Right seat area Rear seat area Levene Statistic
(sig.)

F value (sig.)

FD (s) 0.475 0.509 0.51 0.013 (0.987) 11.595 (0.000)

PD (mm) 3.544 3.626 3.762 0.007 (0.993) 15.337 (0.000)

The Analysis of Variance (ANOVA) results showed that the differences among the
three areas were significant (p< 0.001). The average FD of the rear part was the longest,
followed by that of the right side. However, after making post hoc multiple comparison
(by LSD method), it was found that the difference between the two parts was not signif-
icant (p = 0.924). And the average FD values of the two parts were both significantly
longer than that of the left region. In addition, for the average PD, LSD test showed
that the difference between each pair of the three regions was significant. Among them,
the average PD of the rear region was the largest, which reflected the visual search or
information extraction in this region was relatively difficult and the cognitive load was
higher. It might be because the seats in this areawere densely arranged and the object was
big when near and small when far, which was not conducive to the visual search of the
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elderly. FD and PD in the left part were both the smallest, reflecting the characteristics
of visual search of the elderly. Therefore, in elderly-oriented design works, it is more
necessary to improve the perceived ease of use in the rear and right areas to compensate
for the difficulties encountered by elderly passengers in visual search.

4.2 Analysis of the Case with the Highest Acceptance Score

According to the acceptance score, the spatial layout with the highest user acceptance
(mean = 6.024) among the 48 stimulation materials was figured out. Focusing on this
layout (Fig. 5), we further analyzed the laws of the first fixation and saccade to find the
most important AOI.

Fig. 5. The spatial layout with the highest user acceptance (with features composed of A1, B1,
C2 and D1 as illustrated in Table 1)

Figure 6 showed the distribution in each AOI of the first fixation. It can be seen from
the figure that for this layout, the first fixation of the 33 subjects occurred in AOI3mostly,
followed by AOI6 and AOI5, and rarely in other AOIs. To some extent, it indicated that
the above three AOIs could attract more attention of the elderly, and played an important
role in the visual search in the bus.

The location distribution of the first fixation verified the results in Table 3 to a certain
degree. Therefore, it is meaningful to ulteriorly analyze SA in these threeAOIs and judge
the extent to which a certain AOI can attract the elderly. In this study, we selected large
SA above 9° for statistics. The ANOVA results of FFD and SA of the three AOIs are
shown in Table 4:

Levene’s statistical results indicated that both FFD and SA met the homogeneity of
variances (p > 0.05). The ANOVA result showed that among the three AOIs, FFD of
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Fig. 6. The distribution in each AOI of the first fixation (n = 33)

Table 4. The ANOVA results of FFD and SA of the main AOIs (n = 33)

AOI3 AOI5 AOI6 Levene
Statistic (sig.)

F value (sig.)

FFD (s) 0.378 ± 0.063 0.452 ± 0.052 0.41 ± 0.071 1.235 (0.295) 11.817 (0.000)

SA (°) 11.802 ± 0.949 10.058 ± 1.125 13.072 ± 1.333 0.738 (0.481) 57.5 (0.000)

AOI3 was the shortest, reflecting the initial recognition degree of the target stimuli in
the rear seat area was higher for the elderly. SA of AOI6 was the largest, indicating more
meaningful clues existed in this region.

The above law showed that in order to compensate for the lack of information in
the visual search process of the elderly and assist the elderly in planning moving routes,
priority should be given to strengthening the layout design of AOI6 and AOI3. Among
the two areas, there is a common factor in AOI6, which is the wheelchair area. This area
breaks the original layout of the seats and forms a semi-independent space, which may
be the main reason for the large average SA of AOI6.

5 Discussion

The elderly often travel off peak, which can reduce the pressure of urban public transport
and avoid some dangers to a certain extent. However, the relatively low passenger density
is also more likely to expose the inconvenience to the elderly caused by improper layout.
Therefore, it is needed to improve the elderly-oriented level in buses. However, this kind
of reconstructions are difficult. The mobility of bus space is strong, and there are many
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facilities and functional areas. It is hard to grasp which area is more important for the
elderly passengers and find breakthrough points on the layout by using traditional design
evaluation methods. Breaking the existing arrangement rashly may be unacceptable to
people. However, if designers only fine-tune on the basis of the existing pattern, such as
merely removing several seats, the problems faced by the elderly can barely be solved.
This needs designers to find out the priority order of the functional areas in guiding
visual search of old people, and on this basis, reconstruct the layout.

Eye movement indirectly feeds back users’ brain thinking rules and helps to assess
cognition objectively [23]. This study analyzed the eye movement characteristics that
reflected the law of attention change, including fixation, saccade and pupil diameter in
each AOI in a bus. These characteristics were used to predict the acceptance level of
the elderly to the layout design of an interior space, and provide a reference basis for
elderly-oriented designs. The ELMnetwork indicated that the visual search of old people
when observing a bus interior was related to their acceptance. Among the nine AOIs,
elderly passengers paid more attention to the middle right part and the rear region, while
other areas were less important for their visual search. Therefore, in the elderly-oriented
design works of public transport facilities, it is rational to give more consideration to
the optimization of these areas, or guide the visual search route of elderly passengers
through designs of color blocks, lights or other symbols.

Visual search can reflect the adaptability of passengers to a certain space design to
some extent. After getting on the bus, the elderly need to keep their body stable and
move smoothly. In this process, they will constantly adjust their visual search and make
judgments. However, the efficiency of visual search decreases significantly with age
[1]. The decline of visual search ability of the elderly may be caused by the descent of
capability of visual attention distribution, because visual search is essentially a selective
attention problem. For example, studies found that the elderly could not adjust attention
processing according to situation, and the flexibility declined. When goals were high-
lighted, older people were more vulnerable to distractions [13–15]. In this study, it was
also found that the middle right and rear regions, which were not easy to be observed
clearly from the perspective of getting on from the front door, intensively reflected some
laws in eye movement. Therefore, a design suitable for the elderly should compensate
for the deficiency of the elderly in visual search.

For example, the preliminary design scheme shown in Fig. 7 strengthens the visual
guidance of themiddle right and rear parts with a unified color strip which is darker green
(R:178; G:220; B:165). A light bar is set above the wheelchair area and emphasizes the
particularity of the area. The rear seats are placed in a U-shaped arrangement, leaving a
central area free for passengers to use the space flexibly. The seat density is reduced and
some leaning facilities are provided as compensation. When there are few people, the
facilities can be folded down and expanded into small seats. The leaning posture reduces
the personal occupied area and is more conducive to the elderly with leg or waist pain
to stand up [9]. This layout helps to compensate the elderly for their lower attention
distribution ability and extract relevant information quickly and accurately. The seats
are hung on the walls on both sides of the bus and has no chair legs, so it is not easy to
cause passengers to stumble during movement. Through the small armrests on the back
of the seats, the elderly are easier to correct their standing posture at any time. In next



638 H. Yang et al.

phase of research, we will collect the visual search rules of the elderly for a series of
completed design schemes to verify the rationality.

Fig. 7. One of the preliminary schemes of elderly-oriented interior layout

6 Limitation

Compared with young people, it is harder for the elderly to accept the experimental
equipment such as computers and the eye-tracker. Therefore, therewere some difficulties
during the training and calibration works, which might cause the data not accurate
enough and reduce the generalization ability of the predictionmodel. In addition, because
existing researches had confirmed that the visual search of the elderly was significantly
different from that of the young, this study did notmake a comparison between the elderly
group and the young group, but only analyzed the visual search law of the elderly. In
the future, it will be compared with that of the young, so as to make the designs more
specific.

Another limitation comes from the stimuli which are static. Therefore, the blurry
parts of the pictures, such as the wheelchair area and rear part, might confuse the elderly.
The display effect is not as good as in the real bus, in which people’s vision field will
change and the visibility can be higher with the body swing. In the next research, it is
proposed to use virtual reality interactive animation to present the layout schemes.

7 Conclusion

(1) The eye movement characteristics of the elderly when observing a bus interior
could be applied to practice of predicting their acceptance by means of ELM. The
prediction performance of the model was good (MRE = 0.061, R2 = 0.817).

(2) The average FD in the rear region was the longest, followed by the middle right,
and was significantly longer than that in the left region (p < 0.001). In addition,
the average PD of the rear region was the largest, which reflected the difficulty in
visual search or information extraction, indicating the cognitive load of the elderly
was high.

(3) Based on the spatial layout with the highest acceptance of the elderly (mean =
6.024), further analysis was made. It was found that AOI3, AOI5 and AOI6 played



Prediction and Analysis of Acceptance 639

amore important role in the visual search of the elderly. Among them, FFD of AOI3
was the shortest, reflecting the initial recognition degree of the target stimuli in the
rear seat area was higher for the elderly. SA of AOI6 was the largest, indicating that
there are more meaningful clues in this region. These laws provided a reference for
designing the bus interior suitable for old people and determining the position of
visual symbols to guide their sight line.
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Abstract. This study aimed to explore age and gender differences in older adults’
mobile game acceptance. Factors affecting older adults’ game attitudes towards
playingmobile games were examined using qualitative researchmethods. A struc-
tured questionnaire was utilised with 60 adults (30 females and 30 males) aged
50 and above. Five external factors influencing older adults’ acceptance of mobile
games were examined using the technology acceptance model (TAM): challenge,
quality of game interface, genre, self-satisfaction and social interaction. Challenge
represents the perceived difficulty of older adults inmobile games.Quality of game
interface refers to howwell an interface is designed for older adults to interact with
the game. Genre denotes gameplay contents and characteristics of mobile games.
Self-satisfaction refers to the degree of satisfaction that older adults acquire from
their achievements in mobile games. Lastly, social interaction is related to older
adults’ interaction with others, such as friends or family members.

Correlation analysis and multiple and hierarchical regressions were used to
verify the relationships amongst the factors andTAMconstructs.Results supported
the proposition that perceived ease of use and perceived usefulness of mobile
games positively affect older adults’ attitudes towards playing mobile games. This
study also demonstrated that quality of game interface, self-satisfaction, social
interaction, perceived usefulness, perceived ease of use and attitude towards play-
ingmobile games are negatively moderated by age. Surprisingly, older males were
more positively associated with challenge than older females, and older females
were more positively associated with social interaction than older males. Findings
are beneficial for understanding the factors that influence mobile game acceptance
by older adults.

Keywords: Acceptance · Attitude · Mobile games · Older adults · Qualitative
research

1 Introduction

In 2019, the number of people aged 60 years or above globally was 1.02 billion (United
Nations 2019). This number will increase to 1.4 billion by 2030 and 2.1 billion by 2050
(World Health Organization 2021). Predominantly consumed by younger adults and the
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youth in the past decade, mobile games in recent years are developed to be entertaining,
challenging and capable of providing cognitive, physical and socioemotional benefits
for older gamers (Lee et al. 2021).

For mobile games, older adults are a player group with distinct playing behavior
characteristics, such as game preference (Yu et al. 2021). Multiple age-related changes
in older adults, such as declining cognition and motor functions, affect their ability to
play games (Yu and Chan 2021). Therefore, these changes may influence older adults’
willingness to play mobile games. However, much is to be learned about the acceptance
and attitude of older players towards mobile games and how individual demographic
differences, such as age and gender, would influence their future involvement in mobile
games.

Age has been found to be one of the factors causing differences in video game
acceptance. Although people aged between 60 and 70 years may have preserved their
functionalities, people older than this age range may profoundly experience the burdens
of aging (Toril et al. 2014). Older populations tend to have minimal experience and often
have negative attitudes towards playing video games (Przybylski 2014). Ferguson (2015)
found that older adults with negative thoughts towards video games could be predicted
by their negative attitudes towards youngsters. Negative attitudes of older adults on
the younger generation can be caused by the link between violence and video games
(Ferguson et al. 2017).

Evidence suggests that gender differences in gaming behaviour, such as game pref-
erence and time devoted to games, vary across the life course (Gómez-Gonzalvo et al.
2020). Amongst the youth, boys have been shown to play video games longer than
girls (Huang et al. 2017). Furthermore, boys prefer action, shooting and racing games,
whereas girls like social, puzzle and arcade games. Gender differences also affect adults’
(18–64 years) gaming platform preference (i.e., computer, console and mobile devices)
and motivations to play games (Lopez-Fernandez et al. 2019). Female adults have a
higher preference for mobile gaming platforms than male adults. Moreover, competi-
tion has a higher impact on males’ motivation for gaming than that of females. Older
adults’ (≥ 65 years) game preference can be predicted by their gender. Older females
favour puzzle games, whereas older males prefer strategy-board games (Yu et al. 2021).
Although age and gender differences in gaming behaviour vary across the life span,
research on how these differences affect the acceptance of mobile games amongst older
players has remained scarce.

The objectives of this study are as follows: (1) apply technology acceptance model
(TAM) constructs and test their validities in themobile game application; (2) examine the
effects of age and gender on older adults’ attitudes towards participating inmobile games
and (3) investigate the role of external factors in predicting mobile game acceptance
amongst older adults.

2 TAM Constructs and Hypothesis Development

2.1 TAM Constructs

This study adopts TAM to investigate age- and gender-related differences in attitude and
perception of older adults to play mobile games. TAM has been adopted to investigate
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the acceptance and usage of technological products and services (Davis 1989). This
model has also been used to examine older adults’ technology (Chen and Chan 2014)
and game adoption, such as virtual reality (Roberts et al. 2019), video shooting games
(Yu et al. 2020) and exergames (Chen et al. 2018). In TAM, attitude towards using (AT)
technology is based on two key variables: perceived usefulness (PU) and perceived ease
of use (PEOU). PU is defined as the degree towhich people believe that using a particular
system would enhance their job performance, whilst PEOU is defined as the degree to
which people believe that using a particular system would be effortless (Davis 1989).
Causal linkages from PEOU to PU, PU to AT and PEOU to AT have been repeatedly
validated (Man et al. 2020; Man et al. 2021; Wong et al. 2021). Therefore, the following
hypotheses related to TAM constructs are suggested:

H1a. PEOU is positively associated with PU of mobile games.
H1b. PEOU is positively associated with AT mobile games.
H1c. PU is positively associated with the AT mobile games.

Age-related declines in physical and cognitive functions, such as motor skills and
hand–eye coordination, may cause delays in playing video games (Yu and Chan 2021).
Therefore, older adults’ perception of mobile games is likely to be moderated by age.
The relationships between age and TAM constructs are hypothesised as follows:

H2a. Age is negatively associated with PEOU of mobile games.
H2b. Age is negatively associated with PU of mobile games.
H2c. Age is negatively associated with AT mobile games.
H2d. The relationship between PEOU and PU of mobile games is moderated by age.
H2e. The relationship between PEOU and AT playing mobile games is moderated by
age.
H2f. The relationship between PU and AT mobile games is moderated by age.

2.2 Potential Moderators

This study investigates the perceptual and attitudinal factors that could influence older
adults’ participation inmobile games.Bandura’s (2001) social cognitive theory addresses
technology learning as interaction amongst personal, environmental and behavioural
factors. Personal factors explain older adults’ technology confidence, self-efficacy, desire
to learn new games and benefits of mobile games (Jin et al. 2019). Environmental factors
refer to social connections, such as support from friends and family members (Jin et al.
2019). Behavioural factors explain older adults’ skills and resources for tasks that could
influence their behavioural intentions towards adopting technology (Wu and Song 2021).

Personal factor
Self-satisfaction

Motivation is key for older adults to maintain the frequency and intensity of playing
mobile games. The specific form relevant to the motivation to play mobile games is
self-satisfaction, which is the degree of satisfaction that older adults acquire from their
achievements in games (Pacheco et al. 2020). Self-satisfaction is a significant predictor
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of PU and PEOU in the context of using smartphones (Ma et al. 2016) and information
and communication technologies (Guner and Acarturk 2020). Thus, self-satisfaction is
expected to be one of the factors positively influencing older adults’ participation in
mobile games.

Age and gender differences have been found to affect the self-satisfaction of gamers.
For age differences, older adults often think they are considerably old to learn new
technology and have low self-efficacy in its use (Chung et al. 2010). The older popula-
tion has more technology anxiety than younger generations, leading the former to show
less satisfaction from mobile games. However, older adults have been found to feel
confident in using technology when they gain skills, thereby enabling them to use the
technology with minimal anxiety and considerable self-satisfaction (Stanziano 2016).
For gender differences, males are found to value a sense of accomplishment and empha-
sise winning the competition in video games. By contrast, females are found to value
self-satisfaction, access to knowledge and enrichment (Casile et al. 2021). Therefore,
the following hypotheses are proposed:

H3a. Self-satisfaction is positively associated with PEOU of mobile games.
H3b. Self-satisfaction is positively associated with PU of mobile games.
H3c. Age is negatively associated with self-satisfaction.
H3d.Older females aremore positively associatedwith self-satisfaction thanoldermales.

Environmental Factors
Environmental factors, including social connection via electronic devices and support of
family members and friends, have been used to understand and analyse how older adults
learn technology (Jin et al. 2019). The quality of game interface and social interaction
are the environmental factors relevant to older adults’ mobile game behaviours (Lee
et al. 2019).

Quality of Game Interface
Game interfaces are designed for players to interact with games and aim to motivate
and engage gamers to play games frequently (Lee et al. 2019). The quality of game
interface affects players’ gaming experience. Petrovčič et al. (2018) confirm that the
perceived usability of smartphones is limited by the level of adaptation of the interface
and design of devices. Marston (2013) suggests that the game interface design for senior
gamers should offer simple and intuitive interaction and consider the ease of player-
interface interaction. Therefore, older adults’ acceptance of mobile games is expected
to be positively associated with the quality of game interfaces.

Age and gender differences have been found to affect the interaction between gamers
and game interface. For age differences in interface interaction, age-related declines in
physical and cognitive functions are expected to affect mobile game acceptance by older
adults. Older adults demonstrate poorer performance on tasks requiring motor control
and coordination than younger adults, thereby significantly affecting the former’s ability
to interact with games (Yu and Chan 2021). For gender differences in interface inter-
action, the influencing relationship between video game experience and the ability to
interact with games through a game interface has been investigated. Males are found
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to have more gaming experience, thereby resulting in the former becoming more pro-
ficient in controlling the game interface than the latter (Martens and Antonenko 2012).
Therefore, the following hypotheses are proposed:

H4a. Quality of game interface is positively associated with PEOU of mobile games.
H4b. Quality of game interface is positively associated with PU of mobile games.
H4c. Age is negatively associated with the quality of game interface.
H4d. Older males are more positively associated with quality of game interface than
older females.

Social Interaction
Mobile games relatively contribute to the social interaction of older adults. Social influ-
ence improves interpersonal relationships and gamers’ attitudes towards entertainment
(Lin and Chuang 2019). Chen et al. (2018) find that the impact of social interaction
on intention to play and usage behaviour is significant in exergames for older adults.
Furthermore, results of clinical studies have shown that increased social interaction is
associated with the improved cognitive performance of older adults (Dodge et al. 2015).

Studies have shown that video games positively impact the social interaction of
players amongst different age groups. Adolescents playing video games with others may
provide them with the needed social interactions and support from friends (Ohannessian
2018). Younger adults often guide and motivate older adults to use technology that may
facilitate family cohesion and strengthen relationships (Taipale 2019). Moreover, older
adults leverage technology to connect, communicate and participate in online formats,
such as digital gaming, to connect with their adult children and grandchildren (Freeman
et al. 2020). For gender differences, older females are more likely to play with family
members and friends than older males (Zhang and Kaufman 2016). Moreover, female
gamers are more likely to have met with game friends in real life than male gamers
(Zhang and Kaufman 2016). The following hypotheses are proposed on the bases of the
previous studies:

H5a. Social interaction is positively associated with PEOU of mobile games.
H5b. Social interaction is positively associated with PU of mobile games.
H5c. Age is positively associated with social interaction.
H5d. Older females are more positively associated with social interaction than older
males.

Behavioural Factors
Individual skills and resources for tasks could influence individuals’ behavioural inten-
tions towards technology adoption (Wu and Song 2021). Challenge and genre are
behavioural factors relevant to mobile game behaviours.

Challenge
Challenge is defined by the difficulty level of the main task, which can be adjusted by
game designers, such as varying the number of enemies and level of artificial intelligence
(Tornqvist and Tichon 2021). Older adults have been found to enjoy challenging and
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narratively rich games because they perceive challenging games as potentially beneficial
for cognitive functioning (Boot et al. 2018; Lee et al. 2021). These results imply that
challenges in games play an important role in shaping mobile game acceptance by older
adults.

Age differences should also be considered when attempting to understand the rela-
tionship between challenge and attitude of older adults towards mobile gaming. Mobile
games should appropriately challenge gamers with various skill levels and enable them
to participate by offering different play levels (McLaughlin et al. 2012). Younger adults
admitted that they like to play games (with older adults) that are easy to learn and control,
enabling all players of different ages and skill levels to enjoy such games (Osmanovic
and Pecchioni 2016). For gender differences, male bias in game design leads to female
gamers overcoming more significant challenges than male players (De Schutter 2011).
For example, some of the most popular games are action or adventure games, favor-
ing the interest of male gamers and discouraging female gamers from playing these
games (Lucas and Sherry 2004). Therefore, female gamers play less frequently than
male gamers, and prefer games that offer challenges that better suit their skills and inter-
ests (De Schutter 2011). The following hypotheses are suggested on the bases of the
preceding results:

H6a. Challenge is positively associated with PU of mobile games.
H6b. Age is negatively associated with challenge.
H6c. Older males are more positively associated with challenge than older females.

Genre
Different perceptual, cognitive and physical functions demanded by different game gen-
res affect mobile game acceptance by older adults with age-related cognitive declines
(Yu andChan 2021). Game genre determines thewillingness of older adults to play video
games by influencing the ease of interaction and levels of cognitive demand (Chesham
et al. 2017). Moreover, older adults have been found to perceive video games as a use-
ful intervention if they believe playing specific genres improve their cognitive abilities
(Talaei-Khoei and Daniel 2018).

Age-related cognitive, perceptual and motor changes are important considerations
in developing mobile games for older adults (Fisk et al. 2020). For example, age-related
declines in fine motor control and hand–eye coordination change the way older adults
interact with games (Ijaz et al. 2019). These changes enable older adults to select slow-
paced genres, such as card, puzzle and virtual board games, over other game genres
owing to their familiarity and simplicity (Salmon et al. 2017). Gender differences have
also been found to differ across genres. Male gamers prefer multi-player online games,
whilst social network games cater to female gamers (Wohn et al. 2020). These results
imply that age and gender differences in genre selection may be key factors influencing
senior gamers’ acceptance of mobile games. Therefore, the following hypotheses are
suggested:

H7a. Genre is positively associated with PU of mobile games.
H7b. Genre is positively associated with PEOU of mobile games.
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H7c. Genre selection is moderated by age.
H7d. Genre selection is moderated by gender.

3 Method

3.1 Participants and Measurement

The participants of this study were 60 Chinese adults in Hong Kong (30 females and 30
males) aged between 50 to 82 years. The respondents were identified and approached in
public areas, such as parks and libraries, in HongKong. A consent formwas signed by all
participants to ensure that they completely understood the study objectives, process and
their right to withdraw at any time.

A survey questionnaire was designed to collect information on mobile game accep-
tance by older adults. The questionnaire consisted of two parts. Apart from demographic
information, questions on three TAM constructs (i.e., PEOU, PU, AT) and five external
variables (i.e., quality of game interface, self-satisfaction, social interaction, challenge
and genre) were included. All items, except demographic characteristics, were measured
with questions in Table 1 using a 5-point Likert scale (1= strongly disagree, 5= strongly
agree). Each survey was conducted in Cantonese and lasted approximately 30 min.

Table 1. Questionnaire items for TAM constructs and external variables

Factors Items

Attitude towards using (AT) ‘I think playing mobile games is a good idea’

‘I like to play mobile games’

‘I think mobile games are addictive’

Perceived usefulness (PU) ‘I think playing mobile games can improve my quality of life’

‘I think playing mobile games can exercise my brain’

‘I think I can gain benefits from mobile games’

Perceived ease of use (PEOU) ‘I think learning how to play mobile games is easy’

‘I think playing mobile games is easy’

‘I think playing mobile games is skilful’

Social interaction (SI) ‘I think playing mobile games with other people is better than
playing alone’

‘I think mobile games that can be played with other people are
attractive to me’

‘I think that playing VSGs encourages me to integrate with my
friends/family members’

Self-satisfaction (SS) ‘I think playing mobile games would give me a sense of
accomplishment’

(continued)
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Table 1. (continued)

Factors Items

‘I think playing mobile games makes me happy’

‘I think playing mobile games makes me feel more relaxed’

Quality of game interface (GI) ‘I like mobile games with good graphic quality’

‘I like mobile games with a user-friendly interface’

‘I like mobile games with visual effects’

Genre (GE) ‘I like playing casual mobile games’

‘I like playing games that I am familiar with’

‘I like playing exciting mobile games’

Challenge (CH) ‘I like playing challenging mobile games’

‘I think mobile games that are too difficult to play are boring’

‘I like playing mobile games that are easy to get started with’

3.2 Data Analysis

Hypotheses were tested using correlation and hierarchical regression analyses. The
explanatory power of gender over external variables and TAM constructs (PEOU, PU
and AT) were analysed by dividing gender into two groups (i.e., male and female) in the
correlation analysis.

Hierarchical regression was conducted in three steps. Firstly, four external factors
(i.e., self-satisfaction, quality of game interface, social interaction and genre) and PU
were entered for PEOU. Secondly, the same external variables with the addition of
challenge and PEOU were entered for PU. Thirdly, age was added to determine if it has
anymoderating effect on external variables and PU. Fourthly, cross-product (interaction)
of age and PEOU were entered. For AT, PEOU and PU were entered firstly. Age was
added in the next step. Lastly, interactions between age and PEOU and PUwere included
in the analysis to determine if they have any explanatory power over AT.

4 Results

4.1 Descriptive Statistics

A total of 60 respondents with mobile gaming experience participated in this study. Ages
(i.e., between 50 and 59 years: 25%; between 60 and 69 years: 25%; between 70 and
79 years: 25%; 80 years and above: 25%) and gender (30 males and 30 females) of the
participants were evenly distributed. Themajority of the participants were retired (55%),
obtained secondary education (61.7%) and of middle economic status (60%). Detailed
demographic information is shown in Table 2.
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Table 2. Demographic information (N = 60)

Items Frequency Percentage (%)

Age 50–59 Male 7 11.7

Female 8 13.3

60–69 Male 8 13.3

Female 7 11.7

70–79 Male 8 13.3

Female 7 11.7

Over 80 Male 7 11.7

Female 8 13.3

Education Primary 15 25.0

Secondary 37 61.7

Post-secondary 8 13.3

Work status Full-time work 22 36.7

Part-time work 5 8.3

Retired 33 55.0

Economic status Poor 14 23.3

General 36 60.0

Rich 10 16.7

4.2 Hypothesis Testing

Table 3 shows the results of zero-order correlations amongst external variables, TAM
constructs and age. The results show that age was negatively associated with PEOU (r
= –.541, p< .01), PU (r = –.380, p< .01), AT (r = –.276, p< .05), social interaction (r
= –.342, p < .01), self-satisfaction (r = –.265, p < .05) and quality of game interface (r
= –.433, p< .01). Therefore, H2a, H2b, H2c, H3c and H4c are supported by correlation
analysis. Correlation between age and other variables were not statistically significant.

Table 3. Zero-order correlations amongst external variables, TAM constructs and age

Variables 1 2 3 4 5 6 7 8 9 10 11

1. Age 1

2. PEOU −.541** 1

3. PU −.380** .703** 1

4. AT −.276* .792** .692** 1

(continued)
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Table 3. (continued)

Variables 1 2 3 4 5 6 7 8 9 10 11

5. Social
interaction

−.342** .522** .500** .631** 1

6.
Self-satisfaction

−.265* .705** .713** .716** .541** 1

7. Quality of
game interface

−.433** .664** .538** .665** .578** .578** 1

8. Genre .085 .146 .378** .280* .198 .477** .006 1

9. Challenge .010 .072 .292* .208 .179 .280* .025 .737** 1

10. Age x
PEOU

−.039 −.079 .192 .024 .170 .167 .142 .225 .089 1

11. Age x PU .046 .201 .314* .215 .214 .205 .343** .169 .034 .687** 1

*p < .05 (2-tailed)
**p < .01 (2-tailed)

Table 4. Correlation between external variables and TAM constructs by gender.

Variables Gender 1 2 3 4 5 6 7 8

1. PEOU F 1

M 1

2. PU F .663** 1

M .745** 1

3. AT F .826** .637** 1

M .758** .746** 1

4. Social interaction F .638** .362* .690** 1

M .418* .599** .584** 1

5. Self-satisfaction F .807** .689** .647** .509** 1

M .596** .769** .805** .603** 1

6. Quality of game interface F .672** .455* .675** .688** .522** 1

M .653** .616** .653** .478** .651** 1

7. Genre F .112 .331 .117 −.122 .394* −.138 1

M .200 .428* .456* .517** .585** 0.168 1

8. Challenge F −.072 .209 −.098 −.274 .170 −.212 .760** 1

M −.203 .352 .490** .552** .403* 0.253 .724** 1

* p < .05 (2-tailed)
**p < .01 (2-tailed)

Table 4 shows that gender was positively associated with social interaction, self-
satisfaction and quality of game interface. AT of older females was more positively
associated with social interaction (r = .690, p < .01) and quality of game interface (r
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= .675, p < .01) than older males. Moreover, AT of older males was more positively
associated with self-satisfaction (r= .805, p< .01) than older females. Therefore, H5d is
supported by correlation analysis. Interestingly, correlation between genre and challenge
was positive in both groups of older males (r = .724, p < .01) and older females (r =
.760, p < .01). The relationship between AT and genre of older females was positive but
not statistically significant.

Table 5 shows the results of the hierarchical regression analyses. Self-satisfaction
(β = .384, p < .01) and PU (β = .354, p < .01) were positively associated with the
dependent variable PEOU. Thus, H3a is supported. As indicated in the second block of
the hierarchical regression, only PEOU (β = .410, p < .01) was positively associated
with the dependent variable of PU. Hence, H1a is supported. Moreover, the effect of
age on PU was not significant. Interaction between age and PEOU did not significantly
affect PU. Therefore, H2d is not supported.

As shown in the third block of the hierarchical regression, PEOU (β = .435, p< .01)
was positively associatedwithAT.Therefore,H1b is supported. The results also indicated
that interaction between age and PEOU and between age and PU did not significantly
affect AT. Therefore, H2e and H2f are not supported. Moreover, social interaction (β =
.192, p < .05) was positively associated with AT. The summary of hypothesis tests is
shown in Table 6.

Table 5. Hierarchical regression for the TAM constructs

Steps Independent
variables

Dependent variables

PEOU PU AT

R2 �R2 β R2 �R2 β R2 �R2 β

1 Social
interaction

.040 .058 .192*

Self-satisfaction .384** .277 .112

Quality of game
interface

.230 .069 .146

Genre −.180 .102 .063

Challenge .098 .032

PEOU .410** .435**

PU .354** .099

0.667 0.636 0.619 0.576 0.736 0.700

2 Social
interaction

.033 .218*

Self-satisfaction .260 .059

Quality of game
interface

.019 .178

(continued)
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Table 5. (continued)

Steps Independent
variables

Dependent variables

PEOU PU AT

R2 �R2 β R2 �R2 β R2 �R2 β

Genre .058 .026

Challenge .124 .053

PEOU .463** .537**

PU .137

Age −.039 .231**

Age x PEOU .151 −.034

0.640 0.584 0.771 0.735

3 Social
interaction

.211*

Self-satisfaction −.008

Quality of game
interface

.219

Genre .043

Challenge .044

PEOU .618**

PU .152

Age .288**

Age x PEOU .079

Age x PU −.152

0.780 0.735

* p < .05 (2-tailed)
** p < .01 (2-tailed)

Table 6. Summary of hypothesis tests

Hypothesis Support

H1a. PEOU -> PU (positively) Supported

H1b. PEOU -> AT (positively) Supported

H1c. PU -> AT (positively) Not supported

H2a. Age -> PEOU (negatively) Supported

H2b. Age -> PU (negatively) Supported

H2c. Age -> AT (negatively) Supported

(continued)
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Table 6. (continued)

Hypothesis Support

H2d. Age moderates the relationship between PEOU and PU Not supported

H2e. Age moderates the relationship between PEOU and AT Not supported

H2f. Age moderates the relationship between PU and AT Not supported

H3a. Self-satisfaction -> PEOU (positively) Supported

H3b. Self-satisfaction -> PU (positively) Not supported

H3c. Age -> Self-satisfaction (negatively) Supported

H3d. Older females will be more positively associated with self-satisfaction
than older males

Not Supported

H4a. Quality of game interface -> PEOU (positively) Not supported

H4b. Quality of game interface -> PU (positively) Not supported

H4c. Age- > Quality of game interface (negatively) Supported

H4d. Older males will be more positively associated with quality of game
interface than older females

Not Supported

H5a. Social interaction -> PEOU (positively) Not supported

H5b. Social interaction -> PU (positively) Not supported

H5c. Age -> social interaction (positively) Not Supported

H5d. Older females will more positively associated with social interaction
than older males

Supported

H6a. Challenge -> PU (positively) Not supported

H6b. Age -> Challenge (negatively) Not supported

H6c. Older males will be more positively associated with challenge than
older females

Not Supported

H7a. Genre -> PU (positively) Not supported

H7b. Genre -> PEOU (positively) Not supported

H7c. Amongst older adults, genre selection is moderated by age Not supported

H7d. Amongst older adults, genre selection is moderated by gender Not supported

5 Discussion and Conclusion

This study adopted the TAM model in the context of mobile games acceptance and
attempted to extend it with external factors and moderators of age and gender. The
results partially supported the propositions of TAM and moderating effects of age and
gender differences on external variables.

For the first objective of this study (i.e., validation of TAM constructs with respect to
mobile game application), this research found that PEOU was a predictor of the attitude
of older adults towards playing mobile games. Particularly, acceptance of mobile games
is related to older adults’ perception of the games’ ease of use. Older adults accept and
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play games if they believe that mobile games are easy to play. However, the effect of
PU on AT was not significant. This result indicates that the health benefits of playing
mobile gamesmay not be a facilitating factor formotivating older adults to acceptmobile
games.

For the second objective (i.e., investigation of age and gender differences in percep-
tions ofmobile games), findings of this study show that agewas positively correlatedwith
PEOU, PU and AT. Specifically, positive correlations between age and TAM constructs
show significant generational gaps amongst older adults. Moreover, negative correla-
tions amongst age, self-satisfaction and quality of game interface imply that older adults
continue to have problems enjoying mobile games. This situation may be caused by a
lack of achievements acquired in games or poor interface design. These results align
with those of previous studies, in which self-satisfaction and quality of game interface
are critical factors in motivating and engaging older adults to play games (Jin et al. 2019;
Lee et al. 2019). As hypothesised, the current study found some relationships between
gender and external factors. The correlation between older females and social interaction
was found to bemore positive than that of older males. In deciding whether or not to play
mobile games, older females were more influenced by the social aspect of mobile games
than older males. Furthermore, a positive correlation between challenge and genre in the
older female and male groups suggest that older adults perceived challenges in games
as associated with the game genre. This result aligns with those of previous studies, in
which different genres contain considerably varying elements that stimulate older play-
ers’ cognition in different ways and produce variable effects and challenges (McCord
et al. 2020).

For the last objective, moderating effects were only found for the correlation between
social interaction and AT and the path of self-satisfaction to PEOU. Attitudes of older
adults towards mobile gameplays were considerably influenced by the social benefits of
mobile games. Similarly, perception of the ease of use of mobile games amongst older
adults was influenced by self-satisfaction. Older adults are likely to engage in mobile
games if they think they are able to earn achievements throughout the games.

The findings of this study indicate the importance of considering the effects of age
and gender in influencing older adults’ attitudes towards playing mobile games. The
results also illuminate the underlying correlations between external variables and TAM
constructs, thereby providing novel insights into the factors contributing to mobile game
acceptance amongst oldermales and females. Lastly, thefindings of this study also extend
the prior research on older adults’ acceptance of mobile games by linking the effects of
age and gender on external factors to TAM constructs and empirically validating their
correlations.
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Abstract. Smart health care technologies (SHCTs) can assist older adults toman-
age their health and acquire convenient medical and caring services, which can
support older adults to live healthy and independent lives. Currently, there are
various kinds of SHCTs, such as smart wearable devices, smart health monitors,
health care applications, and nursing and assistive robots. Nevertheless, due to the
decrease of physical and cognitive capabilities, older adults may encounter many
difficulties and problems when applying different types of SHCTs, which could
affect their willingness to adopt SHCTs. However, there is still unclear about Hong
Kong older adults’ actual use and intention adoption of different types of SHCTs,
as well as the possible factors relevant to adoption. Therefore, this study attempted
to investigate Hong Kong older adults’ actual use and adoption intention of dif-
ferent kinds of SHCTs, and explore the possible factors of SHCTs adoption. We
employed a structured interview to approach the actual use and adoption inten-
tion of four types of SHCTs and recruited eight Hong Kong older adults from a
local community. The data analysis revealed the most popular and the least used
types of SHCTs. The reasons for adopting SHCTs and possible factors of adoption
intention toward each kind of SHCTs were discussed.

Keywords: Smart health care technology · Older adults · Actual use of
technology · Adoption intention · Interview study

1 Introduction

By 2021, there was about 15.7% of the population above 65 years in Hong Kong [1].
It is predicted that about 31.9% of people will be aged 65 and above in Hong Kong
by 2038 [2]. The aging process is often associated with frailty. Accordingly, demand
for health care is increasing, which could put a heavy burden on society. Applying
smart health care technologies (SHCTs) is one of the solutions to address the growing
needs of older adults for health care supports and services [3, 4]. Currently, various
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kinds of smart health care technologies (e.g. smart wearable devices, smart health care
monitors, applications for medical consultations and health management, and nursing
and assistive robots) have been developed. Even though SHCTs were initially created
for a general population rather than older adults, these technologies have the potential
to assist older adults with maintaining independence, managing health conditions, and
improving well-being. To facilitate the adoption of SHCTs, scholars and practitioners
have attempted to adapt these technologies tomeet older adults’ cognitive capabilities by
improving the usability of SHCTs and proposed various models to predict older adults’
adoption intentions towards smart technologies [3, 5–8]. Although previous research has
allowed suggestions and directions for developing SHCTs, the actual use and adoption
intention of SHCTs by Hong Kong older adults are still unclear. Additionally, prior
studies mainly focused on one kind of SHCTs, such as wearable devices only [8], or
home health monitoring only [9]. There is a lack of a holistic picture of older adults’
actual use and adoption intentions towards SHCTs. Therefore, this study attempted
to investigate Hong Kong older adults’ actual use and adoption intention towards the
SHCTs by approaching the research questions: What kinds of SHCTs are older adults
from a local community actually using and why they used SHCTs? To what extent
are older adults from a local community willing to adopt SHCTs? Are demographic
features, health conditions, quality of life, and cognitive capabilities related to older
adults’ adoption intention towards SHCTs?

To get a deep insight into the actual use and adoption intention of SHCTs, we
employed a structured interview with 8 older adults recruited from a Hong Kong elderly
center located in a local community. Descriptive statistics were employed to explore the
reasons for actually use and the possible factors that related to the adoption intention of
SHCTs.

2 Method

2.1 Participants

We targeted Hong Kong older adults aged above 60 years old and without neurological
diseases. Eight participants were recruited from an elderly center of a local community
in Hong Kong.

2.2 Smart Health Care Technologies (SHCTs)

We investigated older adults’ actual use and adoption intention of four types of SHCTs,
namely smart wearable devices (SWDs), smart health monitors (SHMs), health care
applications (HCAs), and nursing and assistive robots (NARs). To be specific, SWDs
refer to wearable devices embedded with sensors to provide wireless real-time moni-
toring and assistance [6, 8]. SWDs, such as smartwatches, smart cardio tachometers,
and smart garments allow users with basic clock functions, to record their physical
signals (e.g. heart rate, blood pressure, body temperature), to track their daily activity
(e.g. steps, body movement, sleeping hours, walking distance, location) [6, 8]. SHMs
indicate health monitor devices that support users’ self-management of chronic disease
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(e.g. hypertension, diabetes, obesity) or health conditions by measuring and recording
physical indicators [7]. These devices usually work cooperating with smartphone appli-
cations or systemswhich help to visualize the health conditions, predict the healthy trend,
and inform medical-related behaviors (e.g. take medicine, seek medical consultations).
Different fromSWDs, SHMs provide in-situmonitors or functions. Currently, smart glu-
cometers, blood pressure monitors, electronic pillboxes, smart weighting machines, and
the HKT eSmartHealth health station are SHMs that widely used for health management
inHongKong.HCAs are the applications that provide health-related services in an online
platform or system. Mobile medical booking applications, mobile medical consultations
applications, and fitness applications are HCAs that help users to access convenient
and effective health services [10–12]. NARs are the robots that provide nursing-care,
emotional and physical therapy, communication, and emergent assistance [13–15]. Var-
ious kinds of NARs are available in the markets, such as animal-like robots (i.e. Paro),
machine-like robots (i.e. Temi), and human-like robots (i.e. Nexi) [15, 16]. To ensure
that our participants could clearly understand the definition of each type of SHCTs, we
explained the functions and showed the products of each category of SHCTs to our par-
ticipants during the interview. To be specific, we selected the products of SHCTs which
were commonly used in the local community to enhance the understanding of SHCTs
functions, including the care-on-call smart watch, smart cardio tachometer, smart blood
pressure monitor, smart glucometer, HKT eSmartHealth health station, Ha Go health
management application, alihealth application, keep application (for physical training),
the human-like nursing robot, and the machine-like assistive robot.

2.3 Interview Design

The interview questions consisted of three parts. Firstly, we inquired about demographic
information of participants, including age, gender, education, economic condition, and
living environment. Since our study aimed to investigate the use of SHCTs, participants’
health status, sensation, and capability could be the motivators of actual use and adop-
tion intention of SHCTs. Therefore, we asked about chronic diseases, quality of life,
sensation, and cognitive capabilities in the second part. Specifically, the quality of life
was rated using the EQ-5D-5L scale [17], which comprises a five-level self-evaluation in
five dimensions, namely mobility, self-care, usual activities, pain/discomfort, and anx-
iety/depression, as well as an evaluation of overall health on the day of the interview
completion. Participants described their health by rating 1 to 5 to represent the level
of the problem that ranges from no problem to extremely problems in each dimension
and scored how good their overall health is from 0 (the worst health condition) to 100
(the best health condition). The sensation and cognitive capability of our participants
were evaluated with 6 dimensions, namely hearing, vision, memory, learning ability,
concentration, and thinking ability adapted from Chen and Chan (2014) with a 7-point
Likert scale ranging from 1 (extremely bad) to 7 (extremely good). In the third part of
the questionnaire, we investigated participants’ actual use and adoption intention toward
each category of SHCTs. The adoption intention was measured with the question “To
what extent are you willing to adopt this kind of SHCTs” with a 7-point Likert scale
ranging from 1 (extremely unwilling to) to 7 (extremely willing to).
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The interview study was conducted in a face-to-face setting in a local elderly center.
Each interview was last for around 60 min. At the beginning of each interview, the inter-
viewer explained the purpose, the procedure, and the use of the data of this study to the
participants. After the participant agreed to take part in the study and signed the consent
form, the interviewer would read the Part 1 and Part 2 questions to the participants.
Then, participants responded to the questions. Before inquiring about the actual use and
adoption intention towards SHCTs in Part 3, the interviewer would show figures and
explain the definitions and functions of SHCTs in each category. The participants would
point out the specific types of SHCTs that they had used and indicate their adoption
intention. The interviews were audio-recorded and the audio data was transcript into
text for data analysis.

3 Results and Discussion

3.1 Demographic Characteristics

Table 1 showed the demographic characteristics of the participants. Eight participants,
with 5 females and 3 males, were in an age range between 69 and 80 years old. Out
of 8 participants, 50% of them had received middle school education and the other of
them received primary school or below education. All of them reported a general level
(4 points) of economic condition on the 7-point Likert scale. Three participants were
living alone, while 5 of them were living with their partners or family members. All
participants lived in the apartment, and most of them (62.5%) thought that the living
space of their apartments was suitable.

Table 1. Demographic characteristics

Frequency Percentage (%)

Gender Male 3 37.50

Female 5 62.50

Age 65–74 5 62.50

74–85 3 37.50

Education Primary School and
under

4 50.00

Middle school 4 50.00

Economic condition Very poor 0 0.00

Poor 0 0.00

Slightly poor 0 0.00

General 8 100.00

Slightly rich 0 0.00

(continued)
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Table 1. (continued)

Frequency Percentage (%)

Rich 0 0.00

Very rich 0 0.00

Living situation Living alone 3 37.50

Living with families 5 62.50

Living space Crowded 1 12.50

Suitable 5 62.50

Spacious 2 25.00

Number of types of
chronic disease

0 type 3 37.50

2 types 3 37.50

3 types 2 25.00

3.2 Health Conditions

Regarding the chronic disease condition (see Tables 1 and 2), 37.5% of participants
lived with two types of chronic disease, 25.0% of them lived with three types of chronic
disease, and 37.5% of them did not suffer from any chronic disease. Hypertension was
the most frequently reported chronic disease, with 62.5% of participants under this
condition. Hyperlipidemia, hypercholesterolemia, osteoporosis, joint/lumbar/leg pain,
hyperuricemia, gastropathy, and emotional illness accounted for 12.5% of chronic dis-
ease conditions, respectively. Although 67.5% of participants were under at least two
types of chronic diseases condition, all of them were able to take care of themselves.

Table 2. Chronic diseases conditions of older adults in this study

Participant No Chronic disease conditions

1 None

2 None

3 None

4 Hypertension, osteoporosis, emotional illness

5 Hypertension, hyperlipidemia

6 Hypertension, hypercholesterolemia

7 Hypertension, hyperuricemia, gastropathy

8 Hypertension, Joint pain

Regarding the quality of life, most of our participants maintained healthy physical
conditions and had slight mental problems (see Table 3). Seven of our participants
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suggested that they had no problem in mobility and one participant reported slight
problems inmobility because shewas suffering knee-joint pain (Participant No. 8). None
of them have any problem with self-care and usual activity. 50% of them had slight pain
and discomfort. However, 62.5%of participants reported a slightly anxious or depression
(with a 2-point score). Participants reported their subjective health conditions on the day
of conducting the interview with a range from 60 to 90 (with a mean of 80.63).

Table 3. Quality of life

Mean Standard Deviation

Quality of life Mobilitya 1.13 0.35

Self-carea 1.00 0.00

Usual activitya 1.00 0.00

Pain/discomforta 1.63 0.52

Anxiety/depressiona 1.75 0.46

Subjective healthb 80.63 9.80
aThe score of mobility, self-care, usual activity, pain/discomfort, and
anxiety/depression ranged from 1 (no problem) to 5 (extremely problem)
bThe score of subjective health ranged from 0 (the worst health
condition) to 100 (the best health condition).

3.3 Sensation and Cognitive Capability

Table 4. Sensation and cognition capability

Mean Standard Deviation

Sensation Hearing 5.13 1.25

Vision 4.88 1.25

Cognitive ability Memory 4.63 1.19

Learning ability 5.00 1.31

Concentration 5.25 1.04

Thinking ability 5.25 1.16
* Each item was measured with 7-point Likert scale from 1 (extremely
bad) to 7 (extremely good).

Table 4 describes the sensation and cognitive capability of participants. Our par-
ticipants exhibited a somewhat good level of sensation and cognitive capability. Six
participants rated their hearing above the somewhat good level (with a score of above 5),
one participant reported that he/she had a general level of hearing, and another partici-
pant thought that he/she had a slightly bad hearing. Regarding vision, five participants
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believed that they had a somewhat good level of vision (with a score of above 5), two
participants thought that they had a general level of vision, and one participant reported a
slightly bad level of vision. For cognitive ability, the most serious problem was reported
with memory in comparison with other cognitive abilities, with 50% of participants
scoring less than 4 points in memory. Learning ability was also a concern for one partic-
ipant, who rated his/her learning ability as slightly bad. However, for concentration and
thinking ability, most of our participants believed that they had at least somewhat good
levels (with a score of above 5) of these two abilities, accounting for 75% and 62.5%
respectively.

3.4 Actual Use and Adoption Intention

Table 5. Actual use and adoption intention of SHCTs

Actual use Adoption intention

Frequency Percentage (%) Mean Standard
Deviation

SWDs 3 37.50 4.88 1.89

SHMs 8 100.00 6.63 0.74

HCAs 6 75.00 5.25 1.85

NARs 0 0.00 5.00 2.31

Overall SHCTs / / 5.38 1.60

In general, 62.5% of participants showed a willingness to adopt SHCTs (with a
score of above 5), while 37.5% of participants suggested that they were unwilling to
adopt SHCTs (with a score of below 4). As shown in Table 5, participants showed the
highest willingness to adopt SHMs, while the lowest willingness to apply SWDs. The
reasons for the actual use of SHCTs and the possible relationships between demographic
features, health condition, quality of life, sensation, cognitive capabilities, and older
adults’ adoption intention were discussed in the following part.

Smart Wearable Devices (SWDs). Three participants reported that they had worn or
were wearing SWDs. Among these three participants, two of them reported that they
were using the Xiaomi wristband, while another one did not specify the brand. The
Xiaomi wristband can help to record the heart rate and the daily activities, which could
help to monitor the health status (Participant No. 3). The main reasons for using SWDs
were due to the curiosity towards SHCTs (Participant No. 2 and Participant No. 6),
the concerns about health status (Participant No. 3), and the participation of research
(Participant No. 2).

We investigated the possible predictors of SWDs. It was noted that gender, liv-
ing situation, and subjective health could be important predictors of adoption intention
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Table 6. The mean values of different groups of older adults’ adoption intention towards each
category of SHCTs

Frequency Mean values of adoption intention

SWDs SHMs HCAs NARs Overall in
SHCTs

Gender Male 3 5.33 6.33 6.50 5.67 6.33

Female 5 4.60 6.80 4.50 4.50 4.80

Age 65–74 5 5.00 6.80 5.50 5.40 5.40

75–84 3 4.67 6.33 4.83 4.00 5.40

Education Primary
School and
under

4 4.50 6.75 4.50 4.33 5.25

Middle
school

4 5.25 6.50 6.00 5.50 5.50

Living
situation

Living alone 3 6.00 6.33 5.50 4.00 6.00

Living with
families

5 4.20 6.80 5.10 5.40 5.00

Number of
types of
chronic
disease

0 type 3 5.33 6.33 6.17 5.00 6.33

2–3 types 5 4.60 6.80 4.70 5.00 4.80

Score of
subjective
health

60–80 4 4.25 6.25 4.38 4.00 4.75

81–100 4 5.50 7.00 6.13 6.33 6.00

Score of
sensation and
cognitive
capability

Below 30 4 4.75 6.25 5.13 3.67 5.50

Above 30
(including
30)

4 5.00 7.00 5.38 6.00 5.25

towards SHCTs, as there was at least 1 point in the mean value of the difference in
adoption intention between the groups (see Table 6). We deduced that older adults who
live alone might be more likely to adopt SWDs. The reason could be due to the need
for the functions of health monitor and risks recognition provided by SWDs to maintain
a safe and independent life [18]. Additionally, older adults in better health conditions
demonstrated a greater adoption intention towards SWDs than those under worse health
conditions. This could be because the adoption intention towards SWD reflected older
adults’ consciousness towards health. SWDs can help to monitor physical conditions. If
older adults care about their health status and make efforts to maintain their health, they
are more like to have a better health conditions, and reverse.

Smart Health Monitors (SHMs). All participants had used the HKT eSmartHealth
health station, which was a type of SHMs that placed in the elderly center. Based on
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the interview, this health station allowed older adults to measure blood pressure, blood
oxygen, weight, height, and temperature. Additionally, the health data collected by the
health station would be uploaded to the cloud service for health management. Older
adults could check their physical indicators and health records via an application that
worked cooperating with the health station. All participants responded that they used the
health station because they cared about health and would like to know more about their
health status (Participants No. 1 to No. 8). In the meanwhile, the promotion and training
courses provided by the elderly centers were also critical to facilitating the use of the
health station (Participants No. 7 and No. 8). Most of the participants reported a very
strong willingness to adopt the HKT eSmartHealth health station (n= 5; mean= 7.00),
and the other two participants also exhibited a positive attitude towards the adoption
(mean = 5.50). However, it seemed that the differences in demographic characteristics,
health status, and sensation and cognitive capability may not influence older adults’
adoption intention towards SHMs. This could be because most older adults were able
to operate the health stations by themselves, as the elderly center provided the training
program to promote the use of the health station. Therefore, the differences in age,
education, living situation, and sensation and cognitive capability groups did not show
an impact on the adoption intention in this study.

Health Care Applications (HCAs). For HCAs, 75% of participants had adopted
smartphone applications (e.g. eSamrtHealth, eHealth, Ha Go, and the step-counting
applications) which provided health management functions. However, none of them had
applied HCAs that allowed medical consultation services or training guides for fitness.
Similar to SWDs and SHMs, the concern for health was a critical motivator for actually
adoptingHCAs (Participants No. 1 to No. 3). Additionally, the elderly center encouraged
the older adults to adopt HCAs by allowing training (Participants No. 2 and No. 4). This
was another main reason why our participants had applied HCAs. Also, participants
(Participants No. 3 and No. 4) thought that HCAs provided convenient access to their
medical records and online medical booking, and these were why they decided to use
HCAs. In general, 62.5% of participants exhibited a positive attitude (scored more than
5 points) towards the adoption of HCAs, but 37.5% of participants reported a negative
attitude (scored less than 3 points). According to Table 6, gender, education level, and
health conditions could be the possible indicators of the adoption intention of HCAs.
Prior research had revealed that education level affects older adults’ adoption of smart-
phone applications [19], and males might be more positive to adopt the m-health [20].
This explained why the mean values in the male group and middle school group were
above 1.5 point higher than female groups and primary school and under groups, respec-
tively. Similar with SWDs, we found older adults with better health conditions showed
a stronger willingness to adopt HCAs. We deduced that healthier older adults might be
more health-conscious, and therefore they exhibited a higher intention to manage their
health.

Nursing and Assistive Robots (NARs). Although none of our participants had actu-
ally used NARs, surprisingly 62.5% of participants exhibited a willingness to applied
NARs in their lives (mean = 6.20). Two participants said that they were extremely
unwilling (with a score of 1) and slightly unwilling (with a score of 3) to adopt NARs.
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One participant did not report his/her adoption intention of NARs, because his/her had
never seen this type of product. To be specific, gender, age, education level, living situa-
tion, subjective health, and sensation and cognitive capability could be important factors
related to older adults’ adoption intention towards NARs, based on the mean values
shown in Table 6. Currently, NARs were still really new smart health care products in
the HKmarket, as none of the participants had ever used or seen them (Participants No.1
toNo.8). The descriptive analysis suggested that older adults whoweremale, aged below
75, had a higher education level, living with families, have a better health condition, or
better sensation and cognitive capabilities demonstrated a stronger willingness to adopt
NARs. However, older adults living with families exhibited a higher adoption intention
towards NARs than those who live alone. This might be because older adults living with
families were more likely to acquire support when using innovative smart technology.
Therefore, they demonstrated a stronger willingness to use NARs than those who lived
alone. Future studies could further explore and validate the factors that influence older
adults’ adoption intention towards the really new SHCTs.

4 Conclusion

This study attempted to approach the actual use and adoption intention of four types
SHCTs by interviewing eight Hong Kong older adults from a local community. The
results indicated that SHMs were the most popular SHCTs among older adults, with
100% of participants having used them. In the meanwhile, participants also shown the
strongest adoption intention towards SHMs in comparison with other types of SHCTs.
Although three participants had used SWDs, the adoption intention towards SWDs was
the lowest among the four types of SHCTs. To be specific, the adoption intention of
SWDs could be related to gender, living situation, and subjective health; the adoption
intention of HCAs might be affected by gender, educational level, chronic diseases, and
subjective health; and the adoption intention of NARs could be influenced by gender,
age, educational level, living situation, and sensation and cognitive capabilities. Due to
the training program provided by the elderly centers, the adoption intention of SHMs
(i.e. the HKT eSmartHealth health station) was high and might not be affected by the
differences of demographic characteristics, health conditions, and sensation and cog-
nitive capabilities. However, since this research was a preliminary interview study, the
sample size was small. Future studies are needed to validate the factors in relation to the
actual use and adoption intention of different types of SHCTs.
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