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Foreword

This year we celebrate 40 years since the establishment of the HCI International (HCII)
Conference, which has been a hub for presenting groundbreaking research and novel
ideas and collaboration for people from all over the world.

The HCII conference was founded in 1984 by Prof. Gavriel Salvendy (Purdue
University, USA, Tsinghua University, P.R. China, and University of Central Florida,
USA) and the first event of the series, “1st USA-Japan Conference on Human-Computer
Interaction”, was held in Honolulu, Hawaii, USA, 18–20 August. Since then, HCI Inter-
national is held jointly with several Thematic Areas and Affiliated Conferences, with
each one under the auspices of a distinguished international Program Board and under
one management and one registration. Twenty-six HCI International Conferences have
been organized so far (every two years until 2013, and annually thereafter).

Over the years, this conference has served as a platform for scholars, researchers,
industry experts and students to exchange ideas, connect, and address challenges in the
ever-evolving HCI field. Throughout these 40 years, the conference has evolved itself,
adapting to new technologies and emerging trends, while staying committed to its core
mission of advancing knowledge and driving change.

As we celebrate this milestone anniversary, we reflect on the contributions of its
founding members and appreciate the commitment of its current and past Affiliated
Conference Program Board Chairs and members. We are also thankful to all past
conference attendees who have shaped this community into what it is today.

The 26th International Conference on Human-Computer Interaction, HCI Interna-
tional 2024 (HCII 2024), was held as a ‘hybrid’ event at the Washington Hilton Hotel,
Washington, DC, USA, during 29 June – 4 July 2024. It incorporated the 21 thematic
areas and affiliated conferences listed below.

A total of 5108 individuals from academia, research institutes, industry, and
government agencies from 85 countries submitted contributions, and 1271 papers and
309 posters were included in the volumes of the proceedings that were published just
before the start of the conference, these are listed below. 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 the most recent advances in HCI.

The HCI International (HCII) conference also offers the option of presenting ‘Late
Breaking Work’, and this applies both for papers and posters, with corresponding
volumes of proceedings that will be published after the conference. Full papers will
be included in the ‘HCII 2024 - 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 2024 - Late Breaking Posters’ volumes
to be published in the Springer CCIS series.
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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 towards
the high scientific quality and overall success of the HCI International 2024 conference.
Their manifold support in terms of paper reviewing (single-blind review process, with a
minimum of two reviews per submission), session organization and their willingness to
act as goodwill ambassadors for the conference is most highly appreciated.

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 sincere
appreciation to AbbasMoallem, Communications Chair and Editor of HCI International
News.
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Preface

The 10th International Conference on Human Aspects of IT for the Aged Population
(ITAP 2024) was part of HCI International 2024. The ITAP conference addresses the
design, adaptation, and use of IT technologies targeted to older people in order to coun-
terbalance ability changes due to age, support cognitive, physical, and social activities,
and maintain independent living and quality of life.

This year’s proceedings address a variety of topics.While understanding and address-
ing the needs and constraints of older individuals, along with designing technologies
that support and empower them, remains a consistent theme, this year’s discussions
focus more on the challenge posed by rapidly emerging technologies. There is a notable
increase in research focusing on innovative design approaches and methods aimed at
integrating older adults into ongoing technological advancements. At the same time,
researchers have explored more methods and strategies to help older people to acquire
new digital skills in order to stay current with evolving technologies. Another emerging
theme of this year is the re-examination of chatbots and AI, particularly in light of recent
advancements in large language models, regarding their potential to benefit older peo-
ple’s quality of life and possible approaches to incorporate older adults’ requirements
into the design lifecycle of these technologies. These changes highlight the importance
of design approaches adopting a dynamic view of the relationship between older people
and digital technologies. Continuous innovation and adaptation are crucial to ensure that
the needs of the aging population are integral to the ongoing evolution of technology.

Two volumes of the HCII 2024 proceedings are dedicated to this year’s edition of
the ITAP conference. The first focuses on topics related to Designing for Older Adults;
Older Adults’ User Experience; Older Adults’ Digital Competences and User Behavior;
and Aging and Social Media. The second focuses on topics related to Healthy Aging;
Supporting Mobility and Leisure; and Aging, Chatbots and AI.

The papers of these volumes were accepted 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.

July 2024 Qin Gao
Jia Zhou
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Abstract. This paper presents thoughts on the use of online semi-structured inter-
views in a participatory format. On one hand, in the process of interviewing and on
the other by using complementary methods such as media diaries and its associ-
ated online ethnography techniques. One of the challenges of audience research is
the capture of the “audiencing” [1] process, in this paper we rely on two research
projects to better discuss and consider forms of doing it, in arid research contexts,
such as online and with a (inter)generational dimension.
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1 Introduction

This article proposes ways to find formats and techniques to better capture audiences of
different ages and considers ways to engage them. These concerns usually occur partic-
ularly in research where there is an intention to create participatory environments, even
if the research design does not involve an extended presence of the research team in a
given context or previous familiarity with participants. These challenges are particularly
important in audience research contexts, where it is necessary to take options in a frag-
mented media space that is increasingly difficult to capture consistently, especially when
different generations of participants are involved within the same research and there is
also an interest in thinking about different generations in their multiple ways of relating
to each other and to media.

These challenges are anchored around two axes that seem to be fundamental: 1 –
Considering action during the process of interviewing online, finding ways of ensuring
environments for semi-structured interviews more relaxed, participatory, and reflective;
2 - Thinking about possible complementarities with the use of media diaries, as a digital
ethnographic technique, better able to fix and capture the moment of the audience.
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2 Theoretical Overview

One of the challenges of qualitative research in the field of media studies, particularly
journalism, is to capture “audiencing” [1] at the moment [2–5]. Audience studies cen-
tre substantially on the use of semi-structured interviews [3]. Our reflection will focus
on two data collection techniques: the semi-structured interview [6–12] and the media
diaries [13–15]. Our proposals focus on what can be understood as a performative and
participatory space, capable of ensuring the participants’ agency. This can be signif-
icantly interesting for researchers looking to capture audiences in depth and in their
multiplicities, but it may not be sufficient for capturing relaxed, non-normative environ-
ments that translate people’s feelings towards media and news spaces as faithfully as
possible. As research increasingly moves into digital spaces, capturing the action and
involving participants becomes more difficult.

When audience research began to gain relevance in the 1980s, it centred on a more
qualitative approach, capable of enabling a holistic understanding of social phenomena.
Today, oneof the challenges from thepoint of viewof capturingmedia use choices ismore
challenging and means adapting to speed, multiple possible choices, and apprehending
action indirectly in the interview process.

It is, therefore, necessary to question the research, its objectives, means, and possible
implications, focusing on the ontology of the research [16]. In qualitative research, these
questions arise in greater depth, as it may have to fulfil more validation purposes. Birgitta
Höijer [16] points to the importance of knowing who the interviewees are and what they
represent when they are chosen, because what the researcher is looking for is “good
informants” [16]. They have previous collective experiences that facilitate the possibility
of finding dialectics beyond the interview situation itself [16]. With research validation
in mind, Kim Schrøder [17] points out that the researcher must constantly reflect and be
able to stimulate other scientific research.

Based on these questions, one of the constant difficulties is knowing which method-
ological guidelines are the most appropriate. Methodology is generally understood as
determining the paths and instruments used to carry out scientific research.Methodology
presupposes the research design, from hypotheses creation to the enquiry techniques.
The methodological orientation tells us about the researcher’s choices, from the theoret-
ical framework and contexts, through the indication of the object, to the determination
of the method and techniques. It reveals the research set-up.

In amedia world that is constantly changing, the semi-structured interview continues
to be a prevalent technique in media studies, although the challenges associated with it
are being renewed. This relationship, which must be sufficiently distant and sufficiently
close, is not easy to achieve [18]. In this case, we are looking at the interview as a provider
of information that gives us a sense of reception. Reception analysis establishes that texts
and their recipients are complementary elements in analysing an area of research that
leads us to the discursive and social aspects of communication.
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3 Methodological Approach

This article aims to provide a space for reflection on the inclusion of participatory
dynamics in research that does not follow longitudinal logics that end up facilitating
processes of proximity between the participants and the research [18, 19]. These aspects
are discussed here within the interview process itself and also in conjunction with this
technique through other complementary data collection techniques, such as diaries, here
assumed not only as complementary but also in the context of digital ethnography.

To better discern these dynamics, we are going to rely on the methodological
research designs of two Portuguese research projects, YouNDigital - Youth, News
and Digital Citizenship (PTDC/COM-OUT/0243/2021) and MyGender (PTDC/COM-
CSS/5947/2020).

YouNDigital project is being conducted in Portugal and the qualitative fieldwork part
of this project was initiatedwith 54 online semi-structured interviews (42 interviewswith
young people between 15 and 24 years old; 12 interviews with people aged between
14 and 60 appointed as news influencers by the 42 previous interviewees) on news
and citizenship. At the end of each interview, participants were asked to nominate a
person they considered to be an influencer in terms of their news consumption habits.
The interviews were conducted between July and October 2023 via Zoom video call
platform. Using the QSort methodological approach [20, 21] with card-sorting exercises
with a think-aloud protocol, the influencers were asked to identify and classify people,
themes, or subjects that played a role in their information routine, rating them as very
important, indifferent, and not important at all. By assembling the pyramid and clarifying
their choices, the interviewees were encouraged to compare their current information
consumption with their habits from past moments in their lives. This exercise aimed to
prompt reflections about how they experienced news consumption in different periods
of their lives and to identify their perceptions about it.

MyGender project is the first-ever study in Portugal to explore the interactions of
young adults (18–30 years old) with the technical aspects and conceptualizations of
mobile applications (m-apps). This study examined how individuals integrate these
applications into their daily routines, incorporating them into their habitual practices
and actively (re)negotiating their gender and sexual identities through this engagement.
Three studies were implemented to analyse how young adults engagewith technicity and
imaginaries of mobile apps: a survey, semi-structured interviews, and diary records. A
semi-structured interviewing approach was employed to delve into the subjective realms
of young individuals’ experiences and negotiations in their everyday lives. The method-
ological underpinning of the research strategy pivoted on the self-reported experiences
and practices of youthhood, specifically focusing on their preferred apps and discourses
surrounding the rejection of others rather than exclusively concentrating on themere util-
itarian aspects of app usage. From May to October 2022, 25 in-depth semi-structured
interviews were conducted with young adults residing in Portugal (16 women and nine
men) who self-identified as heavier users of mobile apps. Employing online interview
platforms like Skype or Zoom facilitated real-time co-presence and interactivity between
interviewees and interviewers. This approach ensured the generation of more reliable
interview recordings, encompassing audio and video formats while adhering to ethical
standards of obtaining informed consent.
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Around these challenges, anchored around two axes that seem to be fundamental:
1 - Bearing in mind action during the process of interviewing online, finding ways of
ensuring environments for semi-structured interviews more relaxed, participatory, and
reflective; 2 - Thinking about possible complementarities with the use of media diaries,
as a digital ethnographic technique, better able to fix and capture the moment of the
audience.

In the following sections, we address issues related to online interviews within spe-
cific environments and use the media diaries technique to capture media consumption
qualitatively. Both sections focus on the results obtained in the YouNDigital project.

4 Online Interviewing in Relaxed, Participative, and Reflective
Environments

Asking questions and getting answers is a much more complicated task than it might
first appear. One of the greatest difficulties is making the questions as unambiguous as
possible. One change from traditional to postmodern-informed interviewing is that the
so-called detached researcher and interviewer are recast as active agents in the interview
process and attempts are made to de-privilege their agency. Another shift is that the
interviewee’s agency is privileged and in the name of the interviewee all manner of
experimentation is undertaken to make evident his or her own sense of identity and
representational practices [22].

It is difficult, if not impossible, to do so, but it is one of the most widely used
research techniques in disciplines such as sociology and psychology, as a means of
better understanding human beings and their interactions [6]. “The interview becomes
the tool and the object, the art of sociological sociability” [6] and an encounter in which
the two parties behave as equals. In the interview, the other is no longer seen as a distant
person who is only there to be interviewed, categorised, measured, and catalogued. By
studying others, we study the self [6]. Another very important dimension of an interview
is the framework of codes, signs, and language that goes far beyond the verbalisation of
words. This code, which involves both the interviewer and the interviewee, is extremely
important and is all the richer when more relaxed spaces are provided in which the
interviewees feel more relaxed, as Berg [8] advocates in part of his 10 commandments
on interviewing.

Qualitative research will give us small parcels of knowledge in a world where bound-
aries between our daily lives and digital contexts have collapsed [22]. Formally, the
interview takes many forms and can be used for various purposes, from the unregulated
modality of everyday spaces in which we talk, ask, and answer, to journalistic spaces,
and in this article our focus is centered on the online interview for research purposes.
We live in an interview society [22–24] and because interview repertoires are stocked
with bits of informal knowledge that people can rely on and recall when asked ques-
tions about themselves or other issues, interviewee answers become problematic as truth
claims. Prepackaged sound bites, however, should not impede the interviewer’s task or
craft. Instead the interviewer- as evidenced by those who have experimented with the
content and form of interview practices-must move beyond the static nature of traditional
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interviewing techniques by recognising the interview as a micro-situation within a larger
sociocultural context [22].

The interview can be seen as a scenic moment [7] while giving privilege to the par-
ticipant [3] meaning, and we have to be aware of this, that the participant’s performance
has a degree of orientation on the part of the interviewee [3]. Reflexivity can occur when
participants mirror their participation in the interview [3], adding as well participatory,
dynamics, and performative practices to the interview process [3, 22].

Hasebrink and Domeyer [25] consider that talk about media consumption is a com-
plex process and often unconscious. Because of that, they added visual methods in a
pilot study with people aged 20–30, following the principle of an open and user-centred
approach. Participants received blank cards to complete with the main elements of their
media repertoires, and in a four-step activity, they had to position the cards in a circle
with “me” in the centre. Themain data for analysis were verbal comments and visual data
was not used as data on its own. The same authors [25] consider that this approach led
to a rich body of empirical observations with detailed insights about media repertoires.

In this paper we try to think about these reflections in the context of the YouNDigital
project. When we started preparing the interviews - as the research team has a qualita-
tive matrix and experience in participatory research - we were immediately concerned
about bringing in a dimension that would ensure a relaxed, participatory, and reflective
online interview environment, without following strategies that are not aligned with the
seriousness of the moment. This isn’t the place to describe in depth the importance of
good interview environments, but we do know that they are decisive to better capture
the contexts in which people live [3] and get better answers [8]. Our concern was also
related to the need to involve participants of different ages more in the interview, making
them more oblivious to the formal context of the interview. We took into account that
speaking about media habits can be difficult since this process is often unconscious [25].
Here are some proposals for thinking about more relaxed, participatory, and reflective
spaces: a) the option of having a QSort1 [26, 27] right at the start of the interview, b)
having questions that point to answers at the level of the generations and to real contexts
in some of the cases and, finally, c) questions (inside and outside the QSort) that point
to the reflectiveness of the person being interviewed.

We note that to facilitate the participatory process, a bottom-up approach, and also
to leave the participant free to respond more freely, of the eleven QSort cards, we only

1 Q-methodology is a quantitative/qualitative social science method [27] considered well-suited
formedia reception and use [26]. It allows us to analyze individuals’ subjective perceptions of an
area of experience and aggregate these perceptions through a factor analysis. As a result, the Q-
methodology provides both qualitative and quantitative findings, creating a typological pattern
of differences and similarities between the participants’ perceptions [27]. Q-methodology is
applied in a card-sorting activity with a think-out-loud protocol structured based on the research
questions. Participants have to place and rank these cards in a pyramid according to their daily
use or importance in their lives. On each card is a statement or the particular sociocultural
phenomenon being investigated [27], usually defined in a previous stage of the research. This
activity has a dialogical potential and allows participants to reflect on their choices during the
process. “When informants have completed the card placing process, accompanied by dialogical
negotiation, they have self-analyzed their subjective news consumption universe,whose internal
architecture is moreover relational” argues Schrøder [27].
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had 3 pre-defined ones (War, Digital Influencer, and Television Journalist) that didn’t
have to be necessarily chosen, as we can see in Fig. 1 below.

Fig. 1. The Q-Sort pyramid that was presented to the interviewees with 9 blank cards and 3
suggestions (War, Digital Influencer, and Television Journalist) that were not mandatory.

The QSort pyramid was presented as a puzzle, and the interviewers emphasized
that it was not a test, without right or wrong answers. At this point, some interviewees
expressed relief, while others referred to the activity as a “challenge”. When filling in
the cards and arranging them on the pyramid, some interviewees mentioned they were
thinking about their news habits for the first time. Some reported difficulties in this
process, while others said the activity was fun.

Furthermore, focussing on the interviewee ensured that we had the flexibility to
adjust the questions to the person in front of us. In this way, we can guarantee that we
are looking at the audience through “their lens”. This approach allowed the interviewees
to abstract themselves from the conditioned digital environment in which they found
themselves during the initial phase of the interview and after the open questions. In
addition, in the final part of the QSort, there was a moment for the participant to be more
reflective about their own choices, how they had felt, and whether they were sure of what
they had chosen, allowing them to change the place of the cards if they wanted. This
option allowed the participants to set the participatory and agential tone for the interview
by exploring the cards they wrote and the meanings they attributed to them within their
sphere. These more reflexive approaches were in some of the moments relevant com-
ponents of the educational process that occurred with some of the interviewees during
the interviewing process [18]. At the end of the interview, more than one interviewee
said that the experience had provided relevant reflections that could be useful to other
young individuals. This happened not only because some of the subjects we mentioned
during the interview process were unclear for them in a daily basis context, but also
because in some cases they became aware for the first time about those subjects during
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the interview. This clearly enhances the impact of the research on their life, alerting them
to new questionings.

In addition to focusing on the personal perspective of each interviewee, and trying
to capture it as accurately as possible, even if in a relaxed way, this option for a more
reflective approach alsomade it possible to understandgenerational and intergenerational
perspectives. Relationships with their peers, but also with other generations, shape the
interviewees’ relationship with the media. Dichotomously, contact with friends and col-
leagues or with older family members, such as parents, uncles, and grandparents, was
often the basis of the reasoning developed, either through closeness, in the sense of what
they are similar to and identify with, or through diversity and distancing of attitudes and
practices. This point is particularly interesting if we consider, as explained above, that
the current fragmentation of audiences makes it difficult to gain a more in-depth, consis-
tent, and detailed understanding of audiences as isolated groups and in their relationship
with others.

It was also possible to identify stereotypes linked to people from other genera-
tions, namely older people, which could be explored in the future. For instance, some
interviewees referred to the difficulty of understanding technology or verifying online
information as something inherent to older people.

4.1 Media Diaries as a Complement Capable of Capturing the Moment in Action

Traditionally utilized in anthropology and sociology, diarymethods such asmedia diaries
have become a reliable qualitative technique for longitudinal data collection [28]. In
the literature, diaries have been described as a qualitative research method that, on
the one hand, emphasises self-reflection [29], since it puts the participants “speaking
for themselves” [30] in the first person in a moment of reasoning, subjectivity, and
introspection; and, on the other hand, dispenses with the researcher’s presence “as a
participant observer” [30]. As a complementary method to the interview, but it can also
be understood on its own, media diaries allow to “capturing life as it is narrated” [29].

Diaries are a space without the embarrassment of an interview, whether due to
shyness, limited and time constraints, or technical issues, allowing us to capture the
daily dimension of the interviewees [31]. This approach involves various designs to
gather quantitative and qualitative data across time. Journal-type instruments, requir-
ing narrative-style entries in response to broad questions, and log-type diary formats,
employing short answer items for tracking dynamic constructs longitudinally, represent
key variations [32].

Media diaries provide a comprehensive context for comprehending the determinants
of consumption of media content and devices that shape individuals’ lives. Therefore,
researchers may examine how specific events, environments, or social interactions influ-
ence participants. This contextual insight enhances the depth of research findings, which
can be further explored beyond text-based entries, allowing participants to introduce
layers of their expression by integrating different types of media elements.

As part of the YouNDigital project, the diaries were based on what was said in the
interview. At the end of the interview, people were asked to fill in a diary for no less
than three days, but no more than five. Filling in the diary could mean writing a text or
audio, or sharing links, images, or videos through WhatsApp.
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The research team sent daily reminders with questions to the participants who had
agreed to take part in the activity. We started with a contextual question (What did you
do today?), moving on to questions directly linked to media consumption: At some
point during the day, was there a subject that caught your attention? (it could be in the
media or conversations with friends, family…); What was that subject? (and where -
TV, networks, conversation…?); Now, thinking only about the subjects that interest you
most, did you see anything today that caught your attention? And did you try to find out
more about it?

The last question sought to better understand the (inter)generational dynamics that
shape news consumption, based on the question: Did you talk to anyone? The answer
to this question would allow us to understand and interpret how determining (or not)
their social contexts are. And it even presupposes a performative space: the participant
expresses themselves how they want, when they want, dedicating as much time as they
want to fill in the diary and interconnecting various dimensions, from the personal to the
social.

This data collection, considered a complementary method, depends directly on the
active participation of the interviewees. While some interviewees did not adhere to the
task, others started immediately after the interview. Some interviewees sent information
over the weekend (which was not required) and some chose, on their own initiative, to
fill in the diaries for longer than the days requested - which reveals the ability of this
method to engage them.

5 Conclusions and Future Research

Adding these experiences to previous research that relied on the same concerns and
methodological reflections [3], ways of avoiding the collection of data per se, without it
involving – in addition to the collection of consumer data – the reflection of the person.
This is of special value when the research aims to involve the participants in the research.
In the future,wewill study the interaction between diaries and semi-structured interviews
in terms of validating thematic results.
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Abstract. The world population is aging rapidly, and the health and care issues
of the elderly are receiving increasing attention. The application of elderly smart
wearable devices, represented by smartwatches, in healthmonitoring, is becoming
morewidespread.Basedon the above background, a smartwatch interaction design
strategy centered on elderly users is proposed to address the problem of low
aging adaptability in current smartwatch design. The Kano model, hierarchical
analysis method, and QFD method are integrated into the smartwatch interaction
design process. Firstly, focusing on elderly users as the target, Kano was used
to study user requirements, resulting in 24 user requirements classified by their
attributes. Secondly, theAHPmodel was employed to establish the analysismatrix
of the requirement indicators and determine the comprehensive weighting values
of different requirement indicators. Subsequently, QFDwas utilized to analyze the
finalized user requirements, enabling the determination of the core design factors
for smartwatch interaction design. Finally, the design schemewas conducted based
on the design factors, followed by evaluation and usability testing to verify the
reasonableness and feasibility of the design model and scheme.

Keywords: Smartwatch · Interaction Design · Kano Model · AHP · QFD

1 Introduction

The global demographic landscape is witnessing a rapid phenomenon of population
aging, which poses the potential to surpass society’s capacity to provide adequate care
for the elderly [1]. Permanently entering nursing homes represents a costly means of
care provision for older individuals, the majority of whom express a preference for
aging in the familiarity of their own homes [2]. There is a burgeoning interest in exam-
ining the efficacy and feasibility of health monitoring and assistance delivered within
the domestic sphere [3]. Several intelligent wearable devices have already integrated
health monitoring functionalities, with smartwatches epitomizing aging smart wearable
devices due to their convenient portability, particularly suited for elderly usage. How-
ever, smartwatches present novel concepts to elderly users, whose operational logic and
design ethos significantly diverge from the functional machinery era. Factors such as
limited experience, health status, income level, education, and geographic location often
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render elderly individuals challenged in adapting to new technologies. Moreover, they
encounter difficulties stemming from the intricacy of emerging technologies and the
absence of user-friendly services tailored to their needs [4].

Smartwatches have gained prominence within the Information and Communication
Technology (ICT) industry owing to their multifaceted functionality and broad user
appeal, yet empirical research on user perceptions and attitudes towards smartwatches
remains at a nascent stage [5].Recent strides inwearable sensor technologyhave unveiled
substantial potential for enhancing the quality of life among the elderly [6]. Through
wireless sensor networks, older adults can transmit real-time data on their physical
condition to healthcare centers, thus garnering instantaneous feedback on vital signs such
as heart rate and blood pressure, thereby facilitating real-time healthcare provisioning
[7]. Present investigations into smartwatches for elderly users primarily concentrate
on the functionalities of health monitoring and remote care, yet there exists a dearth
of research on interaction design suitable for elderly users. Elderly users necessitate
clearer operational cues when utilizing smartwatches, an aspect that current research
inadequately addresses, with interface design failing to align with the needs of elderly
users. Furthermore, elderly users constitute a minority within the user demographic
of smart wearable devices, and the level of age-friendliness of smartwatches remains
inadequate, lacking rigorous analysis and segmentation of user needs. Consequently, the
interaction design of smartwatches for elderly users necessitates a user-centric approach,
underpinned by a synthesis of qualitative and quantitative analyses of requirements to
delineate specific and effective design strategies, thereby guiding subsequent design
endeavors.

2 Research Methodology

In the developmental process of product design, user-oriented construction of design
models involves methodologies such as the Kano model, Analytic Hierarchy Process
(AHP), Quality Function Deployment (QFD), Axiomatic Design (AD), and Technique
for Order of Preference by Similarity to Ideal Solution (TOPSIS). In recent years, numer-
ous researchers have delved into systematic design methodologies, integrating these
theoretical models to formulate more scientifically sound and efficient design solutions.

The collection and analysis of user requirements constitute pivotal stages in the
design and development process, thereby serving as determinants of a product’s success
or failure. Due to the abstract, dynamic, varied, and diverse nature of user demands,
deriving precise conclusions can prove challenging [8]. The Kano model, introduced by
Dr. Noriaki Kano, a professor at Tokyo Institute of Technology in the 1970s, represents
a user requirement analysis model [9]. The Kano model has the potential to unearth
implicit or latent human needs, satisfaction of which may enhance user contentment
[10]. Nonetheless, the Kano model lacks the capability to assess the relative importance
among user requirements, potentially leading to a deviation in the focus of subsequent
product development endeavors.

The Analytic Hierarchy Process (AHP) is well-suited for aiding decision-making in
scenarios characterized by multiple interrelated factors [11]. Employing AHP facilitates
the determination of weighting coefficients for user requirements identified within the
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Kano model. However, neither the Kano model nor AHP provides a definitive solution
for translating final user requirements into specific design parameters.

The Quality Function Deployment (QFD) theory, proposed by Japanese scholars
Yoji Akao and Shigeru Mizuno, entails a multilayered deductive analysis method aimed
at satisfying quality management systems, with its core essence lying in requirement
transformation [12]. QFD ensures a specific method for enhancing the quality at each
stage of product development [13].

This study amalgamates the product design processes of Kano, AHP, and QFD.
Grounded in user requirements, this process integrates qualitative and quantitative ana-
lytical methods. By encompassing both the emotive demands users have towards prod-
ucts during the design process and scientifically mapping out specific parameters for
design, this approach offers heightened precision in analysis and greater efficiency in
decision-making compared to traditional design methodologies.

The study is delineated into three distinct phases. In the first phase, to enhance
the targeted nature of the inquiry, the research focuses on the elderly population as
the primary demographic of interest. Employing a combination of interview method-
ologies and on-site observational techniques, explicit and implicit user requirements
are elicited. Through a meticulous process, the raw descriptions provided by users are
translated into unambiguous user demands. Subsequently, employing the card sorting
technique, demands are categorized according to experiential elements to obtain clas-
sification indices. Utilizing the Kano model, the study delineates the classification of
requirements and gauges the degree of expectation associated with user demands. Con-
currently, the Analytic Hierarchy Process (AHP) is employed to construct an analysis
matrix for the requirement indices, thereby ascertaining the comprehensive weighting
values attributed to different requirement indicators.

In the second phase, a comparative analysis is conducted between the outcomes
derived from theKano andAHPmodels. The results generated by theAHPmodel serve to
refine the user demand indices selected by the Kanomodel. Subsequently, employing the
Quality Function Deployment (QFD) methodology, a mapping analysis of the finalized
user demands onto design elements is performed. This aids in the identification of core
design factors pertinent to the interaction design of smartwatches.

The third phase involves the formulation of design schemes based on the identified
design factors. Subsequent to the design phase, an evaluation of the proposed design
schemes is conducted to analyze their rationality and feasibility. Illustrated in Fig. 1, the
research framework encapsulates the investigation and proposal evaluation of elderly-
friendly interaction designs for smartwatches, predicated upon the amalgamatedKANO-
AHP-QFD model.
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Fig. 1. KANO-AHP-QFD Hybrid Modelling Research Framework. (Self-illustrated by author.)

3 Smartwatch Interaction Design Process Based on Kano Model,
AHP and QFD Methods

3.1 Kano Model-Based Requirements Extraction and Classification for Elderly
Users

The observation and analysis of daily life behaviors among the elderly provide invaluable
insights into their pain points and needs, thus facilitating a more nuanced understanding
of their lived experiences. The target demographic for this study comprises individ-
uals aged 60 and above, characterized by normal cognitive function and unhindered
communication abilities. To ensure the relevance and specificity of the investigation, the
research focuses on elderly users who have either used or been exposed to smartwatches.
Adopting qualitative methodologies such as interviews and on-site observations, explicit
and implicit user requirements are systematically captured. Following the collation and
analysis of user research findings, a comprehensive list of 24 user demands is delineated,
as presented in Table 1.

Subsequently, in adherence to the design principles outlined by the Kano question-
naire, a bifactorial approach was employed. Leveraging the elicited user requirements,
a Likert 5-point scale questionnaire was meticulously crafted, as detailed in Table 1
Users were prompted to evaluate their satisfaction with each demand from both positive
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Table 1. User requirements extraction.

Requirements classification Number Requirement Details

Functional Requirements Q1 One-button SOS call for help

Q2 Monitor cardiac

Q3 Blood pressure measurement

Q4 Medication reminder

Q5 Monitoring of data-sharing children

Q7 Web-based teleconsultation

Q8 GPS positioning

Q9 Incoming call alerts, answering calls

Q10 Sedentary reminders

Q11 Fall alarm

Q12 weather alert

Q13 Dietary records

Interaction Requirements Q6 Simple and easy-to-understand interface

Q20 The screen display font should be large

Q21 The operation interface has colored ICONS

Q22 Operation interface with animation guidance

Q23 Can be operated by voice

Q24 Can be operated by touch

Emotional Requirements Q14 Beautiful appearance

Usage Requirements Q16 Can wear on the hand

Q17 It can be hung around your neck

Q18 The display screen is large

Q19 Lightweight and comfortable to wear

Economic Requirements Q25 Moderate price (within 1000–1500 RMB)

and negative perspectives, utilizing a satisfaction scale comprising five levels: “Very
Dissatisfied (1)”, “Dissatisfied (2)”, “Neutral (3)”, “Satisfied (4)”, and “Very Satisfied
(5)” [14]. A total of 262 questionnaires were distributed, with the 15th question serving
as an attention test item. Subsequently, 207 valid responses were obtained, which were
meticulously collated and integrated. The questionnaire results were then synthesized
to correspond with the Kano evaluation (see Table 1), thereby yielding insights into the
relationship between user demands and product quality characteristics (Tables 2 and 3).

Taking user requirement Q1 as an illustration, 87.44% of respondents deemed the
“one-key SOS emergency call” feature as a Must-be Quality (M). Consequently, this
demand was categorized as a Must-be Quality (M). The Kano attributes of the other
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Table 2. Kano Two-factor Fifth-order Likert questionnaire.

If available, what is your
attitude?

Smartwatch requirements for designers If not, what is your
attitude?

1 2 3 4 5 1 2 3 4 5

One-button SOS call for help

Monitor cardiac

Blood pressure measurement

Medication reminder

Monitoring of data-sharing children

Simple and easy-to-understand interface

……

Table 3. Kano evaluation criteria.

Negative

Very
Dissatisfied
(1)

Dissatisfied
(2)

Neutral (3) Satisfied (4) Very
Satisfied (5)

Positive Very
Dissatisfied
(1)

Q A A A O

Dissatisfied
(2)

R I I I M

Neutral (3) R I I I M

Satisfied (4) R I I I M

Very
Satisfied (5)

R R R R Q

23 user requirements were determined using the aforementioned analytical method, as
depicted in Table 1.

Among the 24 user requirements delineated in Table 1, there are 6 Must-be Qual-
ity (M) attributes, 8 One-dimensional Quality (O) attributes, 4 Attractive Quality (A)
attributes, and 6 Indifferent Quality (I) attributes, with no occurrences of Reverse Quality
(R) or Questionable Quality (Q). Notably, GPS positioning, incoming call reminders and
call answering, sedentary reminders, weather alerts, and dietary records were classified
as Indifferent Quality (I). This signifies that these demands have no direct impact on
enhancing user satisfaction and thus do not warrant design optimization efforts.

Must-be Quality (M) constitutes essential features of the smartwatch, where the
fulfillment of such requirements does not augment user satisfaction. However, failure to
meet these standards significantly diminishes user satisfaction. One-dimensional Quality
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(O) represents features users expect the smartwatch to possess. Satisfaction increases
when demands are met but declines relatively when they are not. Attractive Quality (A)
embodies unforeseen user demands, which, if unmet, do not decrease user satisfaction;
however, satisfaction experiences a substantial improvement upon fulfillment of these
demands. These three Kano classifications should be duly considered throughout the
smartwatch design process (Table 4).

Table 4. Kano questionnaire analysis table.

Number Percentage (%) Kano orientation

A O M I R Q

Q1 0 0 87.44 12.56 0 0 Must-be Quality
(M)Q2 0 0 80.193 19.807 0 0

Q3 0 0 86.957 13.043 0 0

Q4 0 0 86.473 13.527 0 0

Q20 0 0 79.71 20.29 0 0

Q24 0 0 81.643 18.357 0 0

Q5 2.899 61.353 1.932 33.816 0 0 One-dimensional
Quality (O)Q11 5.314 58.454 0.966 35.266 0 0

Q14 1.932 54.106 12.56 31.401 0 0

Q17 2.899 54.589 12.56 29.952 0 0

Q19 8.213 51.208 12.077 28.502 0 0

Q21 9.179 53.14 11.111 26.57 0 0

Q23 3.382 55.556 8.696 32.367 0 0

Q25 6.28 55.556 10.628 27.536 0 0

Q6 82.609 0 0.966 16.425 0 0 Attractive Quality
(A)Q7 79.71 0 0 18.357 0 1.932

Q18 78.744 0 0 21.256 0 0

Q22 77.778 0 0 21.256 0 0.966

Q8 4.831 0.966 0 94.203 0 0 Indifferent Quality
(I)Q9 8.696 0 0 91.304 0 0

Q10 6.28 0.966 0 92.754 0 0

Q12 6.28 0.966 0 92.754 0 0

Q13 5.314 0 0 94.686 0 0

Q16 11.111 0 0 88.889 0 0
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3.2 Calculation and Analysis of Elderly User Requirement Weights Based
on AHP Method

Following the classification of user requirements for smartwatches, Kano does not pro-
vide a clear indication of the importance ranking of each demand. In order to elucidate
the significance of individual requirements in the subsequent design process, a fusion of
Kano and Analytic Hierarchy Process (AHP) methodologies is undertaken to compute
the weights of various user demands. This amalgamation ensures precise identification
of the pivotal user requirements that must be considered during the smartwatch design
process.

Initially, based on the attribute analysis of user requirements for smartwatches
according to Kano, a hierarchical analysis model is constructed utilizing fundamen-
tal concepts of AHP, as depicted in Fig. 2. The structural model is delineated into three
hierarchical levels, aligning with the needs and design objectives of smartwatches for
elderly users. These levels include: (1) the Target level, which represents the overarch-
ing objective of smartwatch interaction design; (2) the Baseline level, subdivided into
Must-be attributes (M), Expected attributes (O), and Attractive attributes (A); and (3)
the Sub-baseline level, further divided into specific attributes such as One-button SOS
call for help (M1), Monitor cardiac (M2), Blood pressure measurement (M3), Medi-
cation reminder (M4), Large screen display font (M5), Touch-operable interface (M6),
Data-sharingmonitoringwith children (O1), Fall alarm (O2), Beautiful appearance (O3),
Necklace-wearable (O4), Lightweight and comfortable wear (O5), Colorful icon oper-
ation interface (O6), Voice-operable interface (O7), Moderate price (within 1000–1500
RMB) (O8), Simple and easy-to-understand interface (A1), Web-based teleconsultation
(A2), Large display screen (A3), Animation-guided operation interface (A4), totaling
18 aspects.

Fig. 2. Hierarchy expansion of designer demands for smartwatch. (Self-illustrated by author.)
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To ensure the professionalism and applicability of the weighted results, the research
opted for the AHP questionnaire design proposed by Thomas L. Saaty, employing a
9-level scale [15]. A total of 18 experts related to smartwatch interaction design were
invited to fill out the matrices. This expert panel comprised 7 professionals engaged in
smart wearable product design, 5 experts in the field of interaction design, 3 smartwatch
interface designers, and 3 graduate students specializing in interaction design. Initially,
the 18 experts were requested to evaluate the importance of each level of requirement
using pairwise comparisons and ratings on a scale of 1–9. The arithmetic mean of these
ratings was then computed as the basis for calculating the weights, yielding judgment
matrices for each level. Subsequently, employing the geometricmeanmethod, theweight
coefficients for each level were calculated, ultimately determining the weighted values
of user requirements for smartwatches. The computation process is outlined below, with
results tabulated in Tables 5 and 6.

(1) Constructing a judgement matrix B:

B =

⎡
⎢⎢⎢⎣

a11 a12 · · · a1j
a21 a22 · · · a2j
...

...
. . .

...

ai1 ai2 · · · aij

⎤
⎥⎥⎥⎦ (1)

aij · aji = 1, i �= j = 1, 2, · · · , n.
(2) Calculate the maximum eigenvalue (λmax)

λmax = 1

n

n∑
i=1

Bwi

Wi
(2)

BWi is the i component of the vector Bw. n is the order.
(3) Consistency of results test (λmax)

ICI = (λmax − n)
/

(n − 1) (3)

ICR = ICI
/
IRI (4)

n is the order corresponding to the evaluation scale of the judgement matrix. IRI is
the average stochastic consistency index. ICR is the consistency ratio.

(4) Calculate the maximum eigenvalue (Mi)

Mi =
n∏

j=1

bij(i, j = 1, 2, · · · , n) (5)

bij is the demand indicator in row i, column j. n is the quantity of the demand
indicator.

(5) Determine the geometric mean of the product of the scales of each layer (ai)

ai = n
√
Mi(i = 1, 2, · · · , n) (6)



22 Y. Cao

(6) Calculate relative weights (Wi)

Wi = ai

/
n∑

i=1

ai (7)

Finally, to ensure the scientific validity of the results, a consistency test is required
for the calculated results. When ICR ≤ 0.1, the consistency test is passed, and vice versa.

Table 5. Primary Indicator Weight.

Primary Indicators M O A Weight Value ICR

M 1 2 3 0.5390 0.0088

O 1/2 1 2 0.2973

A 1/3 1/2 1 0.1638

Table 6. Secondary Indicator Weight.

Secondary
Indicators

Judgement Matrix Partial
Weight

Composite
Weight

ICR

M1 1 2 2 3 3 4 × × 0.3280 0.1768 0.0184

M2 1/2 1 1 2 2 3 × × 0.1918 0.1034

M3 1/2 1 1 2 2 3 × × 0.1918 0.1034

M4 1/3 1/2 1/2 1 2 3 × × 0.1322 0.0713

M5 1/3 1/2 1/2 1/2 1 2 × × 0.0964 0.0520

M6 1/4 1/3 1/3 1/3 1/2 1 × × 0.0598 0.0322

O1 1 1/5 2 3 1/3 1/2 1/4 2 0.0855 0.0254 0.0695

O2 5 1 2 4 4 3 2 3 0.2800 0.0832

O3 1/2 1/2 1 1/2 1/2 1/3 1/3 2 0.0682 0.0202

O4 1/3 1/4 2 1 1 1/3 1/4 1 0.0644 0.0191

O5 3 1/4 2 1 1 1/2 1/3 2 0.0973 0.0289

O6 2 1/3 3 3 2 1 1/2 2 0.1370 0.0407

O7 4 1/2 3 4 3 2 1 3 0.2114 0.0628

O8 1/2 1/3 1/2 1 1/2 1/2 1/3 1 0.0562 0.0167

A1 1 5 3 2 × × × × 0.4742 0.0777 0.0761

A2 1/5 1 1/3 1/2 × × × × 0.0844 0.0138

A3 1/3 3 1 3 × × × × 0.2781 0.0456

A4 1/2 2 1/3 1 × × × × 0.1632 0.0267

In order to ensure the scientificity of the results, the consistency test (ICR ≤ 0.1) was
carried out on the results of the judgementmatrix, inwhich the value of the criterion layer
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ICR was: 0.0088, and the values of the sub-criterion layer ICR were: 0.0184, 0.0695, and
0.0761 respectively, all of which were less than 0.1, and conformed to the consistency
test standard.

Table 7. Relative weight calculation ranking table.

No. Composite Weight Number No. Composite Weight Number

1 0.1768 M1 16 0.0191 O4

3 0.1034 M2 12 0.0289 O5

2 0.1034 M3 10 0.0407 O6

6 0.0713 M4 7 0.0628 O7

8 0.0520 M5 17 0.0167 O8

11 0.0322 M6 5 0.0777 A1

14 0.0254 O1 18 0.0138 A2

4 0.0832 O2 9 0.0456 A3

15 0.0202 O3 13 0.0267 A4

The ranked results of user requirement weights presented in Table 7 reveal that
the interaction design of smartwatches for the elderly must not only meet the users’
indispensable attributes, such as the One-button SOS call for help (M1), Monitor car-
diac (M2), Blood pressure measurement (M3), Medication reminder (M4), Large screen
display font (M5), and Touch-operable interface (M6), but also prioritize addressing the
expectations and attractive attributes that rank high in importance. These include features
like Monitoring of data-sharing with children, Fall alarm, Lightweight and comfortable
wear, Voice-operable interface, Simple and easy-to-understand interface, and Operation
interface with animation guidance. Once these critical requirements are met, user sat-
isfaction with the smartwatch among the elderly demographic is poised to significantly
enhance.

3.3 Design Element Analysis Based on QFD Method

Upon determining the weight values and comprehensive weights of various user require-
ments for smartwatches using QFD (Analytic Hierarchy Process), it becomes imperative
to transform the designer’s requirements for the smartwatch into product design param-
eters through the QFD methodology (refer to Table 8), ultimately culminating in the
computation of design element weights.

Establishing the House of Quality (HOQ) serves as the cornerstone of the Quality
Function Deployment (QFD) process. The HOQ illustrates the relationship between
user requirements and design elements matrices, elucidating the focal points of the
design team in crafting the product [16]. An expert panel (comprising five interaction
designers) was convened to evaluate the correlation between user requirements for the
aging-friendly smartwatch and the design elements, utilizing pairwise comparisons for
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Table 8. Comparison of user requirements with design parameters.

Number User Requirement Design Parameter

M1 One-button SOS call for help Health and safety DP1

M2 Monitor cardiac Health and safety DP1

M3 Blood pressure measurement Health and safety DP1

M4 Medication reminder Health and safety DP1

M5 Large screen display font Strong recognition DP2

M6 Touch-operable interface Interactive mode DP3

O1 Data-sharing monitoring with children Health and safety DP1

O2 Fall alarm Health and safety DP1

O3 Beautiful appearance Appearance modeling DP4

O4 Necklace-wearable Appearance modeling DP4

O5 Lightweight and comfortable to wear Comfort level DP5

O6 Colorful icon operation interface Strong recognition DP2

O7 Voice-operable interface Interactive mode DP3

O8 Moderate price (within 1000–1500 RMB) Price DP6

A1 Simple and easy-to-understand interface Strong recognition DP2

A2 Web-based teleconsultation Health and safety DP1

A3 Large display screen Appearance modeling DP4

A4 Animation-guided operation interface Strong recognition DP2

scoring. As depicted in Table 9, designers rated the relevance of each of the 18 require-
ments for the smartwatch and the 6 design elements. Each rating was quantified, with
symbols denoting strong correlation (●), moderate correlation ( ), weak correlation
(�), and blank indicating no correlation. Following the quantification of correlation
degrees, default values were assigned as follows: ● = 5, = 3, � = 1, and blank space
= 0.

The evaluation results were consolidated within the House of Quality (HOQ), where
the absoluteweights and relativeweights of design elements’ importancewere computed.
Subsequently, the results were imported into the HOQ’s basement, and the calculation
formula (8) was employed.

Wi =
q∑

i=1

WiPij,Wk = Wj
q∑

i=1
Xj

(8)

Here,Wj represents the absolute importance weight of design elements,Wi denotes the
comprehensive weight of user requirements indicators, Pij signifies the correlation coef-
ficient between user requirements and design elements, and Wk represents the relative
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importance weight of design elements. The results of the weight calculations were then
subjected to weight ranking for prioritization.

Table 9. House of Quality for design parameters in smartwatch.

Upon analysis, the relative importanceweight rankings of design elements, as derived
from Table 9, are as follows in descending order: DP1 > DP6 > DP2 > DP3 > DP5 >

DP4. These findings indicate that in the context of designing smartwatches tailored for the
elderly, priority should be given to health and safety, pricing, and strong identifiability.
Subsequently, attention should be directed towards interaction modalities and comfort,
while considerations regarding aesthetic appeal should be addressed after fulfilling the
aforementioned design elements.
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4 Conceptual Design of Smartwatch Based on Kano, AHP,
and QFD Models

4.1 Key Functional Requirements for Smartwatch Design in Elderly Users

The foremost functional demand of smartwatches for elderly users primarily revolves
around health monitoring. This encompasses monitoring vital signs such as blood pres-
sure, heart rate, medication reminders, and fall alerts. Given the substantial physiologi-
cal, psychological differences, and distinct basic needs of the elderly compared to other
consumer groups, design principles for smart wearable devices targeting the elderly
should emphasize lightweight and consistency [17]. Applications on the smartwatch
should retain only core functionalities, with streamlined operational procedures to avoid
multitasking and complex processes. Additionally, employing standardized, universally
recognizable gestures or buttons (see Fig. 3) facilitates the establishment of a unified
cognitive framework among elderly users. In terms of interface design, considerations
must account for potential visual impairment among elderly users. Therefore, font size
significantly impacts readability and the utility of healthmonitoring functions. Appropri-
ately magnifying fonts enhances user experience for the elderly, ensuring greater clarity
and readability. For instance, in the smartwatch interface design by aeac (see Fig. 4),
prominently sized fonts enhance readability and visibility.

Fig. 3. Apple Watch. (Source: https://osxdaily.com/2015/08/23/reduce-motion-apple-watch/)

4.2 Comfort and Affordability as Imperatives in Aging-Friendly Smartwatch
Design

Comfort and pricing stand as pivotal design elements necessitating significant considera-
tion in the design of smartwatches tailored for the elderly. Comfort is notmerely confined

https://osxdaily.com/2015/08/23/reduce-motion-apple-watch/
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Fig. 4. aeac brand smartwatch. (Source: https://www.amazon.co.uk/Fitness-Monitor-Waterp
roof-Counter-Smartwatch-Pink/dp/B0BXLD6CJG?th=1)

to the material and weight of the smartwatch but extends to the quality of the interac-
tive experience. Beyond conventional gesture operations, voice control holds paramount
importance for elderly users, effectively mitigating usability challenges. Light weight,
ease of wear, aesthetically pleasing design, and competitive pricing are all demands from
elderly users beyond the essential functionalities of smartwatches, representing crucial
emotional requirements within age-appropriate design considerations.

4.3 Optimizing User Satisfaction Through Aging-Friendly Smartwatch
Interaction Design

The degree of age-appropriateness in smartwatch design significantly impacts elderly
user satisfaction. Age-appropriate smartwatches must accommodate the behavioral pat-
terns and cognitive levels of elderly users. Elderly individuals often prefer to rely on their
past habits and experiences, gradually diminishing curiosity and interest in learning about
new things, with their learning willingness typically limited to simpler and more easily
memorable matters [18]. Therefore, smartwatch interaction design should prioritize the
physiological and psychological characteristics of elderly users. For instance, opting
for vibrant and lively colored icons in interface design (see Fig. 5) and incorporating
animated guidance (see Fig. 6) in interface design facilitates clearer operational cues for
elderly users during smartwatch usage.

https://www.amazon.co.uk/Fitness-Monitor-Waterproof-Counter-Smartwatch-Pink/dp/B0BXLD6CJG?th=1
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Fig. 5. KOSPET MAX GPS Android Smartwatch. (Source: https://www.nepal.ubuy.com/en/pro
duct/3ZQUJG4AW-kospet-optimus-2-android-smartwatch-1-6-4g-lte-phone-watch-with-blood-
oxygen-heart-rate-sleep-monitoring-13mp-rotatable-camera-and)

Fig. 6. Apple Watch animations. (Source: https://3sidedcube.com/apple-watch-animations/)

5 Conclusions

The burgeoning elderly population coupled with the perpetual evolution of societal
dynamics has engendered increasingly discerning expectations regarding quality of life
among the elderly. Smart wearable devices have emerged as facilitators of more timely,
convenient, and secure personalized services for elderly users, thereby enhancing their
overall quality of life. The user-driven smartwatch interaction design established through
the Kano-AHP-QFD methodology epitomizes a user-centric design paradigm, effec-
tively surmounting the inertia of conventional thinking in the design process and furnish-
ing robust support for design decisions. The smartwatch interaction design framework
constructed in this study partly alleviates the limitations of singular method designs,
aiding designers in precisely identifying user requirements amidst ambiguous scenar-
ios and facilitating informed design decisions. This framework ensures the scientific
and rational progression of product development while also presenting novel research
avenues for other user-driven product developments.

https://www.nepal.ubuy.com/en/product/3ZQUJG4AW-kospet-optimus-2-android-smartwatch-1-6-4g-lte-phone-watch-with-blood-oxygen-heart-rate-sleep-monitoring-13mp-rotatable-camera-and
https://3sidedcube.com/apple-watch-animations/
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Abstract. As the world’s population ages, designing technologies specifically
tailored for older adults has become increasingly important. The International
Conference on Human Aspects of IT for the Aged Population (ITAP), which
focuses on the human aspects of gerontechnology, has had a profound impact
on the field. This study aims to outline the development and evolution of ITAP
research, providing references and inspiration for researchers exploring or prepar-
ing to study this domain. A total of 771 ITAP conference papers were retrieved
from SpringerLink. Citation analysis was conducted using the HistCite applica-
tion, and visualizations were created with CiteSpace software. Through visual
analysis of the authors, institutions, and keywords of ITAP conference papers
over the past nine years, this study reveals the research trends and characteristics
of human aspects of gerontechnology within the ITAP conferences. The findings
indicate that virtual reality and augmented reality have been highly researched
topics since 2020. The latest burst keywords include “smartphone” and “COVID-
19”, highlighting some of the hottest topics over the last three years. Papers in
ITAP are predominantly published by countries with ageing populations, repre-
senting over 85% of the total contributing countries. By summarizing ITAP in
stages on the occasion of its 10th anniversary, this study aims to provide scholars
interested in the conference with a detailed understanding of the conference and
the development of human aspects of gerontechnology.

Keywords: human aspects of gerontechnology · older adults · ITAP

1 Introduction

The world’s population is aging. According to the United Nations, the proportion of
people aged 65 and over in the total population was 10% in 2022. It is predicted that by
2050, one in six people worldwide will be over age 65 (16%) [1]. With the population
aging at an increasing rate, countrieswith aging populationsmust implementmeasures to
accommodate the growing number of older adults. Designing technologies specifically
for older adults to support them in various areas of life is an excellent way to help them
stay healthy, comfortable, and safe.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2024
Q. Gao and J. Zhou (Eds.): HCII 2024, LNCS 14725, pp. 31–42, 2024.
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Gerontechnology officially became an academic field in 1991 at the First Interna-
tional Congress on Gerontechnology Technology, held in Eindhoven, the Netherlands
[2]. Gerontechnology, a combination of gerontology and technology, is regarded as the
study of the biological, psychological, sociological, andmedical aspects of aging exploit-
ing the potential offered by technological advances [3]. The core of gerontechnology is to
study the interaction between the development of older adults and technology [4]. Older
adults face numerous dilemmas associated with aging, including physical and cognitive
decline due to aging and disease, as well as psychological issues stemming from a lack
of social contact and care. The ability of older adults to participate in everyday activities
andmaintain a quality of life becomes a concern in the absence of technical solutions [3].
Based on the challenges faced by older adults, Halicka & Surel [5] categorized geron-
technology into nine groups: health, education, interpersonal communication, safety,
mobility, care, leisure, housing, and digital accessibility. From a technical perspective,
gerontechnology offers five key ways to assist older adults: prevention, enhancement,
compensation, care, and research [6]. Research has shown that the use of various geron-
technology can help older adults continue to lead healthier, more independent, and more
socially engaged lives [7]. Furthermore, gerontechnology has significantly alleviated the
stress on caregivers, families, and health and social care service organizations [8].

Despite the extensive research in gerontechnology, a limited number of studies gen-
uinely focused on older adults. While the functionality of technology is important, truly
meeting the actual needs and emotional experiences of the elderly is crucial. Technology
should be seen as a means to an end, not the end itself. To genuinely benefit older adults,
it is urgent to approach the design of gerontechnology from the human aspect. The Inter-
national Conference on Human Aspects of IT for the Aged Population (ITAP), launched
in 2015 as an integral part of the HCI International conference series, has addressed this
need. ITAP concentrates on the abilities, requirements, attitudes, and behavioral patterns
of older adults regarding IT use alongside innovative ideas, practices, and experiences
related to IT applications, systems, and services for this demographic. Over the past
nine years, ITAP has published more than 700 papers from more than 40 countries,
drawing participation from scholars and teams at universities and institutions, including
Harvard, Massachusetts Institute of Technology, RWTH Aachen University, University
of Miami, et al., significantly impacting the field of human aspects of gerontechnology
research. The iteration of technology has brought about change in the field of human
aspects of gerontechnology. However, there is a lack of summaries of ITAP conference
papers to bridge past research with future directions. Taking the 10th ITAP Conference
as an opportunity, this study reviews the papers presented at ITAP over the past nine
years to summarize and analyze the developmental changes and current research status
in the field of gerontechnology. The purpose of this study is to elucidate the development
and change of ITAP research in the field of human aspects of gerontechnology and to
provide reference and inspiration for the researchers exploring the field or preparing to
study the field.
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2 Methods

On September 5, 2023, ITAP conference proceedings were retrieved from the Springer-
Link database using the search term “Human Aspects of IT for the Aged Population”.
All conference papers published between 2015 and 2023 that were searchable in the
database were included. The following data were extracted: year of publication, authors,
author keywords, institutions, and countries. The data were exported to HistCite and
CiteSpace software for citation counting and network visualization mapping.

3 Results and Discussion

3.1 The Overview of ITAP Conference Papers

Number of Papers. A total of 771 papers presented by ITAP from 2015 to 2023 can
be retrieved on SpringerLink (Fig. 1). From the retrieval results, there was a decline in
the number of papers published in 2021. Overall, the number of papers published each
year remained relatively stable.

Fig. 1. Number of ITAP conference publications

The Related Topics. Each year, the organizing committee identifies and formulates
the topics recommended by the ITAP conference, which, to some extent, reflect the
prevailing research trends of ITAP. According to the website of the ITAP conference
[9], the topics of the papers presented at the conference can be divided into three phases
from 2015 to the present. The first phase, covering 2015–2020, comprised four areas:
(1) older people’s requirements and behavioral patterns; (2) design and evaluation of
information technologies for older people; (3) technological environments for older
people; (4) HCI methodological considerations. This phase was primarily classified
according to user-centered design.
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The second phase, covering 2021–2023, comprised ten areas: (1) health; (2) social
inclusion and connectedness; (3) leisure time and entertainment; (4) home and housing;
(5) e-commerce and finance; (6) mobility and transportation; (7) public IT appliances
and services; (8) work; (9) interaction paradigms; (10) design methodology for older
adults. This phase was mainly classified according to domain.

In the third phase, for the 2024 ITAP conference, the related topics include (1) inter-
action design and evaluation for older adults; (2) design methodology involving older
adults; (3) promoting health among older adults; (4) strengthening social connectedness
in older adults; (5) building elder-friendly environments and smart home technologies;
(6) supporting mobility and transportation for older adults; (7) enhancing life quality
and experience for older adults and (8) supporting social-economic well-being for older
adults. This phase is also categorized by domain.

In terms of specific topics, the third phase featured a wide range of subjects related
to emerging technologies such as the Internet of Things (IoT), Augmented Reality (AR),
Virtual Reality (VR), and more.

The reasons for these changes may be categorized into two aspects: (1) From a
technological standpoint, with an increasing number of emerging technologies being
employed to assist the elderly, timely adjustments to the recommended topics of the
conference become necessary. (2) From a human perspective, the needs of the elderly
have shifted from basic necessities to embracing their golden years. As a result, the
conference’s research focus has expanded from meeting the elderly’s requirements to
promoting and enhancing their quality of life and environment.

Number of Participating Countries. Over 40 countries contributed papers to the ITAP
conference (Table 1), with China and the United States making the most significant
contributions. According to the United Nations’ classification criteria established in
1956, a country or region is considered “aged” when the number of people aged 65 and
above accounts for more than 7% of its total population [10]. By this measure, the top 10
countries by paper count are all “aged”, and the trend of aging is increasing year by year
(Fig. 2) [11]. In Table 1, countries are color-coded according to the proportion of people
aged 65 and above. It can be seen that countries with a high number of publications are
more seriously aging. This may indicate that aging countries are investing more in aging
technology research.

3.2 Scholars and Institutions of ITAP

Academic Influence Evaluation. Various indicators were explored to ensure an objec-
tive and unbiased evaluation. Currently, there are two categories of commonly used
quantitative evaluation methods to assess scholars’ academic influence: (1) Evaluation
indexes with a single dimension, mainly based on traditional bibliometrics, including the
number of papers, total citation frequency, and average citation frequency; (2) Compre-
hensive evaluation indicators, such as H-index and its extension index, PageRank series
indicators and Altmetrics indicators. In evaluating scholars and institutions of ITAP, the
number of papers was chosen as the evaluation index due to the papers being derived
from a single source and maintaining stable quality.
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Table 1. Participating countries and number of papers

Rank Country Number Rank Country Number
1 China 234 24 Australia 4

2 United States 106 25 Malaysia 4

3 Germany 74 26 Czech Republic 4 

4 Japan 58 27 Mexico 4

5 Portugal 45 28 Cyprus 4

6 Canada 43 29 Saudi Arabia 4

7 United Kingdom 29 30 Chile 3

8 Italy 28 31 Greece 3

9 Sweden 27 32 Slovenia 2

10 Netherlands 22 33 New Zealand 2 

11 France 18 34 Ireland 2

12 Spain 15 35 Iran 2

13 Singapore 15 36 India 2

14 Finland 11 37 Israel 1

15 Norway 11 38 Croatia 1

16 Brazil 10 39 Belgium 1 

17 Switzerland 10 40 Philippines 1

18 Romania 8 41 Pakistan 1

19 Austria 7 42
United Arab Emir-

ates
1 

20 South Korea 7 43 Luxembourg 1

21 Denmark 7 44 Uruguay 1

22 Bulgaria 6 45 Poland 1

23 Iceland 5 46 Colombia 1

Color according to the proportion of people aged 65 and above.

p 7% 7% p 14% 14% p 20% p 20%

Scholars and Institutions. The author information of the selected ITAP conference
papers was imported into CiteSpace to obtain the Co-authorship network graph (Fig. 3).
The top 10 most published scholars were from Germany, the United States, Portugal,
and China. Scholars with more than 10 papers include Martina Ziefle (20), Joseph F.
Coughlin (14), and Ana Isabel Veloso (10).

The institutional information of selected ITAP conference papers was imported into
CiteSpace to obtain the network diagram of cooperative institutions (Fig. 4). Institutions
were ranked according to the number of papers (Table 2), with twelve institutions hav-
ing at least 10 articles from Germany, China, Japan, Canada, Portugal, and the United
States. China had the largest number of institutions (4), followed by theUnited States (3).
However, collaboration among the twelve institutions was weak, with only the Georgia
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Fig. 2. Aging trends in the top 10 countries by number of papers

Fig. 3. Co-authorship network visualization mapping

Institute of Technology and Florida State University having collaborated. The institu-
tions that published the most papers over the past three years were the University of
Aveiro (11), followed by the University of Tokyo (10). The best papers for 2015 had the
participation of the Georgia Institute of Technology. The best papers for 2016 were a
collaboration between the Georgia Institute of Technology and Florida State University.
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It is worth mentioning that Louisiana State University, despite publishing fewer than ten
papers, won the best paper for two consecutive years in 2018 and 2019.

At RWTHAachen University, ProfessorMartina Ziefle, head of the eHealth research
group “EnhancingMobility with Aging” at the Human Technology Centre, and her team
have conducted extensive research on the interface between humans and technology [12].
Her projects related to the elderly include (1) GOODBROTHER, supported by COST
European Cooperation in Science and Technology. It is a network of privacy-aware audio
and video-based applications designed to provide daily living support for the elderly,
disabled, and infirm. (2) VisuAAL, supported by Marie Skłodowska-Curie Innovative
TrainingNetworks. The project aims to bridge the gap between user requirements and the
appropriate and safe use of video-based Active and Assisted Living (AAL) technologies
so that older people can receive effective and supportive help [13].

Notably, all the papers published by the Massachusetts Institute of Technology were
authored by Joseph F. Coughlin and his team. Joseph F. Coughlin, theDirector of theMIT
AgeLab, focuses his research on how longevity and service innovation will transform
the business of advice [14]. The research topics at MITAgeLab include (1) caregiving &
well-being; (2) home logistics & services; (3) retirement & longevity planning; and (4)
transportation & livable communities [15]. Project partners of AgeLab include Tivity
Health, Inc., Monotype Imaging Inc., Touchstone Evaluations, Inc., etc.

Fig. 4. Co-institution network visualization mapping
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Table 2. Institutions with at least 10 papers

Rank Institutions Country Number of papers

1 RWTH Aachen University Germany 25

2 The University of Tokyo Japan 22

3 Chongqing University China 20

4 East China University of Science and Technology China 17

5 Nanjing University of Science and Technology China 16

6 National Yunlin University of Science and Technology China 16

7 University of Aveiro Portugal 16

8 Massachusetts Institute of Technology USA 14

9 Concordia University Canada 11

10 Simon Fraser University Canada 11

11 Georgia Institute of Technology USA 10

12 Florida State University USA 10

3.3 Research Themes of ITAP

Keywords to Focus On. According to keyword co-occurrence analysis, nine words
including older adults, elderly, aging, older people, usability, technology acceptance,
dementia, age, and user experience have a frequency of more than 20. To avoid repetition
in keyword clustering, synonymous keywords were merged. Terms such as elderly, older
people, senior citizens, elderly people, and seniors were consolidated under the category
of older adults as the secondary alias list.

Table 3 lists the top 20 high-frequency keywords after merging, along with the year
of their first appearance. These keywords further refine the recommended topics of the
ITAP conference and address the challenges faced by older adults within these specific
domains. Figure 5 shows the clustering of keywords, generated using the title term source
and log-likelihood ratio (LLR) weighting algorithm. Screen the largest nine clusters for
further analysis.

Variations in Research Topics. As shown in Fig. 6, eight emergent keywords were
selected, which could reflect the changes in research topics and hotspots in the field. Key-
words including video games (2016–2019) and smartphone (2020–2023) have longer
burst cycles, which means that research related to these keywords has had a more lasting
impact on the field of human aspects of gerontechnology in ITAP. The latest burst words
including smartphone and COVID-19 have been some of the hottest topics in the last
three years. The emergence of research hotspots may be closely linked to technological
advancements or significant social events.
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Fig. 5. The keywords cluster analysis

Table 3. Top 20 high frequency keywords

Keywords Frequency Year Keywords Frequency Year

older adult 334 2015 virtual reality 17 2020

aging 56 2015 ICT 17 2015

usability 28 2015 assistive technology 16 2015

technology acceptance 28 2015 technology adoption 15 2016

dementia 23 2015 technology 14 2015

age 21 2015 augmented reality 13 2018

user experience 20 2015 accessibility 13 2015

social media 19 2015 ageism 12 2015

covid 19 18 2021 gamification 11 2018

human computer interaction 17 2015 smartphone 11 2016

Figure 7 illustrates the trend of keywords over time. Keywords from the same cluster
are aligned on the same horizontal line, with their positions determined by the year of
their first appearance. By analyzing papers that utilized these keywords, we can examine
the thematic changes within each cluster.
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The cluster indicated themain research objects and research contents. #0 and #2were
“older adult” and “dementia”, showing the main research objects of the ITAP papers.
As one of the main practitioners of elderly care, caregivers have also been included as
research objects in some studies. In these two clusters, some technologies were notewor-
thy, including virtual reality, augmented reality, serious game, and IoT, especially virtual
reality and augmented reality, which have received extensive research attention in recent
years. #1, #6, and #7 were “social media”, “ICT” and “digital game”, among which
ICT shows its strength in the context of COVID-19. Eye tracking garnered significant
research interest in 2016 and 2018. However, its popularity appears to have waned in
recent years, evidenced by only one article related to eye tracking being published in
both 2021 and 2023. The remaining clusters 3#, 4#, 5#, and 8# dealt with the relationship
between people and technology. Under the cluster of #3 human computer interaction,
user-centered design research has continued, with at least two papers per year including
this keyword.

Research on games continues unabated.While the cluster of #7 digital games seemed
to have gone on hiatus after 2020, this didn’t indicate a decline in research focused on
games designed for older adults. Scholars increasingly preferred to use more specific
game category names as keywords, such as mobile game, serious game, video game, etc.
Therefore, the cluster of #7 digital games was not representative of the overall landscape
of game research in ITAP. Other clusters also ‘deal with game-related parts, such as
mobile games (#0), serious game (#2), and gamification (#3).

Fig. 6. Keywords with the strongest citation burst

ICT: InformationCommunicationsTechnology, IoT: Internet ofThings,AI:Artificial
Intelligence, HCI: Human-Computer Interaction.
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Fig. 7. The keyword timeline map

4 Conclusion

The study provides a comprehensive analysis of research on the human aspects of geron-
technology in ITAP conferences. The analysis reveals that the top-ranking countries in
terms of paper countwere predominantly aging nations.Keywords including smartphone
and COVID-19 have burst in the last three years. Emerging technologies including vir-
tual reality and augmented reality have received extensive research attention in recent
years and are expected to continue being a focal point in the future. Scholars could allo-
cate more research efforts to the application of emerging technologies in addressing the
challenges faced by older adults. Countries that are currently not experiencing aging but
will undergo this demographic shift soon can also learn from the experiences of aging
countries and conduct timely research on the human aspects of gerontechnology.
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Abstract. Exergames are suggested to improve older adults’ adherence to phys-
ical activity (PA) and thus greatly benefit their physical functions and well-being.
Considering that older adults can face great challenges when mapping the in-
put action with the exergame response, embodied metaphors have been proposed
to facilitate their understanding of the gamification concept through their past
bodily experiences of another activity. However, metaphorical mapping varies
significantly among senior players due to individual differences and variation in
technology experiences. This study therefore first carried out a focus group with
four older adults to develop a variety of embodied metaphors by identifying their
stereotypes of metaphorical mappings between the targeted PA movements and
their past bodily experiences. Then, an online survey study was conducted among
fifty-six older adults to evaluate the proposed metaphors based on their individual
perceptions, including affective responses, perceived familiarity, and degrees of
motion matching. This study revealed the importance of considering older adults’
bodily experiences and individual preferences when designing exergames. Bodily
experiences relating to every-day lives, entertainment and sports, things and ani-
mals, and childhood memories were frequently reported as embodied metaphors
in the older adults’ stereotypes of metaphorical mappings. The results suggest that
the embodied metaphors relating to older adults’ childhood games, such as rub-
ber band skipping and shuttlecock, are the best choices to facilitate older adults’
understanding of the targeted PAmovements in exergame design. Furthermore, the
study identified the necessity to involve older adults in the early stage of exergame
development by using various user-centered research methods.

Keywords: Embodied Interaction · Exergame · Older Adults · Bodily
Experience · Affective Response · Perceived Familiarity ·Motion Matching

1 Introduction

Population ageing has emerged as a key global issue in recent decades. Economic and
medical developments have led to a continual rise in the number and proportion of older
adults aged 60 and over. In China, there are over 264 million people aged 60 and over,
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with an ageing rate of 18.7% at the end of 2020. It is estimated that by 2050, the number
of older adults will reach 280 million, accounting for one fifth of the total population
in China [1]. This development inevitably places heavy burdens on health systems and
services in China and globally [2]. Furthermore, as life expectancy increases, more and
more older adults desire a better quality of life, which includes living independently and
healthily as well as remaining in their own homes for as long as possible [3].

To facilitate the goals of active ageing and ageing in place, it is vital to reduce the
rate of chronic disease, prevent cognitive and functional declines, and enrich the social
and cultural lives of older adults. Specifically, physical activity (PA) is suggested by
the World Health Organization as a promising way to limit the progression of chronic
diseases and increase active life expectancy for older adults [4]. However, older adults
usually face great difficulties in accepting and engaging with PA because it is repetitive
and tiring. Exergames, interactive digital games that combine video games and exercise,
are therefore proposed and developed for various rehabilitation and training purposes. It
is suggested that exergames can improve older adults’ PA adherence and further improve
their physical functions, prevent cognitive decline, and enhance social communication
[5].

By using sensor technologies, such as Kinect, leap motion, and Nintendo Wii,
exergames can track older adults’ real-time body movements and inform them about
the game outcomes during PA. Nevertheless, players can face challenges when mapping
their input actions with the exergame responses [6]. These un-addressed issues may be
worse for older adults because this group tends to have more difficulties understanding
and adopting new technologies [7, 8]. Embodied metaphors are therefore proposed to
bridge this digital divide by facilitating older adults’ understanding of the gamification
concept (target domain) through their past bodily experiences of another (source domain)
[9]. However, metaphorical mapping varies significantly among players with individ-
ual differences and experiences of technology. It is necessary to develop and identify
embodied metaphors based on older adults’ understandings and mental models when
translating the targeted abstract metaphors into concrete concepts.

In this vein, this study aimed to determine older adults’ stereotypes of metaphori-
cal mappings through close user involvement in the early design stage of an exergame
development. To fulfill the research objective, it first explored how to develop a diver-
sity of embodied metaphors based on older adults’ past bodily experiences. Second, it
evaluated older adults’ individual perceptions of the pro-posed embodied metaphors,
including the positive affect, negative affect, perceived familiarity with each metaphor,
and degree of motion matching between the proposed metaphor and targeted PA move-
ment. The findings are expected to emphasize the importance of considering older adults’
bodily experiences and individual preferences when designing exergames and show the
necessity to involve older adults at an early stage of exergame development through
various user-centered research methods.

2 Literature Review

Persuasive technologies have been employed to facilitate older adults’ adoption of PA,
including mobile and handheld devices, games and gamification platforms, and social
networks [10]. Specifically, exergames, which can deliver various PA interventions in



Development and Evaluation of Embodied Metaphors for Exergame Design 45

the form of games, have attracted increasing attention in recent years. By integrating an
abundance of activity trackers and sensors, exergames can track players’ body move-
ments and produce corresponding stimuli to inform the game outcomes or scores. In
this way, exergames create a natural and immersive way for players to interact with the
systems, which have been widely applied in improving older adults’ physical abilities
in terms of balance [11], muscular strength [12], and flexibility [13].

However, this new design has also brought some unaddressed challenges. Due to
the complexity of body movements and limitations of sensor technologies, the matching
between body input and game output can be ambiguous. Although prior research has
suggested that designers should encourage players to enjoy the uncertainty instead of
removing the ambiguity [14], this issue can bring significant challenges for novice older
adults. Specifically, due to the decline in older adults’ cognitive abilities, such asworking
memory and processing speed, the ambiguous matching between their body inputs and
game outcomes can be magnified.

Metaphor has been proposed as a means to facilitate older adults’ understanding
of technologies by reflecting players’ mental models [15, 16]. A typical example is
the graphic user interface, which utilizes users’ existing knowledge and experience
to help them understand the novel concepts of personal computers. In the same way,
embodied metaphor, a kind of metaphor that involves people’s bodily experiences of
movements, manipulation of objects, or orientation in space [17], is believed to benefit
users’ perceptual connections between their body movement input and gaming output.
As reported, embodied metaphors have been extensively applied for the purposes of
computing learning and education [18]. For instance, block building is commonly used
as a visual metaphor to help students understand the syntactic nature and processing
of code [18]. In a Microsoft Kinect exergame of Word Out, players were asked to
twist and form their bodies to match the shapes of letters in order to learn the alphabet
[19, 20].Although limited research has applied embodiedmetaphors in exergamedesigns
for older adults, we believe that employing older adults’ past bodily experiences of
something from the source domain to support their understanding of the gamification
concept in the exergame’s target domain is promising as a means to reduce this group’s
perceived difficulties in accepting and adopting such systems.

Despite the advantages of embodied metaphor, most previous studies have mainly
employed users’ most familiar scenarios when designing exergames [21, 22]. For exam-
ple, Zhang et al. [23] integrated four daily-life scenarios into the exergame design for
upper-limb rehabilitation by closely collaborating with rehabilitation specialists. The
scenarios comprised basketball playing, flying like an eagle, playing ping pong, and
grabbing keys, which incurred different levels of familiarity. Their findings demonstrated
that the level of familiarity was significantly and positively correlated with elderly play-
ers’ satisfaction with the exergames. Nonetheless, little is known about the underlying
mechanism of how users’ perceived familiarity was formulated and influenced by such
scenarios. Designers can only design and develop exergames for older adults by relying
on the rule of thumb.

To summarize, there is a need to identify and identify older adults’ stereotypes of
metaphorical mappings between their past bodily experiences and the gamification con-
cepts from exergames. Nonetheless, tackling this issue is quite challenging because the
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metaphoricalmapping varies significantly among players. Some researchers have argued
that it is necessary to develop and identify embodied metaphors based on individuals’
understandings and mental models when translating the targeted abstract metaphors into
concrete gamification concepts [6, 9]. Particularly, a variety of approaches has been
implemented to assert the population stereotypes of metaphorical mappings, such as
searching documented linguistic data, analyzing user interface patterns, direct obser-
vation, collaborating with experts, and using user-centered design processes, such as
contextual interviews [24, 25].

The first two of these approaches are deemed more suitable for redesigning existing
metaphorical interactions than developing new ones. When targeting the metaphorical
interaction design for a totally new system, user-centered approaches are more effective
to understand how user structure and reason about the targeted gamification concepts
[9]. For instance, Bakker et al. employed a people-centered and iterative approach to
design an embodiedmetaphor-based tangible learning system for children [9]. Hurtienne
utilized the ethnographic method to analyze users’ behaviors in a variety of healthcare
settings and developed several embodied metaphors to describe the spatial relations
between objects and people [26]. Manches et al. identified the representational gestures
that conveyed embodied metaphors by interviewing sixteen students to determine their
personal understanding of several computing concepts [18].

User-centered approaches that directly involve users in the requirements phase have
gained the most attention in recent exergame research. These observations lead to the
conclusion that it is important to understand older adults’ stereotypes of metaphorical
mappings, especially through close user involvement in the early design stage of an
exergame. In detail, we argue that the metaphorical mappings should be developed and
differentiated based on the voices of older adults and evaluated in terms of their affective
responses, familiarity, and motion matching. Therefore, this study employed a series of
user-centered approaches, namely, a focus group and questionnaire, to address the fol-
lowing research question: How can embodied metaphors for exergame design be devel-
oped and evaluated based on older adults’ stereotypes of metaphorical mappings, with
a focus on their emotional preferences, degrees of familiarity, and acceptance aspects?

3 Study 1: Development of Embodied Metaphors

3.1 Methods

Study 1 aimed to explore, through a user-centered approach, how to develop embodied
metaphors by involving older adults in a focus group.

Participant Recruitment. Considering that discovering appropriate metaphorical
mappings between older adults’ past bodily experiences and abstract gamification con-
cepts can be quite challenging, the participants recruited for this study were required to
have used at least one kind of exercise and sporting mobile application, to engage in PA
at least three time per week, and to be between 55 and 65 years old. In total, four female
older adults participated in this study, with an average age of 59.0 years (age range:
56–63; SD = 3.16). Three of them indicated that they had graduated middle school,
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and one had graduated high school. They took PA 4.75 times per week on average (fre-
quency range: 3–6; SD= 1.26). Regarding their physical conditions, two reported being
in good physical condition, and two reported having chronic diseases, namely, shoulder
and neck pain and periarthritis. All the participants had used an exercise and sporting
mobile application named Tangdou (https://www.tangdou.com/), which is a video plat-
form for teaching dances such as square dancing, exercise, and pop dance. In addition,
Tik Tok (https://www.tiktok.com/) and Kuaishou (https://www.kuaishou.com/), two of
the most popular online video applications, had been used by two of the participants to
conduct PA. Detailed participant information is given in Table 1.

Table 1. Participant Information in Study 1.

No. Gender Age Education level Physical
Conditions

Frequency of PA
per week

Usage
experience of
exercise and
sporting mobile
applications

P1 Female 56 Middle school Good 5 times Tangdou

P2 Female 60 Middle school Periarthritis of
shoulder

6 times Tangdou,
Kuaishou

P3 Female 57 Middle school Neck and
shoulder pain

5 times Tangdou, Tik
Tok

P4 Female 63 High school Good 3 times Tangdou

Materials and Procedure. In order to discover as many metaphorical mappings as
possible to inform the design of gamification elements in PA exergames, thirteen basic
PA movements were employed as the target sources for participants to develop relevant
metaphorical mappings, as shown in Fig. 1. Specifically, these movements were selected
from a professional home-based PA guide for seniors published by the China Institute
of Sport Science [27]. The movements covered all four categories of PA movements,
namely, upper limb exercises, lower limb exercises, balance exercises, and flexibility
exercises.

This focus group study was conducted in a local senior citizen center in August
2022 (see Fig. 2). Four participants were instructed to accomplish three sections of
activities with the help of two researchers. First, the participants were asked to learn
and conduct each PA movement by themselves. In particular, the researchers showed
them illustrations of each PA movement and explained the main points of performing it.
The participants then repeated the PA movement several times by themselves. Second,
after understanding and mastering the PA movement, the participants were invited to
discuss any possible source concepts that could enact the movement according to their
past bodily experiences. Third, once a metaphor was discovered, the participants were
asked to explain how they interpreted the underlying correlations between the proposed
metaphor and targeted movement. A whiteboard, post-it notes, and marker pens were

https://www.tangdou.com/
https://www.tiktok.com/
https://www.kuaishou.com/
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Fig. 1. Thirteen movements used as the target sources in the focus group.

provided for the participants. They were encouraged to write down their thoughts on
the whiteboard at any time and, at the end, to organize all the proposed metaphors into
categories based on their understanding. The focus group lasted about one hour. As a
reward for participation, each participant received ¥50 (US $7.00) after finishing the
focus group.

Fig. 2. The focus group conducted in Study 1.

Data Collection and Analysis. The focus group was video- and voice-recorded after
the permission of the participants was obtained. All the recordings and researchers’ notes
were analyzed using Qualtrics. A combination of inductive and deductive approaches
was used. Specifically, we analyzed in detail each of the proposed metaphors based on
the dimensions of its type, category, and meaning. Then, the results were inductively
supplemented with new codes coming through the data.

3.2 Results of Study 1

The results of the qualitative coding are presented in Table 2. In total, 31 metaphors were
proposed for the 13 PA movements, with the number of proposed metaphors varying
for each movement. It is interesting to note that although the participants were asked to
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suggest embodiedmetaphors based on their past bodily experiences tomatch the targeted
movement concepts, they developed nine ontological metaphors as well. The ontological
metaphor belongs to the strand of research in cognitive linguistics in which concepts
from the target and source domains are connected through an object or substance without
referring to one’s bodily experience [28]. All the ontological metaphors proposed in
Study 1 were based on things or animals with which the participants were familiar, such
as birds, goldfish, ducks, lucky cats, clocks, spinning tops, and the alphabet. According
to the participants, they suggested these metaphors because they were very familiar with
such objects and could therefore easily imagine themselves as the corresponding objects
moving forward like a bird or rotating clockwise.

As regards the categories involved in the proposed metaphors, four themes were
summarized, 35.5% of which related to everyday lives, 29.0% to entertainment and
sports, 25.8% to things and animals, and 16.1% to childhood memories. There was
some overlap in the categorization of these metaphors since some belonged to more
than one category. In terms of the meanings of metaphors, a majority of concepts in the
source domain were aimed at changing the position or orientation of a person or object
by moving, lifting, rotating, removing, extracting, jumping, raising, reaching, pulling,
stretching, or kicking. Some required the current position or orientation of a person
or object to be maintained. Additionally, four proposed concepts tried to connect the
movements in the target domain with the concepts in the source domain through daily-
life or cultural meanings, such as indicating directions, indicating time, measuring time,
or money drawing.

Table 2. Results of the analysis of proposed metaphors.

PA
movement

Proposed metaphors Type Category Meaning

A1 1 Directing the
traffic

Embodied Everyday lives Indicating
directions

2 Birds flying Ontological Things and
animals

Moving
forward

3 Clockwise
rotation

Ontological Things and
animals

Indicating time

A2 4 Carrying goods Embodied Everyday lives Lifting things

5 Lifting dumbbells Embodied Entertainment
and sports

Lifting things

6 Butterfly stroke Embodied Entertainment
and sports

Moving
forward

7 Lucky cat waving Ontological Tings and
animals

Bring in wealth
and treasure

A3 8 Cleaning the
window

Embodied Everyday lives Removing the
dust

(continued)



50 Q. Li and S. Yang

Table 2. (continued)

PA
movement

Proposed metaphors Type Category Meaning

9 Playing the Tai chi
wheel

Embodied Entertainment
and sports

Rotating
something

10 Spinning the
handkerchief

Embodied Entertainment
and sports

Rotating
something

11 Spinning top Ontological Things and
animals

Rotating
something

B1 12 Treading pickled
cabbage in a
barrel

Embodied Everyday lives Extracting
liquid

13 Stepping on the
water wheel

Embodied Everyday lives Powering up

B2 14 The goldfish
wagging its tail

Ontological Things and
animals

Moving
forward

15 Rubber band
skipping

Embodied Memories of
childhood /
Entertainment
and sports

Jumping over
obstacles

B3 16 Stepping on the
gas

Embodied Everyday lives Speeding up

17 Stepping on the
treadle of a
sewing-machine

Embodied Everyday lives Powering up

18 The duck paddling
its webbed feet

Ontological Things and
animals

Moving
forward

B4 19 Shuttlecock
kicking

Embodied Memories of
childhood

Kicking
something

C1 20 Picking fruit from
trees

Embodied Everyday lives /
Entertainment
and sports

Reaching
something

21 Hanging lanterns Embodied Memories of
childhood /
Everyday lives

Raising
something

22 Catching flying
insects

Embodied Memories of
childhood

Reaching
something

23 Half-X shaped
stand

Ontological Things and
animals

Keeping still

(continued)
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Table 2. (continued)

PA
movement

Proposed metaphors Type Category Meaning

C2 24 Skating Embodied Entertainment
and sports

Keeping
balancing

25 Crossing a
footbridge

Embodied Memories of
childhood

Keeping
balancing and
moving forward

C3 26 Pendulum motion Ontological Things and
animals

Measuring time

D1 27 Pulling noodles Embodied Everyday lives Changing the
shape

28 Playing the
accordion

Embodied Entertainment
and sports

Producing
music

D2 29 Playing volleyball Embodied Entertainment
and sports

Reaching
something

30 Yawning while
stretching

Embodied Everyday lives Stretching body

D3 31 Bowing Ontological Things and
animals

Stretching body

4 Study 2: Evaluation of Embodied Metaphors

4.1 Method

Study 2 was conducted to further evaluate older adults’ perceptions and preferences
through the embodied metaphors proposed in Study 1. Two steps were implemented. A
pilot study was employed to check the questionnaire design, and an online survey study
was then carried out to evaluate the embodied metaphors.

Participant Recruitment. Ten participants aged between 55 and 65 years old were
recruited in a pilot study to check whether there were any unclear or ambiguous descrip-
tions in the questionnaire design. After revision, questionnaires were distributed online.
Participants were required to be between 55 and 65 years old. Since Study 2 aimed to
investigate users’ perceptions of the proposed embodied metaphors among the general
population of the elderly, there were no specific requirements for participants to have
experience of PA or using exercise and sporting mobile applications.

In total, 56 participants, comprising 37 males and 19 females, took part in the survey
study. Participants were between 55 and 65 years old, with an average age of 58.6 years
and an SD of 2.36; 82.1%were between 55 and 60 years old, and 17.9%were between 61
and 65 years old. In addition, 73.2% of the participants had a college educational back-
ground while 23.2% indicated that they had graduated high school, and 3.6% reporting
having graduated middle school.
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InstrumentDevelopment. Study1 aimed to evaluate the embodiedmetaphors covering
all thirteen movements from A1 to D3. After screening, twenty embodied metaphors,
numbered 1, 4, 5, 6, 8, 9, 10, 12, 13, 15, 16, 17, 19, 20, 21, 22, 25, 27, 28, and 29
in Table 2, were identified. For convenience, we renamed these embodied metaphors
EM1 to EM20 correspondingly. According to the results of the pilot study, it was quite
tiring and challenging for the older adults to evaluate all twenty embodied metaphors at
once. Therefore, we divided the twenty embodied metaphors into four groups randomly,
with each group comprising five embodied metaphors. The participants were required to
evaluate only one group of embodied metaphors. In the questionnaire, a relevant picture
indicating the thing or circumstance in the source domain was provided for participants
to better understand the embodied metaphor. Some picture examples are shown in Fig. 3.

For each embodied metaphor, participants were first instructed to understand the
concept in the source domain (e.g., directing traffic or spinning the handkerchief) by
checking the picture illustrations and written descriptions in detail. Then, they were
invited to report their affective responses toward the things or situations involved in this
concept using an adapted version of the positive and negative affect schedule (PANAS)
scales [29]. Specifically, the participants were provided with eight words that described
positive affect, namely, interested, enthusiastic, proud, inspired, determined, attentive,
alert, and active, and eight describing negative affect, namely, distressed, upset, scared,
hostile, irritable, ashamed, nervous, and afraid, using 5-point Likert scales from 1 (totally
disagree) to 5 (totally agree). After that, the participants were asked to look at the
illustration for each embodied metaphor and indicate their perceptions of familiarity
measured by three familiarity items adapted from Zhang et al. [30], namely, symbolic
familiarity, cultural familiarity, and actionable familiarity, using a 5-point Likert scale
from 1 (totally disagree) to 5 (totally agree). Lastly, the participants were provided

Fig. 3. Examples of the illustrations used in the questionnaire: (a) EM1 - Directing traffic; (b)
EM16 - Catching flying insects; (c) EM8 - Treading pickled cabbage in a barrel; (d) EM11 -
Spinning the handkerchief.
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with the proposed embodied metaphor (see Fig. 3) and the PA movement in the source
domain (see Fig. 1) one by one. They were required to demonstrate the degree of motion
matching in terms of the similarity of the motion trajectory of the targeted movement
and embodied metaphor using a 10-point Likert scale from 1 (not matching at all) to 10
(matching a great deal).

Data Collection and Analysis. The questionnaires were distributed in March 2023
through one of the biggest online survey panels in China, Wenjuanxing (https://www.
wjx.cn/). After data cleaning, a total of 56 valid questionnaires was obtained. Descriptive
analysis was utilized to explore the older adults’ affective responses, perceived famil-
iarity, and degrees of motion matching of the embodied metaphors. Specifically, the
participants’ positive affect was calculated by adding the scores on the eight items re-
porting positive feelings, and their negative affect was measured by adding the scores
on the eight items reporting negative feelings [31]. Participants’ perceived familiarity
with the proposed metaphors was evaluated by the average scores of the three familiarity
items, that is, symbolic, cultural, and actionable familiarity. Furthermore, hierarchical
clustering analysis (HCA) was performed to group the proposed metaphors according
to positive affect, negative affect, perceived familiarity, and degree of motion matching.

4.2 Results of Study 2

The proposed metaphors elicited average scores of 28.85 (SD = 1.93) for positive
responses and 15.80 (SD = 1.86) for negative responses. These scores indicate that
the metaphors proposed based on a user-centered approach achieved a medium to high
level of positive affect and a relatively low level of negative affect. The results reported
an average familiarity level of 3.93, with an SD of 0.26, which implies that the partici-
pants were quite familiar with the metaphors used in the target domain in terms of their
symbolic, cultural, and actionable meanings. As regards the degree of motion matching,
the proposed metaphors indicated an average degree of 6.94 (SD= 0.96) matching with
the movements in the source domain. It seems that the degree of motion matching for
the proposed metaphors varied a great deal, but all the proposed metaphors reported an
acceptable degree of motion matching, in general, except EM1. The descriptive results
are illustrated in Table 3.

HCA is a kind of cluster analysis with unsupervised algorithms that can group obser-
vations into groups.We used HCA to group the proposed metaphors on the basis of simi-
larity in their positive affect, negative affect, perceived familiarity, and degree of motion
matching. Table 4 presents a list of proposed metaphors divided into ranking groups
according to their positive affect, negative affect, perceived familiarity, and degree of
motion matching. Specifically, the group of metaphors including rubber band skipping
(EM10), shuttlecock kicking (EM13), hanging lanterns (EM15), and pulling noodles
(EM18) achieved the highest level of positive affect (mean = 31.64, SD = 0.36). The
metaphor of playing the accordion (EM19) had the lowest level of negative affect (mean
= 12.64). The group of rubber band skipping (EM10), stepping on the gas (EM11), shut-
tlecock kicking (EM13), and hanging lanterns (EM15) had the highest level of perceived
familiarity (mean = 4.27, SD = 0.04), and the group of carrying goods (EM2), rubber

https://www.wjx.cn/
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Table 3. Descriptive results of affective responses, perceived familiarity, and the degree ofmotion
matching for the proposed metaphors.

No Proposed Metaphor Positive
Affect

Negative
Affect

Perceived
Familiarity

Degree of
Motion
Matching

EM1 Directing the traffic 27.86 16.93 4.07 4.93

EM2 Carrying goods 27.14 15.07 3.48 7.79

EM3 Lifting dumbbells 29.50 16.43 3.98 5.64

EM4 Butterfly stroke 26.64 17.00 3.74 5.21

EM5 Cleaning the
window

27.86 19.43 4.17 6.43

EM6 Playing the Tai chi
wheel

28.14 14.29 4.07 6.14

EM7 Spinning the
handkerchief

25.77 14.23 4.05 6.54

EM8 Treading pickled
cabbage in a barrel

28.43 14.36 3.48 7.43

EM9 Stepping on the
water wheel

29.86 15.36 3.50 7.50

EM10 Rubber band
skipping

31.64 15.21 4.24 8.29

EM11 Stepping on the gas 25.43 16.07 4.26 8.07

EM12 Stepping on the
treadle of a
sewing-machine

28.43 16.00 3.88 7.43

EM13 Shuttlecock kicking 31.79 14.36 4.33 7.86

EM14 Picking fruit from
trees

30.29 13.86 3.81 7.57

EM15 Hanging lanterns 32.00 16.07 4.26 5.79

EM16 Catching flying
insects

28.29 15.21 3.74 7.50

EM17 Crossing a
footbridge

27.79 20.79 3.83 7.29

EM18 Pulling noodles 31.14 16.50 3.79 7.14

EM19 Playing the
accordion

28.79 12.64 4.05 7.07

EM20 Playing volleyball 30.29 16.14 3.95 7.21

band skip-ping (EM10), stepping on the water wheel (EM11), and shuttlecock kicking
(EM13) elicited the highest degree of motion matching (mean = 8.00, SD = 0.23).
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Thereafter, the second ranking group achieved mean levels of 29.98 (SD =
0.38),14.66 (SD = 0.55), 4.17, and 7.35 (SD = 0.18) in the positive affect, negative
affect, perceived familiarity, and degree of motion matching, respectively. The third
ranking group reported mean levels of 28.20, 16.39 (SD= 0.39), 4.03 (SD= 0.05), and
6.37 (SD = 0.20) in the positive affect, negative affect, perceived familiarity, and the
degree of motion matching, respectively. In addition, the fourth ranking group indicated
mean levels of 26.89 (SD= 0.35), 19.43, 3.48 (SD= 0.01), and 5.71 (SD= 0.10) in the
positive affect, negative effect, perceived familiarity, and the degree of motion matching.
Lastly, the fifth group elicited the lowest level of positive affect with the metaphors of
spinning the handkerchief (EM7) and stepping on the water wheel (EM11) (mean =
25.60, SD= 0.24). The fifth group (EM17) achieved the highest level of negative affect
(mean = 20.79) with the metaphor of crossing a footbridge. The groups of metaphors
including butterfly stroke (EM4), stepping on the treadle of a sewing-machine (EM12),
picking fruit from trees (EM14), catching flying insects (EM16), crossing a footbridge

Table 4. The result of ranking groups for the proposed metaphors.

Group Positive Affect Negative Affect* 
Perceived Familiar-

ity 

The Degree of Mo-

tion Matching 

1 EM10 EM19 EM10 EM2 

 EM13 EM2 EM11 EM10 

 EM15 EM6 EM13 EM11 

 EM18 EM7 EM15 EM13 

2 EM3 EM8 EM5 EM8 

 EM9 EM9 EM1 EM9 

 EM14 EM10 EM3 EM12 

 EM20 EM13 3M6 EM14 

3 EM1 EM14 EM7 EM16 

 EM5 EM16 EM19 EM17 

 EM6 EM1 EM20 EM18 

 EM8 EM3 EM2 EM19 

 EM12 EM4 EM8 EM20 

 EM16 EM11 EM9 EM5 

 EM17 EM12 EM4 EM6 

 EM19 EM15 EM12 EM7 

4 EM2 EM18 EM14 EM3 

 EM4 EM20 EM16 EM15 

5 EM7 EM5 EM17 EM1 

 EM11 EM17 EM18 EM4 

Note: *indicates the converted item. 
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(EM17), and pulling noodles (EM18) reported the lowest levels of perceived familiarity,
and the groups of metaphors including directing the traffic (EM1) and butterfly stroke
(EM4) indicated the lowest levels of motion matching. All the results of ranking groups
are presented in Table 4.

Although the results of the ranked groups varied in terms of their positive affect,
negative affect, perceived familiarity, and degree of motion matching, several metaphors
achieved a relatively high rank across all the subjective evaluations among older adults.
We recommend the metaphors related to some childhood games, such as rubber band
skipping and shuttlecock, as the best choices for further PA exergames design, because
these activities elicited more positive feelings and fewer negative feelings and indicated
a higher level of familiarity and degree of motion matching among older adults. In
contrast, the metaphors related to competitive sports or demanding activities, such as
butterfly stroke and crossing a footbridge, generally elicited less positive affect, more
negative feelings, less familiarity, and a lower degree of motion matching.

5 Conclusion

This study used an iterative user-centered design process to develop and identify embod-
ied metaphors based on older adults’ understanding and preferences, which can inspire
co-creation in future exergame design. Based on the results, bodily experiences relating
to everyday lives, entertainment and sports, things and animals, and childhood mem-
ories were frequently reported as embodied metaphors in older adults’ stereotypes of
metaphorical mappings. Especially, we recommend that future PA exergame designers
and practitioners employ embodied metaphors related to older adults’ childhood games,
such as rubber band skipping and shuttlecock, to facilitate their understanding of the tar-
geted gamification elements in exergames. Furthermore, it is argued that themetaphorical
mappings should be developed and differentiated by accessing older adults’ stereotypes
of metaphorical mappings between their bodily experiences and the gamification ele-
ments and further evaluated in terms of their affective responses, familiarity, and motion
matching.
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Abstract. Managers and designers need to understand the subtleties of social
compensation design so they can make social apps that meet the psychological
needs of users and keep them using them. However, there is a significant gap
in the research that has already been done on creating and validating a Social
CompensationDesign Scale (SCDS). This study aims to fill that gap by developing
and testing the SCDS, specifically for older people living alone in cities. It will be
used for smart home social media and looked at through the lens of information
systems design. The study used the Delphi method and two rounds of surveys to
get information from older people. SPSS 25.0 andAmos 28.0were used to analyze
the data. As part of the research process, the first scalewas approved by experts and
then put through strict reliability and validity tests. Exploratory Factor Analysis
(EFA) found four main factors, which were then improved by Confirmatory Factor
Analysis (CFA). This led to a model with good fit metrics. The results show that
the SCDS has four parts: quality of the user interface, quality of interactions,
quality of the content, and quality of the service. These four parts are measured by
16 items. This study gives managers and designers a structured way to determine
how much social compensation older users experience when using smart home
social media. This will significantly assist in creating and improving social apps
that improve older people’s overall health and happiness.

Keywords: Social compensation design · smart home social media · older
adults · subjective well-being · scale development

1 Introduction

In the 2023 World Social Report, the United Nations (2023) highlighted that the global
population aged 65 and over was 761 million in 2021 and is projected to double to 1.6
billion by 2050 [1]. In China, the number of older adults living alone rose to 118 million
in 2021, with expectations of surpassing 200 million by 2030 [2]. With the home-based
pension model as the primary approach in China, over 90% of individuals over 60 reside
in home care settings. However, a major challenge many older adults face living alone is
fulfilling their social participation needs. Social participation is crucial to whether older
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adults can lead independent and active lives [3]. According to the continuity theory [4],
older adults’ social needs do not diminish despite the decline in physiological functions
or upon retirement. However, factors such as diminishing physical abilities andmobility,
retirement, decreasing social circles, the impact of the post-pandemic era, and dealing
with grief from widowhood or the loss of loved ones and friends [5] can lead to limited
social interactions for older adults, culminating in loneliness. Loneliness is linked to
depression and increases mortality risks among older people [6]. Research indicates that
social interaction and participation in social activities can mitigate loneliness in older
adults [7] and even reduce the risk of Alzheimer’s disease [8]. Consequently, enhancing
the social participation of solitary older adults is a crucial practical challenge.

Technological advancements have propelled us into an era of digitalization and intel-
ligence, fostering intelligent innovation within the family unit system. A notable devel-
opment in this landscape is the emergence of the smart home screen series, a product
category that has gained prominence in recent years. Distinct from conventional house-
hold appliances, these products offer control over smart home devices and feature touch-
able large screens, enabling user interaction for video calls and online chats. Companies
like Amazon, Alibaba, and Baidu have introduced smart home screen products, which
are increasingly vital for smart aging. Intelligence and digitization play crucial roles in
enhancing the lives of older adults [9]. Smart home social media is primarily character-
ized by users employing smart home screen products, utilizing mobile communication
network technology to facilitate social interactions. Social applications are presented
as information systems with a variety of social content and formats, including voice,
text, graphics, and video. Studies have demonstrated that older adults engage in social
media for social interaction, which positively influences their emotions, life satisfaction,
and overall health. In China, the use of WeChat by solitary elderly individuals has been
shown to increase their intergenerational support and social activities, thus enhancing
their subjective well-being [10]. The inclusivity, recognition, and mobility satisfaction
derived from social media communication provide social compensation to the elderly
[11], suggesting that social media use can help older adults achieve a degree of social
compensation, improving their subjectivewell-being.However, the extent towhich smart
home social media can further enhance social compensation for older adults remains an
open question. A key aspect of social compensation is computer-mediated communica-
tion (CMC), with its inherent attributes that can help users address their psychosocial
vulnerabilities [12]. Psychological barriers and health challenges are among the primary
reasons why older adults cease using the internet [13], hindering their access to the ben-
efits of new technologies and products. Consequently, this raises a research question:
does smart home social media, as a form of information system, possess attributes that
can address the psychosocial vulnerabilities of older adults?

This study aims to develop and validate a scale for social compensation design
specifically tailored for urban older users within the smart home social media context,
approached from the perspective of information systems design. The theoretical impetus
for adopting a design-focused perspective is anchored in the work of Gregor (2002) [14],
who highlighted the critical importance and necessity of design science research as a
pivotal theoretical branch within information systems. Echoing this sentiment, Hooker
(2004) [15] emphasized the inherently practical nature of design, advocating for its
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research to integrate theories from various disciplines. This interdisciplinary approach
enriches the design studies paradigm, enabling the creation of theories within design
science. For example, the application of social psychology theories in design practice has
the potential to evolve into design science theories, demonstrating identifiable patterns.
The practical rationale behind developing this scale is driven by the growing emphasis on
understanding and fostering the acceptance behavior of older adults towards smart home
social media applications. This focus aims to cultivate differentiatedmarketing strategies
through social compensation and to design more competitive social media platforms.
However, these endeavors necessitate a theoretically grounded and quantifiable tool.
The objective of constructing this scale is to decipher the multi-dimensional essence of
social compensation design, an essential factor for fostering robust connections between
smart home social media and its older user base. The scale assesses how effectively the
design features of smart home social media address the psychosocial vulnerabilities of
older users, ultimately aiming to elevate their subjective well-being.

Social compensation is amultifaceted concept, influenced by awide range of factors,
some of which have not yet been identified or conceptualized by scholars. This study
extends the work of Ma et al. (2023) [16], who, from an information systems design per-
spective, identified ten sub-dimensions influencing social compensation design. These
dimensions are graphic features (GF), information architecture (IA), human-computer
interaction (HCI), human interactivity (HI), intelligence (INT), socialization (SOC),
shareability (SHA), user-generated content (UGC), social security (SE), and empathy
(EMP). However, it’s important to acknowledge that these are not the only possible
factors. Different studies might suggest a variety of factors that influence social com-
pensation, aiming to address the psychosocial vulnerabilities of older users in computer-
mediated communication (CMC), such as different levels of technological literacy or
cultural variations among the elderly. Research incorporating diverse perspectives is
essential for the advancement of this field. Building on the research of Ma et al. (2023)
[16] and guided by the scale development methodology of Limayem et al. (2007) [17],
this study has developed a practical, multi-dimensional scale for social compensation
design. This scale is specifically tailored for older users of smart home social media,
addressing the unique needs and challenges of this demographic.

2 Literature Review

2.1 Social Compensation

Tracing back to the origins of social compensation, Davis and Kraus (1989) [18] initially
proposed the compensation hypothesis in the 1980s while investigating the relationship
between social behavior, loneliness, and mass media usage. At that time, the hypothesis
suggested that media usage compensated for the absence of social connections. During
this era, the prevalence of telephones and mobile phones was limited, and the Internet
was even less widespread. Consequently, their research predominantly focused on more
traditional media such as telephones, television, movies, books, and newspapers. The
utilization of these mass media forms was theorized to counteract psychological loneli-
ness stemming from a dearth of real-life social interactions. As the Internet evolved and
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gained widespread popularity, the focus shifted from traditional mass media to emerg-
ing mediums, primarily encompassing smartphones, computers, and smart homes. In
these new contexts, social media has become increasingly prominent. Social media
encompasses the tools and platforms utilized for sharing information, experiences, and
opinions via the Internet, offering social services and facilitating online social activ-
ities. McKenna and Barge (2000) [19] were among the pioneers to propose that the
Internet might offer greater benefits to certain individuals than others. They contended
that individuals experiencing high levels of anxiety in face-to-face interactions might
find online socialization easier. They also posited that lonely individuals, lacking robust
offline social networks, might resort to the Internet to rekindle relationships. These early
theories have since evolved into broader predictions that form the basis of the social com-
pensation hypothesis, exploring the dynamic interplay between technology and social
behavior.

In summary, medium compensation encompasses a wide array of media types,
including television, movies, music, phone calls, text messages, and even non-internet
accessible mediums like tapes, which all play a compensatory role [20]. In contrast,
social compensation primarily differentiates between face-to-face communication and
online-mediated communication. It mainly refers to the use of emergingmedia equipped
with social media to compensate for loneliness arising from a lack of social relationships
among various groups [12, 21]. Social compensation implies that people who struggle
with offline face-to-face interactions use onlinemeans tomake up for these offline deficits
[22, 23]. Sometimes referred to as the “poor-get-richer” hypothesis [24], social com-
pensation suggests that online networks can make up for insufficient offline networks.
Building on previous research, Ma et al. (2023) [16] proposed that social compensation
examines the process of substitution and psychological compensation by media carrying
social media within a system for different groups lacking sufficient social or interper-
sonal relationships. This process ultimately leads to equilibrium, strengthening social
connections and enhancing subjective well-being. Social compensation focuses on how
computer-mediated communication (CMC) can offer relational benefits to individuals
who face challenges in face-to-face interactions due to social skill deficits or low sense
of well-being [25]. The main hypothesis of social compensation posits that CMC pos-
sesses unique attributes that enable users to address their psychosocial vulnerabilities
[12]. For example, due to the inherent characteristics of computers that facilitatemessage
control or anonymity, online communication might be more comfortable for some than
face-to-face interactions; it also makes it easier for users to find and connect with like-
minded individuals. Consequently, individuals with social psychological vulnerabilities
are often more inclined towards engaging in the online environment.

2.2 Two Key Elements of Social Compensation

Social compensation is predicated on the characteristics of online social interactions
as opposed to offline, face-to-face communication. Consequently, individuals who are
unable or find it challenging to engage in face-to-face interactions are more likely to
resort to computer-mediated communication (CMC) for their social needs. A key ele-
ment of social compensation is its emphasis on the specific attributes of themedium used
for communication. Wang and Shi (2021) [21] highlighted that these medium attributes,
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integral to social compensation, can be analyzed across dimensions such as interactivity,
temporality, accessibility, replicability, storage capacity, content permanence, retriev-
ability, portability, social cues, and information capacity. Another fundamental aspect
of social compensation pertains to the varying groups involved. The mechanisms of
social compensation differ due to group differences and the distinct functionalities of
the medium. These mechanisms are shaped by the unique physiological and psycholog-
ical characteristics, needs, usage behaviors, and socio-cultural contexts of the different
groups, in conjunction with the technical characteristics, functionalities, and affordances
of the medium, which unleash their compensatory potentials in diverse ways. Therefore,
understanding themechanism of social compensation necessitates a comprehensive con-
sideration of multiple factors, encompassing both the attributes of the communication
medium and the specificities of the user groups.

Social Compensation forDifferentGroups. The current research stage on social com-
pensation for different groups focuses on adolescents, college students, adults, and older
adults. Studies on older adult groups support social compensation. For example, Ma
et al. (2023) [16] investigated the determinants of social compensation design among
24 older adults who engaged in online socialization through smart home social media,
approaching the topic from an information systems design perspective. Their qualitative
research findings revealed that factors influencing social compensation design encom-
passed graphic features (GF), information architecture (IA), human-computer interaction
(HCI), human interactivity (HI), intelligence (INT), socialization (SOC), shareability
(SHA), user-generated content (UGC), social security (SE), and empathy (EMP). Kong
and Lee (2017) [11] conducted a random survey of 392 older adults and discovered that
social media usage could facilitate social compensation for this age group.

In summary, while research on social compensation has been conducted for vari-
ous groups, there’s a notable gap in studies focusing on older adults. Considering the
global aging population’s rapid growth, it’s crucial to emphasize social compensation
research for this demographic to promote active aging. Therefore, this study develops and
validates the Social Compensation Design Scale (SCDS) from an information system
design perspective, aiming to enhance future research on social compensation among
older adults.

Social Compensation for Different Medium. The unique attributes of media plat-
forms allow users to transcend the barriers of time and space, offering remedies for
challenges unattainable in offline contexts. It is crucial, however, to acknowledge the
distinct characteristics and roles of various media. Consequently, the extent of social
compensation hinges on the choice of media; different platforms yield varying degrees
of social compensation, influenced by their inherent features. Notwithstanding, current
research focusing on elderly social media users predominantly omits the consideration
of other smart technologies, such as intelligent home screen devices. These innovations
are a testament to the digital and intelligent evolution of home systems.

In this context, the necessity for further investigation into the social compensation
of older users in smart home social media becomes evident. To date, there has been
a lack of research efforts aimed at characterizing and quantifying social compensation
from a process-oriented approach. Consequently, this study zeroes in on the realm of
smart home social media. Through the lens of information systems design, it endeavors
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to devise and corroborate a scale specifically for social compensation design catering to
older users. This effort is intended to lay a foundational groundwork for future empirical
research in this area.

3 Framework

This study was structured in three distinct phases the development (Phase 1), exploration
(Phase 2), and validation (Phase 3) of the Social Compensation Design Scale (SCDS).
Phase 1 primarily focused on defining and constructing the initial scale through an
analysis of pertinent literature on social compensation design influences. This phase
also involved expert evaluations for content validity of the initial scale, leading to the
elimination of ineffective items. In Phase 2, effective questionnaires were collected
from 340 urban older users, and reliability and validity tests were performed using SPSS
25.0 software. An Exploratory Factor Analysis (EFA) was then executed via Principal
Component Analysis (PCA) to investigate the scale’s construct validity. This process
extracted four principal components, deleted 12 subpar items, retaining 29 items. Phase
3 amassed a total of 357 valid questionnaires. Confirmatory Factor Analysis (CFA)
was conducted using Amos 28.0 software to affirm the scale’s structural rationality.
Metrics such as reliability, convergent validity, discriminant validity, and model fit were
evaluated. The study reported factor loadings, CR, and AVE for each measurement
model, along with CMIN/DF, RMSEA, SRMR, CFI, AGFI, and TLI for the combined
model. With the removal of 13 poor measurement items, all the aforementioned indices
demonstrated statistical excellence. The study ultimately proposed a measurable and
validated multi-dimensional SCDS comprising four dimensions and 16 measurement
items.

3.1 Participants

In this study, two distinct participant groups were involved. The first group comprised
four experts in human-computer interaction design who participated in the scale devel-
opment phase. The second group consisted of urban older users in China, who engaged
online in two phases of data collection – the exploratory and the validation phases.

As per the regulations of the State Council of China (1978) [26] regarding retirement
age, employees in state-owned enterprises, institutions, and mass organizations who
haven’t been involved in physically strenuous or health-detrimental work are eligible
to apply for retirement at the age of 60 for men and 50 for women, given they have a
minimum of ten consecutive years of work experience. Additionally, in alignment with
definitions of older adults in other nations, the American Association of Retired Persons
(2024) [27] categorizes individuals aged 50 and above as older adults.

Accordingly, the target population delineated in this paper comprises urban older
individuals in China, aged 50 years and above, living alone, and actively using smart
home social media for social communication. This age bracket is also in line with recent
studies in the field [28].
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3.2 Data Collection

Online surveys offer a swift and cost-efficient method for eliciting responses from inter-
net users [29]. This approach is particularly pertinent for this study, which investigates
the behaviors of urban older users of smart home social media in China, especially under
the constraints of pandemic-related restrictions. Internet-based online surveys have thus
been identified as an appropriate tool for data collection. The study employed two rounds
of data collection, utilizing online questionnaires developed on the Tencent Question-
naire platform. These questionnaires were distributed through the Tencent Question-
naire’s Aging Group. A significant emphasis was placed on ensuring the authenticity
and validity of the data gathered during this phase. Tencent Questionnaire has estab-
lished a database of over 500,000 older users, representing an aging cohort that spans
across 300 cities in China. This extensive group facilitates the invitation of members
to participate in specific studies, aligning with the criteria set forth by each research
project.

The questionnaire employed in both rounds of data collection was structured into
three sections: (1) An introductory part, which elucidated the aim, social significance,
scope of information gathering, potential privacy concerns, and mitigations, along
with an explanation of certain terminologies used in the questionnaire; (2) The multi-
dimensional Social Compensation Design Scale (SCDS), comprising various measure-
ment items; (3) Basic information about the users. Research indicates that large-scale
scales exhibit markedly enhanced reliability and validity compared to small-scale ones
[30]. Therefore, each item was gauged using Likert’s seven-point equidistant scale,
where “1” denotes strong disagreement, “2” disagreement, “3” relative disagreement,
“4” neutrality, “5” relative agreement, “6” agreement, and “7” strong agreement. The
final question in the questionnaire design serves as a check to ensure participant engage-
ment and meaningful responses. It’s a simple prompt (Please note that this study is
important. Please check “I don’t know”), where choosing responses like “I know” or “I
don’t care” would indicate the respondent’s lack of attentiveness.

To ensure the acquisition of high-quality data, both rounds of data collection
employed stringent procedures and systems to filter responses. If a respondent com-
pleted a survey question in an unusually short time (less than 80 s) or an excessively
long time (over 1,000 s), if their answers exhibited a consistent pattern (such as all 1 s
or all 7 s), or if they incorrectly answered the final attention check question (selecting
‘I know’ or ‘I don’t care’), their data were excluded on the grounds that these patterns
signified non-credible responses. Respondents were restricted from participating in the
surveymore than once, and individual participationwasmonitored through theirWeChat
ID. Additionally, as an incentive, each survey participant was awarded a cash prize.

4 Development of SCDS

4.1 Items Development Process

Wang and Shi (2021) [21] posited that the characteristics of the medium, as a component
of social compensation, can be dissected into dimensions such as interactivity, tempo-
rality, accessibility, replicability, storage capacity, content stability, retrievability, porta-
bility, social cues, and informational capacity. Building upon this framework, Ma et al.
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(2023) [16] delved into the determinants influencing social compensation design among
24 older adults engaging with smart home social media for online socialization, through
the prismof information systemdesign. The outcomes of this qualitative inquiry revealed
that the factors affecting social compensation design encompass graphic features (GF),
information architecture (IA), human-computer interaction (HCI), human interactivity
(HI), intelligence (INT), socialization (SOC), shareability (SHA), user-generated content
(UGC), social security (SE), and empathy (EMP).

This study extends the research ofMa et al. (2023) [16], leveraging relevant literature
and integrating the unique features of smart home socialmediawith the authors’ firsthand
experienceswith such platforms, to delineate the factors influencing social compensation
design through the lens of information systems design. Building upon this foundation,
the study has further developed an initial scale for assessing social compensation design
among older users within the smart home social media context. This scale encompasses
10 dimensions and includes 50 measurement items.

4.2 Expert Review

The study continued to employ the Delphi method to ensure a certain level of validity for
the content of the initial scale. In this phase, four experts in human-computer interaction
design were invited to assess the content validity of the initial scale. Initially, their
consent was obtained, followed by an introduction to the study’s background, objectives,
and methodology during a Tencent meeting. The experts were then provided with the
‘Request for Revision of the Initial Scale of Social Compensation Design for Older
Adults Based on Smart Home Social Media.’ They were asked to comment on the
clarity of each specific measurement item, the correlation between measurement items
within each dimension, and how well the items interpreted the higher dimensions.

Feedback from the four experts was gathered, leading to a preliminary consolida-
tion of their comments. After multiple rounds of thorough deliberation and comparison,
items identified as repetitive or contentious were removed. Additionally, items that were
semantically unclear or difficult to comprehend were revised for clarity. Following this
expert evaluation, nine measurement items were eliminated from the initial scale, reduc-
ing the number to 41 items. The social security (SE) dimension was redefined as social
privacy concerns (SPC), creating the ‘Expert-Modified Initial Scale.’ For the subsequent
exploratory factor analysis, measurement items for the graphic features (GF) and infor-
mation architecture (IA) dimensions were denoted by UIQ+ numbers. The dimensions
of human-computer interaction (HCI), human interactivity (HI), and intelligence (INT)
were indicated by IQ + numbers. The dimensions of socialization (SOC), shareability
(SHA), and user-generated content (UGC) were labeled by CQ + numbers, and finally,
the dimensions of social privacy concerns (SPC) and empathy (EMP) were represented
by SQ + numbers.
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5 Exploration of SCDS

5.1 Participants

At this phase, the questionnaire was constructed based on the expert-revised scale. The
SCDS, comprising 41 measurement items, was employed primarily to assess ten dimen-
sions. A total of 400 questionnaires were collected in this survey, of which 60 were
deemed invalid, leaving 340 valid questionnaires. Furthermore, following the guidance
of Zeng et al. (2009) [31], it is advisable for the sample size in factor and regres-
sion analysis to be 5 to 10 times the number of measurement items. Hence, with the
SCDS incorporating 41 items and 340 valid questionnaires collected, the sample size
is approximately eightfold the number of measurement items, satisfying the criteria for
factor analysis.

5.2 Reliability and Validity Analysis

Reliability Analysis. Assessing the data quality of measurement outcomes is a critical
step to validate the subsequent correlation analyses. The internal consistency of each
dimension is typically evaluated using the Cronbach’s alpha coefficient for reliability
assessment. The Cronbach’s alpha coefficient ranges from 0 to 1, with higher values
indicating greater reliability. A coefficient below 0.6 is considered a failure in the reli-
ability test, necessitating a redesign of the questionnaire or a re-collection and analysis
of the data. In exploratory research, a Cronbach’s alpha coefficient between 0.6 and
0.7 suggests reliability is present and acceptable. Values between 0.7 and 0.8 denote
moderate reliability, between 0.8 and 0.9 indicate high reliability, and values between
0.9 and 1 signify very high reliability [32].

Upon computation (Table 1), the Cronbach’s alpha coefficients for all latent variables
exceeded 0.7, with some surpassing 0.8, a few exceeding 0.9, and the overall Cronbach’s
alpha coefficient reaching 0.958. These findings demonstrate strong internal consistency
and reliability across the measurement items in the survey questionnaire.

ValidityAnalysis. Due to the thorough assessment of the scale’s content validity prior to
the empirical study, all measurement items underwent verification, ensuring the scale’s
robust content validity. Subsequently, to ascertain the appropriateness of conducting
factor analysis on the measurement items, both the Kaiser-Meyer-Olkin (KMO) test and
Bartlett’s sphericity test were performed. The KMO value is expected to be above 0.7
[33], and at the very least, greater than 0.6. The p-value for Bartlett’s sphericity test
needs to be below 0.05. The analysis utilizing SPSS 25.0 software revealed that the
scale’s KMO value was 0.946, and the Bartlett’s Test of Sphericity was significant, with
a p-value of 0.000 (Table 2). Hence, the findings suggest the presence of common factors
among the questionnaire’s measurement items, making them highly suitable for factor
analysis.

5.3 Exploratory Factor Analysis (EFA)

This study employed Principal Component Analysis (PCA) for Exploratory Factor Anal-
ysis (EFA) to examine the structural validity of the scale. Themaximum variance orthog-
onal rotation method was applied to rotate factors. Factors with rotated eigenvalues
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Table 1. Reliability analysis

Sub-dimensions Number Cronbach’s alpha

Graphic Features (GF) 4 0.797

Information Architecture (IA) 3 0.710

Human-Computer Interaction (HCI) 4 0.785

Human Interactivity (HI) 4 0.873

Intelligence (INT) 4 0.814

Socialization (SOC) 5 0.919

Shareability (SHA) 5 0.912

User Generated Content (UGC) 4 0.879

Social Privacy Concerns (SPC) 4 0.876

Empathy (EMP) 4 0.889

Total 41 0.958

Table 2. KMO and Bartlett’s sphericity test

KMO 0.946

Bartlett’s sphericity test Approximate chi-square 9756.557

Degrees of freedom 820.000

Significance 0.000

exceeding one were selected to retain common factors. Subsequent steps involved test-
ing whether the factor structure achieved optimal status and whether each item could be
attributed to a distinct latent variable, thereby establishing a logical factor structure [34].
If the factor structure appeared unreasonable, item deletion was considered necessary
to reach the ideal configuration. According to Tabachnick et al. (2013) [35], a factor
loading greater than 0.55 signifies that it can account for 30% of the variance in the
measured items, denoting a favorable scenario. When the factor loading exceeds 0.71, it
indicates that the variance of 50% of the measured items can be explained, representing
an ideal situation.

In this investigation, SPSS 25.0 was deployed to conduct Exploratory Factor Anal-
ysis (EFA) on the evaluative items, culminating in the identification of four primary
components. Only those items exhibiting factor loadings above 0.55 were earmarked
as representatives for these components. Subsequently, items with loadings below this
threshold, specifically UIQ5, IQ10, IQ12, IQ13, IQ14, IQ15, IQ18, IQ19, SQ38, SQ39,
SQ40, and SQ41, were excluded. Notably, the first principal component encompassed all
items from the domains of socialization (SOC), shareability (SHA), and user-generated
content (UGC), signaling a profound semantic linkage among them. This necessitates a
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further evaluation of residual independence in the Confirmatory Factor Analysis (CFA)
phase and the removal of items with significantly overlapping meanings.

The EFA process led to the exclusion of 12 items, leaving a refined set of 29. These
items encapsulate key elements from pertinent literature and interviews, each demon-
strating factor loadings above 0.55. There are no instances ofmultiple loadings among the
29 items, and collectively, they explain 61.788% of the variance across the four factors.
Additionally, given the potential for multicollinearity inherent to survey methodologies,
Harman’s single factor test revealed that a singular factor accounted for only 29% of the
total variance, substantially below the 50% benchmark. This outcome suggests that the
scale possesses a suitable factor structure and robust validity, having met the criteria for
the validity assessment. The study subsequently designated the first principal component
as content quality (CQ), the second as user interface quality (UIQ), the third as service
quality (SQ), and the fourth as interaction quality (IQ).

6 Validation of SCDS

6.1 Participants

At this stage, a questionnaire was developed utilizing the 29 chosen measurement items.
Out of 421questionnaires collected, 64were deemed invalid, leaving357valid responses.
Concerning sample size for structural equation modeling (SEM)—a method necessi-
tating large-sample analysis—Hair (2009) [36] recommended that the sample size be
generally 10–15 times the quantity of measurement items. With the scale comprising
29 items and 357 valid questionnaires returned, the sample size was approximately 12
times the number of measurement items, falling within the optimal range yet remaining
below 500. This count suffices for the requirements of factor analysis.

6.2 Confirmatory Factor Analysis (CFA)

The four principal components identified through Exploratory Factor Analysis (EFA),
along with their associated measurement items, served as the basis for the measurement
models in this study. Confirmatory Factor Analysis (CFA) was conducted using Amos
28.0 software to further substantiate the validity of thesemeasurement items.Adhering to
the convergent validity criteria set forth byHair (2009) [36] and Fornell&Larcker (1981)
[32], the study ensured that: (1) Standardized factor loadings for each measurement item
were greater than 0.5, indicating significant contributions of items to their respective
factors; (2) Composite Reliability (CR) for each dimension exceeded 0.6, affirming
the reliability of the constructs; and (3) Average Variance Extracted (AVE) for each
dimension surpassed 0.5, demonstrating a satisfactory level of explained variance by the
constructs.
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In this analysis, the measurement models for User Interface Quality (UIQ), Inter-
action Quality (IQ), Content Quality (CQ), and Service Quality (SQ) were rigorously
evaluated through Confirmatory Factor Analysis (CFA) to ensure their reliability and
convergent validity.

For the UIQmeasurement model, standardized factor loadings varied between 0.578
and 0.722, with a Composite Reliability (CR) of 0.813. Initially, the Average Variance
Extracted (AVE)was 0.422, falling short of the 0.5 threshold. Upon the removal of UIQ3,
UIQ4, and UIQ6, as advised for enhancing model validity, the AVE improved to 0.518,
indicating the model’s reliability and acceptable convergent validity.

The IQ measurement model exhibited factor loadings ranging from 0.475 to 0.802,
with a CR of 0.811 and an AVE of 0.469. The loading of IQ9 stood at 0.475, below
the acceptable limit of 0.5, leading to its exclusion. This adjustment raised the CR to
0.818 and the AVE to 0.533, affirming the model’s reliability and its strong convergent
validity.

For theCQmeasurementmodel, factor loadings spanned from0.665 to 0.809, accom-
panied by a CR of 0.946 and an AVE of 0.558. These figures underscore the model’s
high reliability and its solid convergent validity.

Lastly, the SQ measurement model’s factor loadings ranged from 0.723 to 0.874,
with a CR of 0.875 and an AVE of 0.637. This model too demonstrated reliability and
robust convergent validity.

In the assessment of model fit, a CMIN/DF ratio of 3.296 was observed, falling
within the acceptable range. Conversely, the RMSEA index stood at 0.08, exceeding
the threshold of acceptability. The SRMR value was commendable at 0.06, while the
CFI index, at 0.885, did not meet the acceptable criteria. These findings underscore the
necessity for model refinement. Examination of the Modification Indices (MI) revealed
a pronounced discrepancy between the measurement items IQ10 and IQ11, with an
MI value peaking at 53.630. This discrepancy suggests the presence of residual non-
independence, contravening the principle of residual independence. Consequently, IQ11
was excluded due to its comparatively higher standardized factor loading relative to
IQ10. Similarly, an MI value of 52.171 between CQ15 and CQ16 highlighted residual
non-independence, breaching the same principle. Given identical standardized factor
loadings forCQ15 andCQ16, bothwere omitted from themodel. This rigorous analytical
approach was consistently applied, leading to the removal of additional measurement
items: CQ13, CQ14, CQ18, CQ22, CQ24, and CQ25.

In Table 3, you can see the results of the changed model fit. All nine indicators met
the level of excellence. It means that the model that was made for this study fits well.

Table 3. Indicators of model fit

Model fit Value Criteria Result

CMIN 199.166 The smaller, the better

DF 98 The bigger, the better

(continued)
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Table 3. (continued)

Model fit Value Criteria Result

CMIN/DF 2.032 Between 1 and 3 is excellent excellent

RMSEA 0.054 <0.06 excellent

SRMR 0.060 <0.08 excellent

CFI 0.963 >0.95 excellent

GFI 0.936 >0.9 excellent

AGFI 0.912 >0.9 excellent

TLI 0.955 >0.9 excellent

In Table 4, you can see the modified model’s reliability and convergent validity. All
of the indicators meet Hair’s suggested criteria, which means the measurement items
are reliable.

Table 4. Reliability and convergent validity of the combined model

Construct Item Unstd. S.E. Z P STD. CR AVE

UIQ UIQ1 1 0.781 0.762 0.518

UIQ2 0.899 0.08 11.284 *** 0.734

UIQ5 0.906 0.088 10.335 *** 0.637

IQ IQ7 1 0.846 0.807 0.589

IQ8 0.966 0.064 15.176 *** 0.848

IQ10 0.658 0.061 10.768 *** 0.577

CQ CQ12 1 0.658 0.891 0.578

CQ17 1.138 0.09 12.612 *** 0.772

CQ19 1.398 0.103 13.577 *** 0.849

CQ20 1.323 0.098 13.472 *** 0.84

CQ21 1.211 0.095 12.704 *** 0.779

CQ23 0.879 0.082 10.718 *** 0.637

SQ SQ26 1 0.724 0.875 0.637

SQ27 1.055 0.075 14.069 *** 0.792

SQ28 1.18 0.077 15.227 *** 0.874

SQ29 1.082 0.077 14.128 *** 0.795

Note: * p < 0.050, ** p < 0.010, *** p < 0.001

The bolded diagonal entries in Table 5 show the square root of the Average Variance
Extracted (AVE). The values in the lower triangle, on the other hand, show Pearson’s
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correlation coefficients between the constructs. The results are in line with the estab-
lished rule that says the square root of the AVE should be higher than the Pearson’s
correlation coefficients for each construct. This alignment shows that the model has
strong discriminant validity between the constructs.

Table 5. Discriminant validity of the combined model

CR AVE UIQ IQ CQ SQ

UIQ 0.762 0.518 0.72

IQ 0.807 0.589 0.546*** 0.768

CQ 0.891 0.578 0.458*** 0.530*** 0.761

SQ 0.875 0.637 0.228*** 0.179** 0.210*** 0.798

Note: * p < 0.050, ** p < 0.010, *** p < 0.001

Based on the above analysis, Table 6 shows that this paper finally got the SCDS.
There are 4 dimensions and 16 measuring units on the scale. One set of three items
measures user interface quality (UIQ). Another set of three items measures interaction
quality (IQ). Six items measure content quality (CQ), and four items measure service
quality (SQ).

Table 6. Social Compensation Design Scale (SCDS)

Construct Measurement items

UIQ UIQ-1. I feel that the text features, icon features, image features, and colors of the
smart home social media interfaces meet my needs during my use

UIQ-2. I pay attention to the text features, icon features, image features, and
colors of smart home social media interfaces

UIQ-5. I think the rationality of the functional layout, hierarchical structure, and
spacing of the smart home social media interfaces affects my usage experience
(such as being happier)

IQ IQ-7. I find it natural and easy to wake up to smart home social media, and it
responds to me in a timely manner

IQ-8. I think the voice interaction of smart home social media can meet my needs,
and it is natural and responsive

IQ-10. I think the operation of smart home social media is very simple, and it is
not easy to make mistakes

CQ CQ-12. I think using smart home social media can help me better integrate into
the group

CQ-17. I feel that smart home social media can help me share information with
others, which is what I need

(continued)
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Table 6. (continued)

Construct Measurement items

CQ-19. I think using the smart home social media feature for sharing information
makes me happy

CQ-20. I feel more satisfaction from using smart home social media to share
information

CQ-21. I think I would like to use the sharing information function of smart home
social media

CQ-23. I think using smart home social media can easily generate shareable
content

SQ SQ-26. I am concerned that smart home social media may leak my personal
privacy information

SQ-27. I am concerned about the security of my chat on smart home social media

SQ-28. I am concerned that others may steal my private information on smart
home social media

SQ-29. I’m concerned that the personal information I display on smart home
social media will have a negative impact on me

7 Conclusion

Standardized rules and procedures were strictly followed during the development and
validation of the SCDS. A formal measurement scale with four dimensions was made
after the initial scale’s content was checked for validity and two more rounds of field
research. This scale was found to be reliable and valid. After EFA, it was clear that
the theoretical structure of the scale matched the data very well. When it comes to
smart home social media, older users’ social compensation traits mostly show up in
user interface quality (UIQ), interaction quality (IQ), content quality (CQ), and service
quality (SQ) (SQ). The EFA results also showed that the four parts of the scale were very
different in terms of what they measured and how they were put together. This shows
that social compensation design is made up of four parts. The results of the CFA showed
that the modified model had good indicators and a good level of fitting. The AVE was
also greater than 0.5, and the CR for all four dimensions was greater than 0.7. To use
the scale for quantitative measurements, this means that it is internally consistent and
that its structure is stable and reliable. As a result, the process of making the scale is
scientific and thorough, and the measurement is valid in terms of what it measures. To
sum up, the SCDS that was created in this study is reliable and valid, and it can be used
as a starting point for future quantitative research on social compensation.
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Abstract. This paper emphasizes the significance of employing methodological
approaches rooted in participatory design to facilitate intergenerational collabora-
tion in an age range less studied (generations X to Y) in developing a web-based
newsroom for young people. The research stems from the YouNDigital project,
funded by the Portuguese Foundation for Science and Technology, which seeks to
explore young people’s interaction with news in a digitized society. A key output
of the project is the development of theYouNDigital Newsroom, aweb-based plat-
form enabling youth from diverse backgrounds to share their views of the world
on issues that matter to them. Drawing upon intergenerational collaboration and
knowledge transfer, this paper explores the challenges and strategies in creating a
platform that reflects researchers’ and users’ diverse perspectives and needs.

Through co-design sessions, iterative prototyping, and usability testing, the
task navigated complexities within a limited timeframe and resources to foster
user engagement and ownership.

The main objective was to engage users with a web-based Newsroom to gen-
erate meaningful content that reflects their perspectives on matters of interest.
The design thinking sessions and continuous collaborative work were instrumen-
tal in defining potential user profiles (personas) and delineating usage contexts
for each persona. The findings underscore the importance of integrating diverse
perspectives and collaborative design methodologies in addressing multifaceted
challenges and creating inclusive solutions across generations. Leveraging design
methodologies facilitated collaboration between researchers and users in devel-
oping the YouNDigital newsroom. By incorporating user perspectives from the
outset, the project aimed to create a platform that resonates with young peo-
ple and researchers from different generations’ interests and fosters meaningful
engagement with news content in a digital era.
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1 Introduction

Design thinking and participatory methodologies are crucial in a human-centric app-
roach; they set the foundations for the project’s evolvement, which is “built on princi-
ples of collaboration, co-creation, and empowerment of users and stakeholders” [1].
This paper discusses the importance of using methodological approaches based on
design and unpacks how these were applied to reach intergenerational collaboration
in a specific research task involving researchers and young people in an age range less
studied. This article developed from YouNDigital - Youth, News and Digital Citizen-
ship, a project funded by the Portuguese Foundation for Science and Technology (DOI
10.54499/PTDC/COM-OUT/0243/2021). One of the project’s outputs is to build the
YouNDigital Newsroom, supported by a web-based platform open to the participation
of young people worldwide. The second phase was an exploratory moment in the con-
struction of the prototype, and the third was the validation with users and the research
team.

After this introduction that sets the purpose of this article, we situate the topic framed
on supporting literature. Followed by the description of the decisions, benefits, and
challenges of design methods applied to intergenerational collaborative research and
derived inputs and feedback on uses and functionalities to be implemented in the web-
based YouNDigital Newsroom. The article closes with final considerations about the
research and future steps.

2 Intergenerational Cooperation and Knowledge Transfer through
Design Methods

Knowledge transfer has been widely discussed [2, 3], especially in the relationship
between children and older adults. Intergenerational projects aim “to bridge the gap
between generations, reduce age stereotypes, and improve the participation of different
generations in the community” [3].

However, issues around intergenerationality also arise in other areas, and between
closer generations, intergenerational knowledge transfer in the context of organizations
is still scarce [2]. The gap between Generation X andGeneration Y and Z is significant in
what concerns work approaches. The Xers were born between 1961 and 1979 and value
work, education, andmoney, while theYers (born amid 1980 and 1995) are recognized as
individualists, goal-driven, and independent [4, 5] Generation Z are the most educated,
children of the previous generations, and their special traits are technology, to which they
are accustomed since they were babies and, the rapid communication and information
consuming, and being result-oriented [15].

Intergenerational cooperation brings countless benefits due to the sharing and dis-
cussing different perspectives. However, it also brings challenges due to differences in
values, behaviors, and attitudes toward work, with repercussions on aspects such as
focus, behavior, approach, and communication style [5].

This article reports on the strategies adopted in a research project to create a web-
based newsroom for young people. The challenges of a multidisciplinary team of dif-
ferent generations in a research project with a limited time frame that aims to make a

https://doi.org/10.54499/PTDC/COM-OUT/0243/2021
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scientific contribution and create a solution to be used in a real context present a high
degree of complexity. YouNDigital aims to capture young people’s (aged 15–24) social-
ization, attitudes, practices, and relationships toward news and digital citizenship. Young
people are expected to participate in the YouNDigital newsroom to interact and actively
produce content that shares their views of the world on topics related to the 2030 Agenda
and in matters that interest them in a safe and inclusive atmosphere.

To organize the tangle of knowledge and create a product that fosters engagement for
this specific task, the team adopted a design thinking paradigm focusing on the behaviors
and attitudes of younger people towards news consumption and sharing. The adoption
of this creative approach, which originated in the field of design, is due not only to its
ability to solve complex problems but also to its collaborative and exploratory approach.
According to Cross, designers tackle problems through synthesis, while scientists app-
roach problem-solving through analysis; design activity emphasizes swiftly generating
a satisfactory solution rather than engaging in prolonged problem analysis [6]. The con-
text of the design problem is also a challenge in this project; a funded research project
is strictly managed through time, resources, and expected outputs.

Developing an iterative and exploratory process in this context is a design problem.
How to promote knowledge sharing among researchers from diverse fields, who are
also users, and accommodate young people’s expectations and needs in designing a
web-based newsroom?

Participatory design entails the active involvement of users in shaping the design
process forwork practices. It adopts a democratic stance toward creating systems encom-
passing social and technological aspects within human work environments. This app-
roach contends that users should play a pivotal role in shaping designs they will utilize,
advocating for equal engagement of all stakeholders, particularly users, in interaction
design [7] In essence, this perspective reframes design as an exploration rather than a
quest for the optimal solution to a given problem. The creative designer views the design
brief not merely as a directive for a solution but as a navigational aid through uncharted
terrain [6].

Co-design sessions offer numerous advantages to the design process. They involve
inviting individuals who may not typically be involved in creative endeavors to partic-
ipate in the ideation stage, encouraging their contributions. This approach demystifies
the process, fostering a sense of ownership among stakeholders for the ideas gener-
ated. Over time, this demystification results in improved requirements and feedback as
stakeholders gain insight into our methods. With ownership of the ideas, stakeholders
are more motivated to understand and internalize the rationale behind design decisions,
empowering them to defend these decisions when questioned [8]. Adopting this design-
erly way of thinking in a project, where typically the designer plays an intermediary
role, is being discussed in the design research field [9, 10]. Cross [6] identified five
aspects of designerly ways of thinking: (i) Designers tackle ‘ill-defined’ problems; (ii)
Their mode of problem-solving is ‘solution-focused’; (iii) Their mode of thinking is
‘constructive’; (iv) They use ‘codes’ that translate abstract requirements into concrete
objects; (v) They use these codes to both ‘read’ and ‘write’ in ‘object languages’. Inter-
disciplinary background and practice require agile and lateral thinking skills to equip
designers to navigate uncertainty and the complexities of social, cultural, commercial,
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and environmental factors, fostering adaptability and potentially thriving in such contexts
[9].

In the next section, we will unpack how knowledge transfer occurs in designing a
newsroom, considering the intergenerational collaboration supported by participatory
design methods.

3 The Case of YouNDigital Project

It is widely acknowledged that participatory design is the most effective approach to
designing technologies [11], which involves integrating users into the design team.
However, in the context of research projects, engaging users becomes progressively
challenging despite concerted efforts. The participatory nature of design thinking does
not imply continuous involvement of users; it has a holistic approach to stakeholders
and systems, and it is seen as an innovative process that deals with wicked problems
[12] and increases the quality of the final result in several aspects [13].

The inherent difficulties of a multidisciplinary and scientific research project and the
deadlines established in funded projects often result in solutions not adapted to real-life
contexts and users and problems that still need to be resolved. One of the premises of
the YouNDigital project was to produce a Newsroom platform open to the participation
of young people worldwide that will grow and evolve with time and user input.

During this process, the management team delivered the conduction of the process
to designers that collected information, organized co-creation sessions, and, through
exploration, presented some solutions to be studied and discussed by experts in the
different fields covered by the project and afterward tested by young people. Therefore, to
the definition of the user profiles (personas) and contexts of use centered on each Persona
[14], co-creation sessions were conducted with different backgrounds and generations
(X, Y or Millenials, and Z) of project researchers (divided into three teams: 1, 2, and 3),
leading to scientific and empiric knowledge collection (to access to a detailed description
of the co-creation sessions, [14]. In the sessions, three different profiles were defined:
two primary personas (the youths Julieta and Artur) and one secondary persona (the
teacher José Martins), and for each Persona, was also developed a description of one
day in their life. The design ofYouNDigitalNewsroomalso paid attention to digital rights
(following the commentary 25 adopted by the United Nations in 20211) of participation
and protection. As a result of the co-creation sessions, a list of features was defined in
Table 1, which provided different discussion sessions between researchers and users,
bringing different perspectives and skills to the table.

Ultimately, the sessions helped researchers assume the newsroomuser’s point of view
and pointed out opportunities and challenges afterward, confirmed by the young people’s
interviews. Thus, concurrently with this process, interviews were conducted with young
people (aged 22–28) who are journalists or actively engaged in journalism activities,
and from those, we were also able to gauge a set of functionalities. The interviews
with young people with different socio-demographic backgrounds were conducted to
validate the research team’s views of the developingweb-based newsroom.The interview

1 https://www.ohchr.org/en/documents/general-comments-and-recommendations/general-com
ment-no-25-2021-childrens-rights-relation.

https://www.ohchr.org/en/documents/general-comments-and-recommendations/general-comment-no-25-2021-childrens-rights-relation
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Table 1. Functionalities retrieved from the co-creation sessions

(continued)
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Table 1. (continued)

(continued)
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Table 1. (continued)

script was built to uncover expectations, features and affordances, interaction, newsroom
experiences, and suggestions to reach young people effectively. From the interviews, we
highlight some takeaways considered central aspects to be at the core of the newsroom:
aspects related to multimedia, interaction, and engagement (Table 2) were covered by
all interviewees. Moreover, the newsroom should be an inclusive space to talk about less
mainstream topics (Female, 24 years old), able to reach young people from different
geographies and backgrounds (Female, 22 years old), a space to share hard news in a
light and easy-to-understandmanner and to offer different angles on news (Male, 28 years
old); settled in the promotion of freedom of speech and offer content with quality (Male,
24 years old).
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Table 2. Functionalities retrieved from the interviews with young people.

Technical
requirements
(F = female; M
=Male)

F 24 years, Degree
in Communication

F 22 years, Student
of Communication

M 28 years, Journal
director

M 24 years,
Journalist in Angola

Multimedia Video and audio;
Streaming;
Inclusive features
(nationality,
ethnicity, disability)

Video, image, and
audio;
Conferencing and
podcast tools

Video and audio;
Podcast tools

Text (primary),
video, and audio

Interaction and
Engagement

Communication
tools;
Collaborative tools

Communication
tools;
Collaborative tools

Communication
tools;
Collaborative tools

Fact-checking

Save and Share Create bookmark;
Share across social
media;
Storage of data for
later publishing

Share across social
media

Navigation Responsive to
various devices

Search tools within
the Newsroom

Search tools within
the Newsroom

The design process applied to this project phase allowed us to gather information
from the research team and potential users and combine them in a multidimensional per-
spective, having an intergenerational continuous conversation. The structuring functions
of a solution of this nature, such as creating and sharing content, required the team to
reflect on the need to validate the content shared through fact-checking and given credit
strategies (pedagogical and technical) for photographs and sources, the attribution of
quality seals by the community, and activation of privacy and data protection - a topic
we aim to explore in a future article.

This reflection raised questions about content curation before publishing due to the
nature of the project and how this constraint to immediate publication could cause user
disinterest/demotivation, in addition to the need for a sustainability plan for the project,
taking into account monetary and personnel costs for this activity.

The awareness of the research team concerning the issues of the sharing of online
information highlighted a challenge to the project: how to create a solution for young
people reflecting their current practices in similar platforms and accommodate the best
practices in the field or even find solutions to problems that are still being studied?
Crossing these intergenerational perspectives among team members and users allowed
us to create a solid set of requirements and principles aligned with the project objectives.
This phase and the techniques applied [14] to gather information to inform the solution
allowed the design team to develop ameaningful connectionwith users and stakeholders,
manage the project expectations, and create a collaborative and creative environment.

After the conclusion of the definition phase, we started the ideation through pro-
totyping to explore different approaches. The initial versions of the prototypes were
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developed using a collaborative tool (Figma)2, allowing the core team of researchers to
follow and comment on the prototype’s evolution. This phase was crucial to material-
izing the specifications discussed before. Developed through different stages of fidelity
(Fig. 1), it allowed us to explore information architecture and interaction. This process
led to the definition of the main interactions and, consequently, the structure of the first
pages, disseminating and giving shape to the knowledge gathered.

Simultaneously with the development of the prototype, research into supporting
technologies for implementing digital writing began. This investigation was led by a
young programmer who worked under a grant from the project. Senior researchers
supervised this research, and several members decided on the tool for the research team.
The team could develop something from scratch or start from a pre-existing framework;
the decision fell on the latter.

This moment has highlighted the different backgrounds and experiences of the team
members. The designers responsible for leading the process understood that the context
inwhich this design problemarises, a research projectwith strict deadlines and resources,
would be a challenge and a requirement to be considered. The exploration phase during
the prototyping allowed us to define what should be the core functionalities and dictate
the tone for the final solution; however, due to the specificities of the platform where
the Newsroom is built (WordPress3 - the same used on the project website) and, again,
the project already mentioned constraints, the process took another path from what was
initially defined.

Fig. 1. Prototype development in Figma.

2 Figma: https://www.figma.com/.
3 WordPress: https://wordpress.com.

https://www.figma.com/
https://wordpress.com
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A list of functionalities organized by activities was created, which allowed a search
for pre-existing solutions. This was a very demanding phase in which we had to make
several adaptations due to the restrictions of the solution adopted. Different technical
researchwas conducted to find the best way to articulate the different technical solutions.
The solution found was presented to the task’s core team, and based on all the work
previously developed, the necessary customizations were defined. Questions about all
the pre-existing solutions’ functionalities were raised in these work sessions. However,
the work previously developed proved to be a guide for this decision-making.

During these review and analysis sessions, the different approaches to the elements
involved were evident; on the one hand, the technical perspective concerned with the
solution’s effective functioning, the designers who questioned the relationship between
the solution and the users, and the experience. The objective would be to work on user
engagement with the platform. Another perspective shared in these sessions was that
of researchers in the area of digital literacy with concerns such as security, privacy,
and involvement, and finally, managers who tried to ensure project fulfilment and the
management of resources, namely time and people.

3.1 Young Users’ Preliminary Feedback on the Web-Based Newsroom

After several iterations on the platform, a final version was presented to final users
under formative usability test sessions followed by a User Experience Questionnaire.
Considering thatYouNDigital aims to capture youngpeople’s (aged15–24) socialization,
attitudes, practices, and relationships toward news and digital citizenship. Young people
are expected to participate in the YouNDigital newsroom to interact and produce content
on topics related to the 2030 Agenda and in matters that interest them in a safe and
inclusive atmosphere. The evaluation protocol created for the usability test aimed to (i)
Identify usability issues with the web app (effectiveness, efficiency, and satisfaction);
(ii) Collect information about features and intention of use; (iii)Collect ideas on how to
reach/involve young participants.

With the User Experience Questionnaire4 [UEQ], we attempted to get the impres-
sions of young people concerning several aspects of the user experience: Attractiveness,
Perspecuity, Efficiency, Dependability, Stimulation, and Novelty. The first iteration of
tests had six young participants, and the results informed us of substantial improvements.

The test sessions were conducted by a design team member supported by the pro-
grammer, who reported that the experience was very insightful and gave him another
perspective on the project, his work, and the adjustments to be made. Several teammem-
bers also tested the same version, and all the suggestions were registered and discussed
among the team.

Preliminary results showed that the participants received the presented solution very
well, and scales such asAttractiveness andStimulationwerewell accepted and evaluated.

4 User Experience Questionnaire: https://www.ueq-online.org/.

https://www.ueq-online.org/
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Fig. 2. Mean of User Experience Questionnaire (UEQ) scales

The scales of the UEQ can be categorized into pragmatic quality (comprising Per-
spicuity, Efficiency, and Dependability) and hedonic quality (including Stimulation and
Originality). Pragmatic quality pertains to task-related quality aspects, while hedonic
quality refers to non-task-related quality aspects. Below (Fig. 3), the mean of the three
pragmatic and hedonic quality aspects is computed.

Fig. 3. Mean of the pragmatic and hedonic quality.

Scales related to visual design directly manifested in Attractiveness or even in Hedo-
nic quality (stimulation and novelty) scale obtain high scores. However, the Pragmatic
Quality related toEfficiency, Perspicuity, andDependabilitymust be improved to achieve
a higher user evaluation. As shown in Fig. 2, Perspicuity is calculated based on the fol-
lowing answers (not understandable/understandable; easy to learn/not easy to learn;
complicated/easy) are the lowest scale. These results reflect the team’s concerns regard-
ing the solution’s ease of use, as it had to adapt to predefined structures and was not
created from scratch for the problem in question. Despite this, we are not facing a neg-
ative evaluation due to the team’s efforts to adapt to users’ mental models and strive for
the best solution for the technical constraints.
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Nevertheless, YouNDigital Newsroom is available for youngsters’ participation, and
the design is still an ongoing process (based on feedback). The following steps are to
improve the platform’s functionalities and to find solutions to implement others that still
need to be resolved.

4 Final Considerations

This article explored the iterative process of knowledge transfer, particularly between
different generations, emphasizing intergenerational collaboration to bridge gaps and
enhance community (researchers and users) participation in co-design, exploratory
interviews, and feedback on user experience. Challenges arose in choosing the best
approaches to foster intergenerational cooperation with a multidisciplinary background
between Generation X and Y or Millenials, and Generation Z, gathering, collecting
knowledge, and organizing and building from it. Another challenge was the context of
the design problem, the project outputs considering strict deadlines and limited resources.

The discussion centered on describing the process, decisions, and strategies
employed in a research project, YouNDigital, developing a web-based newsroom for
young people, highlighting the adoption of design thinking to address complexities
in a limited timeframe. Participatory design principles proved important in fostering
user engagement and ownership, while co-design sessions facilitated idea generation
and demystified the design process. Integrating diverse perspectives and collaborative
design methodologies is essential for addressing multifaceted challenges and creating
inclusive solutions across generations.

Throughout this process, the management team entrusted designers with overseeing
the procedure, gathering information, facilitating co-creation sessions, and presenting
potential solutions through exploration. These proposed solutions were then scrutinized
and discussed by experts from various project-relevant domains before being tested by
young participants. This collaboration allowed data gathering from different sources in
a different context than is usual in research contexts. Besides interviews with the young
people, where they identified core aspects, namely regarding multimedia, interaction,
and communication tools, the team was able to participate actively in design process
documentation in creating personas, requirements, wireflows, and wireframes. Through
this collaborative and intergenerational process, we were able to get a list of needs and
requirements, user profiles, and contexts of use to start constructing the YouNDigital
Newsroom.

The human-centered approach of the design thinking process was decisive in devel-
oping a solution, considering different generations with different perspectives around
creating and sharing content. Besides designing the digital platform, the designers’ role
in the project was to facilitate the interaction between researchers from different fields
and potential users through techniques that fostered discussion around critical subjects
concerning young people’s news consumption and sharing. This article adds a valuable
contribution to the design, media, and communication fields. This process originated an
amount of data and information to be explored in future articles.
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Abstract. This paper investigates the design strategies to optimize the interaction
between elderly users and intelligent products. This study identifies the obstacles
hindering seniors from effectively utilizing such products by employing quali-
tative and quantitative methodologies. The Analytic Hierarchy Process (AHP)
is employed to construct an objective decision model and evaluation framework,
which assesses the impact of different interaction barriers on the elderly’s ability to
utilize intelligent products. Based on the findings, a design strategy is formulated
to enhance the accessibility and effectiveness of these products. The utilization
of AHP mitigates the subjectivity inherent in the design process, particularly in
addressing the diverse barriers impeding the use of intelligent products. Further-
more, it facilitates the development of an inclusive design strategy. In conclusion,
this paper highlights the application of AHP in designing intelligent products for
the elderly and its contribution to fostering accessible and interactive experiences,
thereby offering valuable insights for future research in product design within
related domains.

Keywords: AHP · elderly · intelligent products · accessibility · interaction
design

1 Introduction

In the context of the evolving information and intelligence era, research has primarily
focused on applying the Internet of Things (IoT) to address the challenges associated
with aging. For instance, some researchers have integrated IoT technology to propose
medical products tailored for the elderly, developing product service content and relevant
models based on considerations of the elderly, products, and environment [1]. Fu Qiang
proposed an APP-based R&D system that emphasizes establishing a comprehensive
intelligent system for healthcare services within communities [2]. Moreover, scholars
have also explored intelligent designs for commonly used products among the elderly,
such as pill boxes, blood glucose meters, and walking aids. Some researchers [3] have
designed an intelligent undergarment to enhance the mobility of the elderly, addressing
issues related to limited leg mobility and the bulkiness of traditional mobility aids. Since
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older individuals spend considerable time at home, numerous researchers have investi-
gated intelligent home products for the elderly to alleviate the challenges associated with
learning to use such products [4]. Xu X. et al. have proposed that these products should
possess simplicity, practicality, and humanization characteristics [5]. Furthermore, con-
sideration should be given to the personality traits, psychological characteristics, and
health status of the elderly [6].

Given the increasing intelligence of society and the prevalent aging phenomenon,
it holds significant social importance to explore the development of intelligent infor-
mation interaction products for the elderly with a focus on accessibility. Many existing
products in the market suffer from complex interfaces, excessive hierarchical structures,
cumbersome and intricate operations, and design solutions that neglect the physiologi-
cal and psychological characteristics of the elderly, resulting in a significant discrepancy
between the design outcomes and the actual needs of the target customers [7, 8]. This
study examines the evolving times by considering physical and mental characteristics,
identifying explicit pain points, and addressing the practical needs of the elderly. It pro-
poses intelligent product interaction design methods suitable for older adults, offering
prospective and well-grounded experience standards.

2 Research Background

2.1 Accessible Design Concept

Barrier-free design emphasizes the requirements of individuals with diverse physical
disabilities and reduced functional capabilities, such as the elderly and individuals with
disabilities, in planning and designing public spaces and various architectural facilities
and equipment. This approach aims to create a contemporary living environment char-
acterized by compassion and care, ensuring all individuals’ safety, convenience, and
comfort [9]. The notion of “accessibility” was initially introduced in the United States
1961 through the formulation of Accessibility Standards [10]. Subsequently, the United
Nations put forth the concept of “barrier-free design” in 1974 [11]. In recent years, pro-
pelled by the rapid progress of society, “accessibility” has progressively emerged as a
pivotal criterion for evaluating societal advancement and civilization [12].

2.2 Analytic Hierarchy Process

The Analytic Hierarchy Process (AHP) is a valuable and efficient technique for multi-
criteria decision-making, which facilitates the conversion and treatment of subjective
human judgments into a quantitative format [13]. By integrating qualitative textual
expressionswith quantitative numerical comparisons and employingmathematical mod-
els for systematic analysis, AHP effectively mitigates the inherent bias and limited
perspective encountered when tackling intricate decision-making challenges [14].
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3 Analysis of Interaction Barriers for Aged

3.1 User Research and Analysis of Barriers

Based on the Analytic Hierarchy Process (AHP), an examination and investigation were
conducted to identify the specific interaction barriers experienced by elderly individ-
uals. Exploring interaction barriers among the elderly when utilizing intelligent prod-
ucts involved a combination of quantitative research via questionnaires and qualitative
research through user interviews. Detailed analysis was carried out to identify the rel-
atively significant influencing factors. The process of user research and requirements
analysis is illustrated in Fig. 1.

Fig. 1. Flow chart of user research and analysis of interaction barriers.

Preliminary Research. To gain insight into the satisfaction levels of the elderly and
their caretakers regarding existing intelligent products for the elderly, the Net Promoter
Score and questionnaires were employed. The research aimed to explore the primary
expectations, presentation styles, and performance coverage of intelligent products cater-
ing to the elderly. In order to ensure relevance and accuracy, 100 questionnaires were
distributed across senior communities, urban parks, and senior centers, resulting in 51,
48, and 56 valid responses, respectively.

User Interviews. Thirty representative users were selected from the elderly population
involved in the initial research, and in-depth user interviews were conducted to gather
comprehensive information on user needs. User statements were recorded to identify
unknown issues, capture hidden needs, and unearth potential motivations. The gathered
information was translated into interaction barriers through categorization, similarity
analysis, and proximity evaluation.

3.2 Summary of Interaction Barriers Analysis for Older Adults

Moreover, design elements were combined to analyze potential user motivations and
address ambiguous needs, providing a concrete overview of user requirements. The
interaction barriers for the elderly were identified and categorized based on the senses
associatedwithmeeting each requirement. A hierarchical structure of interaction barriers
was developed using KJ analysis to assess qualitative requirements for aged products
and their attributes.
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Physiological Decline Disorder Factors. Observations and interviews with the target
group revealed a variety of barriers encountered by the elderly when using existing intel-
ligent products. Notably, individual physiological obstacles emerged as the most promi-
nent factors. Firstly, the elderly experience visual impairment due to age-related physi-
ological decline. Vision loss, resulting from conditions such as cataracts and glaucoma,
poses a significant obstacle to reading and information transmission, affecting older
individuals’ immersive viewing experience when using intelligent products. Secondly,
auditory decline is also a prevalent feature, leading to reduced sound discrimination abil-
ity. Although existing hearing products in the market partially enhance the hearing expe-
rience for the elderly, numerous challenges persist. Many products require intelligent
tuning mechanisms, which often result in poor interactive experiences. Users frequently
encounter operational errors, potentially causing further damage to their eardrums. The
decline in metabolism is primarily manifested through changes in skin posture and
reduced sensitivity to tactile stimuli. The delayed response to external stimuli among
the elderly creates substantial barriers to interacting with intelligent products.

Cognitive Memory Impairment Factors. As individuals age, their logical thinking
and memory skills decline, subsequently impacting cognitive abilities and generating
resistance to new products. In particular, the cognitive capacity of the elderly struggles
to keep pace with the influx of knowledge in contemporary online society. Faced with
new information, the latest advancements, and innovative technologies prevailing in
an information-rich society, the elderly exhibit limited cognitive abilities for learning.
Many intelligent products are prone to misunderstandings and operational errors, mak-
ing it challenging for users to utilize them solely through straightforward operations.
Additionally, reduced attention spans impede information gathering as older individu-
als need help to resist external distractions. Consequently, numerous existing products
with information features exacerbate cognitive difficulties among the elderly, leading to
poor user experiences when interacting with such products. Furthermore, physiological
decline, such as blood vessel hardening, contributes to brain and cerebellum shrinkage,
necessitating concise information display in intelligent products to facilitate recognition
by the elderly.

Emotional Psychological Disorder Factors. As individuals progress through various
life stages, experiencing changes in identity and roles, older individuals often encounter
limited living space and reduced social interactions. Consequently, many elderly indi-
viduals face emotional challenges, including low self-esteem, anxiety, and self-imposed
isolation. Firstly, low self-esteem arises from diminishing communication with the out-
side world and family members as social roles and interactions change over time, grad-
ually eroding self-perception. This psychological gap engenders self-doubt and denial
among the elderly, exacerbating their inferiority complex. Secondly, emotional anxiety
constitutes a significant interaction barrier for older individuals, stemming from height-
ened psychological stress associated with declining health and diminishing personal
capabilities. Anxiety manifests as irritability, depression, sensitivity, impulsiveness, and
severe anxiety disorders. Therefore, designers must continuously consider and evaluate
user barriers in the design process of intelligent information technology products. Fail-
ure to address the pain points of the elderly in interactive products may intensify anxiety
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levels, further isolating individuals, impeding communication with the outside world,
disconnecting from society, and instilling fear of novelty.

3.3 Primary and Secondary Analysis of Degree of Influence of Interaction
Barriers for Elderly

The Determination of Indicator Weights for the Rating Scale Assessing the Extent
of Influence Posed by Interactive Barriers on Older Individuals Is as Follows.Upon
analyzing the research mentioned above outcomes, it was identified that the primary
indicators for achieving a “barrier-free” experience encompass physical decline barriers,
cognitive memory barriers, and emotional and psychological barriers. Consequently,
a hierarchical criteria structure was formulated to address the factors contributing to
interaction barriers among older age groups, as depicted in Table 1.

Table 1. Table Type Styles

Types of barriers Main impact indicators Medium Impact Indicator

U11: Physiological decline
disorder

Diminished visual senses Auditory sensory decline

U12: Cognitive memory
impairment

Decreased learning ability Diminished memory capacity

U13:Emotional psychological
disorders

Inferiority complex sensitivity Self-isolation

The expert questionnaire method was employed to determine the weights of the indi-
cators above. Specifically, this study presents the calculation ofweights for the secondary
indicators as an illustrative example. It is assumed that L experts are participating in the
assessment, and a questionnaire based on the Delft method is administered to gather
their opinions. The resulting ranking matrix is obtained through statistical analysis and
denoted as follows:

A = (axi)L ∗ M (x = 1, 2, ...,L, i = 1, 2, ...,M ) (1)

After obtaining the experts’ scores, their entropy values are then calculated using
entropy theory in the following steps:

1. Calculate the subjective average awareness from the affiliation function formula:

bxi = − ln(h − axi)

ln(h − 1)
, h = M + 2 (2)

The average awareness of all experts for indicator is:

bi = (b1i + b2i + ...bli)/L (3)
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2. Define recognition blindness, noted as:

Qi = |max(b1i, b2i, ...bLi) − bi + min(b1i, b2i, ...bLi) − bi|
2

(4)

3. The overall awareness of experts for each indicator is denoted as:

ri = bi(1 − Qi) (5)

Then the weight of the i-th indicator in the peer group is:

wi = ri
∑M

i=1 r1
,wi > 0(i = 1, 2, ...,M ) (6)

By the aforementioned theoretical framework, the weights assigned to each indicator
were calculated utilizing the expert scoring method, specifically tailored to the elderly
population under investigation in this study. Determining weights for the secondary
indicators employed in this research yielded the following results (see Table 2).

Table 2. Weight of secondary indicator

Types of barriers Main impact indicators Medium Impact Indicator

U11: Physiological decline
disorder

Diminished visual senses Auditory sensory decline

U12: Cognitive memory
impairment

Decreased learning ability Diminished memory capacity

U13: Emotional psychological
disorders

Inferiority complex sensitivity Self-isolation

By utilizing the weighting above approach, the secondary indicators can be assigned
to three distinct categories based on their level of influence, namely ‘main impact indi-
cators’, ‘medium impact indicators’, and ‘secondary impact indicators’. The detailed
descriptions of these categories are outlined in Table 3.

Furthermore, Table 4 illustrates the range of scores assigned to each secondary
indicator, reflecting their respective levels of importance. Higher scores indicate a greater
degree of significance.

P = 0.6 ∗ p1 + 0.3 ∗ p2 + 0.1 ∗ p3 (7)

W = 0.5 ∗ w1 + 0.3 ∗ w2 + 0.2 ∗ w3 (8)

C = 0.5 ∗ c1 + 0.3 ∗ c2 + 0.2 ∗ c3 (9)

Based on the computed final scores, the degree of influence of interaction barriers
among the elderly can be ranked (see Table 5). This ranking provides valuable insights
and methodological guidance for the design process.
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Table 3. Interaction barriers in elderly people and their description

Tier 2 indicators Weight

U11: Diminished visual senses 0.6

U12: Auditory sensory decline 0.3

U13: Metabolic slowdown 0.1

U21: Decreased learning ability 0.5

U22: Diminished memory capacity 0.3

U23: Concentration is easily distracted 0.2

U31: Inferiority complex sensitivity 0.5

U32: Self-isolation 0.3

U33: Emotional anxiety 0.2

Table 4. Score of each secondary indicator

Symbols Tier 2 indicators Score range Final score

p1 U11: Diminished visual senses [90, 100] P

P2 U12: Auditory sensory decline [80, 90]

P3 U13: Metabolic slowdown [0, 80]

w1 U21: Decreased learning ability [90, 100] W

w2 U22:Diminished memory capacity [80, 90]

w3 U23: Concentration is easily distracted [0, 80]

c1 U31: Inferiority complex sensitivity [90, 100] C

c2 U32: Self-isolation [80, 90]

c3 U33: Emotional anxiety [0, 80]

Table 5. Quantified importance scale for each indicator of interaction barriers for elderly people

Risk Rating Title Quantification Scope

I Most important [80, 100]

II Moderately important [50, 80]

III Least important [0, 50]

Analysis of Barriers to Seniors Interaction and Design Elements for Intelligent
Interaction Products for Seniors. Upon evaluating the calculated results, the degree
of influence of interaction barriers among the elderly can be ranked as follows: physical
decline barriers > cognitive memory barriers > emotional and psychological barriers.
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Therefore, the design process should prioritize addressing these interaction barriers and
their associated pain points. Considering the secondary weights, it is crucial to address
physiological decline barriers, with visual and auditory sensory decline being primary
concern, while metabolic slowdown is a secondary consideration. The presentation of
audio-visual effects is critical in achieving product functionality and delivering a satis-
factory user experience. Loss of sight and hearing significantly impacts the overall user
experience of intelligent interactive products. Designers must explore design styles and
elements that resonate with the elderly user group and adapt them to each functional
aspect. It is essential to carefully consider the display of intelligent interactive products
and utilize narrative color shapes that are psychologically relevant to the target group.

4 Accessible Interaction Design Strategies

In the design of products, the following factors, are considered to ensure ease of use,
comprehension, and a psychologically satisfying experience for the elderly (see Table 6).

Table 6. Considerations and design strategies in the process of product design for the elderly

Factors to Consider Design Strategy

Physiological decline disorder Avoid absolute power-oriented products and consider the
weight of products

Cognitive memory impairment Ensure visual simplicity and clarity of interactive screens,
avoiding complex functional operating systems

Emotional psychological disorders Maintain style familiar to the user community and
increase the user interaction experience

4.1 Interactive and Inclusive Design Under the Concept of Accessibility

Interactive inclusion facilitates information exchange and transfer between elderly user
groups and intelligent interactive products. Typically, barriers encountered by the elderly
can be categorized into three main areas: (1) physical impairments, (2) diverse physical
barriers, and (3) emotional and psychological barriers. Table 7 presents a compilation
of solution ideas to address these barriers effectively.

4.2 Customized Interactive Interface Design with the Concept of Accessibility

The interactive interface of intelligent products typically comprises an intricate elec-
tronic component and a virtual software interface (see Table 8). To enhance the tactile
experience, selecting materials that offer a warm texture is advisable, thereby promoting
favorable tactile feedback. In terms of the software interface, the application of artificial
intelligence-based interaction design is actively pursued to foster increased interaction
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Table 7. Existing problems and ideas

Existing Problem Solution

Physiological Disorders Provide diversified interaction channels and enrich
interaction modes

Physiological Disorders Differentiation Enriching the multi-channel interaction space with
customized interaction methods through big data
collection and artificial intelligence analysis

Emotional Psychological Disorders Create stress-relieving design styles to soothe users’
mental disorders by color, shape of products

between the product and elderly users. The underlying design concept aims to transform
the product from a cold, emotionless entity into an empathetic “companion” capable of
accompanying elderly users. The software’s interactive graphics should embody sim-
plicity and freshness, accompanied by soothing music and calming animations during
standby periods. Furthermore, the software should be able to record comprehensive data
on the daily lives of the elderly, facilitating reliable and extensive data analysis that
enables caregivers to provide improved care and support.

Table 8. Ideas for customizing the interaction interface

Electronic Hard Assemblies

Tactile Warm textured material

Visual Give full empathy and avoid overly abstract or flattened shapes

Virtual Software Interface

Concept From a product to an emotional companion

Technology Support Based on artificial intelligence to enable product-user interaction

Sensory Style Simple and refresh overall visuals with soothing music, healing
animation effects, which combines with a multi-sensory experience

4.3 Intimate Empathy in Interactive Contexts Under the Concept of Accessibility

Based on the principle of contextual interactivity, Table 9 presents design ideas aimed
at enhancing the interactive context between users and intelligent products. Two key
aspects should be prioritizedwhen creating an interactive environment for such products.
Firstly, catering to user preferences, design elements such as traditional atmospheric and
nostalgic retro styles and natural landscapes can be incorporated to establish a sense of
familiarity between the products and users. This approach provides users with a visually
rewarding experience. The interface design should emphasize the presentation of natural
scenery or the creation of retro and nostalgic scenarios. For instance, implementing a
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virtual reality (VR) surround view effect featuring natural landscapes effectively soothes
users’ emotions during the waiting interface.

Moreover, the voice prompting function of the product holds great significance.
Leveraging AI technology, thought-seeking and human-machine communication can
be developed to facilitate user operation and engagement. Selecting an AI-generated
human voice characterized by a gentle and soothing tone further enhances the creation
of a warm and intimate operating guidance space, thereby augmenting the interaction’s
intimacy and empathy.

Table 9. Ideas for the design of intimate empathy in interactive situations

Interactive Environment Building

Design Factors Natural landscapes

Design Style Traditional Atmosphere Nostalgic and vintage

Contextual Assistive Technology

VR Natural landscape VR effects designed for soothing

AI Human-machine communication for user-friendly operation of product;
Gentle and soothing tone of vociferates warm and intimate operating
instruction space

VR Natural landscape VR effects designed for soothing

5 Summary

This study employs the Analytic Hierarchy Process (AHP) to investigate the interaction
barriers experienced by the elderly when using intelligent products. Using case stud-
ies, user research, demand analysis, and weight calculation, we systematically extract,
analyze, transform, integrate, select, and address the interaction barriers faced by the
elderly when using intelligent products. By doing so, we aim to mitigate the subjective
biases inherent in the design process, establish clear design objectives for enhancing the
accessibility of intelligent products for the elderly, and develop a comprehensive acces-
sibility interaction design strategy. The findings suggest that the interaction between
the elderly and intelligent products is complex and dynamic. To better serve the elderly
population, optimizing design styles and elements based on user barrier factors is cru-
cial while leveraging advanced technologies such as Artificial Intelligence and Virtual
Reality. Furthermore, future research should also consider more intricate issues, such as
the distribution of functions between intelligent interactive products and users.
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Abstract. Currently, silver economy is substantial, but there is a clear supply
imbalance issue. The social responsibility of companies related to aging and acces-
sibility has gradually become a topic of concern. To design aging-friendly appli-
cations, it is necessary to have better knowledge about older adults’ perceptions
and experiences of mobile applications.

Given the above setting, a user-driven aging design system guide based on
the perception system of the elderly has been offered as a solution to the digital
divide issues created by the shortcomings in user interface design for aging adults
in contemporary China. The Kano model (KANO), Analytic Hierarchy Process
(AHP), and Quality Function Deployment (QFD) methods are integrated into the
design of the aging design guideline. First, a quantitative study was conducted,
collecting questionnaires from a total of 100 participants, including 52 individuals
aged 41–50, 28 individuals aged 51–60, and 20 individuals aged 60 and above.
Second, a qualitative study was carried out involving in-depth interviews with 16
participants aged 50–60. Through the research, 15 user requirements were iden-
tified and classified using KANO. Next, AHP was introduced to determine the
weights of different attributes of user requirements. Finally, in order to prioritize
the design elements, QFD was used to identify the design elements that needed
emphasis during the design process. This study provides a basis for the perceptual
information interaction of Chinese older adults within smartphone systems, offer-
ing standardized guidance for subsequent researchers in user-centered interaction
design for the elderly, ultimately enhancing the well-being of the elderly.

Keywords: Aging-friendly · User-driven design · User interface · Kano model ·
Digital Inclusion

1 Introduction

Globally, the population is aging and the World Health Organization (WHO) predicts
that, by 2050, the population aged 60 years or more will double, whilst those aged
80 years or more will number 400 million persons [1]. In 2020, the total scale of China’s
silver economy was about 54,000 billion yuan, accounting for 5.56% of the global silver
market share. Designing for the aging population is a critical challenge that requires
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considering aspects of user experience, service, and technology [2]. As people age, their
needs, goals, and unique issues change, and well-designed systems and technologies can
help address these changes [3]. However, it is important to understand the age-related
changes in cognition, movement, and behavior when designing for older adults [4].
Mobile technology has the potential to improve the health and quality of life for older
adults, but previous efforts have overlooked their specific physiological differences [5].

Johnson and Finn discussed various aspects of aging, including vision, motor con-
trol, cognition, and attitude, and provided insights on working with older adults [6].
After conducting a thorough review of the literature on human-computer interaction
and aging, Rot and his team created a set of user interface design guidelines centered
on aging. As a case study, these guidelines were utilized to evaluate the user interface
of the ActGo-Gate platform [7]. Current research has lessened some of the physical
and mental stresses experienced by elderly people when using programs by addressing
inclusion issues in user interface design. However, contemporary research is less user-
centered, ignoring personalized user requirements and lacking a systematic framework
for providing technical and design standards.

Therefore, this paper will use a research method that combines the Kano model
(KANO),AnalyticalHierarchy Process (AHP) andQuality FunctionDeployment (QFD)
to study the qualitative and quantitative requirements and experiences of elder users for
smartphone interface design. In the end, new ideas and guidelines for aging-friendly
interface design are provided based on an elderly user-centered perspective.

2 Research Methodology

In the design research and development process, methods for constructing designmodels
from the perspective of user needs include the KANO, QFD, AHP, The Optimal and
Theory of inventive problem solving (TRIZ), Axiomatic Design (AD), and so on. In
recent years,many researchers have conducted in-depth research on thesemodelmethods
and integrated them into the development of design projects. KANO is used in design
to analyze and classify user demand attributes, prioritize user needs, and improve user
satisfaction. It has been applied in various fields such as cultural creative products [8]
and outfit design [9]. By using KANO, designers can identify the key design elements
that will enhance the user experience and meet the specific needs of the target users.
This method allows designers to effectively extract and transform user requirements into
usable data, simplifying the design process and ensuring optimal design outcomes.

AHP is used in various fields for decision-making and design evaluation purposes.
It can be employed to classify and represent preferences numerically, as demonstrated
in the pumping station design [11]. AHP is utilized in the design evaluation system
for dining room chairs, providing quantitative analysis of user requirements and aiding
designers in the early and later stages [12].

QFD is used in design research to ensure objective requirements gathering and sci-
entific design positioning. It involves constructing a House of Quality (HOQ) to analyze
the relationship between requirements, and using TRIZ to help resolve feature conflicts
when designing [13]. QFD can contribute to reduce costs and time, support the decision
prioritization for cloud service [14]. QFD can transform user requirements into design



102 Z. Wang

features. The prerequisite for completing the combination of KANO and QFD is to
determine the hierarchy and priority of user needs in advance [15]. The process is user
demand-driven, taking into account both user’s perceptual needs in the product develop-
ment process and specific design parameters in the scientific process, making analysis
and decision-makingmore accurate and efficient than traditional designmethods (Fig. 1).

Fig. 1. Research methodology model composition diagram. Source: Author’s own work.

3 Aging-Friendly User Interface Design Process Incorporating
KANO, AHP and QFD Methods

3.1 Target User Requirements Extraction

This research randomly selected 100 elderly users of smartphone as target groups and
conducted a questionnaire survey, including 52 individuals aged 41–50, 28 individuals
aged51–60, and20 individuals aged60 and above. It also extracted and analyzed the basic
information of users, such as age, gender, occupation and usage frequency, and found that
there are obvious individual differences in the decline of physiological characteristics
in the dimensions of vision, hearing, cognition, and limb, and it is difficult to use the
common physiological age (the standard of defining the elderly by physiological age
in most countries is set at 60 or 65 years old and above, and anyone over 60 years old
is considered an elderly person in China) to define the elderly smartphone users [16].
Therefore, this article selects the elderly group aged 50 to 60.

The characteristics of this group are aged over 50–60 years, as age increases, physical
functions will gradually decline, and the following characteristics appear: unable to
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see or hear clearly, unable to read or understand, lose focus or memory, face cultural
differences. To make the survey more targeted, this research focuses on the elderly who
have a need for frequent smartphone use. They used smartphones on average no less
than three times a day, with a cumulative duration of no less than one hour a day, with
a high frequency of use. Interview methods and on-site observation methods are used
to obtain users’ explicit and implicit needs [17], as well as user journey maps and the
transformation of users’ original voices.

3.2 KANO-Based User Requirement Attribute Classification

Based on data integration through questionnaire surveys, in-depth interviews, and human
factors research, it was found that the current applications have a high learning threshold
for elderly users, with redundant functions and unclear content display. In order to
solve the above problems and optimize the elderly user experience, designers need
to combine user needs and product satisfaction during research and development, use
KANO to conduct research and analysis, clarify user needs, and reduce the occurrence
of inconsistency between the design results and users’ expectations. After sorting and
analyzing the user survey results, 15 user requirements were derived.

Then based on the design principles of KANO questionnaire, a 5-level Likert ques-
tionnaire wasmade according to the obtained user requirements, and the satisfaction was
divided into five levels: like (5), necessary (4), irrelevant (3), tolerable (2) and dislike
(1). The questionnaire design is shown in Table 1. Users need to evaluate whether they
are satisfied with such requirements from two dimensions, positive and negative.

Table 1. Kano Two-factor Fifth-order Likert questionnaire.

If available, what is 
your attitude? Aging-friendly user interface design user needs

If available, what is 
your attitude?

1     2     3     4     5                                                                                         1     2     3     4     5 
Large font 

Color matching 
Loud volume 
Typesetting 
Font style 
……

KANO divides the degree to which a product satisfies user needs and preferences
into five multidimensional categories: Must-be Quality (M), One-dimensional Quality
(O), Attractive Quality (A), Indifferent Quality (I) and Reverse Quality (R). Table 2
shows the Kano evaluation table to determine the Kano orientation for each requirement,
based on the relationship between the degree of product functional availability and user
satisfaction.
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Table 2. Kano evaluation.

Positive Negative

Like (5) Necessary (4) Irrelevant (3) Tolerable (2) Dislike (1)

Like (5) Q A A A O

Necessary (4) R I I I M

Irrelevant (3) R I I I M

Tolerable (2) R I I I M

Dislike (1) R R R R Q

Sorting out the KANO attributes of the 15 user requirements in Table 3, there are 6
Indifferent Quality (I), 3 Must-be Quality (M), One-dimensional Quality (O), 3 Attrac-
tive Quality (A), and there are no Reverse Quality (R). Indifferent Quality (I) include:
operation feedback, operation guide, simplify setting, automatic alarm, large icon, and
handwriting input method amplification. Indifferent Quality (I) have no direct impact on
improving user satisfaction, so these 6 user requirements will be excluded and will not
appear in the next design process; Must-be Quality (M) include: large font, loud volume,
clear color. They are necessary for aging-friendly user interface design. If not met, user
satisfaction will be significantly reduced, so they will also be included in the design
guidelines; One-dimensional Quality (O) include: font style, color contrast, typesetting.
The more these needs are taken into account in design, the higher the user satisfaction.
Therefore, it is necessary to meet these needs as much as possible; Attractive Quality (A)
include: font rating, volume adjustment, color matching. Optimizing the above require-
ments can provide users with unexpected surprises. Once satisfied, it will significantly
improve user satisfaction, so it should be given special consideration in aging-friendly
design.

3.3 Calculation and Analysis of User Requirement Weights Based on AHP
Method

Although KANO classified the user requirements, it was not clear how important they
were in the ranking. To help focus the subsequent product design, this paper used AHP
to systematize user requirements, gave different levels of hierarchical decomposition,
and finally obtained the weighting value through quantitative calculation.

First, based on the analysis results of user requirements in Table 3, the indicator levels
of the AHP model is determined: the baseline level (Primary Indicator) is the KANO
attributes M, O, and A. The sub-baseline level (Secondary Indicator) is the segmentation
of user requirements. Then build an analysis model based on the basic concepts of the
analytic hierarchy process (see Fig. 2).

Calculation of User RequirementWeights. In order to construct the judgement matrix
and establish the weights of user requirements scientifically, and to quantify and analyze
the qualitative problems, the 1–9 level proportional scaling method is used to assign
scores. Create an AHP questionnaire, and invite 6 experts and scholars to compare and
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Table 3. Kano statistical results.

Requirement Percentage (%) Kano Orientation

A O M I R Q

Large font 4.0% 3.0% 60.0% 24.0% 4.0% 5.0% M (Must-be Quality)

Operation guide 15.0% 6.0% 12.0% 43.0% 18.0% 6.0% I (Indifferent
Quality)

Large icon 8.0% 3.0% 11.0% 65.0% 13.0% 0.0% I (Indifferent
Quality)

Simplify setting 7.0% 5.0% 24.0% 56.0% 3.0% 5.0% I (Indifferent
Quality)

Font style 15.0% 41.0% 13.0% 23.0% 6.0% 2.0% O (One-dimensional
Quality)

Automatic alarm 12.0% 3.0% 12.0% 41.0% 17.0% 15.0% I (Indifferent
Quality)

Loud volume 8.0% 36.0% 37.0% 6.0% 5.0% 8.0% M (Must-be Quality)

Handwriting input
method
amplification

5.0% 0.0% 11.0% 58.0% 25.0% 1.0% I (Indifferent
Quality)

Color contrast 4.0% 79.0% 14.0% 1.0% 0.0% 2.0% O (One-dimensional
Quality)

Operation
feedback

22.0% 4.0% 14.0% 38.0% 18.0% 4.0% I (Indifferent
Quality)

Font rating 75.0% 17.0% 1.0% 4.0% 0.0% 3.0% A (Attractive
Quality)

Volume
adjustment

34.0% 24.0% 14.0% 27.0% 1.0% 0.0% A (Attractive
Quality)

Clear color 0.0% 2.0% 84.0% 14.0% 0.0% 0.0% M (Must-be Quality)

Typesetting 11.0% 81.0% 3.0% 4.0% 1.0% 0.0% O (One-dimensional
Quality)

Color matching 94.0% 0.0% 0.0% 5.0% 1.0% 0.0% A (Attractive
Quality)

rate the importance of each level of demand based on a 1–9 rating scale. The weight
results are calculated as follows:

Taking its arithmetic mean as the basis for weight calculation, the judgment matrix
at each level is obtained. In the formula, Si and Sj (i, j= 1,2,…,n) represent the elements,
and Sij represents the relative importance of Si to Sj. Numerical value, if the result is
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Fig. 2. Hierarchy expansion of design requirements for aging-friendly user interface. Source:
Author’s own work.

opposite, it is expressed as 1/Sij.

S = (
Sij

)
n×n =

⎡

⎢⎢⎢
⎣

S11 S12 · · · S1n
S21 S22 · · · S2n
...

...
. . .

...

Sn1 Sn2 · · · Snm

⎤

⎥⎥⎥
⎦

(1)

Determine the maximum eigenroot λmax of the matrix and perform a consistency
test. n is the value corresponding to the judgment moment evaluation scale; IRI is the
consistency index; ICR is the consistency ratio.

ICI = λmax − n

n − 1

ICR = ICI
IRI

(2)

In order to ensure the scientific validity of the results, a consistency test (ICR ≤
0.1) is carried out on the results of the judgement matrix, in which the ICR value of the
Primary Indicator in Table 4 is: 0.037, and the Secondary Indicator ICR values in Table 5
are: 0.062, 0.052, 0.062, respectively, which are all less than 0.1, and in line with the
consistency test standard.

Calculate the total weight values of the 9 Secondary Indicator weights and sort
the composite weights, see Table 6. This leads to the design features that need to be
prioritized.
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Table 4. Primary Indicator Weight.

Primary Indicators M O A Weight Value ICR

M 1 5 3 0.637

O 1/5 1 1/3 0.105 0.037

A 1/3 3 1 0.258

Table 5. Secondary Indicator Weight.

Secondary Indicators M O A Weight Value Composite Weight ICR

M1
M2
M3

1
5
7

1/5
1
3

1/7
1/3
1

0.072
0.279
0.649

0.045
0.117
0.413

0.062

O1
O2
O3

1
1/2
1/3

2
1
1/3

3
3
1

0.528
0.333
0.139

0.055
0.034
0.014

0.052

A1
A2
A3

1
1/3
1/7

3
1
1/5

7
5
1

0.649
0.279
0.072

0.167
0.071
0.018

0.062

Table 6. Ranking of indicator weight.

M1 M2 M3 O1 O2 O3 A1 A2 A3

0.045 0.117 0.413 0.055 0.034 0.014 0.167 0.071 0.018

6 3 1 5 7 9 2 4 8

3.4 Design Element Analysis Based on QFD Methods

After clarifying the weight value of each user requirement in the aging-friendly user
interface design through AHP and analysis by expert group, these user requirements
were used to be transformed into design parameters through QFD method, as shown in
Table 7.

Based on the weight values of user requirements obtained from the AHP, the quality
house of the aging-friendly user interface design is established as shown in Table 8,
where the different symbols are the default values of � = 1, ◎ = 1.2, and ● = 1.5,
and the sum of the products of all requirements under the function and the Composite
Weight values is the final score of the function. The score will provide focused support
for the design parameters development.
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Table 7. Comparison of user requirements with design parameters.

Category Number User Requirement Design Parameter

Font M1 Large font Font size, weight, line height DP1

O1 Font styles Non-serif font DP2

O3 Typesetting Layout and readability DP3

A1 Font rating Font size and multiples DP4

Color M3 Clear colors Color value DP5

O2 Color contrast Text and background contrast DP6

A3 Color matching Color combinations DP7

Sound M2 Loud volume Sound contrast sensitivity DP8

A2 Volume adjustment dB range DP9

Table 8. House of Quality for design parameters in aging-friendly user interface.

Composite
Weight

DP1 DP2 DP3 DP4 DP5 DP6 DP7 DP8 DP9

M1 0.045 ● ● ●

M2 0.117 ● ●

M3 0.413 � ● ● ●

O1 0.055 ◎ ● �
O2 0.034 ● ● ●

O3 0.014 ● � ● ◎

A1 0.167 ● � ●

A2 0.071 ● ●

A3 0.018

SUM (Scores) 0.405 0.096 0.725 0.334 0.670 0.670 0.670 0.282 0.282

4 Aging-Friendly User Interface Design Guideline

Based on the design parameters and key analysis established by the KANO-AHP-QFD
method, this study conducted design research and practice on the aging-friendly user
interface from three dimensions: font, color, and sound, and formed a design guideline.

4.1 Font

Non-serif Font. Users gain quick access to information via the interface’s text, and the
readability of the language has a direct impact on the user experience. Text that is easy
to read allows consumers to recognize information more quickly. Non-serif font offer
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a more defined structure and more eye-catching outlines than serif fonts, which might
help to avoid tiredness (see Fig. 3).

Fig. 3. Non-serif font and Serif font comparison.

Font Size, Weight, Line Height. The font weight used improves hierarchy and distin-
guishes importance. Use Bold or Medium font weights for small fonts up to 18sp, and
avoid using Light font weights and lower. The text is the most important element for
users to understand the information, appropriate font size is the foundation to ensure the
efficiency of information access. Considering the applicability of the application for the
elderly, the minimum font size is not less than 16 sp, and the font size of the reading
content is not less than 18 sp. It is advised that no more than 2–3 font styles be used on
the same page to avoid the interference of reading information generated by too many
font styles (see Fig. 4).

Fig. 4. Aging-friendly reading user interface example.

Layout and Readability. In general, the page information is divided into three levels:
the first level of key information, the second level of supporting information, and the
third level of additional information. In order to ensure the completeness of information
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display and avoid difficulty in understanding due to missing text. Reduce text truncation
as font size increases to guarantee comprehensive display of primary and secondary
information. When text is contained in a container, such as a card, the container can
be stretched appropriately to display additional text (see Fig. 5). Use responsive layout
to restructure the position changes of elements and try to ensure that text is displayed
in a stacked layout above secondary elements. Reading speed slows down due to aging
eyesight, and moving information is more likely to distract users and reduce readability.
Therefore, it is necessary to try to ensure that primary and secondary information is
displayed clearly and completely without scrolling. Scrolling speed needs to be slowed
down according to the length and complexity of the content.

Fig. 5. Minimizing comparisons of truncated text displays

Font Size Grades and Multiples. Users can customize the multiple size display of
elements. Small, Default, Medium, Large, and Extra Large are the five sizes available.
In the aging-friendly mode, the large/G4 standard is default, font and line height ratio
is enlarged to 1.5 times, graphic components, buttons, spacing, etc. ratio is enlarged to
1.15 times, 30 sp and above fonts are no longer enlarged, except in particular cases (see
Fig. 6).

Fig. 6. Font size grades and multiples comparison.

4.2 Color

Color Value. As age increases, their lenses become yellow and cloudy, resulting in a
decrease in their ability to distinguish colors at the blue end of the spectrum, but their
ability to distinguish red and yellow areas remains relatively stable [18]. Color vision
in the elderly has difficulty primarily in perceiving and discriminating colors of shorter
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wavelengths (see Fig. 7). Therefore, when designing for the elderly, try to avoid asking
the elderly to distinguish colors with shorter wavelengths, and try to avoid using adjacent
cold color combinations.

Fig. 7. Ordinary and elderly wavelengths compared.

Text and BackgroundContrast.Aswe age, the pupillary sphincter inevitably declines,
eventually stabilizing around the age of 60. Elderly users’ sensitivity to light, ability to
distinguish similar colors, and ability to distinguish details all decrease. In order to ensure
that older users can read the content clearly in both light and dark modes, it is necessary
to set the text and background color values (see Fig. 8).

Fig. 8. Aging-friendly text and background color values.

4.3 Sound

Hearing is also an important source of information for us. However, as we age, the
auditory center of the human brain begins to decline, leading to hearing loss and even
presbycusis in the elderly, hearing sounds but not hearing the content; low-frequency
sounds cannot be heard (e.g. drums), high-frequency sounds cannot be tolerated (e.g.,
the sound of a sharp scrape), and stereo sound becomes noise.

Therefore, it is recommended to consider the following points when designing: The
notification sound can be increased in volume, the appropriate decibel for normal young
people is 70 dB, and 90 dB ismore recommended for the elderly, but avoid uncomfortable
sound, and deal with the ambient sound, so as to make the content sound clearer; Provide
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subtitles for videos and guides, and text transcription for audio files, and display subtitles
using static text wherever possible.

5 Conclusion

With the development of society, the elderly group occupies a more and more important
position in the society, so the attention to the needs of the elderly in user interface
design becomes more and more urgent. This paper aims to propose a set of guidelines
for user interface design based on user-perceived aging adaptation to better meet the
needs of elderly users. During the design process, it systematically consider the user’s
perceived aging needs by integrating the use of KANO, AHP and QFD, and incorporate
them into the consideration of design decisions. Compared with the traditional design
approach, proposed user-driven designmodel pays more attention to personalization and
user experience to better adapt to the perception and usage habits of the elderly.

Ultimately, this research not only provides an innovative approach to the field of user
interface design, but also fills in the gaps of existing design methods to some extent.
By focusing on the requirements of the elderly, we expect that more designers will be
motivated to pay attention to the elderly users in their future work and design closer to
the real needs of the users, thus achieving a win-win situation between the design and
the users. In practice, this study encourages designers to actively adopt the guidelines
and incorporate user needs into the design process to provide more friendly and easy-to-
use user interfaces for the elderly. Through continuous practice and improvement, this
user-driven design concept will play an increasingly important role in future interface
design.
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Abstract. This study aimed to explore the resolution strategies of multiple value
conflicts in gerontological technology design, with a special focus on the integra-
tion process of self-service health screening equipment in elderly health ecosys-
tems. By adopting the methodological framework of value-sensitive design and
dilemmadesign, this study aims to address the conflict between autonomy, privacy,
and personalization needs that older adults face when using technology products.
In the literature review section, we review relevant research in the field of geron-
tology, with a particular focus on different ways of integrating technology into
elder care. We discuss the theoretical background and practical applications of
value-sensitive design, as well as methods previously used to explore and address
value conflicts in technology design. For our methodology, we adopted qualitative
research methods, including literature analysis and case studies. We conducted
semistructured interviews and focus groups to gather the views and experiences
of older people, healthcare professionals, and stakeholders. Additionally, we con-
ducted a triangular analysis of conceptual studies, empirical studies, and technical
studies to gain a comprehensive understanding of the complexities and challenges
of gerontechnology design. In the findings section, we propose a value-based
description model that identifies key value conflicts in gerontechnology design
and provides strategies for resolving these conflicts. We carried out design prac-
tice based on the theoretical section, producing product prototypes and interfaces.
Our findings indicate that integrating the perspectives and needs of different stake-
holders during the design process and fully considering the values and lifestyles
of older adults can effectively reconcile value conflicts, thereby increasing user
acceptance and satisfaction with gerontechnology products.

Keywords: Gerontechnology · Value-sensitive Design · Dilemma-driven
Design · Descriptive Model

1 Introduction

The current state of our world has been shaped by the inevitable trends of aging and
technological advancement [1]. Gerontech, which combines elderly care services with
smart technology, offers innovative solutions to address the shortage of labor and medi-
cal resources, as well as the limitations faced by elderly people in independent living. As
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a result, gerontech has emerged as a powerful tool for promoting sustainable develop-
ment in society. With the rapid development of smart technology and the diverse range
of applications, the design of gerontech is characterized by diversity and uncertainty.
Scholars emphasize the importance of integrating values from the early stages of tech-
nology design, recognizing the multiple values and interests involved [2]. In the design
process of gerontech, conflicting values can easily arise, which can impact the interaction
between the product and its stakeholders. Therefore, effectively resolving and integrat-
ing these contradictions has become an urgent issue. Particularly in the internal design
process of prediction, creation, realization, and application, designers are increasingly
focusing on analyzing and coordinating the contradictions and oppositions among the
multiple values held by stakeholders. In the design of aged technology products, it is
crucial to comprehend and balance the needs and expectations of various stakehold-
ers. This ensures that products and services effectively fulfill the requirements of target
userswhile generating value for other relevant entities. This accomplishment necessitates
interdisciplinary collaboration, thorough user research, and ongoing iterative design.

Resolving and integrating pluralistic value conflicts in the design process of geron-
technology products has become a pressing issue. This is especially true during the
intrinsic technology design processes of prediction, creation, realization, and applica-
tion. Designers are now paying significant attention to analyzing and coordinating the
contradictions and oppositions among stakeholders’ pluralistic values. These values are
considered beliefs about what is good or desirable and include human autonomy, secu-
rity, sustainability, or privacy. Ethicists and philosophers of technology have developsed
methods such as value-sensitive design (VSD) and responsible research and innovation
to incorporate these values into technology design. Inspired by the Delft University of
Technology white paper on ‘Value Change and Technology Design’, our research aims
to uncover the key components that harmonize value conflicts in the technological design
and application of gerontechnology products. We aim to construct a descriptive model
within gerontechnology design. The presence of dilemmas and conflicts in system design
not only presents challenges but also provides insights into the interconnectedness of
systems. In the field of gerontechnology, these conceptual conflicts, intergroup conflicts,
and individual dilemmas are particularly evident in the multidimensional dynamic rela-
tionships between technology and users. The design and application of medical care
technologies, such as self-service health screening devices, involve complex pluralistic
value conflicts between autonomy, privacy, the personalized needs of elderly people,
and universal design principles. This study utilizes a dilemma-driven design approach
to identify and explore multilayered conflicts and dilemmas in gerontechnology product
design. By using self-service health screening devices as a case study and employing the
value-sensitive design (VSD)methodology,we develop a descriptivemodel of pluralistic
values.
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2 Literature Review

2.1 Literature Review on Dilemma-Driven Design in System Design

Dilemma-driven design is a conceptual approach in system design that focuses on resolv-
ing conflicts arising fromcompeting values or requirements. This approach is particularly
relevant in fields such as gerontechnology, where designers need to navigate complex
value landscapes involving multiple stakeholders. Ozkaramanli and colleagues (2016)
elaborate on this concept, emphasizing its usefulness in addressing conflicts within indi-
viduals. They argue that dilemma-driven design enables a nuanced understanding of
user needs and preferences, especially when these needs conflict with each other or with
available technological possibilities [3] (Fig. 1).

Fig. 1. Visualization based on the dilemma-driven design model.

2.2 Literature Review on Value-Sensitive Design

Value-sensitive design is a methodological system proposed by Batya Friedman, a pro-
fessor at the School of Information at the University of Washington, in the 1990s. It
aims to address ethical issues in the early stages of information technology design. The
main focus is on incorporating the values of stakeholders into the design of information
systems and making value trade-offs and guidance through specific methods. Value-
sensitive design emphasizes the interpretation and maintenance of human values in a
principled and comprehensive manner during the design process. It provides researchers
and designerswith a theoretical approach to uphold humanwell-being, rights, and justice
in the system [4]. The article ‘Value-Sensitive Design’ by Friedman presents multiple
cases illustrating that the criteria for evaluating systems vary depending on the project,
including reliability, efficiency, correctness, etc. However, the most crucial aspect is that
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technical design should encompass or at least reflect the core human values. [5] Cenci
and Cawthorne [6] combined value-sensitive design with the capability approach [7]
proposed by Sen, which enhances the ethical democratic introduction of value-sensitive
design. This combination provides an ‘objective and fair’ value selection procedure and
guides the resolution of diverse and incommensurable issues with different priorities,
values, and legitimate goals.

The lack of commitment to specific ethical theories in practical applications of VSD
poses a challenge. However, this makes it suitable for applied science, particularly in
the implementation of welfare-oriented technological design in specific social contexts.
Jacobs proposed CSD (capability sensitive design) based on VSD and combined it with
the relevant theories of the capability approach. The aim was to conduct a normative
evaluation of technical design, especially in the context of health and welfare [8]. CSD
provides more specific rules than VSD does, serving as a more detailed design guid-
ance method. This approach aligns well with the common goal of technology design,
which is to enhance and expand human capabilities and work [9]. CSD focuses on con-
version factors and the ability of individuals to transform resources into capabilities
while also helping analyze human diversity. The ultimate goal of CSD is to normatively
evaluate technical designs based on their ability to extend human value [10]. Value-
sensitive design allows designers to repeatedly and iteratively engage in tasks such as
value input, value selection, and value trade-offs throughout the design and develop-
ment process, providing valuable guidance. Methodological guidance and suggestions
for medical design. Value-sensitive design is widely used in subdivided fields such as
medical equipment design research, medical information design research, and medical
service design research [11]. Because of its characteristics, a value-sensitive design can
be used as a guiding methodology in this research design.

2.3 Research Status of Shanghai Community Self-service Sign Detection
Equipment

As early as 2007, China’s former Ministry of Health encouraged organizations from all
walks of life to take action in building a healthy lifestyle for all people. By detecting
health indicators and chronic disease risk factors early, diseases can be detected and
managed in a timely manner, reducing harm and economic consequences. Since then,
various community services promoting disease prevention have been launched in China.
In recent years, government-led public health institutions known as health huts have
emerged in communities. These health huts rely on community public spaces to pro-
vide services such as physical examinations, intervention guidance, health promotion,
and knowledge acquisition. Before health huts became a business model, many orga-
nizations, groups, and individuals volunteered to provide free health services to com-
munity residents. Later, medical equipment manufacturers specialized in such projects
and collaborated with governments, communities, streets, and other service providers
to promote this model. Regional and standardized health cabins began to appear, and
communities gradually adopted these devices for convenience [12]. Over time, a com-
prehensive form of equipment offering various self-service options started to appear in
the health cabin project. These machines, also known as ‘health all-in-one machines’
or ‘public health all-in-one machines’, are based on cloud platform big data. Multiple
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instruments required for daily physical examinations are integrated, and test results are
uploaded to personal health files through the ID card login system [13] (Fig. 2).

Fig. 2. Equipment in the Shanghai Health Cabin (from left to right: sign detection equipment,
physical fitness detection equipment, interactive screen) (Picture source: https://www.Shxwcb.
Com/318196.Html.

3 Methodology

This study is divided into four phases. First, the theoretical foundation and conceptual
research stage delves into the theory of value-sensitive design through literature analysis,
establishing a solid foundation for subsequent research. Moreover, this paper considers
the relevant value of self-service sign detection among stakeholders and communities,
preparing for empirical research (Fig. 3).

Through the use of the ternary research method of value-sensitive theory, this study
aims to identify value appeals and explore value transformation. By visualizing the
ternary relationship diagram based on a previous literature review, the practical trans-
formation path of design as the starting point of value becomes clearer. Additionally, the
study investigated the design attributes associatedwith cost-effectiveness, perceived use-
fulness, usability, safety, and comfort. Empirical research is conducted through a recruit-
ment and observation interview process involving elderly individuals in the community
(Table 1).

The second phase involves empirical research, where data are collected through
observation and semistructured interviews. The observations focus on older adults’ inter-
actions with existing equipment and their performance within the wellness hut to capture
value suppression. The interviews directly gathered the opinions and value demands of
stakeholders, providing inspiration and an overall perspective on product design (Fig. 4).

To explore the opinions and values of various stakeholders on self-service testing
equipment, the author conducted in-depth semistructured interviews with direct stake-
holders. The semistructured interview questions were designed to tap into stakehold-
ers’ understanding, opinions, and values of the technology. These questions typically

https://www.Shxwcb.Com/318196.Html
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Fig. 3. The Transformation Relationship of Ternary Research.

Table 1. Self-service sign detection for direct stakeholders.

Professionals Assigned by the service agency for operational sign testing in
cooperation with the government

Community volunteers The active force of community service, with the dual use of services
and the provision of services

Elderly users Elderly residents with various degrees of health needs

focused on the stakeholder’s evaluative judgment of the technology (e.g., whether they
considered it good or bad) and the reasons behind their judgment. Additionally, other
considerations raised by stakeholders were also explored. To gain a better understanding
of the current situation, the author also interviewed the person in charge of a community
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Fig. 4. Research observation and semistructured interview pictures and affinities.

service agency. The interviews focused on the operation of health cabins by the agency
and included their views on self-service testing equipment (Table 2).

Table 2. Recruitment criteria.

Recruitment criteria

Age: over 60 years old

Ability: Have enough mobility, feeling and cognitive ability, and be able to complete daily
activities independently

Residence: Long-term fixed residence
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Different levels of familiaritywith digital interactive devices and community services
can result in varying perceptions of self-service testing among users. To gain a compre-
hensive understanding of different residents’ views on self-service health examination
equipment, the author conducted interviews with elderly individuals who had different
experiences with community services. Three users with varying levels of experience in
self-service testing services were recruited for semistructured interviews. The involve-
ment of service providers, including professionals and volunteers, was crucial to the
study, as observed in the previous study. Health huts can be found in various locations,
such as large local comprehensive senior care centers, personal health service stations,
and activity centers for seniors. Additionally, smaller neighbor centers and community
services are also worth investigating. The author visited these facilities and conducted
offline interviews with a total of 5 service staff. It is important to note that the community
volunteers visited by the author were all elderly individuals in the younger age group
(Table 3).

Table 3. Summary of the overall basic information of the interviewees.

Object Code name Age Surrounding
environment

Medical
treatment/medical
experience

user User A 68 Have a relatively
complete community
health service

Experienced
autonomous testing
equipment

User B 70 Community health
services with
volunteers

User C 61 There is no
community health
service

Have not experienced
autonomous testing
equipment

Community volunteers Volunteer A 63 Health Cabin
(Community Cultural
Activity Center)

Nonprofessional
medical background,
understand basic
health knowledgeVolunteer B 66 Health Cabin

(Community Cultural
Activity Center)

Volunteer C 61 Good neighborhood
in the community

Professionals Professional A 55 Health Cabin
(community is the old
center)

Received
professional physical
examination training

(continued)
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Table 3. (continued)

Object Code name Age Surrounding
environment

Medical
treatment/medical
experience

Professional B 35 Health Cabin
(community is the old
center)

Expert Expert A - Health Cabin
(Community Health
Service Center)

Professional medical
background

With the exception of the interview with resident C, which was conducted online,
most interviews were conducted offline. Recordings and notes were taken during the
offline interviews, while typewriting and audio were used to transcribe them. During the
online interviews, only notes and some chat records were kept as per the interviewee’s
request. The online interviews focused mainly on current products and services, as well
as participants’ views on health maintenance. Since the topic revolves around personal
health and because it is challenging to find independent users, offline interviews were
primarily conducted through chatting in the health hut to create a relaxed atmosphere. In
contrast, online interviews aimed to uncover the needs of potential users of such services

Fig. 5. Affinity map stage 2: Information clustering (intercepting the valid part).
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by asking participants to imagine what an efficient community health screening service
would look like. Subsequently, the value provided in the value-set stage was used as the
initial theme for subsequent analysis interviews, and the content of the interviews was
summarized and organized. The data were visualized and presented in the form of an
affinity chart (Fig. 5).

4 Findings and Analysis

Data analysis employs analytical usability assessment and affinity diagrams to evaluate
the usability of existing aging technology equipment and extract key insights from com-
plex data. In the third phase, technical research translates important values into actual
designs through literature research and desktop research. It defines the feasible scope
of the design and outlines new service and product landscapes. Finally, in the fourth
phase, service and product positioning, a new service picture is established based on the
transition design perspective, and the business model of the new service system is visu-
alized via business canvas analysis. A design backtracking approach is used to create a
transformation path and identify current feasible options. The focus group further inves-
tigates users’ views on solutions to value tension in retrospective design and explores
user preferences and reasons in depth. This study aims to comprehensively explore dif-
ferent dilemmas and value-sensitive design issues in the design of aging technology
products through these four stages, providing strong support for related product design.
Several major value conflicts are derived from interviews and demand and focus groups:
conflicts of kinglyness, privacy and personal needs.

The current service model is based on community or street settings, where each
community is equipped with self-service physical sign detection equipment. However,
there is a significant problemwith the current servicemodel,which is the underutilization
of equipment. Upon analysis, it is clear that the current service model fails to meet the
value needs of users, especially in terms of accessibility. Additionally, the scarcity of
resources and the difficulty in training professionals contribute to the service provider’s
need for cost-effectiveness,making it challenging for the current servicemodel to expand
its role. Currently, only doctors who visit once or twice aweek take the initiative to gather
the surrounding residents for testing. Limited contact scenarios further restrict the ability
of the equipment to be fully utilized (Fig. 6).

This paragraph discusses the concept of value and the resolution of value conflicts in
design. The essaymentions the use ofmechanism appeals and the identification and clas-
sification of value in empirical research. The paragraph also introduces dilemma-driven
design theory, which suggests to using personal dilemmas as opportunities for design
innovation. This study highlights the importance of understanding the value demands
and conflicts of stakeholders and how value-sensitive methods can guide the conceptual
design process. The paragraph further emphasizes the significance of interviews and
focus groups in identifying needs and value retrospectives in experience design. Addi-
tionally, the analysis and iteration of technical pain points in aging technology products



124 S. Xiao and L. Liu

Fig. 6. Current physical radiation situation of self-service testing service.

are mentioned to obtain a final value description model. This model can be used to ana-
lyze and identify values and conflicts in the design process, providing better guidance
for designers (Fig. 7).

This study uses dilemma-driven design theory as a breakthrough to identify value
conflicts in the design practice stage. The observations and interviews in the empirical
research look at the generation of multiple values from micro, meso and macro perspec-
tives and make full use of the theoretical basis to excavate and identify value demands.
Based on the value description model, future aging technology products were designed,
and a prototype of a self-service health screening device was produced.

The positioning is designed according to the theoretical model, and the design pro-
totype is produced. The whole set of equipment consists of a blood pressure detector; a
comprehensive detector that can measure blood sugar, blood oxygen, pulse, blood lipids
and heart rate; an interactive touch screen; a wireless charging base with a thermal paper
printer; and a packaging box (Figs. 8 and 9).
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Fig. 7. Value description model.

Fig. 8. Product prototype design draft.
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Fig. 9. Service system interface design.

5 Discussion

In the field of geriatric technology product design, this study focuses on a dilemma-
driven design theoretical model combined with value-sensitive design methods. The
aim is to explore in depth the value conflicts that arise when elderly people use self-
service health monitoring devices. By examining individual dilemmas at the microlevel,
this approach provides a comprehensive understanding of the challenges and dilemmas
that older adults face when using these devices, as well as potential value conflicts. This
study emphasizes the importance of using dilemma-driven theoretical approaches and
value-sensitive design methods in geriatric technology design to address value conflicts
related to self-service health monitoring for older adults. This study highlights the need
to balance microlevel dilemmas, such as usability, privacy, and personalization, with
the needs of stakeholders at the meso level, such as performance and interoperability.
Additionally, macrolevel considerations, which are currently underexplored, are crucial
for building a holistic technology ecosystem. Future research should focus on addressing
conflicts at multiple levels to achieve inclusive gerontech designs.
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Abstract. Against the backdrop of demographic change and advancing digital-
ization, digital skills are indispensable for older adults. Nevertheless, using digital
technologies is not a matter of course for this group. Due to their structures and
regional networking, multigenerational houses (MGHs) are suitable platforms for
promoting media skills for older adults.

Training programs consisting of courses and media consultation hours for
older adults to strengthen their digital skills were initiated and carried out in
Bavarian MGHs. The aim was to understand better the mechanisms, potential,
and challenges of promoting digital skills among older adults in MGHs. To this
end, expert interviews were conducted with managers of seven selected MGHs in
April 2023.

The results show that older adults respond positively to the training programs
and see considerable added value. Providing programs to promote media skills in
MGHs can help to reduce the digital divide and enable older adults to participate
better in a digitally shaped society.

Keywords: Older Adults · Digital Inclusion ·Multigenerational Houses. ·
Promoting Digital Skills

1 Introduction

Demographic developments in industrialized societies are leading to a continuous
increase in the proportion of elderly in the population. This demographic shift rep-
resents a significant challenge that affects social security systems [10, 44] and places
new demands on the individual lifestyles of older adults [17]. In the course of this devel-
opment, the promotion of digital skills among older adults is becoming increasingly
relevant, as digital technologies not only serve as a means of social participation but also
have the potential to secure the autonomy and quality of life of older people [22].
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This paper promotes digital skills among older adults within multigenerational
houses (MGHs). These multifunctional facilities are considered promising social struc-
tures that enable intergenerational interactions and serve as an environment where older
adults are specifically strengthened in their media skills [5, 28, 33, 47].

According to Rieger-Kirnbauer, teaching media skills in adult education opens up
new learning paths alongside traditional course programs [40]. Against this background,
Wilhelm et al. and Jakob andWilhelm developed a two-part learning concept specifically
for older adults, consisting of training courses and supplementary media consultation
hours [50], evaluated it [15, 16] and published it together with the Fraunhofer Institute
as a recommendation for action for Bavarian municipalities [44], which served as a
blueprint for initiating corresponding programs.

This provided the MGHs with handouts for organizing and implementing training
courses to promote digital skills among older adults aged 60 and over.

The purpose of the recommendation for action was to promote target group-
appropriate training programs and low-threshold contact points for dealing with digital
technologies, initially in Bavarian MGHs. The aim was to comprehensively involve,
advise, inform, and support older adults using digital products and services. The aim
was to provide older adults with basic knowledge of digital technologies and deepen
their existing knowledge in line with their needs.

Against this background, the question arises as to what extent MGHs can act as
catalytic platforms to facilitate older adults’ access to digital technologies, strengthen
their competence, and thus promote their participation in the digital society.

To deepen this question and due to the lack of related literature, the work in Sect. 2
will build on a theoretical framework that briefly highlights aspects of the digital divide
and participation as well as the importance of digital technologies for older adults on the
one hand and focuses on MGHs as social contexts on the other. The aim is to consider
the potential of these structures and possible barriers and challenges in promoting digital
skills among older adults. Due to the unique, no related work was identified.

Section 3 presents the motivations and goals of the work. The methodology of this
paper in Sect. 4 is based on a careful selection of research participants, appropriate
data collection tools such as guided expert interviews, and systematic data analysis.
By applying this methodology, the work aims to generate practice-relevant findings
and evaluate the suitability of MGHs as a venue for teaching media skills to older
adults. Section 5 presents the results of the guideline-based expert interviews and then
discusses them in Sect. 6. Section 7 finishes the paper with conclusions and implications
for practice.

In particular, we provide specific recommendations for practical action. Because of
the rapid developments in the digital world and the changing social requirements, this
work contributes to optimizing structures and opportunities that enable older adults to
access and make meaningful use of digital technologies.

2 Theoretical Framework

The theoretical framework begins in Subsect. 2.1 with a distinction between the digital
divide between the generations discussed in the literature and then distinguishes the
concept of “digital inclusion” in Subsect. 2.2. Building on this, Subsect. 2.3 describes
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the importance of digital technologies for older adults. Subsection 2.4 then introduces
MGHs and their structures in Germany.

2.1 Digital Divide

The digital divide concept is one aspect of promoting media skills among older adults.
Hargittai describes the digital divide as the gap between those who have access to or
use digital technologies and those who do not have access to or do not use digital
technologies. The author understands this in binary terms and distinguishes between the
“haves” and the “have nots” [11]. This occurs particularly among older adults due to
various factors:

Entry Barriers. Older adults often have limited access to digital technologies. This
may be due to financial constraints, lack of suitable devices, or insufficient internet
access [2, 3].

Capability Gaps. A significant aspect of the digital divide is the lack of digital skills.
Many older people have yet to have the opportunity to familiarise themselves with digital
technologies, resulting in lower self-efficacy and inhibitions when using technology
[13, 21].

Social and Cultural Factors. Negative age stereotypes and assumptions can limit the
participation of older adults in the digital space. In addition, a lack of support and
educational programs for older adults can make digital inclusion more complex [46].

GenerationalDifferences. Thedigital divide exists not only betweenolder andyounger
people but also within the group of older adults. Older people tend to use digital tech-
nologies less than younger seniors, and socioeconomic status, language skills, level of
education, and digital literacy influence usage [2, 14].

In connection with the digital divide that seems to exist between younger and older
people, Prensky makes a strict distinction between “digital immigrants” and “digital
natives.“ The author refers to “digital immigrants” as a group of older people struggling
to learn how to use digital technologies. In contrast, “digital natives” refers to all those
people who have grown up with these technologies [37, 38]. Loos disagrees with Pren-
sky’s strict interpretation and suggests using the term “digital spectrum” instead [26].
Lenhart and Horrigan proposed this term because the conceptualization of the digital
divide as a binary model that classifies individuals as either online or offline is, in the
authors’ opinion, an inadequate representation of internet inclusion. A more precise and
nuanced perspective emerges from considering a spectrum of access that considers the
varying degrees of internet use and non-use and the associated inequalities. Furthermore,
according to Lenhart & Horrigan, the online population is characterized by a remarkable
fluctuation reflecting dynamic and variable internet use [25].

2.2 Digital Inclusion

Digital inclusion refers to the extent to which older people can participate in the digital
world. It includes access to digital technologies and the skills and knowledge to use them
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effectively. Digital inclusion can contribute significantly to improving the quality of life
of older people by enabling access to information, services, and social networks.

Fischl et al. show that older adults in Sweden consider digital technologies helpful
for their daily and community lives. These technologies can help them to live at home
for longer by supporting and facilitating relevant activities [8]. During the COVID-19
pandemic in Sweden, a study found that older adults’ digital social inclusion contributes
significantly to maintaining their mental health. Using the internet and digital tools can
mitigate the adverse psychological effects of the pandemic [10]. A Dutch study shows
that digital inclusion and self-management skills are positively correlated in older adults.
Email use and meeting new people online are particularly relevant [42].

Reuter et al. suggest that creating an environment that promotes the digital inclusion
among older adults is crucial. Partnerships at different levels can help to improve digital
skills and enable inclusive digital inclusion [39].

These studies show that digital inclusion offers many benefits for older adults, such
as improving mental well-being and fostering social connections. At the same time,
challenges such as overcoming technological barriers and safety concerns need to be
considered. Creating age-appropriate and user-friendly digital offerings is essential.

2.3 Importance of Digital Technologies for Older Adults

The importance of digital technologies for older adults in the context of “Activities
to promote the skills of older adults in using digital technologies in multigenerational
houses” is diverse. Digital technologies, especially voice assistance systems such as
Amazon Alexa, Google Assistant, or Siri, can play a crucial role for older adults in
various areas of life.

Social Participation and Communication. Digital technologies enable older adults to
communicate and interact with family members, friends, and other generations, regard-
less of geographical distance. Video telephony, social media, and online platforms offer
opportunities for social networking and exchanging experiences [3, 7, 9, 14, 26, 30, 31,
36, 43, 45, 49].

Access to Information and Education. Access to digital technology allows older
adults to access information more efficiently, whether for current news, health infor-
mation, or educational purposes. Online courses and digital education platforms offer
continuous personal development opportunities [7, 26, 31, 35, 43, 45].

Health Promotion. Digital technologies offer numerous applications in the health sec-
tor, from fitness apps and health monitoring to telemedicine services. Older adults can
activelymanage their health throughdigital health applications andgain access to support
services [3, 7, 22–24, 35, 45].

Everyday Support. Technological solutions such as smart home applications and intel-
ligent assistance systems can help older people to organize their everyday lives more
independently. This ranges from automated lighting systems to medication reminders
[1, 20, 22, 23, 35].
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Cultural Participation. Digital technologies enable older adults to access cultural
offerings through virtual museum visits, streaming concerts, or enjoying literature in
digital form. This promotes cultural participation and mental well-being [45].

InMGHs, targeted activities can help tomake it easier for older adults to access these
digital opportunities and strengthen their skills in using technology. This contributes to
the individual quality of life of older adults and promotes intergenerational exchange
and the integration of digital technologies into the social structure of MGHs [29, 34].

2.4 Multigenerational Houses

MGHs are complex social structures that address an aging society’s social and demo-
graphic challenges. In this context, “MGHs” refers to non-profit organizations offering
various services and activities to promote social interaction between different age groups
[4, 19, 41]. These facilities aim to create intergenerational encounters, strengthen social
cohesion, and consider the individual needs of varying age groups. From a scientific
perspective, MGHs can be characterized by the following features:

• Multifunctionality. MGHs are characterized by their versatility. They offer living
space and integrate various social, cultural, health, and educational services under
one roof. This multifunctionality makes it possible to cater to a wide range of needs
and interests [5, 28, 33, 47].

• Interaction and integration. A central concern of MGHs is promoting interaction
between the generations. Through joint activities, such as workshops, events, or com-
munity projects, an atmosphere is created that enables the exchange of experiences
and skills between the different age groups [4, 18, 27, 32, 41, 47, 48].

• Support for all stages of life. MGHs see themselves as places that offer support and
services for people at different stages of life. This includes the needs of older people
and families, children, and young adults. This creates an integrative environment that
enables a holistic view of life at different stages of life [18, 27, 28, 32, 41, 47, 48].

• Local networking. MGHs are usually firmly integrated into their local communities.
They cooperate with regional organizations, schools, health facilities, and other social
service providers to create a comprehensive network for the residents [4, 5, 27, 28,
32, 33, 41].
The scientific analysis of MGHs refers to contributions that examine the effects

of these structures on social integration, quality of life, intergenerational learning, and
the promotion of a sense of community. Overall, MGHs represent an innovative form of
social infrastructure that aims tomeet the challenges of an aging society comprehensively
and sustainably.

3 Motivation and Goal-Setting

The intensive examination of the topic “Activities to promote the skills of older adults in
the use of digital technologies inMGHs” includes the background of the need to develop
innovative solutions for the social challenges of an aging society. The motivation for this
research is anchored in various aspects:



136 D. Jakob et al.

• Social change. The demographic trend towards an older population is a defining
factor of social change. In this context, enabling older people to participate actively
in the digital society is becoming increasingly important.

• Equal opportunities and inclusion. Digital technologies offer opportunities to
improve one’s quality of life and participate in social life. Targeted promotion of
the digital skills of older adults helps to overcome existing digital divides and enable
the inclusive use of digital resources.

• Innovation in MGHs. MGHs act as hubs of social innovation. Integrating digital
technologies in these structures opens up the potential for improved intergenerational
interaction. It promotes creating a dynamic environment that meets the needs of
different age groups.

• Quality of life in old age. The focus on promoting the digital skills of older adults
aims to improve their quality of life in old age. Digital technologies can help reduce
social isolation, facilitate access to health information, and increase autonomy in
everyday life.

• Practical relevance and recommendations for action. Research in this area aims
to generate scientific findings and derive practical recommendations for action. Con-
crete approaches for the design of future social interventions are to be developed
by understanding the needs of older people and the potential of promoting digital
technologies in MGHs.

• Added value for society. Addressing this topic helps to create added value for society.
Promoting the digital skills of older people in MGHs can improve individual quality
of life and contribute to a more inclusive and intergenerational society.

• Digital education.Many older adults have had little contact with digital technologies
in their previous lives. As a result, they sometimes find it difficult to operate and there-
fore use these technologies. Promotingmedia skills in dealingwith these technologies
could reduce fear of contact by offering appropriate educational programs.

3.1 Goal Setting

This work aims to develop a deep understanding of the mechanisms, potentials, and
challenges of promoting digital skills among older adults in MGHs. Specifically, the
following objectives will be pursued:

• Analyzing the needs of older adults. Identifying the needs of older people in the
context of digital technologies within MGHs to derive needs-based interventions.

• Development of favorable framework conditions and success factors. Derivation
of practice-oriented strategy for the targeted promotion of digital skills of older adults
in MGHs, taking into account their specific needs and obstacles.

• Evaluation of carrier potential. Analysis of the educational programs offered in
MGHs to evaluate the impact of the courses and media consultation hours.

• Evaluation of success factors and obstacles. Analyse digital skills promotion
activities in MGHs to identify success factors and potential barriers.

• Generation of practice-relevant recommendations for action. Derivation of rec-
ommendations for action for implementing effective digital support measures in
MGHs to ensure the transfer of scientific findings into practical application.



Activities to Encourage Older Adults’ Skills 137

By achieving these goals, this research should help develop concrete measures to
improve the digital skills of older adults in MGHs and thus positively contribute to
overcoming the social challenges in the context of demographic change.

3.2 Research Questions

This work is based on the following research questions:

RQ 1: How can the digital competencies of older adults be specifically promoted
in MGHs?

RQ 2: Which structural framework conditions influence the implementation of
programs to promote digital skills among older adults in MGHs?

RQ 3: What success factors and challenges are observed in providing services to
promote digital skills among older people in MGHs?

These research questions are intended to help shed light on the complex aspects of
promoting digital skills among older adults in MGHs and to generate scientific findings
for practical application.

4 Method

The basis for the qualitative data collection was a carefully developed semi-structured
interview guide [6, 12]. This guide was designed to consider relevant literature, previous
studies, and theoretical models to ensure a structured exploration of the topics in the
context of digital promotion of media skills in multigenerational houses.

In a brainstorming session at the beginning of planning the guidelines, the team
documented all questions of interest for the research project. In the next step, the pool
of questions was checked for suitability, and all irrelevant questions were deleted. All
remaining questions were categorized according to subject areas and served as the basis
for the subsequent text analysis. The summary of the questions resulted in the use of the
interview guide.

Target Group Selection. The target group for this qualitative survey consisted of
responsible representatives from seven of a total of 88 state-funded Bavarian MGHs in
the seven Bavarian administrative districts. The selection was based on a quota sample
with predefined criteria (see Table 1) and the willingness to participate in the interviews,
intended to ensure that the interviewees represent a structurally identical image of the
relevant stakeholders in this context.

The responsible representatives were explicitly selected according to predefined
criteria to ensure that the structure and characteristics of the MGHs were adequately
represented. This included factors such as regional location (administrative districts),
the number of inhabitants of the city (or town), and the number of inhabitants of the
district where an MGH is located.

The interviews were conducted from 2023-04-17 to 2023-04-21 and were related to
the observation period from 2018-07-01 to 2023-06-30.

Table 1 lists the selected MGHs in detail in a structured manner.
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Table 1. MGHs selected for the interviews

Selection
parameters

ID/
City

P1
Fürth

P2
Bamberg

P3
Hassfurt

P4
München

P5
Lindau

P6
Langquaid

P7
Waldmünchen

Administrative
District

Middle
Franconia

Upper
Franconia

Lower
Franconia

Upper
Bavaria

Swabia Lower
Bavaria

Upper
Palatinate

Inhabitants
City

127,748 77,592 13,800 1,472,000 24,673 5,147 6,691

Inhabitants
District

892,580 530,366 661,967 2,372407 972,558 640,027 567,305

Conducting Interviews On-Site. Two interviewers on-site at theMGHs conducted the
expert interviews in person. This method enabled direct interaction with the interview
participants and created an atmosphere of trust for an open exchange.

Voluntary Participation and Anonymity. Participation in the interviews was volun-
tary and anonymous. This was communicated transparently to the interview participants,
and their consent was obtained to ensure they could express themselves freely.

Pre-test of the Interview Guide. A pre-test of the interview guide was carried out
before the data collection to identify potential weaknesses or ambiguities in the guide
and optimize the question structure. The pre-test was successfully tested in three selected
MGHs so that these could be included in the data collection.

Data Evaluation and Analysis. The interviews were transcribed to analyze the data.
The transcribed texts were then coded using the thematic text analysis method [7] and
qualitative data analysis software (MaxQDA). Further subcategories were defined based
on the main categories predefined in the interview guide, and the deductively developed
codes were discussed and formed in the team. For this purpose, the text sections within
each data element were labeled and assigned a code.

This methodological approach ensured that the data collected was accurate, reliable,
and contextually relevant and allowed for an in-depth exploration of the experiences,
opinions, and perspectives of MGH leaders on promoting digital skills among older
adults.

5 Results

TheMGHs planned, organized, and implemented low-threshold training courses and 1:1
media consultation hours to promote older adults’ skills in using digital technologies.

No fees were charged to the participants for utilizing the services. Two MGHs
reported receiving voluntary donations from the participants.
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Recruitment of Participants. Participant recruitment in four out of sevenMGHs (57%)
occurred exclusively within the facilities by publicizing the offers using flyers, word-
of-mouth, or posters. Three MGHs also broadcast the offers in regional and national
newspapers or the university website (43%).

Participants were recruited within a local radius of fewer than 40 km from the respec-
tive MGH. All MGHs (100%) reported that the participants came from the immediate
vicinity of the center. Throughout the funding periods from 2018 to 2022, only oneMGH
(14%) observed returning participants, while five MGHs (72%) had both returning and
new participants using the services. One MGH was unable to provide any information
(14%).

Staff Deployed to Implement the Programs. TwoMGHs (29%)mainly used full-time
teachers or counselors for the implementation, as this facility focused on professionals
from the outset. Two MGHs (29%) used a mixture of full-time staff and volunteer
experts. One MGH (14%) reported that volunteers and students were entrusted with the
implementation due to its proximity to the university. One MGH (14%) opted to employ
only volunteers for cost reasons. OneMGH (14%) initially only employed full-time staff
but later relied exclusively on volunteers.

P5 described the situation as follows:

"It’s always easier when you have people with whom you can plan firmly, where
it’s clear who is employed, who is bound by instructions, who is there then and
then. With volunteers, I can’t rely on them being there every week; if they have
something private or another job, then that always takes priority for them" (trans.,
P5).

TrainingMaterials. Six MGHs (86%) provided the participants with specially created
teachingmaterials to organize the training courses. OneMGH (14%) did not use training
materials, as the offerings focused on media consultation hours with 1:1 counseling.

Effects and Challenges of the Coronavirus Pandemic Throughout the Funding
Period. The coronavirus pandemic significantly impacted theMGHs’ ability to provide
their services. Due to contact restrictions, the services could not be delivered in person,
and online services had to be used. In four MGHs (57%), the services were provided as
video and telephone consultations during this time. The remaining three MGHs (43%)
did not offer online services, with one MGH stating that the effort involved would have
needed to be lowered.

Demand for the services during the coronavirus pandemic varied. While two MGHs
(29%) observed increased demand for the services - especially online services - demand
collapsed at four MGHs (57%). The reasons those responsible gave were participants’
fear of contagion, no demand from participants, the decision not to switch to online
services, or the fact that participants no longer needed the services or had lost touch due
to a greater affinity with technology.

P6 reported positive effects:

"Yes, when Corona started, it took a while, but the demand increased dramatically.
It was also the case that a lot of things could no longer take place in person, and
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we then also offered lectures digitally, and many people said, "Phew, that won’t
work", but it worked; everyone somehow had a grandchild or children who then
set it up on a tablet, on a computer, with a laptop and then there were real public
viewing events where four or five people sat in front of a laptop and listened to
the lecture” (trans., P6).

Two MGHs (29%) reported that it had taken time after the coronavirus pandemic
subsided for participants to return to the center. OneMGH observed that it was no longer
just those who were not tech-savvy but increasingly also older adults who were already
tech-savvy who used the services.

Acceptance of the Programs by Participants - Success Factors. Three MGHs (43%)
rated the participants’ responses to the programs very well. A further threeMGHs (43%)
rated the response as good (43%), while one MGH (14%) observed a low response.

According to the responsible persons at one MGH (14%), the participants cited the
flexibility and individuality of the programs without using a predetermined curriculum
as reasons for taking advantage of them. According to twoMGHs (29%), another reason
was that the programs were provided free of charge, as the established training providers
charged participation fees. The fact that the programs took place as an open meeting
place was also rated highly positively by one MGH (14%). Further positive feedback
from the participants was received from one MGH (14%) for organizing the courses in
small groups and for the low-threshold access to the classes.

Summarising the benefits of the programs from the perspective of the MGHs, six
MGHs (86%) confirmed added value for their facility. From the participants’ point of
view, six MGHs (86%) reported a high added value for the participants. One MGH was
unable to provide any information (14%).

“We have people who come every fortnight, so really a lot on call, exactly. The
programs are very well received. So it’s already the case that some of our consultation
hours are full, that the need is definitely there, and that they are very well received”
(trans., P4).

In summary, all MGHs (100%) reported that the continuous promotion of media
skills among older adults within MGHs is beneficial for everyone involved.

6 Discussion

The intention in writing this paper was to analyze the extent to which MGHs appear
suitable for promoting media skills among older adults using digital technologies due
to their social structures. These aspects are primarily based on helping older adults to
achievemore significant digital - and therefore social - equality of opportunity and digital
inclusion.

Based on guided interviews with seven responsible representatives of MGHs in the
German state of Bavaria, selected according to defined criteria, data was collected to
generate practice-relevant findings.

Due to their multifunctionality, educational programs in MGHs are well suited to
promoting older people’s skills in using digital technologies. The results reflect a high
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degree of participant satisfaction with the programs and cover the needs and inter-
ests of older adults in this context. A partially learner-centered approach (andragogical
teaching), which Neves and Mead also suggest [30], was used to implement the offers.

Intergenerational integration, a central concern of MGHs, was strengthened with the
help of the educational programs, with students acting as trainers and thus implementing
these programs in cooperation with the older adults. One of the main tasks of MGHs
is to offer support for all phases of life. By initiating the educational programs, the
MGHs are fulfilling this task, as the results show that the programs were successfully
implemented and taken up by the participants. The measures offered also contributed to
better networking of theMGHs in the local communities, as full-time and voluntary staff
had to be found to run the programs. To this end, staff from other regional educational
institutions (e.g., adult education centers) and committed staff from non-profit organiza-
tions, among others, were used. This made it possible to expand existing networks and
intensify cooperation.

As summarised by the interview results, the older adults took advantage of the
measures offered. They expressed considerable added value that could strengthen their
digital inclusion in society.

In particular, the two-part training concept consisting of courses on the one hand
and media consultation hours on the other enabled the MGHs to provide low-threshold
learning opportunities for older adults.

However, challenges have also been observed for the implementation of correspond-
ing offers. Particularly during the coronavirus pandemic, a decline in not only the number
of participants but also in the number of full-time and voluntary staff at MGHs was con-
firmed in some cases. The latter also appears to be one of the significant challenges in
recruiting sufficient staff to run the programs.

7 Conclusion, Limitations, and Further Work

MGHs can be seen as a suitable venue for promoting digital skills among older adults.
RQ1 aimed to gain insights into how the digital competencies of older adults can be

specifically promoted in MGHs. RQ 1 can be answered because, ideally, these facilities
should continuously provide appropriate programs tailored to the participant’s needs and
expanded. Due to the high demand, these programs should not be limited to conventional
training courses and media counseling sessions. Still, consideration should be given to
expanding the range of services beyond this. These could be presentations on specific
topics (e.g., data protection and data security, voice assistants).

RQ 1 can be answered to the effect that these facilities should ideally offer suitable,
extended programs tailored to the needs of the participants on an ongoing basis. The
effects of the coronavirus pandemic have shown that the demand for programs to promote
media skills among older adults is unbroken and that there is still a need for them.

RQ 2 should clarify which structural framework conditions influence the implemen-
tation of programs to promote digital skills among older adults in MGHs. The effective-
ness and efficiency of the programs are heavily dependent on the method of participant
recruitment and the staffing of the MGHs. The initiation, organization, and implemen-
tation of corresponding measures require considerable work from those responsible at
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the facilities and are associated with costs for providing premises, personnel resources,
and technical equipment.

RQ 2 can, therefore, be answered to the effect that this supportive assistance, be
it in the organization, implementation, and financing of offers to promote media skills
among older adults, is required from external sources. The state or local authorities by
the public sector could provide the necessary financial resources, or local companies
could support such initiatives through sponsorship. It would also be possible to charge
course or participation fees for older adults for utilizing the offers within an affordable
framework. This would require monitoring the extent to which the participants would
still accept the programs.

Which success factors and challenges are observed in providing services to promote
digital skills among older people in MGHs should be determined with RQ 3.

One of the success factors in providing services to promote digital skills among older
adults in MGHs is the immediate proximity of the facilities to the participants within
a maximum distance of 40 km. The results on the acceptance of and satisfaction with
the programs offered by the participants are evident in this regard. The challenge for the
MGHs is to acquire competent staff suitable for carrying out the programs from a peda-
gogical and/or andragogical point of view. Premises are available in the MGHs and play
a rather subordinate role. Furthermore, those responsible for the MGHs are sometimes
overstretched in planning, organization, and implementation, so consideration should be
given to recruiting additional staff for these tasks. Based on these practical examples,
RQ 3 can be answered to the effect that both success factors and obstacles have been
identified and that practice-oriented recommendations for action for these services and
their implementation can be recommended from a central, including state, perspective.

The study’s limitations are that the seven MGHs selected only represent a cross-
section, and results are therefore not generalizable and cannot be transferred to other
facilities (e.g., educational institutions).

In addition, in one MGH, the responsible manager changed several times, which
meant that, in some cases, it was impossible to provide comprehensive and clarifying
answers to questions about implementing the programs. This is reflected in the interview
results, which show that delivering information on various aspects was impossible. The
results also demonstrate the situation in the Federal Republic of Germany, where MGHs
were established as meeting places in almost every district and, in some cases, state-
subsidized facilities. However, the chosen survey method was suitable for identifying
positive experiences, challenges, and obstacles in implementing measures to promote
media skills among older people in the MGH environment.

To summarise, it should be noted that in many respects, MGHs are well-suited as
a platform for implementing programs to promote digital skills among older adults.
Future research should evaluate educational programs to identify the unique needs of
older adults in acquiring media skills to strengthen the digital inclusion of this group of
people. In terms of reducing the digital divide, providing services in MGHs helps older
adults participate more in today’s digital society. The initiative presented is intended to
encourage older adults to join in and prepare them for the digital future.
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Abstract. Validating news through close relationships (e.g. family and friends)
is a strategy that young people use to assess the trustworthiness of news [1].
Also, some authors argue that “interactions with media are embedded within a
biographical understanding of time” [2]. Considering this, this paper focuses on
using semi-structured interviews with biographical features and based on the Q-
Sort methodological approach [3, 4], as a qualitative strategy to map past and
present news consumption habits. We reflect on this methodological approach to
analyse changes in media consumption over time, emphasising social and inter-
generational contexts. As part of a larger project, we conducted twelve interviews
with individuals - from different ages and backgrounds - previously identified by
youth (between 15–24 years old) as their news influencers. The interviews (N
= 12) were conducted via Zoom video call platform between July and October
2023. Findings indicate that some strategies contribute to obtaining more thought-
provoking answers from interviewees. Namely paying attention to spontaneous
mentions of past periods or important events in their lives and mentions of chang-
ing media habits. Even though remembering is a complex process, Q-sort helped
participants to reflect upon and talk about their media habits. Moreover, our bio-
graphical approach with Q-Sort methodology revealed interesting findings with
participants of distinct ages and backgrounds.

Keywords: Q-sort · Biographical Approach · Qualitative Research ·Media
Consumption · News Influencers

1 Introduction

This paper aims to examine the use of semi-structured interviews, with a biographical
approach and based on a Q-Sort methodology, to analyse media consumption habits
over time. This approach aims to capture intergenerational and social contexts related
to media habits. We propose reflecting on this qualitative strategy in the context of a
Portuguese project focused on young people, news and digital citizenship - YouNDigital
(PTDC/COM-OUT/0243/2021).
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We structured the sample for this paper (12 interviews) based on 42 previous inter-
views with young people who indicated other individuals that influenced their news
consumption - henceforth referred to as ‘news influencers’.

In the following sections, we present an overview of young people’s media habits in
the digital era, emphasising their strategies to validate news, which includes relying on
close relationships. Our theoretical framework comprises the notion of memory and its
relationship with media habits. Considering that speaking about media is a complex and
often unconscious process [5], we argue that Q-sort methodology with a biographical
approach is a relevant qualitative approach to map past and present media habits.

2 Who is Relevant and When? Young People and Their Particular
Way of Consuming News

Young people born and raised in the digital age are immersed in distinct forms of news
and information consumption [1, 6]. Multiplatform dynamics and personal preferences
highlighted by algorithmic influence prevail in their consumption routines. According
to Galan et al. [7], young audiences see news not just as what you “should know” but
also as what is useful, interesting and fun to know.

The Digital News Report 2023 highlights a rise of TikTok and other video-led net-
works influenced by the younger generations. In general, they paymore attention to influ-
encers or celebrities than to journalists [8]. In linewith this, the results of theYouNDigital
survey reveal that young people generally follow instagrammers and youtubers to find
out what’s going on in the world [9]. Moreover, and as indicated by the Digital News
Report 2023, news brands’ websites and apps are less connected to young generations
around the globe. Younger people prefer to access news through their search, social
media or mobile aggregators.

Concerning news consumption, Swart [1] highlights that family and friends play
an essential role in validating the information consumed, being a widely used tactic
by young people to assess the trustworthiness of news. This may disclose the possible
influence of intergenerational relationships on news consumption. In addition, studies
show that digital media “is transforming audiences’ practices” [10], not only in the sense
that younger people trust and turn to older people but the other way around. In particular,
intergenerational relationships have boosted seniors’ use of technology positively [11],
not only because it reflects on the confidence and skills of the older people, but also
because it shapes and strengthens relationships between generations. Considering this,
it is relevant to analyse who are the persons who have had an influential role in youth
and their news consumption habits.

The YouNDigital project aims to map who plays a role in young people’s news con-
sumption in Portugal and to identify who plays a crucial role in consumption habits.
Based on 42 semi-structured interviews, young people aged between 15 and 24, iden-
tified 12 individuals who they considered their news influencers. Subsequently, these
people were interviewed with the main objective of mapping their media habits, and
how they relate to news in a digitalised and datafied context. In this paper, we intend to
analyse how biographical interviews can be useful for mapping media habits in the con-
text of intergenerational relationships. We argue that semi-structured interviews, with
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biographical characteristics, based on the Q-Sort methodological approach are a relevant
qualitative strategy for mapping past and present news consumption habits.

3 A Biographical Approach that Calls for Memory and Nostalgia

Understanding the news habits of the present and the past requires memory. Erll [12]
asserts that the notion of memory involves forgetting: “Remembering and forgetting are
two sides – or different processes – of the same coin, that is, memory. Forgetting is the
very condition for remembering”. Remembering is a selective and partial process that
goes beyond merely reproducing facts. It can be understood as a social process and a
product.

Considering this, Cabecinhas [13] argues that aspects such as power relations, filters
that operate in a given cultural context, personal experiences and trajectories should be
considered in analysis that triggers memory. Moreover, memory is directly connected
with social structures and individual sociocultural frameworks [12, 13]. According to
Erll [12], media are in a central position in a cultural notion of memory on an individual
and collective level. In the first decade of the 2000s, the author [12] already identified, in
the new media (e.g. Facebook and YouTube), an acceleration of images and narratives
about the past that shaped the daily experience of many people.

Aligned with this, distinct researchers [14, 15] have mapped movements that con-
nect media and nostalgia. Expressions of nostalgia have emerged in social networks
and groups and are focused on objects, media products and styles. One of the visible
consequences is the creation of cultural products that exalt specific periods and reinforce
expressions of nostalgia, such as the Netflix TV show The Stranger Things.

Niemeyer [14] considers that nostalgia can be a private or public return to the past
and sometimes relates to an imagination of the future. The author [14] argues that this
wave of nostalgia is not just fashion or a trend and it can express different ways to deal
with time. The re-emergence of nostalgia can also be a reaction to fast technologies in
a clear paradox since distinct movements are growing online.

Analysing oldness and newness as categories to describemedia, authors [2] argue that
“interactions with media are embedded within a biographical understanding of time”.
In the author’s proposal, life histories and narratives of media are merged to provide
more nuanced ways to comprehend media, its discourses, and narratives. Through the
interviewee’s narratives, we aim to analyse the possibilities of mapping media habits in
the present and past, considering a biographical approach and a social perspective of
memory.

4 Q-Sort as a Qualitative Strategy to Map Past and Present News
Consumption

Analysing audience studies, Schrøder [16] points out an empirical shift in the field. An
idea of “decoding” encounters with media “texts” was replaced by mapping audience
participation in the wider mediascapes in a mixed-methods research design. Schrøder
[3] argues that using the Q-methodological approach with qualitative and quantitative
analysis allows audiences’ research to go beyond interpretive opacity.
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News repertoires are an approach that is gaining ground, not least because of the way
people navigate the media ecology nowadays, using a variety of media for information
and entertainment [4]. By definition, these repertoires should “focus attention not only on
traditional journalistic outlets but also on the broader concourse of possible information
sources in the digital media landscape, which can be drawn upon to aid sensemaking in
everyday life” [4].

In this context, Q-methodology is considered well-suited for analysing media recep-
tion and use [17]. Schrøder [3] argues that it allows researchers to capture individuals’
subjective perceptions of an area of experience and aggregate these perceptions through
a factor analysis. Since participants must reflect on their choices during the process, Q-
methodology has a dialogical and reflective potential. “When informants have completed
the card placing process, accompanied by dialogical negotiation, they have self-analysed
their subjective news consumption universe, whose internal architecture is moreover
relational”, argues Schrøder [3].

In a traditional approach, Q-methodology provides both qualitative and quantitative
findings, creating a typological pattern of differences and similarities between the par-
ticipants’ perceptions [3]. Q-methodology is applied in a card-sorting activity with a
think-out-loud protocol structured based on the research questions. Participants have to
place and rank these cards in a pyramid according to their daily use or importance in
their lives. On each card is a statement or the particular sociocultural phenomenon being
investigated (Schrøder, 2012), usually defined in a previous research stage.

In a pilot study with people aged between 20 and 30 years, Hasenbrik and Domeyer
[5] added visual methods to facilitate speaking about media, a complex and often uncon-
scious process. In this case, participants received blank cards to complete with the main
elements of their media repertoires, and in a four-step activity, they had to position
the cards in a circle with “me” in the centre. The main data for analysis were verbal
comments, and visual data was not used as data on its own [5].

Aiming to facilitate the participatory process and obtain precise and thought-
provoking answers within the YouNDigital project a bottom-up approach was imple-
mented in our Q-Methodology. Participants were given eight blank cards to complete
and three cards with suggestions (War, Digital Influencer, and Television Journalist)
they could accept or decline. In the following section, we describe in detail the research
design.

5 Research Design

Aiming to understand young people’s perceptions, experiences and understandings of
news and digital citizenship, the Youth, News and Digital Citizenship (YouNDigital)
project (PTDC/COM-OUT/0243/2021) is structured around a mixed research design. In
the first stage of the research, a representative online survey focused on media habits and
citizenship was applied to 1362 young people living in Portugal. In the second stage, 42
semi-structured interviews were conducted with young people aged between 15 and 24.
The interviews were carried out using card-sorting exercises with a think-aloud protocol
focused on the consumption and socialisation of news in the context of a digitalised
society. At the end, participants were asked to nominate a person they considered to be
an influencer in terms of their news consumption habits - their news influencers.
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This paper focuses on the interviews with the nominated news influencers. This
group consisted of 12 people, aged between 14 and 60 years old, identified as parents,
friends, siblings, or professionals/adults working in institutions attended by the young
participants. The interviews were conducted between July and October 2023, via Zoom
video call platform, and lasted between 45 and 120 min.

The semi-structured interview took into account two axes: 1) Influencers and Social-
isation; and 2) Datafication andAlgorithms. The two axes are followed from the perspec-
tive of a biographical approach, seeking to understand previous versus current informa-
tion consumption habits. This paper focuses specifically on the first axe, where intervie-
wees assembled the Q-Sort pyramid on the Jamboard platform as Fig. 1 depicts. There
were eight blank cards to be filled in and three suggestions that could be accepted or
declined: War, Television Journalist, and Digital Influencer. Using the Q-Sort method-
ological approach [3, 4] with a think-aloud protocol, the news influencers were asked to
identify and classify people, themes and subjects that played a role in their information
routine, rating them as very important, indifferent and not very important.

Fig. 1. The Q-Sort pyramid that was presented to the interviewees with 9 blank cards and 3
suggestions (War, Digital Influencer, and Television Journalist) that were not mandatory.

Among the questions asked to the interviewees to promote reflection on the resulting
pyramid, two centred on the biographical approach: “Do you think this pyramid could
have been different, for example, before or during the pandemic or the war? Or another
personal context of yours?”.

By assembling the pyramid and clarifying their choices, the interviewees were
encouraged to compare their current information consumption with their habits from
other moments in their lives. The aim was to have a more retrospective logic, allow-
ing us to capture a biographical approach, with the essence and involvement of media
consumption throughout life and, consequently, the changes in that consumption. Two
questions served as the basis for this reflection: “Do you think your news consumption
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has always been like this?” and “Has it been different at other times in your life?”. This
exercise aimed to prompt reflections about how they experienced news consumption in
different periods of their lives and to identify their perceptions about it. As it was a qual-
itative reflexive exercise, this option allowed us to uncover their in-depth experiences,
narrated in the first person [18], through the interviewee’s personal sharing.

In the next section, we present amethodological reflection focused on our experience
of interviewing people of different ages (14–60) by using Q-sort and a biographical
approach.

6 Unlocking Biographical Insights: Asking Questions at the Right
Time and Giving Them Space to Speak

The interview script was assembled to ensure the collection of data and subsequent
portrait of media biographies. To facilitate the process, we followed Schrøder [3] and
Davis and Michelle [17], who propose that Q-methodology is well-suited for capturing
media reception anduse as it allows for apprehending individuals’ subjective perceptions.

The interview was divided into three parts. In the first part, as an icebreaker, the
interviewees presented a piece of news that caught their attention in the previous week.
Thosewho didn’t bring anywere invited to talk about a topic of their choice. In the second
stage, the interviewees assembled their Q-Sort pyramid, as previously detailed in Fig. 1.
The last section of the interview was dedicated to exercises focused on algorithms and
datafication.

The script was structured so that the interviewers could ask distinct follow-up ques-
tions to map the news consumption of the interviewees. Within this logic, two questions
of biographical approach were included: “Do you think your news consumption has
always been like this?” and “Has it been different at other times in your life?”. These
questions could be asked at any time during the interview.

It was interesting to note that some interviewees, especially the older ones, already
linked their news consumption to other moments in their lives, from the beginning.
For some of them, talking about their own lives and routines seemed to be easier than
for others. Those who spontaneously addressed their routine often ended up forgetting
that the focus was on news consumption. They talked about significant events in their
lives, and the interviewers deliberately sought to exploit the possible connection with
news consumption. For example, Ricardo, 53 years old, talked spontaneously about his
resignation and reintegration into the job market. Following this, he was asked if he
discussed the news with his coworkers:

You share something, a song, a piece of news about a band, a soccer post, or a joke.
I don’t have in-depth relationships or discussions with my colleagues… They are not
people whom I feel the desire or even the need to influence. (Ricardo, 53 years old).

Then interviewers questioned if this was different from his previous job. Ricardo
answered, by exploring connections to his life trajectory: “In my previous job, it was
different, firstly because I’d been there formany,many years, I’d been there for 15 years”.
In this case, Ricardo triggers hismemory and differentiates it fromhis current experience.
He considers that he influenced his former colleagues because he had a closer relationship
with them. Considering the logic that memory presupposes forgetting [12], Ricardo does
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not provide an example of how news socialisation was with his colleagues from the
previous company.

Similarly, Helena, 18, spontaneously indicated a milestone in her life related to
news consumption. After taking part in activities such as the Youth Parliament and the
European Youth Parliament, she began to realise the importance of being aware of her
surroundings:

From themoment I started taking part in the projects, I began to realise the importance
of watching the news, reading the news and knowing what’s going on, and from then on
I began to consume more of this part. (Helena, 18 years old).

Although the structured questions were direct, some interviewees had difficulty
answering them. In this regard, inserting the two biographical questions in moments
when the interviewees were already describing their routines or interests seemed to be
more feasible.

For example, Tainá, 23 years old, explained that she tends to have a topic she’s
interested in and read a lot about it for a certain period. When she feels she has delved
into the subject enough, she loses interest and seeks another topic. “When it’s over, I
go back to consuming my normal content until something else catches my interest.“
The question was asked after she mentioned that she no longer followed news about a
particular subject, namely fashion news.

Another strategy used was to pay attention to moments when the interviewees indi-
cated a change in their media consumption. Francisco, 30 years old, mentioned that he
stopped watching television with his mother, and then he answered follow-up questions
about how his media habits changed over the years:

Yes, yes, yes. It’s changed a lot. The television that used to bring people together,
sitting on the sofa watching television, I think nowadays… It used to be able to unite,
but since everyone already has their own television in their own corner of the house, it’s
no longer one that can unite. (Francisco, 30 years old).

When asked about the type of content he no longer watches, Francisco mentioned
soap operas and gave details about his family routine. “My mother is watching, we’re
having dinner and she’s watching. Since I’m the youngest member of the family, I always
have my back on the television.”. In this case, the questions brought details about the
family’s interaction from an intergenerational perspective. Francisco has no interest in
soap operas, but his mother watches them nonetheless. However, even if he wanted to
watch such or any other media content, he was positioned with his back on the screen
because he was the youngest in the household.

Once they finished assembling the Q-sort pyramid, the interviewees also answered
some questions outlined in the script. Two questions were centred on the biographical
approach: “Do you think this pyramid could have been different, for example, before or
during the pandemic or the war? Or another personal context of yours?”.

Our experience showed that the word “pandemic” stood out. Most interviewees
related it to their experience during the pandemic,many ofwhichwere negative. Younger
interviewees emphasised pandemic restrictions and their impact on their socialisation
and favourite media themes:

Before the pandemic, I used to talk more with people who placed more importance
on political TV shows and sports, so all these things related to that would be something
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that would interest me more because they are part of my social circle. (Giovana, 15 years
old).

During the pandemic, soccer ended up dying a little, there were no matches, and no
training sessions either. There were no wars during the pandemic either. Friends only
spoke by mobile phone because we couldn’t have physical contact. And family life
remained the same. (Henrique, 15 years old).

In other cases, the interviewees tended to focus their answers on the themes they
inserted in the pyramid. Their consumption habits didn’t change because their areas of
interest remained the same. We understand that the proposed question didn’t allow the
interviewees to consider, for example, formats, routines, and socialisation. That was the
case of Valdemar, aged 60:

The themes of my life, yes, were always very much based on these spaces we had
here. Maybe, I’m here, we’ll go a little deeper into the family issue, which was very
important to me, but I didn’t contextualise it because I was more contextualised in the
professional issue. But not much has changed. (Valdemar, 60 years old).

Answering the same question, Helena, 18 years old, distanced herself from the influ-
ence of the pandemic or war on her interests. She indicated that she becomes interested
in the news when she understands its relevance to her life and socialisation:

For example, it wouldn’t be a war or the pandemic, in my case, even though I know
some people started consuming more news because of that, but that wasn’t my case. My
case was realising that it’s something necessary for social interaction in society. (Helena,
18 years old).

Regarding the difficulties related to being aware of media habits [5], our experience
indicates that being aware of changing andpastmedia habits is evenmore complex. Semi-
structured interviews with a biographical approach demand interviewer to be attentive
to details that may refer to the past. Being aware of memory as a social process that
includes forgetting [12], and that operates in a given cultural context [13] can contribute
to a more successful process.

7 Final Remarks

The preliminary findings suggest different perception degrees about changes in the indi-
viduals’ news consumption routines. All the interviewees associatedmedia routines with
distinct times in their lives, following Lesage andNatale [2] idea of a biographical under-
standing of the time. This aspect can draw attention to more nuanced and nostalgic ways
to understand media and its influence on one’s news consumption habits.

In generational terms, data suggests some differences between older and younger
news influencers. On the one hand, older individuals reported deeper changes related to
more frequently used formats (newspapers and television, for example), which, accord-
ing to their perception, have lost ground tomobile phones and apps.On the other hand, the
younger influencers mentioned changes in topics that aroused interest and have changed
over time. Furthermore, regardless of their age group, interviewees often associated
past habits (e.g. television consumption) with family routines and members from other
generations, such as parents, uncles and grandparents. This data suggests the influence
of intergenerational contexts and dynamics on media consumption habits throughout a



154 M. S. Müller et al.

person’s life, with the identification of older family members with interests and habits
nurtured over time.

Based on the results of this research,we understand that adopting theQ-sort approach
contributed to participants’ thinking and talking about their media habits. Even though
we understand that remembering past experiences and sensations is a complex process,
through this biographical approach wewere able to reveal compelling findings regarding
participants of distinct ages and backgrounds.
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Abstract. In recent years, China has entered an aging society [1]. As they age, the
elderly experience a continuous decline in vision.Thedecrease in the transmittance
of the elderly lens and the size of the pupil leads to a weakened sensitivity to light
[2]. In terms of color recognition, due to the degeneration of the visual nerves and
the reduction of cone cells in the retina, the elderly’s ability to distinguish colors
deteriorates [3]. They become very sensitive to intense brightness, their sensitivity
to color discrimination decreases, and as a result, their speed of processing visual
information slows down [4].Moreover, with the increase in age, cognitive abilities
also decline, and the elderly will take longer than younger individuals to complete
a given task [5]. Psychologically, the elderly often experience negative emotions
such as anxiety and depression due to the decline in vision [6]. As of June 2023,
the proportion of internet users aged 60 and over was 13% [7], and the number
of elderly people using smart products has gradually increased. Therefore, in the
digital age, the design of interactive interfaces plays a crucial role for the elderly
in using social apps. Phone apps are commonly used social apps for the elderly.
According to color psychology theory, colors have a regulatory effect on human
functions and emotional changes [8]. However, most of the existing phone app
interfaces are relatively monochromatic, relying solely on characters and layout
to convey information. The functionality of searching, dialing, and connecting is
not clear, leading to relatively difficult information recognition for the elderly and
a poorer user experience.

Keywords: Seniors · Communication Software · Color Perception · User
Experience

1 Introduction

Statistics from the PewResearch Center (PewResearch Center) show that 53% of people
over the age of 65 own a smartphone in 2019.

Aging can lead to lesions in the visual system [9]. In the elderly, the retina slowly
decreases in size, the cornea grows in diameter, and the vitreous hardens as we age,
leading to vision loss [10, 11]. The colour perception of the eye changes with age.
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Eye colour perception changes with age and the ability to distinguish colours decreases
significantly [12]. The production of pigmentation from crystals is one of the main
causes of diminished colour perception in older adults [4]. In addition to this, colour
discrimination is also poor in older adults due to the degeneration of the optic nerve and
the reduction of cone cells in the retina [3]. [3] In addition to this, colour recognition is
also impaired in the elderly due to degeneration of the optic nerve and reduction of retinal
cone cells [3]. In particular, aging decreases pupil function, which reduces sensitivity
to light [4]. [4]. In addition, it reduces colour sensitivity in older people, reducing their
ability to judge intermediate shades, especially between blue and green [13].

Research has shown that colour influences our lives in different ways. People’s reac-
tions to colour are mainly based on physical sensations and psychological experiences
[14].

At the same time colour is an important tool for stimulating cognitive motivation and
reflexivity levels in older people. Colour increases the legibility of space and helps them
to orientate themselves [15]. Finding the desired object even improves their mood and
well-being, resulting in a favourable emotional experience. Colour can influence older
people’s cognitive abilities, which directly affect the way they perceive information,
focus their memory, think and understand educational tasks [16].

The use of smartphones by older people has increased and mobile phones have
become an important tool for improving the quality of life of older people. Colour
combinations make a difference to the discrimination of older people using displays and
have been shown to have a significant impact on their daily lives. Therefore, colour is
crucial to the design of the screen [17].

Pastoor [18] and Silverstein [19] argue that colour is a major factor in the perfor-
mance of computer displays and can be effective in increasing the interaction between the
user and the computer. Conversely, improper use of colour can also lead to reduced per-
formance [20], and older people may experience difficulty and confusion when viewing
colour images on smartphones and tablets. In addition to improving reading perfor-
mance, research has also found that colour can make user operations less dull, reduce
visual fatigue and stress, and even improve visual performance [21]. Today’s smartphone
application design phase ignores older users and designers do not pay attention to the
needs and requirements of older people. Despite the fact that due to the complexity of
the interface, older users are willing to adopt technologies that help them to maintain
their quality of life, they are unable to take advantage of the benefits of smartphones.
Therefore, the causes of different problems are discussed from two different perspec-
tives. Firstly, there are age-related issues, i.e. cognition, physical abilities, memory loss,
mental models and sensory functions that make it more difficult for them to interact
with new technologies. Then comes soft-ware design; designers do not carefully design
applications that address the needs and requirements of older users. In the age of dig-
italisation, the design of mobile phone interaction interface plays an important role in
the use of social software by the elderly. Whereas phone software is a common social
software used by the elderly, older people are not familiar with smartphone technology
and tend to encounter difficulties when using the device [22].

Therefore, this study takes elderly users as the target group, analyses the effects of
different background colours on the attention of the elderly in the telephone software
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interface, and deeply analyses the perception of different colours on the psychological
emotions of the elderly. It reveals the differences in the emotional experience of the
elderly with different colours, and provides insights into the design of interface colour
schemes that are more suitable for the elderly. It also provides design guidelines for the
interface design of telephony software applications from the perspective of the elderly.

2 Method

2.1 Experimental Design

The overall experimentwas divided into two phases: the first phasewas a colour selection
experiment; the second phase was a software interface colour experiment. The second
phase consisted of three parts: the first part was a contact finder test; the second part
was an interactive interface colour experiment for answering; and the third part was a
dialling experiment as well as an interview and questionnaire on colour perception.

The first stage is colour card selection, where warm colours are usually associated
with warmth and cold colours are usually associated with coldness and alienation [8].
The colour cards were divided into warm and cold colour cards see Table 1, and the
elderly were asked to select one from each of the warm and cold colour cards, and then
to select the three most intimate colours from the selected warm colour cards, and the
three more distant colours from the cold colour cards. Finally, the number of times each
colour was selected was summed up, and the two most selected colours were chosen
among the close and distant colours, respectively.

In the second stage, the two close and two distant colours selected in the first stage
were arranged in different combinations, and the closer contacts in the interaction soft-
ware were marked as close colours, and the stranger contacts were marked as distant
colours, with a total of four combinations, which were carried out in two sessions, two
groups each time, with a 48h interval between the two experiments, and each group of
colour combinations was tested for a variety of interactions respectively in each experi-
ment. Each group of experiments was divided into three parts: the first part measured the
reaction time to complete the task by formulating a set task, i.e., to search for contacts
with different levels of intimacy in the address book; the second part measured the reac-
tion time to complete the task by having the contacts with different levels of intimacy
call the older adults with different colours in the incoming call interface, and the older
adults answered or hung up the phone call. In the third part, older adults dialed the phone
of contacts with different levels of intimacy, and the communication interface presented
different colours. Finally, the colour perception of the older adults was collected through
interviews and questionnaires, and then the colour perception was visualised through
the questionnaire scoring data (on a scale of 1–5, the higher the score in the close colour
the closer the person is, and the higher the score in the distant colour the more distant
the person is).

2.2 Participants

This experiment was conducted at the Xiamen Campus of Fuzhou University and intro-
duced to the community, senior activity centre and senior university, covering four life
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Table 1. Colour specimens from the first phase of the experiment
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(continued)
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Table 1. (continued)
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scenarios for use by seniors in each scenario, with a total of 40 research samples (20
men and 20 women) seniors over the age of 60 with no visual impairment, no colour
weakness or colour blindness, and no cognitive impairment. Among them, 20 (10 men
and 10 women) were subjected to the first phase of the colour selection experiment;
the remaining 20 (10 men and 10 women) were subjected to the second phase of the
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software interface colour experiment, and each elderly person was required to complete
the experiment for two different periods of time.

2.3 Experimental Materials

According to the HSB standard, red (H = 0), orange (H = 30), yellow (H = 60), green
(H = 120), blue (H = 240), violet (H = 300), three kinds of warm colours, three kinds
of cold colours, and each colour in accordance with the brightness (100%, 80%, 60%)
and saturation (100%, 70%, 40%) to generate a total of 9 colours, a total of 54 kinds of
colors, each colour HSB value was converted to RGB and LAB values, and each color
RGB and LAB values were labeled in the color specimen, and the color card was made
as in Fig. 1. 54 colours, each colour of the HSB value is converted to RGB and LAB
values, each colour of the RGB and LAB values are marked in the colour specimen,
and make a colour card in Fig. 1. in the suitable aging colour experiments, through
the colour card to select the most representative of the indifference of the two cold
colours and the most warm of the two warm colours, the four colours, the four random
warm and cold with the combination of the four combinations of four combinations
of the four combinations of the four combinations of the four combinations of the four
combinations of communication as a communications experimental Colour variables. In
the communication APP, these colours are reflected in: the icon in front of the person’s
name in the address book, and the background colour of the incoming call. Figure 2
(colour randomconfiguration) shows the four system communication in the address book
self-designed interface legend, saved in PNG format, the ink knife simulation run as a
display, the method resolution of 375 * 812px.Fig. 3, Fig. 4 shows the communication
in the incoming call of the self-designed interface legend, saved in PNG format, the
method resolution of 375 * 812px. Icons are actual shapes designed by the application
icon designer and selected in iPhone 13 min. Image processing software was used to
adjust the background colour of the four experimental materials.

Fig. 1 Test Colour Card Selection.
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Fig. 2 Directory. Fig. 3 People Friendly
Calling Interface.

Fig. 4 Stranger call screen.

2.4 Experimental Equipment

The experimental equipment included a laptop (Lenovo SAVIOR) to create the experi-
mental interface, two tablets (2020 iPad pro, ipad2020) for colour swatch selection, two
mobile phones (iPhone 12 Pro, iPhone 12) to operate the interface experiments, and a
stopwatch to keep track of the time to display the self-designed communication interface
on the mobile phone in equal proportions, 1 to 1. A stopwatch was used to record the
time, and the self-designed communication interface was displayed on the mobile phone
in 1 to 1 ratio.

2.5 Data Analysis

Phase II, Colour Card Selection. The statistical results of the colour card selection
interview are shown in Table 1, after the data comparison, it is concluded that in the
cold colour No. 45 Blue and No. 53 Purple have the highest number of choices, and
more subjects think that these two colours are more likely to make people feel cold, of
which No. 45 Blue number is 7, accounting for the total number of votes of cold colours
11.67%, and No. 53 Purple number of choices is 6, accounting for the total number of
votes of cold colours 10.00%, and in the Warm colours No. 2 Red and No. 10 Orange
had the highest number of choices and more subjects felt that these two colours were
more approachable, with No. 2 Red having 8 people or 13.33% of the total votes for
the warm colours, and No. 10 Orange having 5 people or 8.33% of the total votes for
the warm colours. Finally, the two warm colours and two cool colours obtained were
matched with each other to obtain four combinations: No. 10 Orange * No. 53 Purple,
No. 10 Orange * No. 45 Blue, No. 2 Red * No. 53 Purple, and No. 2 Red * No. 45 Blue.
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Table 2. Note: Votes in the table is the number of people who chose that colour value, 20 in
total,with a total of 60 votes each for cool and warm colours.

No

. 

colour vote No. colour vote No. colour vote 

1 7 19 4 37 1 

2 8 20 4 38 1 

3 5 21 4 39 2 

4 1 22 1 40 2 

5 0 23 1 41 1 

6 1 24 1 42 2 

7 1 25 0 43 2 

8 1 26 0 44 4 

9 3 27 0 45 7 

10 5 28 3 46 1 

11 4 29 3 47 2 

12 3 30 3 48 1 

13 2 31 1 49 0 

14 1 32 1 50 1 

15 0 33 0 51 1 

16 1 34 0 52 5 

17 1 35 2 53 6 

18 1 36 2 54 4 

Phase II, Part I - Finding Tasks Experiments. The specific time statistics are shown
in Table 2, after the experimental operation time data analysis: No. 10 orange and No. 45
blue colour matching under the find task completion time is obviously shorter than the
other three colour matching under the task completion time, the total value is 114.3 s.

Table 3. Note: Values are the total number of hours spent on the 20-person search experiment.

colour matching Find (intimate people) Find (alienate people) total time

orange × purple 87.40 s 101.51s 188.91s

orange × blue 63.78 s 55.20s 118.98s

red × purple 59.17 s 52.94s 112.11s

red × blue 82.26 s 69.90s 152.16s
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Phase II, Part II - Answering Tasks Experiments. The specific time statistics are
shown in Table 3, after the experimental operation time data analysis: No. 10 orange
and No. 45 blue colour matching under the answer task completion time is significantly
shorter than the other three colour matching under the task completion time.

Table 4. Note: Values are total experimental time for the 20-person answering task.

colour matching answer(intimate people) answer(alienate people) total time

orange × purple 48.36 s 52.43 s 100.79 s

orange × blue 41.21 s 41.17 s 82.38 s

red × purple 43.66 s 43.85 s 87.51 s

red × blue 46.99 s 48.12 s 95.11 s

Phase II, Part I III - Dialling Experiments and the Colour Perception
Questionnaire. The specific time statistics are shown in Table 4, the subjects were
scored on a questionnaire about colour feelings after the find, answer and dial trials,
each subject scored 1–5 for each group, for colour combinations 5 points represented
the highest colour recognition and 1 point represented the lowest colour recognition,
for cool colours (purple/blue) 5 points represented the strongest feelings of alienation
and indifference and 1 point represented the weakest feelings of indifference, for warm
colours (For warm colours (orange/red) 5 represents the strongest feelings of intimacy
and 1 represents the weakest feelings of closeness (Table 5).

Table 5. Note: The values in the table are the sum of the fractions for which this colour
combination/colour value was selected.

colour matching total score value colour total score value

orange × purple 60 orange 81

orange × blue 81 red 51

red × purple 42 purple 69

red × blue 71 blue 77

3 Results

This study analyses the impact of interactive interface colours on older adults’ use of
telephone communication software. For older adults, appropriate colours in the interface
of communication software can improve the efficiency and emotional experience of
retrieving the address book. Therefore, this study aims to find appropriate interface
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colours that can provide a better user experience for older users, reduce their barriers
in using telephone software, and enable more equal access to smart communication
devices.

From the above analysis, it can be seen that in the first stage of the colour card
selection experiment the results showed that among the warm colours, No. 10 Orange
and No. 2 Red scored the highest, and among the cool colours, No. 53 Violet and No.
45 Blue scored the highest.

Based on the above experimental data it is stated that warm colours with higher satu-
ration and luminance are the colours that older people feel close to because these colours
remind them of warmth and enthusiasm, whereas cool colours with lower saturation and
luminance are the colours that older people feel alienated from because these colours
remind them of darkness and indifference. Therefore, two cool colours, No. 53 Violet
and No. 45 Blue, were used as markers for distant contacts and two warm colours, No.
10 Orange and No. 2 Red, were used as markers for close contacts.

The second phase of the experiment was an interface manipulation experiment with
a sample of 20 individual elderly people.

In the first part of the contact finding task, the No. 53 Purple No. 2 Red combination
took the shortest time out of the four groups, with the red colour having the fastest
reaction time, suggesting that the colour red is very noticeable in the finding task.

In the second part of the connected call test, the No. 45 Blue No. 10 Orange combi-
nation takes the shortest time among the four groups. When a call comes in, the colour
sensation from the background colour of the caller ID pagewill help the elderly tomake a
quicker judgement, and the use of blue and orange to represent close and distant contacts
will enable the elderly to identify the proximity of the contact more quickly.

In the third part of the dialing experiment, the questionnaire data shows that most of
the elderly people think that No. 10 Orange, as the background colour of the interface of
dialing close contacts, can feel more warm and evoke some goodmemories. On the other
hand, No. 45 Blue as the background colour of the interface of dialing distant contacts
can feel more strange and distant.

This was also confirmed in the final colour combination questionnaire, where the No.
45 Blue No. 10 Orange combination scored the highest, with more seniors believing that
the blue-orange combination is the pair that best represents close and distant contacts in
telephony software.

4 Conclusions

Taken together, the results of the experiments in this study show that the colour of the
interactive interface of telephone software has a significant impact on the experience of
older people. Different colour combinations do affect the reading speed and accuracy
of older people. At the same time different colour tones have different feelings and
experiences on the emotional experience of the elderly.

The main conclusions of this study are:

1. Although the red-violet combination was more rapid in the look-up experiment, it did
not score as well in the longer response time in the answer experiment and in the final
questionnaire, because the colour red gives a strong visual stimulus and a feeling of
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alertness [15] This is because red colour gives people a strong visual stimulus and
alertness [15], so the red-violet combination does not bring a good experience to
the elderly, and the reaction time and final score of the four groups are combined to
conclude that the blue-orange combination is more suitable for the elderly.

2. Red is the most striking colour when controlling saturation and brightness23, The
colour red can be used in interface design to attract the user’s attention to specific
interface elements and information, and to be more prominent and conspicuous in
the use of the interface.

3. No. 10 Orange is the colour that the elderly consider the closest to them, while No.
45 Blue is the most distant. In the interface design, orange is chosen as the mark
of close contacts and blue is chosen as the mark of distant contacts, which is more
conducive to the recognition of close and distant relationships and improves the
operation efficiency of the elderly.

4. The combination of No. 45 Blue and No. 10 Orange significantly improves the atten-
tion and concentration of the elderly when they use the telephone software, and the
combination of blue and orange creates a balanced and compelling interface atmo-
sphere. In the interactive interface of the telephone software, the use of vibrant orange
and stable blue can be considered to optimise the experience of the elderly in using
the interface, and to guide the elderly to use the telephone softwaremore conveniently
and attentively.

5. In terms of brightness and saturation, warmer colours with higher saturation and
brightness will give the elderly a feeling of closeness and comfort, and can stimulate
more positive emotions, making the elderly feel closer and creating a warmer and
more pleasurable atmosphere for the elderly. Low saturation and brightness of the
cool colours will give the elderly strange and distant feelings, triggering a more calm
and peaceful emotional experience.

Also this Studyhas SomeLimitations. Due to financial aswell as practical constraints,
we only used the Xiamen campus of Fuzhou University as well as nearby communities,
senior activity centres, and senior colleges, which made the representativeness of the
sample somewhat limited. Future studies need to expand the scope of the survey to
include a wider range of older adults and older adults in different regions to obtain more
comprehensive findings.

We only used a total of six colour shades of warm and cold tones in our experimental
research, and this simplified design may not fully reflect the experience of older adults
with different variations of colours in the telephone software interface. Future research
could consider introducing more variation conditions to delve into the combined effects
of these factors on older adults’ user experience.

These limitations are not only present in the research design, but may also have some
impact on the generalisation and interpretation of the results. Therefore, in order to gain
a more comprehensive and accurate understanding of older adults’ user experiences in
communication applications, future research should aim to address these limitations by
adoptingmore diverse samples andmore complex experimental designs, which will help
to improve the scientific validity and practicality of the study.
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Abstract. This study investigates the key factors that affect visual real-
ism in Augmented Reality (AR) user experience. Recognizing the impor-
tance of visual realism in enhancing user engagement and integrating vir-
tual elements into the real world, we embarked on a comprehensive explo-
ration of these factors. Our study included an extensive literature review,
identifying key parameters beyond conventional elements. A structured
questionnaire was designed to systematically capture users’ perceptions,
involving participants from diverse backgrounds engaging with simu-
lated AR scenarios. Our research carefully adjusted variables such as
light(type, intensity, color), shadows(intensity, direction), material prop-
erties(texture, roughness), depth occlusion, field of view (FoV), gamma
correction value, and high dynamic range(HDR), and categorized par-
ticipants based on their experience with rendering software to ensure a
targeted analysis. Our results showed that various rendering variables
all played a role in influencing users’ perception of visual realism in AR.
Notably, among these variables, light source color and shadows direction
had a relatively minor impact compared to others, while material texture
and roughness had the most pronounced effects on visual realism per-
ception. Furthermore, our results indicated that users’ prior experience
with rendering software had no significant influence on their judgments
of visual realism. The study contributes to the understanding of factors
impacting visual realism in AR, providing valuable insights for refining
AR application design and development and optimizing user engagement
and satisfaction.

Keywords: Augmented Reality · Visual Realism · User Experience

1 Introduction

1.1 Research Background

AR technology has transformed the way we engage with the world around us. Its
journey from a mere concept to a transformative technology reflects a rich history
of innovation and technological advancements. AR’s ability to overlay digital
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information onto the real world has found applications across various industries,
changing how we perceive and interact with our environment. This technology
has significantly impacted sectors like education, healthcare, entertainment, and
manufacturing, showing its flexibility and essential part of modern life. The
development history of AR technology is crucial to understanding its current
capabilities and potential future advancements [1].

Visual realism in AR is crucial for creating an immersive user experience.
This concept involves the accurate depiction of virtual objects in a way that they
appear seamlessly integrated with the real world. Understanding visual realism
in AR requires an exploration of theories of visual perception and how these
theories apply to augmented environments. The realism in computer graphics,
as discussed in Sutherland’s seminal work [2], lays the foundation for how these
principles are adapted and evolved in AR. Further, Milgram et al. [3] discussed
the adaptation of these principles in AR is critical for achieving a high level of
realism.

The factors contributing to visual realism in AR are multifaceted, including
light source, material properties, depth occlusion, FoV, and HDR. Each factor
plays a crucial role in enhancing the realism of AR experience. The literature
offers a wealth of research on these factors. For instance, Bimber et al. [4] studied
light source and its impact on realism in AR, providing insights into the complex-
ity of achieving accurate light in augmented environments. Similarly, research on
material properties and depth perception, like the studies conducted by Cutting
et al. [5]and Wanger et al. [6], offer a deep understanding of how these elements
influence the user’s perception of AR content. The comprehensive review of these
studies is essential to grasp the full spectrum of factors affecting visual realism
in AR.

In the growing field of AR, a important yet overlooked aspect lies in the
complex interaction of various factors that contribute to visual realism. Despite
substantial research, a significant knowledge gap exists in understanding how dif-
ferent elements like light sources, material properties, and depth cues affect the
user’s perception in dynamic AR environments. This research seeks to investigate
these interactions, with a specific emphasis on determining whether rendering-
related factors, including light (type, intensity, color), shadows (intensity, direc-
tion), material properties (texture, roughness), depth occlusion, FOV, gamma
correction value, and HDR, have an impact on users’ visual realism perception
in AR interactive scenarios. Addressing these gaps is not just an academic pur-
suit; it’s crucial for advancing AR technology toward creating experience that
are indistinguishably seamless and deeply immersive. The goal is to decode these
intricate connections to significantly enhance the authenticity and effectiveness
of AR applications across various domains, paving the way for profound advance-
ments in the field.

1.2 Research Objective

This research aims to profoundly impact the design and development of AR
applications by advancing our comprehension of visual realism within augmented
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reality. Focusing on how elements such as light, material properties, and depth
perception contribute to realism, the study seeks to provide insights essential
for refining AR experience. These enhancements are anticipated to lead to more
advanced and lifelike AR experience, setting new standards in the field. The
broader objective is to significantly enhance user engagement and satisfaction
across diverse sectors, including education and healthcare. Ultimately, this study
aspires to be play a key role in developing more effective AR applications, mark-
ing a crucial contribution to the evolving landscape of augmented reality tech-
nology. Therefore, we conclude with two assumptions:

Hypothesis 1: In our study, all examined variables-including light (type,
intensity, color), shadows (intensity, direction), material properties (texture,
roughness), depth occlusion, FOV, gamma correction value, and HDR-effect
users’ perception of visual realism in AR;

Hypothesis 2: The judgment of visual realism in AR is influenced by the
user’s experience with rendering software.

2 Related Work

Sutherland et al. [2] introduced the groundbreaking concept of blending virtual
and real-world elements. This seminal idea laid the foundation for the entire field
of AR. Azuma et al. [1] comprehensive survey thoroughly presents the evolution
of AR technology, which introduces the early developments in the field, including
head-mounted displays and overlay techniques, and mapping out the progress
leading to the versatile applications of AR we see today. These initial steps were
critical in setting the stage for the complex AR systems currently in use across
various industries, from entertainment to education and beyond [7,8].

Milgram et al. [3] present the concept of the Reality-Virtuality Continuum.
This concept has been instrumental in understanding the blend of real and vir-
tual worlds and in guiding the development of AR technologies that aim for
seamless integration. Bimber et al. [4] further explore related methods of enhanc-
ing visual realism in AR, specifically through advanced projection mapping and
a deep understanding of environmental interactions. These techniques have been
crucial in creating AR experience that are not only visually compelling but also
contextually relevant to the user’s environment. Cutting et al. [5] addresses a
crucial aspect of AR-depth perception. Their research explores various depth
cues, such as occlusion and perspective, which are vital for effectively placing
virtual objects within real-world contexts in AR environments. This understand-
ing of depth perception is essential for creating AR experience where virtual and
real-world elements coexist in a spatially coherent manner [9]. The science of
color perception plays a significant role in achieving realism in AR. Wyszecki et
al. [10] discusses the intricacies of color perception, which are critical for color
matching in AR. This aspect is crucial for ensuring that virtual objects appear
natural and consistent within their real-world surroundings. Accurate motion
tracking is essential for enhancing the realism of AR experience. Johansson
et al. [11] research on the visual perception of biological motions fundamental in
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informing the development of AR systems that can accurately track and render
user and object movement. This research helps ensure that interactions with
virtual elements in AR are smooth and realistic, mirroring real-world physics
and movements.

Bimber et al. [4] highlight the complexities of replicating real-world light
conditions in AR. The interplay of light with virtual objects is key to achiev-
ing a sense of realism. Accurate simulation of light effects, such as shadows and
reflections, is essential for the seamless integration of virtual objects into the
physical world [12]. Wanger et al. [6] examine how the material attributes of
virtual objects, like texture and reflectivity, impact their perception in AR. This
research highlights the importance of accurately rendering material properties
to enhance the believability of virtual objects in AR scenarios. Cutting et al. [5]
have significantly advanced the field by demonstrating how the exploration of
depth cues can enhance the realism of virtual objects in augmented reality envi-
ronments. The impact of FOV and HDR on user immersion in AR is significant.
Studies exploring these aspects emphasize the importance of a wide and dynamic
visual range to create realistic and engaging AR experience. A broad FoV and
enhanced HDR contribute to a more immersive experience, allowing users to
interact more naturally with both the virtual and real components of the AR
environment [13]. Sazzad et al. [14] explore the impact of gamma correction
value on image quality, emphasizing its significance in improving human visual
perception and ensuring accurate image representation.

AR technology has been widely applied in various fields, with significant
progress in healthcare [15]. It has proven particularly valuable in complex surgi-
cal procedures, offering real-time data and visual assistance to surgeons, thereby
enhancing precision and efficiency. Yet, this innovative field is not without its
challenges. As discussed in comprehensive research by Zhou et al. [16], AR tech-
nology faces several obstacles that need to be overcome to realize its full poten-
tial. These include concerns related to user comfort, technological constraints,
and issues like system latency. Addressing these challenges is essential for the
ongoing development and wider adoption of AR technology in healthcare and
other sectors [17].

Despite the progress in AR technology, there remain several areas that are
underexplored. The complex interaction of factors such as light, material prop-
erties, and depth cues in dynamic AR environments presents substantial oppor-
tunities for future research [17,18]. These elements’ synthesis is key to creating
next-generation AR experience that offer enhanced realism and user engage-
ment. Addressing these challenges and exploring new research avenues will be
crucial for the continued advancement of AR technology, potentially leading to
groundbreaking developments in the field [19].

3 Method

In this study, a quantitative survey was employed to evaluate the factors influenc-
ing visual realism in AR user experience. This approach was specifically chosen
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for its effectiveness in systematically gathering and analyzing user perceptions of
various visual elements within AR environments. The survey was meticulously
designed to encompass a range of standardized questions aimed at quantita-
tively uncovering the impact of these elements on user-perceived visual realism.
By leveraging this method, the study aspired to yield objective, statistically sig-
nificant data that would substantiate our hypotheses and conclusions regarding
the influence of specific rendering factors on the authenticity of visual experience
in AR settings.

3.1 Participants

Participants in this study are categorized into two groups based on their expe-
rience with rendering software and have a wide age range from 18 to 60 years,
with an even distribution of genders, including both males and females. All par-
ticipants should not have any visual problems including color blindness, color
weakness, etc. Participants were recruited through an online survey, and their
voluntary participation was contingent upon informed consent. Throughout the
entirety of the research process, stringent measures were implemented to ensure
the anonymity and confidentiality of participant identities. All collected data was
securely stored and solely utilized for research analysis purposes. Participants
did not receive any form of compensation or incentives for their involvement in
this study. Before conducting large-scale data collection, we conducted a pilot
test with a small group of participants. This pilot test aimed to ensure par-
ticipants could easily understand and respond to the questions. The feedback
from the pilot test allowed us to make necessary adjustments and refinements to
the questionnaire to improve its clarity and relevance. This preliminary testing
phase ensured the effectiveness of the survey instrument before moving forward
with the full-scale data collection.

3.2 Survey Instrument

The survey was structured into several sections, each aimed at dissecting differ-
ent aspects of visual realism within AR environments. The first section gathered
demographic data, ensuring a diverse representation of ages and backgrounds,
critical for understanding the varied perceptions of AR realism. Subsequent sec-
tions presented participants with a series of images rendered under varying con-
ditions. Each image was associated with specific rendering factors. To facilitate
nuanced feedback, the questionnaire combined Likert-scale questions, allowing
for a range of responses, with binary options to capture the presence or absence of
visual elements. Additionally, an indistinguishable option was included, enabling
the identification of rendering factors that did not significantly alter the per-
ceived realism for participants.

In terms of the specific composition of the questionnaire, we designed a ques-
tionnaire consisting of six sections to comprehensively explore visual realism in
AR experience. These sections include demographic information and visual real-
ism variables. To assess the perceived realism of AR visuals, the study employed
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the blender renderer to simulate AR scenarios by inserting virtual objects into
real-world scenes. This method allowed for the manipulation of various render-
ing factors to create different image conditions for evaluation. Participants were
presented with these images and asked to judge the visual realism of each scene.
This approach facilitated a controlled environment where the impact of specific
rendering variables could be systematically measured against the respondents’
perception of realism in AR. The titles and brief descriptions of each section are
as follows:

Demographic Information. The demographic information collected in the
survey included gender (59 males and 47 females), age range (18 to 60 years)
with an average age of 30, and participants’ experience with rendering software,
distinguishing between those with experience (47 participants) and those without
(59 participants). Gender distribution was balanced, with roughly equal repre-
sentation of both males and females. Furthermore, participants were asked to
identify factors they believed influenced visual realism and to disclose any visual
impairments that could affect their perception, such as color blindness, with the
provision to discontinue the survey if applicable. These preliminary questions
were crucial in segmenting the data for subsequent analysis and in ensuring the
validity of the responses related to the perceptual evaluation of AR experience.
The division of participants based on their experience with rendering software
or AR devices was considered to account for potential variations in the concept
of visual realism. It is possible that these variables may have distinct influences
on the final judgment and decision-making regarding visual realism. As shown
in Table. 1

Table 1. Variables description on demographic information

Variable Name Type Description

Gender Categorical Male, Female, Other

Age Continuous Age range from 18 to 60 years

Experience with Rendering Software Binary Whether the participant has
experience using rendering software
like Blender, Keyshot, etc

Experience with XR products Binary Whether the participant has
experience with virtual interaction
products like XR, etc

Factors Affecting Visual Realism Open-ended Participant’s Perception of factors
that influence visual realism

Visual Realism Variables. As shown in Table. 2. Visual Realism Variables
include light, shadows, materials, FOV, gamma correction values, depth occlu-
sion, and HDR effects. In our study, we employed a survey design to investigate
the factors influencing users’ perception of visual realism in AR. We maintained



Exploring Factors Influencing Visual Realism 175

a consistent AR environment while systematically varying specific variables to
assess their impact on users’ assessments of visual realism. Each variable was
treated as an independent factor, with various values representing different lev-
els. By systematically manipulating these levels within a stable AR environment,
we aimed to understand the influence of individual variables on users’ perception
of visual realism. In designing the testing options for each variable, we included
variable parameter values that align with the original scene as the reference
ground truth(GT), along with an option indicating no difference. The remaining
options were designed to represent varying degrees of change. Our findings pro-
vide valuable insights into the factors affecting visual realism judgments in AR,
contributing to the field of AR research. For example, the lighting type variable
question is shown in Fig. 1. The options for each question are set as follows:

Please select which of the following three images appears the most realistic. 

A

No Difference

B C D

Fig. 1. Test of the effect of different lighting types on visual realism

Light : In this section, we investigated different aspects of light, including types,
intensity, and colors. Light source types include point light, spotlight, and sun-
light. we consider the point light as the ground truth option. Light source inten-
sity is set to 10%, 50%, and 90%, where 50% is considered the GT value in this
context. Light source colors include white, blue, and green color, where white is
considered the GT value.
Shadows: The degree and direction of shadows are significant factors influencing
visual realism. The shadows intensity intensity is set to 0%, 50%, and 90%, where
50% is considered the GT value in this context. The angles between the shadow
direction and the original direction are set at 0◦C, 90◦C and 180◦C, with 0◦C
direction considered as the GT value.
Materials: Texture and roughness of materials can significantly affect users’ per-
ception of realism. For the material texture test, we configured two different
material options: the first one is the original texture, and the second one is
the new texture, with the original texture considered as the GT. In the case of
the material roughness test, we set up two different material options: the first
one is 5% roughness, and the second one is 95% roughness, with 5% roughness
considered as the GT.
FOV : Adjustments in FOV can alter users’ visual perception in AR scenes. We
set the FOV at three different levels, ranging from 10% to 90%. Among these
levels, the FOV set at 50% is considered to be aligned with the GT configuration.
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Gamma Correction Value: The gamma correction values are set to 1.0, 2.2, and
3.4, where 2.2 is considered the common gamma value, which is regarded as the
GT in this context.
Depth Occlusion: In this variable testing, it includes whether Depth Occlusion
is enabled, where enabling it is considered to be in alignment with the GT
condition.
HDR: In this variable testing, it includes whether HDR is enabled, where
enabling it is considered to be in alignment with the GT condition.

Table 2. Variables description on effecting visual realism

Variable Name Type Description

Light Source Type Categorical Types of light sources include Point Light,
Spotlight, Sunlight

Light Source Intensity Categorical Levels of light intensity like 10%, 50%, 90%

Light Source Color Categorical Colors of light source including White, Blue,
Green

Shadows Intensity Categorical Degrees of shadows intensity like 0%, 50%, 90%

Shadows Direction Categorical Directions of shadows with origin include 0
◦C,90◦C, and 180 ◦C

Material Texture Categorical Types of textures like Original Mirror Texture,
Replaced Texture

Material Roughness Categorical Levels of roughness intensity such as 5%, 95%

FOV Categorical Angles representing the field of view like 10%,
50%, 90%

Gamma Correction Value Categorical Gamma settings like 1.0, 2.2, 3.4

Depth Occlusion Categorical Presence or absence of Depth Occlusion

HDR Categorical Presence or absence of HDR

3.3 Data Analysis

Frequency Calculation. In this study, we conducted a frequency calculation
aimed at delving into several rendering variables related to visual realism and
assessing their association with whether participants have experience using ren-
dering software. These rendering variables include a range of factors related to
visual realism. We calculate the frequency and percentage for each level or cate-
gory under each variable, which allows us to understand the distribution of each
rendering variable within the sample and the preferences of participants across
different levels.

Chi-Square Test Analysis. Our primary objective was to evaluate the asso-
ciation between these rendering variables and participants’ experience with ren-
dering software. To achieve this goal, we performed the chi-square test [20]. The
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chi-square test is a statistical method used to examine the association between
two categorical variables.

We calculated the chi-square statistic, p-value, and degrees of freedom to
determine the presence of statistically significant associations. Based on the
results of the chi-square test, if the p-value is less than the commonly cho-
sen significance level (typically 0.05), we reject the null hypothesis, indicating
a statistically significant association between rendering variables and rendering
software experience. If the p-value is greater than the significance level, we fail
to reject the null hypothesis, suggesting no statistically significant association.

4 Results

4.1 Frequency Calculation Results

Figure 2 presents the frequency calculation results for all variables, showing the
distribution of participants’ preferences across different intensity levels. In each
question’s set of options, we include a reference ground truth(GT) option that
aligns with the original real-world environmental conditions for participants to
consider.

In terms of the variable of light source type, the proportion of individuals
who perceive the difference in comparison to no difference is 96% to 4%. Among
these respondents, 49% chose an option that is the GT, representing the high-
est percentage among the four options. Regarding the variable of light source
intensity, the proportion of individuals who perceive the difference in comparison
to no difference is 97% to 3%. The majority, with 58%, chose the GT option,
which was the highest percentage among the four options. For light source color,
the proportion of individuals who perceive the difference in comparison to no
difference is 88% to 12%. Among these respondents, 63% selected an option
that aligned with the GT, demonstrating the highest percentage among the four
options.

In terms of the variable of shadows intensity, the proportion of individuals
who perceive the difference in comparison to no difference is 97% to 3%. Among
these respondents, 77% chose the GT option, representing the highest percent-
age among the four options. Moving on to shadows intensity, the proportion of
individuals who perceive the difference in comparison to no difference is 90%
to 10%. Among these respondents, 51% chose the GT option, representing the
highest percentage among the four options.

Regarding the variable of material texture, the proportion of individuals who
perceive the difference in comparison to no difference is 99% to 1%. Among
these respondents, 95% chose the GT option, representing the highest percentage
among the three options. Similarly, for material roughness, 99% of participants
perceived a difference compared to 1% who did not. Notably, 92% selected the
GT option, which held the highest percentage among the three available choices.

In terms of the variable of FOV, the proportion of individuals who perceive
the difference in comparison to no difference is 95% to 5%. Among these respon-
dents, 49% chose the option of 10% angle, and 30% chose the GT option.
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Fig. 2. Frequency results of various variables impacting visual realism.

For the gamma correction value variable, the proportion of individuals who
perceive the difference in comparison to no difference is 97% to 3%. Among
these respondents, 61% chose the GT option, representing the highest percentage
among the four options.

Regarding the depth occlusion variable, the proportion of individuals who
perceive the difference in comparison to no difference is 98% to 2%. Among
these respondents, 73% chose the GT option, representing the highest percentage
among the three options.

Finally, with respect to the HDR variable, 95% of participants perceived a
difference compared to 5%. Among these respondents, 63% chose the GT option,
representing the highest percentage among the three options (Table 3).
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4.2 Chi-Square Test Results

Table 3. Chi-Square Test results on visual realism variables and experience with ren-
dering software

Variable Chi-Square Statistic p-value Degrees of Freedom Significant

Light Source Type 0.981 0.806 3 No

Light Source Intensity 0.762 0.858 3 No

Light Source Color 7.277 0.064 3 No

Shadows Intensity 2.208 0.530 3 No

Shadows Direction 2.695 0.441 3 No

Material Texture 0.906 0.636 2 No

Material Roughness 2.496 0.287 2 No

FOV 0.530 0.912 3 No

Gamma Correction Value 1.556 0.669 3 No

Depth Occlusion 0.121 0.941 2 No

HDR 0.935 0.627 2 No

In this study, a chi-square test was employed to investigate the association
between rendering variables and experience with rendering software. The results
indicated that the p-values for all variables exceeded the statistical significance
threshold of 0.05, thus Hypothesis 2 is rejected. Notably, although the p-value for
the Light Color variable was 0.064, slightly above the significance level, it was not
sufficient to demonstrate statistical significance. Hence, despite a marginal trend
suggesting that experience with rendering software might affect the perception
of light color, this association did not reach statistical significance.

5 Discussion

This study was guided by two central hypotheses: Hypothesis 1 posited that
rendering variables affect the perceived visual realism in AR; Hypothesis 2 sug-
gested that the judgment of visual realism in AR is influenced by the user’s
experience with rendering software.

5.1 Discussion of Hypothesis 1

Based on frequency statistics, we can infer that all the rendering elements
included in the hypothesis have an impact on users’ perception of visual realism.
Among these variables, in the frequency statistics for both light source color
and shadows direction, the percentage of participants choosing “no difference”
exceeded 10%. Specifically, in the case of light source color, the proportion of par-
ticipants choosing “no difference” accounted for 12% of the total, making it the



180 X. Wei and Y. Luximon

highest “no difference” proportion among all the variables. It is noteworthy that
relative to the other variables, these two variables are less easily distinguishable,
and participants demonstrated a lower sensitivity to changes in these aspects.
In the testing of the remaining variables, the “no difference” options were all
below 5%. Particularly noteworthy is that for the variables of material texture
and roughness, the “no difference” options were even below 1%. This indicates
that participants found it quite easy to distinguish between options in the test-
ing of these two variables, suggesting a high level of sensitivity to differences. So
we can assume that light source color and shadows direction have a relatively
minor impact compared to others, while material texture and roughness have the
most pronounced effects on visual realism perception. This conclusion supports
our Hypothesis 1 that all tested rendering factors in this study indeed influence
users’ perception of visual realism.

5.2 Discussion of Hypothesis 2

The chi-square test results did not support a statistically significant association
between users’ experience with rendering software and their judgment of visual
realism. Despite the non-significant overall results, the Light Color variable’s
p-value approached the threshold of significance, suggesting a potential, albeit
weak, correlation that merits further investigation. This outcome indicates that
while rendering experience might not broadly influence perceptions of visual real-
ism, there may be specific elements within the rendering process that are subtly
affected by such experience. These insights are valuable for AR application devel-
opers, as they indicate that a user’s technical background may not necessarily
limit their ability to discern visual realism in AR-broadening the potential user
base for AR applications. The results of the chi-squared test demonstrate that
our Hypothesis 2 is not supported, as prior experience with rendering software
does not have an impact on users’ judgments of visual realism.

5.3 Implications and Future Directions

The results of this study offer a foundation for future research, which should con-
sider larger sample sizes or different methodological approaches, such as mixed
methods research that incorporates qualitative data. Further investigation into
how nuanced differences in rendering variables impact user perception could lead
to more personalized and sophisticated AR experience. Moreover, exploring the
intersection of technical expertise and sensory perception could unveil deeper
insights into how we interact with and interpret augmented environments.

6 Conclusion

The study primarily aimed to understand the effects of various rendering vari-
ables including light (type, intensity, color), shadows (intensity, direction), mate-
rial properties (texture, roughness), depth occlusion, FOV, gamma correction
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value, and HDR on the perception of visual realism in AR. It also explores
how users’ experience with rendering software influences their perception. The
research indicates that the variables in our study indeed impact users’ perception
of visual realism in AR. It should be emphasized that although all variables con-
tribute to the outcome, the impact of light source color and shadows direction is
relatively insignificant compared to other variables, whereas the material texture
and roughness variables had the most profound effect. Furthermore, this study
find that there is no significant relationship between users’ prior experience with
rendering software and their judgments of visual realism. The findings suggest
that while technical accuracy in rendering is crucial, the emphasis should be on
those variables that users perceive as most impactful to realism. This nuanced
understanding of variable impact could guide the development of more effective
and authentic AR experience, focusing on enhancing the aspects most crucial to
user perception of realism.
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Abstract. With the development of mobile communications technology, smart
phone has become a necessity in people’s life. The aggravation of population
aging in China draws the society’s more attention to the market of smart phone for
the aged. Being convenient, smart phone provides the aged with a brand new read-
ing mode and a flexible reading environment. However, this advantage changes
elderly users’ habit of using eyes and causes visual fatigue. This research explores
the relationship between smart phone screen color combination and visual iden-
tification, visual fatigue of the aged. Combining color criterion RGB adopted by
most displayers with neutral colors black and white, the author probes into the
influence of smart phone screen color combination on visual identification and
visual fatigue through experiment. The experiment in this research is about the
influence of mobile phone screen color combination on visual identification of the
aged. The results showed that the best color sample for male subjects was white
on a blue background, while the best color sample for females was green on a blue
background.

Keywords: Font · Text color · Visual recognition · Smartphone · Elderly

1 Introduction

Reading as one of the many important daily activities of older persons, not only brings
to life more rich experience, at the same time can make older people reduce loneliness
and enhance their confidence, slower mental decline. Is now more than 40 years old or
more than 30 young people, they have the habit of reading on Smartphones and take it
as a hobby, even dependent on demand of Smartphone screens. Among the older people
in the future, they have the ability to grasp and learn the smart phone and they has the
foundation for Smartphone use.

The aging of the visual function of the elderly will affect their visual senses, resulting
in significant differences in visual function. The aging of the visual function of the elderly
will affect their visual senses, making their visual function significantly different from
that of the general public. In daily life, people receive information from the outside world
through the five senses. In daily life, people receive information from the outside world
through the five senses, which leads to the generation of senses and behavioral actions,
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and the formation of thoughts, of which vision is the most important. In fact, as much
as 80% of the knowledge acquired by human beings is absorbed through vision.

With the aging of the elderly people’s visual and perceptual abilities decline, in the
case of surgery and aids cannot be overcome, the only way to solve the inconvenience of
the elderly in the use of products is to follow the principle of human factors design “to
adapt the object to the person,” and people living in this world, it is inevitable that they
need to interact with the things around them. Therefore, no matter at home or anywhere,
what people do in their daily life is in fact a series of interactions with the surrounding
environment.

According to the research on color perception and coordination color mentioned
in the study for the stimulation of human impact much larger than the object form, so
the excellent color combinations could to help extend the older person operating time
and the use of Visual performance and concentration. Therefore, good color vision of
consciousness on the Smartphone screen, users can have a better reading experience. This
study combines the elderly ocular physiological changes, using smart phone screens,
and experiments to investigate the screen color combinations and depending on the
relationship of consciousness of the elderly, research helps to guide the design of future
products, Visual elements, reference to product design, care of the elderly and so on.

2 Literature Review

The aim of this article is to study the Smartphone screen color combination with the
Visual identity of the elderly associated with the Visual fatigue, literature reviews are
divided into seniors with vision theory, color theory, Visual recognition, Visual fatigue
related literature, Visual performance of five for the collecting and analyzing to extend
help in this study.

2.1 Elderly and Visual Theory

For the definition of the elderly, gerontology in China and outside China nation has
more than 10 kinds of opinions, one of the more popular are: to define, according to
the physiological age to chronological age definition, defined by mental age definition
age and society. Daily life in the “old” is usually for people of a certain age, so, in
order to facilitate research and understanding, we divided by age method elderly people,
according to China’s regulations, the elderly citizen aged 60.

According to the United Nations standards, in a country or territory, population over
60 years of 10% or 7% of the population over the age of 65, that is called in this country
or region into an aging society. The ageing of the population, is a common problem all
over the world.

By the degradation of the organ after the age of 60 have more obvious. Under
normal circumstances, people between ages 40 to 45 years old Visual deterioration,
sharp decrease to about 65 years old can restore stability, in addition to the deterioration
of vision in addition to capture the dynamic effects of fuzzy than before, the light shades
of feeling will fade, lower sensitivity to color a lot.
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Kline and Scialfa had proposed in 1996 population of light-sensitive, so we cannot
adapt to the rapid changes in brightness observed close things begin to weakens; Cerella
in 1985, narrows the view of older persons, the width of the field has been weakened.

Delai Men in its studies of cognitive preferences that, based on the cognitive experi-
ence of the elderly, the elderly in most cognitive of tonal pleasure when, to order of red,
Orange, yellow, blue, green and purple, the preference for the highest purity for purity
of color, in the above should be used on the lightness of lightness.

The existence of these problems andwidespread in the elderly population, the elderly
in the Visual changes will be the Smartphone screen color combinations on the Visual
identity of the elderly associated references and theoretical basis.

2.2 Application of Color System

Lin Kunfan mentioned in the color theory, when exposed to sunlight, survive light
reflected to the eye as seen in the color of an object, light wave length difference, which
produced red, Orange, yellow, green, blue and purple color vision. In the retina, with
three types of cone-shaped like the Visual cells can sense that the 380~780 nm light
(the range of visible light). Color differences on the formation of color other than purely
physical, another level, also have a psychological dimension, which contains subjective
factors such as cognition, emotion, affect people of color feel.

R, G, B color model also known as additive color models, color comes from the red,
green, and blue base color (RGB) brightness differences between overlapping, it is called
additive color model. Model, red, green, and blue three base colours with 256 different
values measured, the value from 0 to 255, consists of three different combinations of
values, forming a colorful color space. When r is 255, g, b value of 0 is rendered in solid
color red when g is 255, r and b values are 0 for solid green; when the b value is 255, r, g
is 0, which is solid blue. R, G, B values are all 0 values, to solid black. R, G, B are 255,
the colour rendering solid color white. This study sample color schemes, picking colors
primary colors R, G, B samples of solid color in design. 1821–1894 hemuhezi made
sense three primary colors from the Germans in three types of cone cells in the eye, such
as red light mainly dominated by Red cones, use color for a color condition in itself.
In addition, the composition monitor screen color mode, tri-color CRT from the screen,
which also belongs to the light and shade of gray scale performance and full-color trip
(formed by the combination of R, G, B colors). Principles and monitor screens of eyes
to distinguish colors, are the three primary colors of light R, G, B color model (Fig. 1).

Legibility, can be called easy reading, debate. Digit refers to can identify with each
other which is why property, it affected by stroke, thickness, font, contrast and lighting,
digit intervals, distances, influence of surrounding conditions such as white. Color vision
of consciousness first depends on brightness difference, followed by color differences.
Color combinations based on sample size and comparative view of consciousness is
good or bad. Depending on the knowledge of high color, and other samples of the same
size, degree of interpretation is the better. In Fig. 2, for example, identification of blue-
and-white than yellow background and blue-and-white view of consciousness than the
yellow color scheme.
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Fig. 1. R, G, B color model.

Ma Shicong (2002), Kaohsiung bus front road sign recognition study mentioned in
the different diagrams, color in General is significantly affected, among the blue-and-
white color scheme is the best cognitive and yellow background and red on a white
background, white, and green knows the difference.

In addition, Ma Shicong (2002), Kaohsiung bus front destination tips mentioned in
the cognitive study of P22-23, medium stroke thickness (thick higher than 1:6) digital
sample of supposed to know better. Fine stroke thickness (thick higher than 1:8) fol-
lowed by bold strokes (the rough higher than 1:5) the worst. For font construction also
made the following conclusion, structural differences, the greater the font, read better,
high similarity of composition, although obviously in design consistency, is likely to
cause similar interpretation errors. In addition, Sun j Chambers (2007) digital reading
render mode 15–29, found, for example, text size and also affect the interpretation of the
form factor, and word-level and 14 for the new reading condition of thin out, the most
appropriate.

Lin Qingquan (2000), screen type, ambient lighting, and background color combi-
nations for text terminals Visual task referred to in the study of the impact of Visual
performance factors can be divided into three categories: (1) stimulating characteris-
tics, (2) characteristics of the environment, (3) service features. In other words, Visual
performance advantages and disadvantages of human external stimuli, human factors
and environmental influences. This content contains two low lighting brightness factors
such as ambient light and color matching to stimulate. Use of assessment methods in
order to determine the advantages and disadvantages of Visual performance, increase
the credibility of experimental objective.

3 Experimental Design

There is a close relationship between the factors that affect the vision of the elderly in the
life. The ability of color identification provided by the eyes to improve the performance
of reading for the elderly. This research will discuss the advantages and disadvantages
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Fig. 2. The difference of visual recognition of color combination.

of the eyes of the elderly for color combination, and the experiment will be based
on the combination of color and color combination of the smart phone screen color
combination of the elderly visual recognition of the relationship between the two. Due
to the popularity of iPhone as well as the user’s general praise, this experiment selected
Apple’s fifth generation mobile phone screen size 4 inches as a benchmark.

1. Font design. Smart phone screen text, usually navigation main title of the font size
for the 40 px, the main body size is 32 px, the vice text for the 26 px, small size is 20
px, it will be 40 px, 32 px, 26 px, 20 px as the experimental font size.

2. Color combination design. The design of the experimental samples, color selection
color primaries in the R, G and B color and color black and white five color cross
match, formation of target and background combinations, and eliminates the color
blind patients unable to discern the color combination, for a total of ten groups. For the
blue bottom green words, at the end of the green blue words, white background black
word, black bottom mispronounced character, white bottom blue words, blue bottom
mispronounced character, at the end of the green black characters and black at the end
of the green, red bottom mispronounced character, white at the bottom of the scarlet
letter, respectively. Influence of object structure, consider the font structure, thickness
and for visual knowledge factors and use e character in the history of Nailun e word
scale, the strokes of the same thickness, spacing, text structure. And in accordance
with the direction of the E word opening, the lower, left and right four groups for
change. The 10 groups of color samples were tested, and the targets were 4 groups
of 40 groups.

3. The choice of the subject. Choose 20 old people who have the habit of using smart
phones, 10 men and 10 women, aged between 65 and 60 years old.

Visual performance based on the error rate of the subjects to answer the color of the
sample to determine the relevance of the visual. The higher the error rate, the worse the
visual recognition of the sample in the dark environment.

The actual number of Dacuo / actual item number of subjects with *100= error rate
(%).
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The experimentwas conducted in both subjective and objectiveways. In the objective
part, in order to stabilize the ocular status at the beginning of the experiment, subjects
were required to fill in the basic information and undergo a 10-min dark-conditioning
period (Table 1).

Table 1. List of experimental color samples.

Tools Target Polarities Color combinations

Cathodic

Anodic

4 Results and Discussion

The main purpose of this phase of the experiment was to investigate the factors affecting
visual recognition, which were categorized as: gender,

The influencing factors were categorized as: gender, distance, color combination,
sample polarity, target orientation, and so on. The results were used to determine the
effect of color combination on visual recognition.

The color combinations of the subjects were judged to be good or bad for visual
recognition, and then the order of visual recognition among the color combinations was
investigated. The results are as follows:

1. To investigate the association between gender and visual identity in darkness.

The results showed that there was no significant difference between gender and visual
identity. The results showed that there was no significant difference between the two
genders in terms of visual identity. For males, the best sample in terms of visual recogni-
tion of color combinations was green on blue background. The worst sample was green
letters on a blue background.
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For females, the best sample was green letters on a blue background for visual recog-
nition of color combinations. The worst sample was green letters on black background
and white letters on black background.

The worst samples were green letters on black background and white letters on black
background. The results were consistent. Therefore, there was no difference in the visual
recognition of color between the two genders (color figure online).

2. To investigate the relationship between distance and visual recognition under darkness
correspondence.

In this experiment, the distance is divided into 300 cm, 250 cm and 200 cm. The number
of incorrect answers was taken as a factor in determining the level of visual acuity of
the subjects.

The results showed that the color samples had a significant effect on the subjects’
performance at distances of 300 cm and 250 cm in a dark environment.

The results showed that there was a significant difference in the performance of the
color samples at a distance of 300 cm and 250 cm in a dark environment, while there
was no difference at a distance of 200 cm.

There was no difference at a distance of 200 cm. Therefore, a distance of 250 cm or
more should be used as a benchmark for judging the visual recognition between color
samples.

3. Explore the association of dark-conforming color combinations on visual recognition.

In this experiment, the right and wrong answers of the subjects were regarded as the
factors to discriminate the superiority and inferiority of visual literacy, and the results
of both sexes in the visual literacy of the color samples, the significance of the right
answers was 1.000; the significance of the wrong answers was 0.921, which was greater
than 0.05, and there was no significant difference between the two.

In terms of visual discrimination between color combinations, the best color sample
for males was green on blue (error rate 4.4%) and the worst color sample was green on
black (error rate 16.7); the best color sample for females was green on blue (error rate
2.8); and the worst color sample was green on black/white on black (error rate 15.6%).
Thus, the visual legibility of the color samples does not differ by gender (color figure
online).

5 Conclusion

In the study of visual recognition, the experimental objective is to explore the factors that
affect visual recognition. Divide it into distance, color sample, sample polarity, target
orientation, and gender.

The results showed significant differences in visual recognition in terms of distance,
color samples, sample polarity, and target orientation. However, there is no significant
difference in gender, and color combinations have a greater impact on visual recognition
than gender. In addition, this study considers distance as a factor affecting color recog-
nition. In terms of color sample performance, the visual recognition of green characters
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on a blue background is the best; The black background with green characters performs
the worst.

Looking at the sorting of single color samples among different phases, it was found
that the color samples with a blue background performed the best in dark environments,
followed by the color samples with a white background, followed by the color samples
with a green background, and the worst were all the color samples with a black back-
ground. It was found that the sample of bright characters with a dark background had
poor visual recognition in a dark environment. And infer that sample polarity is a factor
affecting visual recognition.

By dividing the sample into two polarities of yin and yang for observation, it can
be found that the visual recognition rate of samples with dark background and bright
characters (negative presentation) is higher than that of samples with bright background
and dark characters (positive presentation). Therefore, in a dark environment, if you
want to have good visual recognition, you should avoid a combination of too far line of
sight and bright characters on a dark background (presented as negative).

Due to limitations in experimental design specifications and other factors, this study
did not achieve completeness and will be reviewed below.

1. Color samples

This study investigates the principle of the cellular composition of the receptor (eye)
itself, focusing on the three primary colors R, G, and B, as well as the two colors of
colorless black and white, which are interactively made into samples. However, in the
field of color, besides the primary colors R, G, and B, there are also possibilities for
other color combinations. In this study, it is not possible to fully consider all color
combinations, and only the results presented by the combination of three primary colors
and black and white interaction can be presented.

2. Experimental posture

This study aims to ensure the fairness of the experiment among participants, limiting
their visual range, posture, seat height, etc. But the characteristic of mobile phones is to
provide a diverse and mobile way of use, not a single presentation. In this study, it was
not possible to fully consider the postures and work forms of all participants, and only
the results presented in a sitting position were presented. However, it cannot be ruled out
that changes in visual distance, posture, and seat height may also affect the experimental
results.
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Abstract. Changes in both physiological structure and psychological factors
occur in older adults, leading to a decline in fine motor control and inferior per-
formance compared to young adults during touchscreen interactions. It is crucial
to understand the behavioral patterns of older adults’ touchscreen clicks and sub-
sequently optimize the touch active area size based on click position bias. An
experimental prototype was developed using Android Studio, and 25 participants
aged 65 and above (9 males, and 16 females) were recruited for touchscreen tasks.
Several key findings emerged from the study. Firstly, older adults exhibited signif-
icant deviations when clicking targets near the left and right edges of the screen.
The leftward deviation was predominantly downward, while the rightward devi-
ation was upward. Secondly, to achieve an 80% accuracy rate for older users,
recommended touch active area sizes were determined as follows: 2.3 cm for the
left 25% of the screen, 1.1 cm for the central 50%, 1.7 cm for the right 25%,
and 2.1 cm for the entire screen. These findings could contribute to enhancing the
design of touch interfaces, providing reference parameters for touch active area
sizes to achieve optimal click accuracy in different screen areas.

Keywords: Touchscreen · Click Position Bias · Touch Active Area · Parameter
Design · Older Adults

1 Introduction

In the current landscape, the primary target demographic for smartphones has been young
adults, with a noticeable increase in the proportion of older adults in recent years. The
ownership of smartphones among older adults in the United States surged from 18%
to 42% in just four years [1], and this trend continues to rise. However, the usage of
smartphones poses significant challenges for older adults. The main reasons for these
challenges could be outlined as follows: Firstly, older adults exhibit a weaker capacity
to embrace novel technologies. Secondly, their cognitive understanding of the interfaces
of information products is comparatively lower. Lastly, the operational aspects of smart-
phones are less suited to the needs and capabilities of older adults. In terms of interactive
activities involving touch gestures, older adults commonly suffer significant troubles.
On average, individuals spend three hours per day engaged with smartphones [2]. These
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users frequently employed touch gestures such as tapping, swiping, and zooming to
operate the touchscreens of their mobile devices. According to reports from the research
company Dscout, Android smartphone users in the United States touched their phones
at an average frequency of over 2617 times per day, with heavy phone users reaching
frequencies as high as 5400 touches per day [3]. Improving the touchscreen interaction
for older adults and smartphones became a crucial requirement.

More specifically, older adults exhibited poorer performance in touch interactions
compared to young adults. For smaller devices such as smartphones, older adults were
more prone to click position bias [4]. The average error rate for older users when using
smartphones was 32.17%, which is three times higher than that of young adults. Even
when using larger-screen devices like iPads, older adults still demonstrated a high click
error rate of 16.89% [5]. In comparison to young adults, older adults exhibited lower
accuracy in both fine motor skills and finger-pointing abilities [6, 7]. These difficulties
in operational tasks might contribute to the challenges faced by older adults in using
smartphones, especially when it comes to precise input gestures such as tapping and
dragging, as well as multi-finger coordinated touch gestures like zooming and rotating.

In various touchscreen interactions between users and smartphones, such as tapping,
swiping, and zooming, tapping is the most frequently used gesture. Concerning tapping
gestures, older adults exhibited a higher error rate and longer task completion time com-
pared to young adults. Moreover, their perception of task difficulty was lower than that
of young adults [5, 8–10]. Researchers have sought to enhance tapping performance
in older adults by increasing the size of smartphone icons. Kobayashi et al. suggested
using targets larger than 8mm on 3.5-inch devices [11]. Gao and Sun recommended
target dimensions of 15.9 mm × 9 mm on 23-inch devices [9]. However, these recom-
mendations might not be universally applicable to all screens. Simply enlarging the size
of interface elements could also compromise information readability.

In addition, to enhance the touch interaction between older adults and smartphones,
attention must be directed towards age-related changes in human physiological func-
tions. With advancing age, there is a notable decline in motor control abilities, cognitive
capacities, and perceptual abilities. The decline in motor control abilities is primarily
manifested in reduced strength control and diminishedmotor coordination. Older adults,
when engaged in touch gestures with smartphones, exhibit increasedmovement time and
decreased movement accuracy [12–14]. The decline in cognitive capacities is evident in
prolonged information processing and reaction times among older adults [14, 15]. The
diminished perceptual abilities contribute to a weakening of hand-eye coordination in
older adults, potentially resulting in greater difficulty in utilizing touch gestures [16].

Therefore, in order to enhance the accuracy of touch interaction for older adults,
this study investigated the patterns of click position bias exhibited by older users.
Subsequently, based on the findings of these patterns, attempts were made to perform
interaction correction.
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2 Related Work

2.1 Touchscreens Might Be More Suitable for Older Users

Previous research has indicated that direct interaction with touchscreens requires less
cognitive, spatial, or attentional demands from older users [17, 18]. Compared to tra-
ditional computer input devices such as mice, touchscreen interaction could reduce
movement time and error rates, thereby diminishing age-related performance differ-
ences [19]. For users without prior computer experience, touchscreen interaction is also
easily learnable, mitigating resistance among older adults toward new technologies [20].
Touchscreen devices are suitable for use anywhere as they do not necessitate interme-
diary devices. Nowadays, most handheld devices are equipped with touchscreens, and
public information kiosks in places like train stations, airports, or bank systems also
feature touchscreen devices [21]. Therefore, enhancing the interactive performance of
older adults with touchscreen devices is of paramount importance.

2.2 Challenges in Clicking for Older Adults Using Indirect Input Devices

The aging process significantly impacts themotor, cognitive, and sensory abilities related
to interactions with computers and handheld devices. Previous research has extensively
documented the interaction difficulties faced by older adults when using indirect input
devices, particularlymice. Studies indicated that older adults struggle to apply the correct
force to the mouse, leading to an increased incidence of selection errors [12, 14]. For
older adults, as the targetwidth decreases, the error rate disproportionately increases [22].
The loss of motor function has also been shown to impede mouse control, potentially
resulting in cursor loss [23]. Older adults encounter challenges in performing more
complex interaction tasks as well, such as double-clicking [24], single-clicking and
dragging [25], and turning [8].

2.3 Challenges in Clicking for Older Adults Using Direct Input Devices

Despite not receiving as thorough exploration as indirect input devices, research on age-
related interaction difficulties with direct input devices (such as pens and touch) has
yielded similar conclusions. Older adults exhibited slower selection times [26–28] and
higher error rates [9, 26] compared to their younger counterparts. Additionally, older
adults were more likely to encounter difficulties when performing complex tasks, such
as dragging [8], turning [8], and sliding [28] through touch input. Direct input devices
were considered to provide better support for hand-eye coordination than indirect input
devices, which might explain the observed narrowing of performance gaps (in terms of
speed and accuracy) between older and younger adults using direct input [29, 30].

3 Materials and Methods

3.1 Experimental Design

The dependent variables recorded in this experiment include click position bias, the
success of the click, and finger pressing time. Click position bias refers to the deviation
between the actual finger click position and the target position. The value of D is equal
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to the distance between the touch point when the finger clicks and the center point of
the target. This distance is calculated in the two-dimensional coordinate system of the
mobile phone screen using the coordinates of these two points, as shown in Fig. 1. The
calculation formula is as follows (1). The coordinates of the touch point at the time of the
click were obtained through the experimental prototype at the Android system’s lower
level and were recorded synchronously with the experimental operation. If the click
position bias D ≤ 119px, it is considered a successful click; otherwise, it is considered
a failed click. Therefore, the successful click area is a circle with the target center as the
center and a radius of approximately 0.9cm. Finger pressing time is the time required to
click on each target point, i.e., the time difference Δt between the finger’s press-down
and lift-up. The calculation formula is given by (2).

D =
√
(x1 - x0)

2 + (y1 - y0)
2 (1)

�t = t2−−t1 (2)

Fig. 1. Illustration of Click Position Bias and User’s Hand Posture during Tapping Actions. a.
Depiction of click position bias. b. Third-person perspective of older adults engaging in tapping
actions during the experiment. c. First-person perspective of users executing tapping actions.

In this experiment, the OPPO Reno8 Pro smartphone was employed for prototype
manipulation. The smartphone featured a 6.62-inch display with a resolution of 2400 ×
1080 pixels. The dimensions of the phone were 161mm in height, 74.2 mm inwidth, and
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7.57 mm in thickness, with a weight of 188 g. In the conducted experiment, participants
were instructed to perform a tapping task using both hands, with the left hand holding
the mobile device and the right index finger executing the taps, as shown in Fig. 1.

3.2 Participants

Participants were recruited through convenient sampling, voluntary sampling, and snow-
ball sampling. Recruitment messages were disseminated by researchers through social
media platforms. A total of 25 older adults (aged 65 and above) and participated in
the experiment, including 9 males and 16 females, all of whom were right-handed.
Self-reported medical histories indicated that none of the participants had a history of
psychological, neurological, or severe cardiac disorders, and Chinese was their native
language. The duration of the experiment was approximately 10 min, and all partici-
pants were well-informed and provided informed consent before participating. A certain
compensation was given to participants after the conclusion of the experiment.

3.3 Experimental Prototype and Apparatus

The experiment required real-time recording of touch behavior data through the Android
low-level touch action API, including click coordinates and finger pressing time. As
there were no commercially available applications implementing such functionality,
a prototype was independently developed and tested for the formal experiment. The
prototype, built on the Android 13.0 system using the IntelliJ IDEA compiler, consisted
of three interfaces: a welcome interface, a click page, and a prototype display page, as
shown in Fig. 2.

Due to the presence of a time information display bar at the top of the mobile phone
screen, it was challenging to cover the entire phone pagewith the experimental prototype.
Additionally, both the top and bottom of the screen have curves, deviating from the
standard rectangular shape. Therefore, the experimental prototype excluded the top and
bottom areas of the phone screen. The remaining rectangular area was divided into 136
squares (17 × 8 = length × width), aiming to achieve a more uniform distribution of
all target click positions and to cover the screen as comprehensively as possible. The
center of each square served as a target click position, and each target click position was
evenly arranged around the central point of the screen with a certain spacing.

According to Android design principles, the target size and target spacing should
be multiples of 8dp and 48dp, respectively (dp being density-independent pixels, a
recommended unit of measurement for control size in Android design specifications).
Considering the constraints of screen resolution and size, the target grid size was set
to 48dp. The initial click position for all participants was consistent and determined
based on the angle and distance of the user’s holding position of the smartphone. After
participants clicked the starting point, the screen randomly presented one of the pre-
set 135 target points. Upon clicking the presented target point, it disappeared, and the
next target appeared randomly. This process continued until participants clicked on all
target points, and a notification of task completion appeared at the bottom of the screen.
Throughout this procedure, the experimental system automatically recorded user click
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andoperation timedata on the smartphone and saved itwith the corresponding participant
ID.

Fig. 2. Experimental Prototype. a. Initial interface of the prototype. b. Prototype design and target
point illustration. c. Displayed interface of the prototype. d. Dimensions of target point locations.

3.4 Procedure

First, the experimenters introduced the background, purpose, and content of the exper-
iment to the participants. After the introduction, participants were asked to complete
an informed consent form. Next, participants were required to fill out a questionnaire
regarding personal information, including age, gender, education, and mobile phone
usage. Subsequently, experimenters explained the experimental tasks to the participants,
leading them into the training and testing phases.

Training Phase. Once the preparatory work for the experiment was completed, the
experimenters issued the start command, and participants began practicing clicking on
target points. Participants operated with both hands to complete the clicking task—
holding the phone with the left hand and using the index finger of the right hand to
click on the target points appearing on the screen. During the experiment, participants
followed the instructed clicking posture, and the training concluded when the screen
displayed the words “Task Completed.”

Testing Phase. Participants were instructed to click at their accustomed speed, ensuring
minimal movement between the left hand and the phone and maintaining consistent fin-
ger positioning, resembling their typical mobile phone usage. The task commenced with
participants entering the developed application, and initiating the click task upon reach-
ing the interface. Initially, the screen displayed only a starting point; after participants
clicked the starting point, one of the pre-designed 135 targets appeared. Participants
then clicked on the target, causing it to disappear while the next target appeared, repeat-
ing this process until all target points were clicked. The sequence of target points was
entirely random, with each target appearing only once. In each task, participants simul-
taneously clicked the starting point upon the experimenter’s start command. The task
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concluded when the words “Task Completed” appeared in the center of the screen, and
upon returning to the main interface, participants stopped clicking, signifying the end
of the task.

3.5 Data Visualization

In this study, RStudio 1.4.1717 software was employed for the visualization of vector
fields and heat maps. Psych and car were utilized for basic statistical analyses, while the
ggplot2 package was employed for graphical visualization.

4 Results

4.1 Demographics

The characteristics of the participants were shown in Table 1.

Table 1. The characteristics of the participants.

Characteristics M SD N %

Age (years) 66.4 6.63

Duration of Smartphone Usage (years) 9.3 4.03

Time Spent on Smartphone (hours) 5.4 3.63

Gender

Male 9 36%

Female 16 64%

Education Level

Undergraduate and College 3 12%

High School and Vocational 10 40%

Junior High School and Below 12 48%

4.2 Click Behavior

In the conducted experiment, data from 25 participants were collected, comprising a
total of 3400 clicks. The mean click position bias for older participants was 210.4 px
(SD = 115.12 px, minimum = 3.26 px, maximum = 574.05 px). Initially, the collected
click coordinate data underwent organization and outlier detection. Subsequently, devi-
ation values for each participant’s every click were computed based on the deviation
calculation method mentioned in the research methodology. The results indicated that
only 38.74% of the click actions were successful (D ≤ 119 px), highlighting the neces-
sity to address click interaction gestures for older adults. Finger pressing time serves
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as a reflection of the sensitivity of click actions for older individuals. The distribution
histograms of click position bias and finger pressing time were shown in Fig. 3. The
results revealed that the mean finger pressing time for older participants was 76.9 ms
(SD = 38.24 ms, minimum = 0 ms, maximum = 301 ms).

Fig. 3. The Performance of Click Behaviors. a. Distribution graph of click position bias; b.
Distribution graph of finger pressing time.

4.3 Click Position Bias Vector Field

Because click position bias is derived from the behavioral performance of user gestures
in the real world, optimization for it is more suitable when described in metric units,
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specifically in centimeters. In order to explore the distribution pattern of click position
bias across the entire screen, a bias vector field was constructed based on click data.
Firstly, the offset of each actual click position relative to the target positionwas calculated
using the click position offset formula. Secondly, the average of all participants’ click
biases at the same target position was taken as the click position bias for that location.
Subsequently, starting from the center point of the target point and ending at the touch
active area of the participant’s actual click position, vectors of bias direction were drawn,
with the vector length representing the bias value. Ultimately, a click position bias vector
field containing 136 target positions was obtained, as shown in Fig. 4.

Fig. 4. Click Position Bias Vector Field.

Observing this figure revealed that the bias was greatest near the left edge of the
screen, relatively large on the right edge, and minimal in the central area. Moreover,
arrows at both ends of the screen were longer, indicating larger biases. The leftward bias
mainly shifted downward, while the rightward bias shifted upward, with the leftward
bias being greater.
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4.4 Optimizing Touch Active Area Size Standards

When performing touch operations on a mobile phone, the target touch area needs
to be activated to recognize the touch behavior and trigger corresponding operations or
functions. The touch active area size is synonymouswith the click position bias threshold.
When the click position bias exceeds the threshold, the activation of the target touch area
fails. Optimization of the touch active area size for touch clicks centered on older adults
is considered from three perspectives: first, based on the click position bias characteristic
values of the older adults; second, based on the physiological characteristics of older
adults; and third, based on the screen area.

Based on Click Position Bias Characteristic Values. In accordance with the 48dp
principle, the quartile range of click position bias (1 cm) was selected to set the size of
the touch active area, aiming to assess the applicability of the existing 48 dp principle for
older users. The new trend chart of click position bias was depicted on the left of Fig. 5.
From the heat map, it was evident that the left and right sides of the smartphone screen
exhibited a more pronounced yellow-red hue compared to other areas. This implied
that when the touch active area size was set to 1cm, the deviation of older users when
targeting the center of the screen was relatively small, while the deviation remained
substantial when targeting the sides of the screen. Under this criterion, the click accuracy
was 41.55%, indicating that the existing Android system’s 48 dp principle was largely
inapplicable to older users.

The touch active area size based on the first quartile of click position bias did not
significantly improve the click accuracy for older users. Therefore, a larger active area
size was set, considering that the mean click position bias (1.5 cm) covered more than
50% of the click biases. Hence, the touch active area size was set to 1.5 cm. The click
position bias trend chart after correction was shown on the right of Fig. 5. Under this
standard, the click accuracy was 64.66%. Heatmap results indicate that there was almost
no bias in the central area of the screen, while there was a small bias in the edge portions
on the left and right sides of the screen.

Based on the Physiological Characteristics of Older Adults. The width of the index
fingertip of older adults was employed as the parameter for touch active area size. The
dimensions of the index fingertip width for adult females and males aged 61 to 70, at
the 95th percentile, were referenced from the national standard “Human Dimensions of
Chinese Adults (GB/T 10000–2023).” The selected touch active area sizes were 2.1 cm
(277 px) and 2.3 cm (304 px). As depicted in the new click position bias trend chart,
there was almost no bias on the mobile screen. It was anticipated that older adults could
accurately touch the entire screen, achieving an accuracy rate exceeding 80%, as shown
in Fig. 6.

By adjusting the touch active area size, different sizes could be simulated to observe
their impact on click error and obtain the click accuracy rate. Increasing the touch
active area size continuously reduces click bias. However, considering the practicality
of the screen, the touch active area could not be infinitely expanded. Combining the
optimization results of touch active area size based on click bias characteristic values
and the physiological characteristics of older users, it was evident that the click success
rate of the 2.1 cm touch active area exceeds 80%, as shown in Fig. 7. Finally, 2.1 cm was
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Fig. 5. Click position bias trend charts for setting touch active area size based on click position
bias characteristic values. a. Click position bias trend chart with the first quartile of click position
bias (1cm) as the touch active area size. b. Click position bias trend chart with the mean click
position bias (1.5cm) as the touch active area size.

selected as the recommended touch active area size for the entire screen (with a screen
width of approximately 74.2 mm).

Based on the Screen Area. As depicted in Fig. 4, the comparison of click position
bias distribution between the left and right areas of the screen revealed that the click
position bias on the left side was greater than that on the right side, necessitating a larger
touch active area on the left side compared to the right side. Consequently, the screen
was divided into three areas: the left 25%, the middle 50%, and the right 25%, as shown
in Fig. 8. Subsequently, different touch active area sizes were assigned to each area to
calculate the accuracy of clicks.

Initially, optimization of the touch active area was conducted for the left side of the
screen. The touch active area size was set using an equal difference method for leftward
correction, with values ranging from 2.1cm to 2.5cm and an equal difference of 0.1 cm.
This range was determined considering the physiological characteristics of older adults.
Specifically, touch active area sizes were set at 2.1 cm (277.2 px), 2.2 cm (290.4 px),
2.3 cm (303.6 px), 2.4 cm (316.8 px), and 2.5 cm (330 px), as shown in Fig. 8.

Subsequently, optimization of the touch active area size was implemented for the
center of the screen. The click position bias in the central area was relatively small, as
mentioned earlier. With a selected touch active area size of 1cm, the accuracy of clicks at
the center position had already exceeded 70%. Therefore, touch active area sizes ranging
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Fig. 6. Click Position Bias Trend Chart Based on Touch Active Area Size Set According to the
Physiological Characteristics of Older Adults. a.Click position bias trend chart with a touch active
area size of the Chinese female index fingertip width (2.1 cm). b. Click position bias trend chart
with a touch active area size of the Chinese male index fingertip width (2.3 cm).

Fig. 7. Correspondence between Touch Active Area Size and Click Accuracy Rate.

from 1 cm to 1.5 cm were analyzed. Similar to the calculation method for the left side
of the screen, an equal difference of 0.1 cm was employed.

Finally, touch active area size optimization was carried out for the right side of the
screen. Compared to the left side, the click position bias on the right side was smaller.
This could be attributed to the ease of accurate clicks on the right side when the device
was held in the left hand. Consequently, based on this principle and utilizing the results
of touch position bias averaging to optimize touch active area size, a range of 1.5 cm to
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Fig. 8. Optimization of touch active area size for the left area of the screen. a. Partitioning of
the touch screen area. b. Trend chart of click position bias based on screen area for setting touch
active area size, using the left 25% area as an example.

2.0 cm was selected for analysis. Similar to the calculation method for the left side, an
equal difference of 0.1 cm was applied.

The results of all click accuracy were presented in Table 2. It was observed that,
for the left 25% of the screen, a recommended touch active area size of 2.3 cm was
appropriate to achieve an 80% click accuracy. For the central 50% of the screen, an
optimal touch active area size of 1.1 cm was identified. Regarding the right 25% of the
screen, setting the touch active area size to 1.7 cm could effectively address the click
position bias caused by the screen boundary, as shown in Fig. 9.

Table 2. Recommended touch active area sizes.

Screen Area Touch Active Area Size Click Accuracy

Left 25% 2.1 cm 67.65%

2.2 cm 76.47%

2.3 cm 82.35%

2.4 cm 85.29%

Central 50% 1.1 cm 85.29%

1.2 cm 86.76%

1.3 cm 88.23%

1.4 cm 91.18%

Right 25% 1.6 cm 79.41%

1.7 cm 82.35%

1.8 cm 85.29%

1.9 cm 88.23%
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Fig. 9. Recommended touch active area sizes. a. Recommended sizes for different screen areas.
b. Recommended size for the entire screen.

5 Discussion

In this study, after observing the clicking behavior and click position bias vectors of
older adults, optimization of the touch active area size was conducted based on the
click position bias characteristics of the older age group, their physiological character-
istics, and screen regions. Additionally, detailed touch active area size parameters were
recommended for the touchscreen based on the observed behavior of older individuals.

It was noteworthy that the target size used in this study was approximately the same
as the close button of pop-up advertisements on Android phones. Therefore, the click
biases exhibited by participants reflected the practical issue of older users encountering
pop-up ads in their daily use but facing difficulties in closing them, potentially leading to
unintended interface navigation and the inability to return to the original interface. Pre-
vious research on touchscreen clicking behavior often focused on larger target sizes. For
example, Sultana andMoffatt used a maximum target width of 9.22 mm and a minimum
target width of 4.88 mm (approximately the size of mobile menu icons), but their results
indicated no significant relationship between age and click errors [31]. This suggested
the need to pay more attention to the clicking behavior of older individuals, especially
regarding smaller targets. The difficulty of clicking on small targets on touchscreens was
primarily attributed to the “fat finger problem” [32], where the shape and width of the
finger, relative to the target size, along with users’ misunderstandings of the exact target
location, reduced click accuracy and hindered the activation of corresponding functions
[33]. Therefore, the most apparent way to reduce errors was simply to enlarge the targets
[8]. Previous studies also showed that as the width of the click target increased, click
biases significantly decreased. Currently, the most popular smartphone application icon
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sizes range from 9–10 mm, but many optional elements on the device could be as small
as 4 mm. These elements were distributed in different areas of the screen, yet previous
research mostly considered full-screen clicking behavior [9, 34, 35]. In the optimiza-
tion results, the recommended touch active area size (1.1 cm) for the central 50% of the
touchscreen alignedwell with the sizes of application icons. However, during application
interactions, many touchable elements were located in the left and right 25% regions of
the screen, especially the close buttons of pop-up ads. For these click targets, this study
emphasized the need for touch active area size design based on the screen region.

In the context of improving interaction performance with smaller targets, various
strategies were proposed in previous studies. For instance, the “cursor offset” employed
a finger-mouse strategy, dragging the finger to the target to avoid missing targets smaller
than the finger itself [36]. Similarly, “sliding touch” utilized a similar strategy but with
a stylus for selecting very small (1.88 mm) targets [37]. “Zooming” allowed users to
successfully select extremely small targets, raising hopes for improved pixel-level click
accuracy [38], especially beneficial for targets located at the screen edges and difficult
to pinpoint. Other methods included “back-of-device interaction,” which leveraged the
back of the screen for input and showed success on very small touchscreen devices
(diagonal 6.3 cm) [39]. Additionally, “fingerprint tracking” used fingerprints for better
detection of selection points [40]. These studies primarily targeted young adults. In this
study, older adults were the focus, revealing that when older adults interactedwith targets
appearing at the left and right boundaries of the screen, a significant bias occurred. The
leftward deviation was predominantly downward, while the rightward deviation was
upward. Optimization was conducted based on the characteristic values of click position
bias in the elderly, the physiological features of older individuals, and the activation
area size based on screen regions. This study supplemented the touch gesture parameter
design for elderly users in related research, providing potential insights for enhancing
the usability of smartphones for the elderly.

This study had three limitations. Firstly, participants were mainly older individuals
residing around the campus, often retired teachers with a homogeneous cultural back-
ground. Future experiments could include a more diverse group of elderly individuals
with varying educational backgrounds and from different regions. Secondly, the fidelity
of the experimental prototype was low, and future research might require more real-
istic touch interaction scenarios to obtain comprehensive design suggestions for click
activation areas. Thirdly, there was limited investigation into the characteristics of older
individuals, and these characteristics did not show significant correlations with click
bias. Future research could focus on exploring more features relevant to older adults.

6 Conclusion

In this study, based on the patterns of click position bias in older users, activation area
size optimization was conducted from the perspectives of click position bias features,
touchscreen areas, and physiological characteristics of older adults. The results indicated
that to achieve an 80% accuracy in clicks for older users, the following activation area
parameterswere recommended: concerning touchscreen areas, setting the activation area
for the left 25% of the screen to 2.3 cm, the middle 50% to 1.1 cm, and the right 25% to
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1.7 cm significantly improved the accuracy of older adults’ clicks, ensuring an accuracy
rate of over 80%.Considering the physiological characteristics of older individuals based
on the National Standard “Anthropometric Dimensions of Chinese Adults,” setting the
activation area size for the entire screen to 2.1 cm resulted in an 80% or higher accuracy
in click accuracy for older users.
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Abstract. The development of ICTs and the increasinglywidespread access to the
Internet pose significant challenges tomankind in contemporary society. Although
high-tech developments bring positives, such as faster access to a variety of infor-
mation and easier communication, they also pose the challenge of how certain
groups of people can be integrated in the new technological realities, because the
lack of digital competences actually isolates them socially. Older people seem
to be more vulnerable in this regard, and therefore the topic of their adaptation
to the digitalized environment is an important part of the discourse on the over-
all digital media literacy. This study aims to trace trends in the attitudes of the
Bulgarian older persons to the transforming usage of media content and com-
munication technologies. The methodology includes comparative analysis of sta-
tistical data (2004–2023) and of conducted two empirical surveys (2019/2023).
The research has been developed within the framework of the MEDIADELCOM
research project of the Horizon 2020 European Commission program.
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1 Introduction

The rapid development of high technologies and the Internet in recent years has had
a huge impact on social relations in society, as well as on the developments in the
information channels. Facilitated communication and quick access to information of all
kinds and from anywhere in the world have greatly changed people’s lives, imposing the
need for new, digital skills and digital literacy standards.

Digital skills and digital literacy have quickly become a prerequisite for full partic-
ipation in public life. The increasing mobility of people has made new technologies the
main means of communication to such an extent that it is difficult for anyone to imagine
communication in themodern world without them. However, these changes have created
a real danger of social isolation for people who do not or rarely use these technologies
or lack digital competences.Many analysts and experts have questioned in their studies
the lag behind the elderly in adopting these skills, determined by the fact that they are
no longer of an active age and nowadays they fail to adapt to the rapid developments
of the technological environment [1]. It is notable that the older people get, the more
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heterogeneous they become [2]. So, differences in digital media literacy among older
persons are also notable [3]. Not all older people are laggards [4]. This raises the issue
of the digital culture of the elderly as part of their integration and inclusion in basic
activities of daily life, which increasingly require digital skills.

The undertaken study targets the situation in Bulgaria. The conducted research
focuses specifically on the digital media literacy of older people and to what extent
they use new technologies. The main thesis in the study is that despite the fears of social
isolation, the trend is changing and the elderly are gradually starting to adapt to the new
realm.

2 Research Methods

The research methodology is based on comparative analysis of official EU and national
statistical data, as well as on comparative analysis of the results of two anonymous
surveys realized five years apart, the purpose of which is to track the trend in digital
culture of the elderly. The first survey was conducted in 2019 among 30 people over
the age of 61, who were residents of two large cities – the capital of Sofia and Varna,
and representatives of a home for the elderly in the village of Dobrevtsi, Yablanitsa
Municipality. The second survey was conducted through face-to-face interviews in 2023
among 50 people over the age of 65 who live in 9 cities of different size, including the
capital of Sofia.

The topic is important on one side, from the point of view of concerns about social
isolation of the elderly, and from another, from the permanent trend towards the increase
of the older population not only in Bulgaria, but also across the EU.

The study raises two main research questions:

1. What are the dynamics in the use of information and communication technologies by
the elderly?

2. What are the trends regarding the development of the digital culture of the elderly?

3 Results

According to Eurostat, the average age of the EU population is expected to increase by
5.8 years by 2100, i.e. from 44.4 years in 2022 to 50.2 years in 2100. The increase is
projected for both men and women. Average age is projected to increase by +6.2 years
for men (from 42.8 years in 2022 to 49.0 years in 2100) and by +5.6 years for women
(from 45.9 years in 2022 at 51.5 years in 2100).

The share of the working-age population (15–64 years) in the total EU population is
projected to decrease from 63.9% (285.5 mln) at the beginning of 2022 to 54.4% (228.1
mln) in 2100, representing a total decrease of 57.4 mln people. The steepest decline is
expected to occur by 2038, reaching 60.0%, followed by a steady moderate decline until
the end of the forecast horizon.
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At the same time, the proportion of the elderly people (65+) in the total EUpopulation
is forecast to rise: from 21.1 per cent (94.3 mln) at the beginning of 2022 to 32.5 per
cent (136.1 mln) in 2100, i.e. by +11.4% points, corresponding to an additional 41.8
mln people by 2100. Eurostat data show that as the trend of the total EU population is to
decline by 2100, 65+ is the only major demographic age group expected to grow, both
in relative and absolute terms [5]. This means that the elderly are a numerous group and
their full participation in public and political life is of interest to the whole society. The
statistics also show that people aged 55 or over make up a fifth of the total workforce,
with their share increasing from 11.9% to 20.2 per cent between 2004 and 2019 (Fig. 1).

Fig. 1. Employment rate, by age class, 2004 and 2019

The number of people employed is growing fastest among people aged 60–64, with
the total number of people employed in this age group more than doubling (139 per
cent). The number of employed persons aged 65–69 and 55–59 is also growing rapidly,
by 99 per cent and 70 per cent, respectively.

Older people who delay retirement earn more money, may accumulate additional
pension rights, and may be able to save some of the income or direct it to a private
pension plan. Although low, an increasing share of the EU-27 population aged 65–74
continues to work. This trend, although to varying degree, is characteristic of all EU
countries, including Bulgaria [6].

3.1 Older People and ICTs in the EU - Trends and Comparative Analysis

General Data on Internet access. According to Eurostat data, a threshold was crossed
in 2007when themajority (53%) of households in the EUnowhave access to the Internet.
This share continues to increase, with statistics exceeding three quarters in 2012, four
fifths in 2014 and 90 per cent in 2020. By 2022, the share of EU households with internet
access will rise to 93% (Fig. 2).
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Fig. 2. Households Internet access, EU, 2011–2022

In 2022, the share of households with internet access was 99% in Norway. The
Netherlands, Luxembourg and Finland are also among the countries with the highest
share of households with internet access at 98 per cent, followed by Spain (96%) and
Denmark (95%). Bulgaria (87%), Croatia (86%), and Greece (85%) have the lowest lev-
els of household internet access among EU Member States. While saturation of house-
hold internet access is observed among some of the leading Member States, between
2017 and 2022 there is a catch-up with a larger increase in some countries, including
Bulgaria (Fig. 3) [7].

Fig. 3. Internet access of households, 2017 and 2012

Use of High Technologies by the Elderly. More than two-fifths of people aged 65–74
have never used a computer, according to Eurostat data. This share is still significant,
but at the same time there has been a tendency in the last few years to decrease it and to
shrink the digital gap between generations.

The term “digital divide” describes the gap between those who have access to digital
technologies and thosewho do not; or the gap between thosewho use digital technologies
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and those who do not understand in binary terms distinguishing the “haves” from the
“havenots” [8].

According to the EU’s annual survey of ICT use in households and by individuals,
the digital divide is generally narrowing, although older people are relatively slower to
adopt new technologies. The data shows that oldermen aremore likely than olderwomen
to use digital technology. Analysts explain this data by suggesting that because of their
choice of occupation, older men had more access to new technologies in the workplace.
Among the younger generations, such a digital gender divide is not observed, almost all
young men and women use the Internet daily.

Between 2008 and 2017, the proportion of the EU-27 population aged 55–64 who
had never used a computer fell from 47% to 25% (with the decrease recorded for each
Member State to a different extent), and this share in the 65–74 age group has decreased
from 70% to 44%. In EUMember States, the proportion of people aged 65–74 who have
never used a computer before is slightly higher than two-thirds in Italy and Romania
and closer to three-quarters in Croatia (73%), Bulgaria (74%) and Greece (78%). At the
same time, the proportion of elderly people in 2017 who had never used a computer was
lower than among their peers in 2008 (Fig. 4).

Fig. 4. People never having used a computer, by age class, 2008 and 2017

In 2019, almost a third (31percent) of the 16–74 EU-27 population had above basic
digital skills: the shares for older people were much lower, 16% for those aged 55–
64 years and 7% for those between 65 and 74 years of age. Statisticians anticipate
that older people would use ICT much more widely in the future, given the continuous
digitization of society and the increasing number of people with ICT skills entering old
age.

In 2019, more than two-fifths (43%) of people in the EU aged between 65 and 74 had
not used the internet in the threemonths preceding the survey. Older people (aged 65–74)
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were three times more likely not to use the internet compared to the data for people aged
16–74 (14%). In percentage terms, this generation gap is particularly pronounced in the
southern, eastern and Baltic EU Member States. For example, in Bulgaria and Greece,
the share of elderly people who have not used the Internet is 47% higher than the share in
the general data for the entire adult population from 16 to 74 years old. This difference is
between 39 and 46% points in Slovakia, Croatia, Poland, Romania, Lithuania, Portugal,
Cyprus, Malta and Hungary.

Analysts also note the potential of the Internet to be useful for the elderly. For
example, online shopping can free people with mobility problems from trips to the
stores that are difficult for them. Similarly, online banking can allow seniors to manage
their finances from home. The Internet also provides many ways for the elderly to
communicate with family and friends.

The data show that sending/receiving emails is the most common activity among
older people in the EU (44 per cent in 2019), while they are less likely to use other forms
of communication, such as telephone or video calls over the Internet (24%).

Between 2009 and 2019, the percentage increase in those using the Internet to send
and receive email and to look up health information was greater among older adults
(Fig. 5) [9].

Fig. 5. Internet activities of people, by age class, EU-27, 2009 and 2019

The Elderly and the Social Networks. According to Eurostat data less than a fifth of
people aged 65–74 have used social networks. Overall, older people (65–74 years) in
the EU-27 are less likely to use a range of communication activities on the Internet than
the general population, defined as the 16–74 age group. In 2019, less than a fifth (18 per
cent) of older people participated in social media, compared to an average of 54% for
all ages.

In 2021, however, their share is already 21%, according to Eurostat’s summary data
for 2022 [10]. This share is still lower compared to younger people, but has been on the
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grow compared to two years ago, and according to the analysis for the last five years it
has almost doubled.

In 2021, nearly three-fifths (57%) of the EU population aged 16–74 participated in
social networks in the three months before the last survey. The participation rate for
16–29 year olds (83%) is almost four times higher than the corresponding rate for 65–
74 year olds (23%). According to the Eurostat’s analysis, over the past five-year period,
however, there has been a small change in the proportion of youth participating in social
networks, as it appears to have reached saturation. On the other hand, the proportion of
older people using social networks has almost doubled over the same period.

Seniors and Online Shopping. An increasing proportion of older people use the Inter-
net for online shopping. However, they remain less likely than other age groups to shop
online [11]. In 2019, around 28% of the EU-27 population aged 65–74 made at least one
online purchase in the 12 months preceding the survey on ICT use. The corresponding
share for people aged 55–64 is 45% while the average share for all adults (16–74 years)
is 60%.

In 2019, the majority of older people (aged 65–74) in Denmark, the Netherlands and
Sweden made online purchases, the highest in Denmark being 65%. There are five EU
Member States where fewer than 1 in 10 older adults have made an online purchase,
with the lowest in Bulgaria and Romania at 2% and 3% respectively.

3.2 The Elderly and ICT in Bulgaria

General Data on the Use of the Internet in Bulgaria. In Bulgaria, as in all member-
state countries, there is a tendency the consumption of the Internet to grow, nevertheless
that the older people are increasingly participating in the labor market. In almost all
cases using the Internet is via a personal computer either using a dial-up, ADSL or cable
broadband access. However, while having Internet at home enables instant connection
regardless of geographical distances, it can also disrupt traditional face-to-face inter-
actions. Although text messages, video calls, social media and social networks have
become common forms of communication within members of different age in the fam-
ilies, the depth and quality of personal conversations may be affected especially for the
elderly.

In 2022, 87.3% of the households in Bulgaria have access to the Internet in their
homes, which is 3.8%age points more than the previous year. For comparison, in 2021
83.5% of the households have access to the Internet in their homes, which is 4.6% points
more than the previous year, and in 2020 their share is 78.9%, which is again more than
the previous year by 3.8% (Fig. 6) [12].

Use of ICT by the Elderly in Bulgaria. The tendency to increase the share of adults
who use ICT, including the Internet, is also observed in Bulgaria, although there are still
large differences between them and the users in young age groups.

According to National Statistical Institute (NSI) data from 2018, 63.6% of the popu-
lation between the ages of 16 and 74 use the Internet every day or at least once a week at
work, at home or elsewhere. Themost active Internet users are the young people between
the ages of 16 and 24, with 92.2% of them using the Internet every day or at least once a
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Fig. 6. Internet access of households by statistical areas. Source: National Statistical Institute

week. As age increases, so does the desire and need to be online, with 17.8% of people
between the ages of 65 and 74 surfing regularly [13].

In 2021, people between the ages of 55 and 64 who use the Internet once a day or
at least once a week have already reached 63.1%, and those between the ages of 65 and
74 who use the Internet at least once a week are 30.8% [14].

According to the data for 2022, the largest share of people using the Internet every
day or at least once a week, that is, regularly, are still in the young age group between 16
and 24 years, but the share of regular users of the global network (every day or at least
once a week) between the ages of 55 and 64 and 65 and 74 has grown significantly –
respectively, they are 71.8% among people between 55 and 64, and 41% among those
between 65 and 74 (Fig. 7) [15].

National Statistical Institute data show that the proportion of people aged 65+ are
becomingmore active internet users, andwhile they still lag behind younger generations,
the increase in this age group of regular users of the global web is greater in percentage

Fig. 7. Persons using the Internet regularly (every day or at least once a week). Source: National
Statistical Institute
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expression. The same trend is confirmed on an European scale, according to Eurostat
data.

In 2017, only 16.3% of people between the ages of 65 and 74 surfed regularly, and
15.7% used a computer in their daily lives. Data show that 98.2% of people in this age
group have never shopped online [16]. In 2022, their share decreases to 88.5%.

NSI data shows that the proportion of people aged 65 and over are becoming more
active internet users, and while they still lag behind younger generations, the increase
in this age group of regular users of the global web is greater in percentage expression.
The same trend is confirmed on a European scale, according to Eurostat data.

In 2017, only 16.3% of people between the ages of 65 and 74 surfed regularly, and
15.7% used a computer in their daily lives. According to NSI data, 98.2% of people in
this age group have never shopped online. In 2022, their share decreases to 88.5% [15].

3.3 Results of the Conducted Surveys

The aim of the study is to track changes in digital culture of Bulgarian elderly people
over the last years, as well as their attitudes towards high technologies and Internet
consumption, in particular – online media.

The first survey was conducted in 2019 among 30 Bulgarians over the age of 61
from the capital of Sofia, the city of Varna, and inhabitants of a home for the elderly
“Residence Caramel” in the village of Dobrevtsi, Yablanitsa Municipality. The survey
consists of 20 questions, some of which have been answered with more than one answer,
so the sum does not always add up to 100%.

Within the framework of the present research, in the period 01–31.10.2023 a survey
has been conducted among 50 respondents over the age of 65, divided equally into men
and women, regardless of their social status, from the cities of Sofia, Varna, Burgas,
Stara Zagora, Silistra, Ikhtiman, Kostenetz, Elhovo and Haskovo. The survey consists
of 14 questions, some of which have been answered with more than one response, so
the total does not always add up to 100% (Fig. 8).

When asked in 2019what they use the Internet formost often, 63%of the respondents
stated that they do not use the Internet at all because they do not have a computer or a
smartphone and do not know how to use them.

Survey data in 2023 show that 72%of the respondents over the age of 65 use high-tech
devices connected to the Internet.

Six percent in 2019 claimed that they do not use modern devices with Internet
access, but through relatives and friends they use for communication the social network
Facebook or applications such as Skype and Viber. 17% responded that they use the
Internet once a day by logging into a social network, sending emails, or using various
communication apps. Seven percent of the respondents used the Internet for communi-
cation purposes several times a day, and another 7% used the network for these purposes
once a week. Seventeen percent of the respondents said they rarely use the Internet for
communication, and 2% answered that they go online once a month to communicate.

Only 24% of the respondents in 2019 used the Internet and, in particular, information
sites as the main source of information, with 6% of them stating that they were also
interested in trivia, 3% - in information related to their work and the same percentage -
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Fig. 8. Do you use any of the following high-tech devices?

from movies. Again, 3% of the respondents answered that they search the Internet for e-
books to read and another 3% stated that they make various inquiries on theWorld Wide
Web. The least (2%) say they check the weather forecast on the Internet.In 2023 the most
used device for accessing the Internet is the smartphone, with 70% of respondents using
it for any type of communication. 80% of the interviewees who use high technology
access the Internet every day with smartphone (Fig. 9), while in 2019 17% responded
that they use the Internet once a day.

The next most commonly used device in 2023 is a laptop (38%), followed by a
computer (26%) and a tablet (14%). Apart from the answers given in the survey, the
respondents specify that initially with the introduction of new technologies, they most
often used the desktop computer to access the Internet, then it has been replaced by
the more convenient and mobile laptop, while finally reaching the mass use of the
smartphone.Most often, survey participants use the Internet for communication (97.2%),
to find information on topics of interest to them (88.8%), for entertainment (66.6 per
cent) and for work (27.7%).

Well over half of the respondents (77.7%) in 2023 who handle modern devices use
social networks and have an account on one of them (Facebook, Twitter, Instagram), with
36.1% accessing social networks every day, and 41.6% less often use their profile. Most
of the respondents share that they use social networks to communicate with relatives
and friends and to obtain additional information. 22.3% claim that do not have profiles
on social networks.

Again, the majority of respondents (69%) who use high technology answer that
modern devices have brought a positive change in their lives. They share that thanks to
access to the Internet, they manage to find the information they are interested in much
more easily. Those of them who work (27.7%) state that computers and the Internet
greatly facilitate the performanceof their official duties.As an advantage, the respondents
also consider the easier and more convenient way to communicate with their friends
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Fig. 9. How often do you use Internet?

and relatives both by phone and via the Internet using applications such as Viber and
Messenger, which allow for exchanging messages and video connection. Entertainment
like games, movies, cooking recipes and more are also part of the positives reported



224 L. Metanova et al.

by the respondents. Well over half (72.3%) state that they enjoy using high technology,
compared to 5.5% who say they don’t mind using it and 22.2% who are indifferent.

Seventy two percent of all respondents have an interest in high technology, and 28%
state that they are not interested in and they do not use high-tech devices. 40% of the
respondents who use high-tech devices claim that their interest in them is dictated by the
pleasant emotions they feel while using them, and 60% claim that they were compelled
to take an interest in modern devices because of work, communication with loved ones,
household needs or for other reasons.

The percentage of the respondents who are familiar with ChatGPT is relatively small
(14%) and only 2% of them have a registered profile without using artificial intelligence.
The remaining 84% admit that they do not know what this application is about and do
not have an account in it.

The opinions about the harm or benefit of artificial intelligence are equal – 24% are
worried about the consequences whether the artificial intelligence would be used on a
large scale, against 24%, according to which artificial intelligence is useful and should
be developed. However, the majority of people do not have an opinion on the matter, as
they are not familiar with it (52%).

Most often, when people over the age of 65 use new technology, they are taught by
their children, grandchildren, colleagues and friends (60%) or they learn on their own by
trial and error (28%). Only 4% attended specialized courses for working with high-tech
devices. Another 28% claim that they find it difficult to work with new technologies at
all.

19.4% of the respondents who apply high technologies in their daily life share that
they need help when using them, 55.5% state that they sometimes have to be helped
when they have difficulties, and 25.1% claim that they do not need assistance.

28% of the respondents do not use any of the listed devices - computer, tablet, laptop
and smartphone.

Survey data shows that women in this age group are more interested in high tech-
nology than men. Even when the respondents are husband and wife from the same
household, it is very often the woman who handles the new technologies more easily
and more often. In comparison, 44% of those surveyed who are not familiar with Chat-
GPT are male vs. 40% of females. 40% of smartphone users are female vs. 32% of
males. 34% of females use the Internet daily vs. 24% of males, and 18% of men use a
push-button phone versus 10% of women.

The number of people in this age group whose main source of information is tele-
vision is predominant (78%). In second place as an information source is the Internet
and in particular news sites (38%), while in 2019 they were 24% of the respondents.
The next sources of information in 2023 are radio (18%) and finally printed publications
(16%).

Data from a comparative analysis with results from a previous survey show that there
is an increase in the proportion of people in this age group who use high-tech devices
with access to the Internet.
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4 Discussion

The modern world requires continuous acquisition of new skills related to the devel-
opment of high technologies and their rapid entry into everyday life. Skills that a few
years ago were only required for engineers and programmers are now a necessity for
participating in everyday activities.

Digital skills and the skills to use new communication devices are necessary even
for the usual communication on the telephone. The group of elderly people, most of
whom are outside the active labor market, should not be neglected in analyzes of the
impact of the new digital reality on social relations. People in this age group have not
had to have such skills during their careers, and then, when they are no longer in work,
they lag behind the development of technology and are in danger of being isolated from
social life. It should be noted that new technologies are increasingly becoming part of
the lives of people in this age group. The coronavirus pandemic has undoubtedly forced
the need for digital skills due to the isolation and safe remote communication that new
technologies offer. The connection with the children and grandchildren, who usually
live in other settlements or other countries, also presented to the elderly the need to use
new technologies. The fact that some of them work even after retirement also puts them
in front of the need to acquire new digital skills.

The diminishing role of print media as a source of communication is also striking,
even for people over 65, who until recently have been the main users of print media
according to the research.

5 Conclusion, Limitation, Implications for Future Research

A comparative analysis of Eurostat data and comments shows that the share of elderly
people in Europe who have never used a computer is decreasing. There is also an
increasing trend of older people using social networks for shopping online.

With regard to the first research question: “What are the dynamics in the use of
information and communication technologies by the elderly?”, the comparative analysis
ofNSI data shows that the tendency to increase the share of adultswho use ICT, including
the Internet, is also observed inBulgaria, although there are still large differences between
them and the users in young age groups, as well as in Europe. For the period from 2018
to 2022, the share of people in Bulgaria between the ages of 65 and 74 who regularly
access the Internet increased from 17.8% to 41%.

These trends are also confirmed by the surveys conducted among a random sample
of seniors over 65 in different cities - one in 2019 and the other in 2023. While in 2019
the majority of respondents answered that they did not use the Internet, because they do
not have a device with which to access it, in 2023 more than two thirds said that they
use the Internet regularly, have a smartphone or laptop, use social networks. The fact
that more than half of the elderly people surveyed in 2023 who use high technology
declared that modern devices have brought a positive change in their lives is indicative.
They share that thanks to access to the Internet, they manage to find the information
they are interested in much more easily. Respondents also consider the easier and more
convenientway to communicatewith their friends and relatives both by phone and via the



226 L. Metanova et al.

Internet using applications such as Viber and Messenger, which allow writing messages
and video connection. Entertainment like games, movies, cooking recipes and more are
also part of the positives reported by the respondents. Well over half (72.3%) state that
they enjoy using high technology, compared to 5.5% who say they don’t mind using it
and 22.2% who are indifferent.

Surveys also show that the Internet has displaced print media as a source of infor-
mation even in this age group, coming in second to television, which still remains the
top source of information.

When answering the second research question: “What are the trends regarding the
development of the digital culture of the elderly?”, the trends outlined by the present
study show that, although they remain in the group with the lowest consumption of high
technology and the Internet compared to other age groups, people 65 + are gradually
adapting to the new realm and are becomingmore active in the use of ICT. The proportion
of the elderly people who have access to the Internet, possess smartphones and laptops,
as well as those who use the global network to inform themselves about topics of interest,
for communication and for entertainment, is increasing. More and more of them acquire
digital skills, even if they admit that they were rather forced to that out of necessity set
by the high-tech society.

Limitations of the study relate to participants in the two survey surveys being ran-
domly selected based on age rather than quota sampling. However, their answers can be
an indicator of trends in the use of new technologies.

The results of the research may be of interest to those engaged with the social aspects
of new technologies, media consumption and trends in the mediascape.
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Abstract. We focus on the communication tools (CT) as a means of supporting
the psychological well-being of an increasing number of isolated older individ-
uals. We conducted an analysis of the psychological effects of current CT usage
using the psychosocial impact of assistive devices scale. Our findings led to the
development of the Communication Mediator Bot (CMBot), which was designed
to facilitate communication between older individuals and their families. This
system, operating on LINE and LLM, includes features to encourage communi-
cation and regulate self-disclosure levels. While there is room for improvement in
usability, our verification results indicate the potential for enhanced psychological
well-being through the control of self-disclosure levels.

Keywords: communication tool · self-disclosure · psychological health · LLM

1 Introduction

In Japan, societal shifts, such as the rise of nuclear families and an increase in single-
person households, have emerged alongside rapid economic growth post-war and sub-
sequent lifestyle changes [1]. Particularly in older households, the decline in support
and caregiving functions due to nuclearization, coupled with reduced assistance from
relatives, has made community mutual aid difficult and challenging. Presently, 29.2%
of households with individuals aged 65 and older consist only of spouses, while 24.2%
are single-person households [2].

A survey focusing on individuals aged 60 and older, gauging their interaction with
neighbors, indicates that single-person households, and males, more than females, expe-
rience a decline in social interaction compared with spouse-only household. This con-
tributes to the growing trend of isolated older individuals [1]. The recent impact of
COVID-19 has further intensified the issue of isolation due to limited opportunities for
face-to-face communication [3]. In these circumstances, older individuals not residing
with their children or grandchildren find it challenging to lead emotionally and physically
compared with those living with family members [4]. This underscores the importance
of communication support to connect people in these challenging times.
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Over the last 2 decades, a notable transformation in communication methods has
occurred, driven by the widespread adoption of remote communication via PCs and
smartphones [5]. This shift is particularly impactful among the older population, which
traditionally had lower internet usage rates. Increased use of non-face-to-face commu-
nication tools (CT) has facilitated ongoing interaction with distant relatives and friends
[6].

CT, defined as chat applications for transmitting and sharing intentions and infor-
mation [7], encompasses tools such as email and social networking services (SNS).
Recently, CTs have been employed to pilot collaborative systems connecting individ-
uals, families, and caregivers in community comprehensive support systems [8]. Fur-
thermore, the proliferation of CT has complemented face-to-face communication, con-
tributing to the enhancement of psychological health indicators such as life satisfaction
and subjective well-being (SWB) [9]. Nevertheless, counterarguments have also been
reported.

For instance, Nabi et al. [10] demonstrated a positive correlation between the num-
ber of friends on Facebook and a strong perception of social support. This association
was linked to stress reduction and subsequent improvement in psychological health,
suggesting that having more friends on Facebook is beneficial. In contrast, Bevan et al.
[11], in an online survey of 599 individuals aged 18 to 70, reported that increased time
spent on SNS and the use of multiple SNS platforms are associated with a decrease
in overall quality of life. Consequently, the current understanding of how to use CT to
impact psychological health remains ambiguous. Therefore, this study aimed to develop
CT functions specifically designed to enhance psychological well-being.

This study focuses on the connection between older adults and their children, with
the goal of proposing and evaluating the effectiveness of communication tool functions
to improve psychological well-being. To achieve this, this study plans to (i) conduct a
survey to extract the psychological effects and issues brought about by existing CT and
(ii) propose new functions for enhancing psychological well-being.

2 Psychological Impacts of Each Feature of CT [12]

2.1 Method

To explore the connection between the functionalities of existing CT and psychological
health in the older population, an online survey targeted older users. The screening
process initially categorized participants based on CT usage frequency (several times
per month, several times per week, once or more daily), age groups (60–64 years, 65–
69 years, 70–74 years, 75 years and older), and gender (male, female). Subsequently, the
main survey was conducted. The survey questionnaire contained basic information such
as household income and the highest level of education attained. It also included items
related to the frequency of use of various CT functionalities and attitudes toward CT
usage. Additionally, to assess psychological effects, psychosocial impact of assistive
devices scale (PIADS) [13] was used, comprising 26 items measuring competence,
adaptability, and self-esteem.

In this study, we classified existing CT functionalities based on the six functions
identified by Richter et al. [14], incorporating features from Twitter, Instagram, LINE,
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and Facebook. This study identified the following ten commonly used functionalities
for interpersonal communication on CT platforms:

Profile: The function to view pages displaying the user’s personal information or
self-introduction.

Like: The function to express positive reactions, such as pressing the “like” button
for posts or replies

Share: The function to forward other users’ posts to the place where posts of personal
interest are displayed.

Message/Direct Message: The function of engaging in individual communication
with specific users

Search: The function to search for specific users or posts.
Block: The function to temporarily restrict or hide the view of specific users.
Notification: The function to receive notifications about newly arrived information

relevant to oneself.
Privacy: The function to set preferences for hiding certain information or individual

posts that one does not want to be seen.
Tagging: The function to tag or mention other users within posts, notifying or

involving them in the conversation.
Emoticon: The function to add emoticons or stickers to express emotions or enhance

the text.
We gathered usage frequencies for these 10 features using a five-point scale. Fac-

tor analysis was employed to discern usage patterns and understand their impact on
psychological well-being. Following this, multiple regression analysis was conducted
to validate the psychological effects of these usage patterns. The explanatory variables
comprised factor scores, with PIADS scores serving as the dependent variable and age
and gender as covariates.

2.2 Results

The survey respondents comprised 359 older individuals with an average age of 69.6 ±
6.3. The total psychological impact score (PIADS score) attributed to CT usage demon-
strated improvement in 285 individuals (79%),maintenance in 36 individuals (10%), and
decline in 38 individuals (11%). The breakdown of the subscale scores revealed that 281
individuals (78%) showed improvement in competence, 241 individuals (67%) demon-
strated improvement in adaptability, and 278 individuals (77%) experienced enhanced
self-esteem.

Table 1 displays the outcome of the factor analysis, revealing the extraction of the
two factors. To investigate the relationship between these factors and the PIADS score,
multiple regression analysis was performed, with the PIADS score as the dependent
variable and age and gender as covariates. The analysis revealed that the first factor
encompassed features such as profiles, likes, shares, searches, and tagging, while the
second factor comprised features such as message/direct message, block, notifications,
privacy, and emoticon functionality. Moreover, the regression coefficients (95% confi-
dence intervals) for the first and second factors concerning PIADS scores were 1.63
(−0.62, 3.88) and 3.91 (1.70, 6.11), respectively.



Chatbots as Tools in Parent–Child Relationships 231

Table 1. Pattern matrix of the regression analysis

Question Items Factor 1 Factor 2

Profile
Like
Share
Message/Direct Message
Search
Block
Notification
Privacy
Tagging
Emoticon

0.63*
0.74*
0.81*
0.07
0.76*
0.46
0.39
0.37
0.75*
0.35

0.39
0.26
0.30
0.81*
0.18
0.63*
0.70*
0.66*
0.37
0.55*

Proportion of variance explained 52.3 8.93

Cumulative proportion of variance explained up to factor 2 61.2
* > 0.5

2.3 Discussion

The survey results regarding the psychological impact of current CT usage indicate that
approximately 80% of individuals perceive an improvement in their psychological well-
being, suggesting a positive influence of CT on psychological health. While a small
portion experienced a decline and some reported a significant improvement, there is
potential for achieving higher effectiveness.

In the results of the factor analysis, the second factor highlighted the potential effec-
tiveness of CT on psychological health. The first factor can be interpreted as functions
that involve sharing information with others, such as sharing information, tagging, seek-
ing, and acquiring desired information through search functions. On the other hand, the
second factor encompasses functions that actively seek connections with others, such as
messaging and notification, which are commonly used during communication. It also
includes functions that restrict communication, such as blocking and privacy. Addition-
ally, functions aimed at accurately conveying one’s emotions, such as emoticons, were
included.

Hence, by incorporating three functions-endeavoring to communicate, endeavoring
to restrict communication, and endeavoring to accurately convey one’s emotions- indi-
viduals can share information and express emotions about themselves to others based
on the relationship and situation of the two parties involved in the communication. This
dynamic can contribute to the psychological effects during CT usage as needed.

Next, we investigate whether the independent use of specific functions (patterns)
has a negative impact on PIADS scores, whether sets of functions that individually
influence PIADS scores appear as patterns, or whether the usage patterns of functions
affect PIADS scores.

The results of the multiple regression analysis revealed that the five functions consti-
tuting the second factor did not negatively impact PIADS scores because of an increase
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in usage frequency. This suggests that functions forming usage patterns did not indepen-
dently have negative effects on PIADS scores. Moreover, as some individual functions
did not exhibit high regression coefficients, it was found that the collective usage patterns
indeed influenced PIADS scores.

Therefore, engaging in communication regarding emotion based on the relationship
and situation, along with restricting communication, can prove effective in enhancing
psychological well-being.

3 A System to Improve Psychological Well-Being (CMBot)

3.1 Development Concept

The survey identified a development aimed at enhancing the psychological well-being
of older individuals, emphasizing the need to tailor communication to the relationship
and situation between the two parties and to convey or restrict information and emotions
about oneself. The concept of “self-disclosure” was used in this context to express the
idea of sharing information and emotions about oneself.

Self-disclosure is defined as the process through which individuals reveal informa-
tion about themselves to others in interpersonal communication [15], contributing to
mutual acceptance and the establishment of trust. Azy Barak et al. [16] focused on
the reciprocity of self-disclosure in online communication, examining the interaction
between the level of self-disclosure in sent messages and that in responses. The analysis
revealed a clear reciprocity in self-disclosure, with a positive correlation between the
level of self-disclosure in sent messages and that in response. The level of self-disclosure
is defined as the extent to which individuals reveal something about themselves to others.

Building upon the survey results of this study and insights from previous research,
the aim was to enhance psychological well-being by introducing functionalities that
facilitate the desired level of self-disclosure between the two parties. Consequently,
an intervention method was devised to effectively regulate the level of self-disclosure
in interactions between older individuals and their children. This led to the creation
of the “Communication Mediator Bot (CMBot)” equipped with functions to mediate
communication between older individuals and their families. The CMBot facilitates
communication while allowing for the adjustment of self-disclosure as needed.

In Particular, the CMBot offers topic suggestions and responses to streamline dia-
logue between older individuals and their children. The role of the CMBot is similar to
that of a facilitator, aiming to improve the quality of communication without disrupt-
ing the natural flow or resorting to overt intervention. This enables CMBot to support
communication in a seamless and effective manner.

3.2 CMBot

In this study, we introduce a bot named Communication Mediator Bot (CMBot), which
was designed to mediate communication between two parties and adjust the level of
self-disclosure based on their relationship. Specifically, we develop a function that acts
as an intermediary in the communication between the two parties and adjusts the level
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of self-disclosure as needed. Figure 1 depicts a conceptual AI diagram of the developed
system configuration. The system uses LINE [17] as the platform and executes programs
within AWS Lambda [18] triggered by notifications through the Amazon API Gateway
[19]. Keyword-based message creation is facilitated using data storage in Dynamo DB
[20] and ChatGPT 4.0 (LLM (Large Language Models)) [21].

The adjustment of the level of self-disclosure is carried out through the following
process:

• Self-disclosure levels:

The level of self-disclosure is categorized into three levels:

1. Providing only general or everyday information without personal references
2. Providing general information about the interlocutor
3. Disclosing personal information such as physical appearance or behavior related to

oneself or someone close to oneself.

This level encompasses the disclosure of personal information, including details
about one’s physical appearance or the behavior.

• Topic provision:

We supply topics based on the predetermined topics collected in advance using
the LLM. The provision of topic occurs regularly between the two parties when there
is no ongoing conversation. Topics were derived through a pre-survey on five self-
disclosure themes: hobbies, politics/religion, personality, finances, and work. Variations
in topics related to these topics are provided using the LLM, utilizing past topic content
recorded in the database and introducing other relevant content. This process is facilitated
through prompts for topic provision (Fig. 2). The adjustment level of self-disclosure and
conversation c prompts initiated by CMBot itself (Fig. 3).

Fig. 1. System diagram of a developed function
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Topic Provision Prompt: 

- You play a role in livening up the conversation. Please provide a new question 

that keeps the conversation going on the basis of the following exchange. 

- You play a role in answering questions. Provide a question within 20 characters 

and ending with a question mark (?). The genre of the question is determined by 

the following probabilities: 

- Hobbies/interests: {HobbyRatio}%, Work/academic: {WorkRatio}%, 

Money/economics: {MoneyRatio}%, Politics/society: {PoliticsRatio}%, Per-

sonality: {PersonalityRatio}%. 

- Provide a question within 20 characters that is not related to the already mentioned 

topics and is easy to answer. Example questions: What are your hobbies? What 

is your favorite food? What is your favorite movie? What is your favorite music? 

What is your favorite book? What is your favorite sport? Who is your favorite 

celebrity? Who is your favorite artist?

Fig. 2. Topic Provision Prompt

Fig. 3. Screen of LINE for interaction using the developed CMBot
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4 Evaluation of a System for Improving Psychological Well-Being
(CMBot)

4.1 Evaluation Method

4. Experimental Method:

The effectiveness of the developed CMBot’s functions in improving psychological
well-being is evaluated through an experimental setup. The participants include older
individuals and their family members (children) (e.g., my grandmother and my mother),
who are experienced in using LINE. LINE groups are created on devices where LINE
is installed, comprising parent, children, and CMBot.

Pre-Intervention: Before the intervention, the participants provided information on
the basic attributes, frequency and content of regular communication, ideal communi-
cation content, and level of self-disclosure.

Intervention: For the initial 3 days, there was no intervention by CMBot. The CMBot
intervention commences on the 4th day.

Post-Intervention: Understand the PIADS, Japanese version of the System Usability
Scale, free description.

5. Evaluation Method:

Number of message exchanges: Each continuous exchange of messages by one
person is counted as one send/receive event. This metric provides an indication of overall
communication engagement.

The number of message exchanges by level of self-disclosure assesses the message
exchange categorized by the level of self-disclosure.

4.2 Experiment Result

Attributes of the Participants. The table presents the attributes of the participants,
comprising 4 sets of mothers–daughter pairs, 2 sets of mothers–son pairs, and 2 sets
of father–daughter pairs. The existing communication frequency ranged from once a
week to every three months. In terms of ideal communication frequency, participants
expressed preferences ranging from twice a day to once a month, with the common
desire for a frequency that was higher or equal to their current frequency (Table 2).

Evaluation of the effectiveness of the developed system.

1. PIADS

Figure 4 shows the results of eight older participants aged 65 years who participated.
The total PIADS score improved for all older participants (“0” considered as the baseline
when not using CMBot).

Using the CMBot, psychological health improved in all aspects for all participants
aged 65 years and above.
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Table 2. Attributes of the participants

Group ID Role Age Frequency of regular
communication

Frequency of ideal
communication

Group1 1 Mother 68 Once every three days Once every three days

2 Daughter 44 Twice a month Once a week

Group2 3 Mother 71 Once every three
months

Once a month

4 Son 45 Twice a month Twice a day

Group3 5 Mother 78 Once a month Once a week

6 Daughter 56 Twice a month Once a week

Group4 7 Father 74 Twice a day Twice a day

8 Daughter 42 Twice a month Once every three days

Group5 9 Father 65 Twice a month Twice a month

10 Daughter 38 Twice a month Twice a month

Group6 11 Mother 75 Once a week Once every three days

12 Daughter 46 Twice a month Once a week

Group7 13 Mother 72 Once every three
months

Once a month

14 Son 46 Once every three
months

Once a month

Group8 15 Mother 76 Once a week Once a week

16 Daughter 52 Once a week Once a week

2. Level of Self-Disclosure:

Figure 5 illustrates a comparison of the level of self-disclosure. An increase in the
number of messages sent at the ideal level of self-disclosure indicates successful control.
Among the eight groups, an increase in the number of messages sent at the ideal level
of self-disclosure was observed in five groups (Group 2 [ID3–4], 3 [ID5–6], 4 [ID7–8],
5 [ID9–10], and 8 [ID15–16]). In other words, 5 of 8 groups could control the level of
self-disclosure.

3. Relationship between the level of self-disclosure and psychological well-being:

The study explored the relationship between the control of the level of self-disclosure
and psychological well-being. Comparing the PIADS scores between the group that
could control the level of self-disclosure and the group that could not control it, as
shown in the results of (ii). Figure 6 depicts the observations. The groups that effectively
controlled the level of self-disclosure tended to have higher PIADS scores in total score
and all three subscale scores compared with the group that could not.
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Fig. 4. PIADS scores of participants aged 65 and above

Fig. 5. Number of messages in ideal self-disclosure level before and after intervention



238 M. Nihei et al.

Fig. 6. Relationship between uncontrolling or controlling the level of self-disclosure and
psychological well-being

4. Qualitative data

The provision of topics by CMBot yields representative examples of conversations
that foster communication between two individuals. For example, in conversation A,
there is a demonstration of how previously undisclosed information or thoughts of the
other person, such as “music parents listened to when they were young,” emerges. More-
over, as illustrated in conversation B, it is possible to learn from the conversation whether
parents are indifferent or attentive to health. ConversationC also offers insight into recent
living conditions and social interactions (whether they are isolated or not). Thus, using
CMBot to promote self-disclosure, as evidenced by qualitative data from conversations,
could facilitate parent–child relationships.
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Conversation A: Discovering a hidden aspect of the other 

CMBot(#g6_50): “You have a wonderful sense of appreciating the diverse charms of movies and 
selecting one that suits your mood of the day.”
Father_11(#g6_51): “Back when I was a student, I used to listen to movie soundtracks a lot.”
Father_11(#g6_52): “a delight of movie soundtracks is how they evoke memories of the films 
when you listen to them.”
Daughter_12(#g6_53): “Dad, I didn’t know you used to listen to movie soundtracks!”
Daughter_13(#g6_54): “Dad, if you have the DVD of ‘Antarctic Chef,’ please lend it to me 
sometime!”

Conversation B: Understanding concerns related to health 

CMBot(#g8_75): “Do you have any hobbies you’d recommend?”
CMBot(#g8_75): “I recommend jogging. It’s a great way to refresh both your body and mind.”
CMBot(#g8_76): “What about everyone else?”
Son_16(#g8_77): “I don’t have many hobbies, so I can’t really recommend anything, but if I had 
to say, maybe something involving physical activity.”
CMBot(#g8_78): “That sounds like a great hobby.”
CMBot(#g8_79): “And what about you, Mother?”
Mother_15(#g8_80): “Good morning. I am 72 years old, and it is certainly difficult for me to 
recommend anything specific, but as my son mentioned, it would probably involve some form of 
physical activity. Perhaps for someone of my age, it could be something that involves moving the 
body and keeping the fingers active daily.”

Conversation C Current situation: 

CMBot(#g3_138): “What hobbies have you been into late?”
CMBot(#g3_139): “I’ve been recently trying out a new weight training method.”
CMBot(#g3_140): “What about everyone else?”
Mother((#g3_141): “It’s a refreshing sunny day! Bright morning♪”
Mother((#g3_142): “I’m all about the smartphone! Reviewing rehab, just trying to get back to 
my old routine!”
Mother((#g3_143): “Today is a one-coin smartphone class.”
CMBot(#g3_144): “I think the smartphone class sounds interesting.”
CMBot(#g3_145): “And what about you, Daughter?”
Mother((#g3_146): “My neighbor and I have the same (smartphone) model, so it’s convenient!! 
Smartphones vary depending on the model, so it’s tough for the teacher, which affects the pace 
of learning! That’s why it’s run by various staff, perhaps tapping into the wisdom of older indi-
viduals?”
Daughter(#g3_147): “I’m focusing on ballet conditioning. It’s important to strengthen not only 
the core but also the toes, so I’m producing various ways to do it.”

5 Limitation

The study’s limitation lies in constraints imposed by experimenters monitoring conver-
sations for evaluation, potentially resulting in participants self-regulating conversations,
especially involving personal information.
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6 Conclusion

In this study, we introduced a novel feature named CMBot, which is designed to improve
the psychological well-being of older adults through a communication tool. To validate
its effectiveness,we conducted a trial evaluation.Building on these findings,we proposed
CMBot, a tool that tailors communication to the relationship and context between the two
parties, enabling the transmission or restriction of self-related information and emotions.
Acting as a virtual facilitator, CMBot serves by appropriately adjusting the level of self-
disclosure in communication between older adults and their families. Using LINE as the
platform, CMBot adjusts the self-disclosure level through LLM. In the trial evaluation
involving eight groups of older adults and their children, all older adults experienced
psychological benefits from CMBot. Moreover, among the eight groups, those who
achieved the desired self-disclosure level (5 out of 8 pairs) showed further improvement
in PIADS compared with the groups that did not. Improvements in consistency with
previous topics and adjustments in self-disclosure levels are future challenges.

Acknowledgments. We would like to thank the participants of the experiment for their
cooperation.
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Abstract. This study explores the intersection of intergenerational dynamics,
digital literacy, and game-based learning (GBL) within the context of older adults
through a systematic literature review on Scopus, Web of Science, Scopus, B-
on and ScienceDirect databases was conducted, employing a combination of
keywords and terms, including “game-based learning”, “digital literacy”, “dig-
ital inclusion”, “digital divide”, “intergenerational”, “multigenerational”, “cross-
generational,” “older adults”, “seniors”, “elderly”, and “elderly population”. A
publication date range of 2010–2023 was applied to ensure relevance. The results
indicate a scarcity of research at the intersection of GBL using analogue games
and intergenerational interactions aimed at improving the digital literacy of older
adults and underscore the significant challenges they encounter in their quest for
digital inclusion, personal autonomy, and active social engagement. Analysed
studies highlight the potential of incorporating intergenerational interactions and
GBL in learning contexts to enhance digital literacy among older adults.

Keywords: Intergenerationality · Game-Based Learning · Digital Literacy ·
Older People · Systematic Literature Review

1 Introduction

In today’s interconnected society, technology has become an integral part of daily life,
revolutionizing the way we communicate, work, and access information. Over the past
two decades, significant progress has been made in technology and in the availability of
tech-enabled services to improve the lives of older people [1]. However, this widespread
integration of technology also presents a significant challenge to older populations.
Many older adults face challenges in today’s digitalised society due to the rapid pace
of technological advancement and the increasing importance placed on digital literacy
[2, 3]. Although there is empirical evidence regarding their instructional effectiveness, a
gap exists in addressing populations with specific needs through analogue Game-Based
Learning (GBL), which includes older adults [4]. Moreover, an emphasis on intergener-
ational interactions within this framework contributes an extra dimension of significance
by facilitating reciprocal knowledge exchange and cultivating certain intergenerational
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solidarity associated with technologies [5]. The context establishes a foundation for
investigating the possibilities of utilising GBL, analogue games, and intergenerational
approaches as the fundamental elements in augmenting digital inclusion among older
adults.

This study conducts a systematic literature review, adhering to the PRISMAmethod-
ology [6] to consolidate existing research on the utilization of GBL as a strategy for the
development of digital skills by older adults and to highlight the significance of intergen-
erational interactions and the use of analogue games in this process, aiming to provide
valuable insights into the effectiveness and challenges associated with this approach.

1.1 Research Objectives

This study aims to map three socially and scientifically relevant concepts – intergener-
ationally, digital literacy, and GBL – considering older people’s specificities, contexts,
and frameworks. In detail, it focuses on three research objectives:

• O1) Investigate the role of intergenerational approaches in facilitating digital inclusion
for older adults.

• O2) Highlight the significance of intergenerational interactions in GBL interventions.
• O3) Provide insights into the efficacy of intergenerational approaches and identify

obstacles associated with their implementation.

2 Background

The world is experiencing significant demographic shifts, with populations ageing at an
unprecedented rate. This trend is particularly pronounced in the European Union (EU),
where the median age is projected to increase from 43.7 years in 2019 to 48.2 years by
2050 [7]. The proportion of older people within the EU is expected to rise dramatically,
with a more noticeable increase in the very old population (aged 85 years or more),
especially among women [7]. This ageing population trend is not confined to the EU but
is a global phenomenon, with the number of people aged 60 years and older expected to
double to 2.1 billion by 2050 [8].

World population ageing brings to the forefront the need to improve digital literacy
among older adults. As technology becomes increasingly integral to daily life, ensuring
that older adults possess the necessary digital skills is essential for their social inclusion,
access to services, and continued engagement in community and economic activities.
Multilateral organizations such as the OECD have stressed the importance of digital
inclusion for older adults, suggesting that ensuring they can access and use technology
is a foundation for their active, healthy ageing, and for addressing social isolation [9].

Addressing the challenges and opportunities presented by an ageing global popula-
tion and the digital divide requires interdisciplinary approaches. Policies and programs
need to provide accessible, relevant, and engaging digital literacy training tailored to the
needs and learning styles of older people that focus on practical and social applications
of technology.
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2.1 Gaming and Ageing

Games possess a diverse array of characteristics that contribute to their unique potentiali-
ties. These include interactivity and goal orientation [10], motivation through failure, and
immediate feedback [11]. Additionally, games often necessitate a systematic response
to stimuli, require hand-eye coordination, incorporate reinforcement systems, provide
opportunities for peer group attention, and offer approval through competition [12].

Considering these characteristics, digital games have emerged as significant tools
in facilitating active ageing, particularly concerning cognitive maintenance [13]. Older
adults exhibit a preference for action, adventure, and memory games, recognizing dig-
ital gaming environments as avenues for self-expression and exploring interpersonal
computer-mediated communication [14].

Specifically, the impact of digital games on cognitive functions such as process-
ing speed, working memory, executive functioning, and verbal memory is noteworthy
[15]. Beyond cognition, digital media, with a focus on gaming, has shown potential
in promoting healthy and active ageing, fostering participation, social interaction, and
psychological well-being. Moreover, digital games contribute significantly to digital lit-
eracy through sustained engagement with virtual societal dimensions and the utilization
of diverse equipment and hardware [16].

Analogue and board games are underexplored in their role in active ageing. However,
Pozzi et al. [17] research highlights their potential to slow global cognitive decline and
enhance the quality of life for older individuals. Culturally, analogue games play a central
role in older adults’ daily lives and socialization, constructing meanings and a sense of
belonging [18]. Traditional games like dominoes or chess have been particularly noted
for their role in protecting against dementia processes [19].

Given this background, it is crucial to consider the extended potential of games
in promoting multiple literacies, specifically media and informational literacy [20–22]
and digital literacy [23] as previously studied in other demographics, also among older
individuals. Integrating GBL strategies tailored to the preferences and cognitive needs
of older adults could yield substantial benefits in enhancing cognitive health, social
engagement, and overall well-being in ageing populations.

2.2 Intergenerational Approaches, Lifelong Learning, and Digital Literacy

Lifelong learning is a concept central to UNESCO’s work, particularly concerning the
Education 2030 Agenda. It emphasizes the integration of learning and living, covering
learning activities for all ages and in various contexts—family, school, community,
and workplace. This approach aims to meet a wide range of learning needs and styles
through formal, non-formal, and informal approaches [24]. Lifelong learning has become
indispensable in today’s rapidly changing world, where technological advancements
and global interconnectedness demand constant adaptation. It is a means for equipping
individuals with the skills and knowledge necessary to navigate the complexities of
the 21st century. Beyond economic and professional requirements, lifelong learning is
important for personal growth, well-being, and fulfilment. It offers opportunities for
individuals to pursue their interests, enhance their quality of life, and engage more fully
in their communities.
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The current trend of population ageing, combined with rapid societal changes due to
ICT development, indeed creates a favourable context for intergenerational learning, as
individuals from different generations - with unique experiences, knowledge bases, and
learning styles - share the same social spaces. This diversity underscores the importance
of lifelong learning, a continuous, self-motivated pursuit of knowledge for both personal
and professional reasons.

Intergenerational learning involves people from different generations becoming
engaged in learning from each other and learning together [25]. The concept of “gen-
eration” encompasses a cohort of individuals born and living around the same time,
representing “a particular kind of identity of location, embracing related ‘age groups’
embedded in a historical-social process” [26].

Intergenerational learning plays a fundamental role in enriching lifelong learning,
especially among older adults. Sharing wisdom, experiences, and perspectives fosters a
deeper understanding and appreciation among different age groups and enhances social
cohesion and mutual respect. For older individuals, engaging in intergenerational learn-
ing environments can significantly contribute to their sense of belonging and overall
well-being.

The integration of digital literacy into intergenerational learning initiatives is par-
ticularly significant for older adults. As the digital divide continues to be a challenge,
incorporating digital skills into lifelong learning objectives ensures that older generations
are not left behind in our increasingly digital world. Through intergenerational learn-
ing, younger individuals can share their digital expertise with older adults, empowering
them with the skills needed to navigate digital platforms, access information, benefit
from public services and stay connected with their communities and loved ones.

3 Method

3.1 Study Eligibility Criteria

The initial criteria for selecting pertinent studies were based on the core topics of the
research questions. The primary objective was to incorporate studies that elucidated the
application of GBL within intergenerational contexts to enhance the digital proficiency
of older adults. Furthermore, the inclusion criteria for the selection process were defined
as the following: (1) empirical and theoretical studies; (2) published in a peer-reviewed
journal; (3) published in the English Language; and (4) published from the year 2010
up to the latest search date of December 28th, 2023. Book chapters, book reviews, and
systematic reviews were excluded from consideration.

The literature search was systematically conducted across electronic databases,
including Web of Science (All Collections), ScienceDirect, Scopus and B-on, and the
Online Knowledge Library from the National Foundation for Science and Technology of
the Portuguese Government. Content indexed by b-on and made available to Portuguese
science and technology research institutions cover, on its standard service, publications
from the Association for ComputingMachinery, American Chemical Society (limited to
some institutions), and American Institute of Physics. Annual Reviews, EBSCO (Aca-
demic Source, Business Search, ERIC, eBook University Press, LISTA, Teacher Ref-
erence Center), Coimbra University Press, Elsevier, Essential Science Indicators (ISI),
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IEEE, Sage Premier, Springer, Taylor & Francis, and Web of Science The search was
finalized on December 28, 2023, aiming to gather all pertinent publications up to that
date from the selected databases.

3.2 Search Strategy

The Boolean queries utilized in the search process were structured as follows: (“game-
based learning” OR “game based learning”) AND (“digital learning” OR “digital litera-
cy” OR “digital inclusion” OR “digital exclusion” OR “technology” OR “technological
learning”) AND (“seniors” OR “older adults” OR “elderly” OR “older population”)
AND (“intergenerational” OR “multigenerational” OR “across generations” OR “cross-
generational” OR “age-spanning” OR “intergenerationally”). Synonyms and equivalent
terms for keywords were employed to account for variations in terminology, language,
and regional differences, thereby broadening the search’s scope and depth. Boolean oper-
ators and filters were applied as permitted by each database’s search engine, focusing on

Fig. 1. Flowchart of the sample selection process.
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study titles and abstracts. All results from the electronic databases were imported into
the RAYYAN Web platform for the subsequent selection process (Fig. 1).

3.3 Study Selection Process

The starting point of the selection process was the use of the RAYYAN platform to iden-
tify and eliminate duplicate studies (no duplicates). The next step consisted of screening
study titles and abstracts to identify and label the studies as ‘included’ or ‘excluded’
in the table according to inclusion and exclusion criteria. This process was conducted
by two independent researchers, and differences experienced during the screening were
addressed by a joint review session. In summary, the initial screening phase scrutinized
309 studies identified from the database search. Through a consensus-driven process, the
researchers agreed to exclude 289 studies and to include 7. Conflicts arose in the evalu-
ation of 13 studies; however, 11 of these were eventually included in the final selection
after a joint review session. The final compilation, presented in Table 1, encompasses
titles, primary objectives, and an assigned Study ID for each of the 18 selected studies.

Common points among the study´s objectives are centred around themes of intergen-
erational learning, engagement, and relationships. Several studies explore the dynamics
of intergenerational interactions, such as learning between different age groups, the
influence of grandparents on grandchildren, and the role of public spaces in fostering
intergenerational relationships. Other common themes include the examination of age-
ing and its representations in various contexts like literature, cinema, and digital games,
as well as the application of gamification approaches among older adults. Moving into
the second phase of the selection process, the lead investigator conducted a full-text
review of the 18 studies preliminarily selected.

Table 1. Summary of selected studies (n = 18)

Study ID Title & Main Objective

1 Title “Gamified Money: Exploring the Effectiveness of Gamification in
Mobile Payment Adoption among the Silver Generation in China”

Main
Objective

Explore the effectiveness of gamification in promoting mobile payment
adoption among older adults in China [27]

2 Title “Gamification of Digital Literacy for Elder People According to
Learning Styles and Polyphasic Activities”

Main
Objective

Enhance digital literacy among older adults through gamified learning
approaches [28]

3 Title “Gerontagogy Toward Intergenerationality: Dialogical Learning
Between Children and Elders”

(continued)
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Table 1. (continued)

Study ID Title & Main Objective

Main
Objective

Explore gerontagogy with a focus on intergenerational learning [29]

4 Title “Constructing a Social Geography of Grandparenthood: A New Focus
for Intergenerationality”

Main
Objective

Explore the social geography of grandparenthood in the UK [30]

5 Title “Intergenerational Language Practices, Linguistic Capital, and Place:
The Case of Greek-Cypriot Migrant Families in the UK”

Main
Objective

Examine heritage language practices and transmission across
generations in Greek-Cypriot migrant families in the UK [31]

6 Title “Intergenerationality and Interculturality in Rural Education
Experiences”

Main
Objective

Explore intercultural and intergenerational aspects in rural education in
Colombia [32]

7 Title “Aesthetic Social Representations and Concrete Dialogues across
Boundaries: Toward Intergenerational CHARACTERization”

Main
Objective

Explore the role of aesthetics in shaping social representations and
dialogue across generations [33]

8 Title “The Potential of Open Public Spaces for Intergenerational
Relationships: A Case Study in Santa Cruz de Tenerife, Canary Islands,
Spain”

Main
Objective

Investigate the role of public spaces in fostering intergenerational
relationships [34]

9 Title “The View on Aging, Old Age, and Old People that is Conveyed by
Children’s Books”

Main
Objective

Analyze the representation of ageing in children’s literature [35]

10 Title “Critical reflections from the millennials on the global action against
dementia legacy events”

Main
Objective

Offer critical insights and reflections on dementia actions from the
perspective of millennials [36]

11 Title “Cross-generational Companionship: Representations of Ageing in
Contemporary French Cinema”

Main
Objective

Analyze representations of ageing and intergenerational relationships in
French cinema [37]

(continued)
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Table 1. (continued)

Study ID Title & Main Objective

12 Title “Intergenerational Exchange of Knowledge Skills Values and Practices
Between Self-Organized Active Citizens in Maribor, Slovenia”

Main
Objective

Investigate informal intergenerational learning in participatory
democracy contexts in Maribor, Slovenia [38]

13 Title “Transnational Intergenerationalities: Cultural Learning in Polish
Migrant Families and Its Implications for Pedagogy”

Main
Objective

Explore the impact of family migration on intergenerational cultural
learning among Polish families in Scotland [39]

14 Title “Grandparents’ Resources and Grandchildren’s Schooling: Does
Grandparental Involvement Moderate the Grandparent Effect?”

Main
Objective

Investigate the influence of grandparents on their grandchildren’s
educational outcomes and whether grandparental involvement affects
this [40]

15 Title “Growing Pains: Feminisms and Intergenerationality in Digital Games”

Main
Objective

Explore intergenerational and intersectional dynamics in feminist
movements within the digital games industry [41]

16 Title “Keys to the Design of Intergenerational Educational Proposals from an
Experience of Physical Activity”

Main
Objective

Examine factors for successful intergenerational engagement through
physical activity [42]

17 Title “Towards a Sustainable Longevity Society: Instrumentalizing
Intergenerationality and Human-Centered Design”

Main
Objective

Develop strategies for sustainable societies in the context of increased
longevity [43]

18 Title “Generationality: On Intergenerationality, Transgenerationality, and the
‘Generation War’”

Main
Objective

Explore and understand the shifting dynamics of intergenerational
relations, particularly in the context of post-Cold War transformations in
the economy and society [44]

4 Data Extraction and Analysis

Data were extracted following PRISMA guidelines [6], including study design, sample
size, and intervention details – with a particular focus on the contrast between analogue
and digital play, research outcomes, and intergenerational elements.

The analysis of the sample was coded to identify the most pertinent analytical cate-
gories, including a variety of dimensions, such as the primary objectives of each study,
the knowledge field it contributes to, the type of study conducted, the methodological
approaches employed, assessment techniques and methods utilized, and demographic
information about the subjects, where relevant, with a particular focus on the research
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outcomes, and onmapping the references to the four critical terms central to this research:
GBL, digital literacy, older people, and intergenerationality. Table 2 presents the detailed
coding of the 18 papers according to these specific categories. The researchers engaged
in a critical discussion of the findings, ensuring a comprehensive understanding and
interpretation of the data.

Data analysis reveals that studies in the sample are distributed across seven knowl-
edge areas, with Education and Sociology/Anthropology having the highest representa-
tion with four studies (22.2% each). There is a strong focus on qualitative approaches,
used in 66.7% (n= 12) of studies, with empirical research being the predominant study
type with 38.9% (n= 7). “Qualitative Interviews and Observations” was the assessment
method used in 38.9% (n = 7) of the studies. Focus groups and surveys mentioned
in one study (5.6%) are among the least frequent methods. The term “Intergenera-
tional” or equivalent terms are highly referenced, appearing in 17 studies (94.4%), while
GBL/Gamification or equivalent terms appear in 11.1% of the studies (n= 2). Very few
studies focus exclusively on a single age group, with “Older Adults” being the least men-
tioned in one study (5.6%), while multi-generational studies are the most represented
in terms of age group classification, with five studies (27.8%). A significant majority of
studies do not specify subject gender, or it’s not applicable, accounting for 14 studies
(77.8%). These highlights suggest a strong focus on qualitative, empirical research with
a significant emphasis on intergenerational themes.

Table 2. Characteristics of the studies in the sample.

Category Classification n – %

Main Knowledge Area Education 4–22.2%

Sociology/Anthropology 4–22.2%

Media and Cultural Studies 2–11.1%

Technology and Digital Studies 2–11.1%

Social Gerontology 3–16.7%

Global Health 1–5.6%

Psychology 3–16.7%

Study Type Empirical 7–38.9%

Theoretical 5–27.8%

Descriptive-Exploratory 1–5.6%

Qualitative 5–27.8%

Methodological Approach Qualitative 12–66.7%

Quantitative 2–11.1%

Mixed 1–5.6%

(continued)
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Table 2. (continued)

Category Classification n – %

Techniques/Assessment Methods Qualitative Interviews and Observations 7–38.9%

Theoretical Analysis and Model
Development

4–22.2%

Quantitative Techniques 2–11.1%

Content and Media Analysis 2–11.1%

Game-based/Gamification Techniques 1–5.6%

Other Methods 2–11.1%

References to “Game-based
Learning” or equivalent terms

Yes 2–11.1%

No 16–88.9%

References to Digital Literacy or
equivalent terms

Yes 2–11.1%

No 16–88.9%

References to “Intergenerational” or
equivalent terms

Yes 17–94.4%

No 1–5.6%

Subjects - Gender Male Only 1–5.6%

Female Only 0–0.0%

Both Male and Female 3–16.7%

Not Specified/Not Applicable 14–77.8%

Subjects - Age Group Older Adults Only 2–11.1%

Adults 2–11.1%

Multi-generational (Including Various
Age Groups)

5–27.8%

Children and Parents 1–5.6%

Not Specified/Not applicable 8–44.4%

5 Results

Detailed results are systematized in Table 3, covering the emerging themes and the
diverse contributions of each article, ranging from the impact of gamification on digital
adoption among older adults to the broader social and cultural implications of inter-
generational learning and engagement. “Contributions” refer to the focus area and the
most relevant findings and outcomes for each study. “Emerging themes” depicts each
study´s key thematic area (intergenerationality, GBL, digital literacy). Refer to Table 1
for matching Study IDs to the respective study title.

Key aspects covered by the studies include the importance of gamification, project-
based learning, cultural and historical integration into learning, geographical and social
considerations in learning environments, and the role of family dynamics in educational
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outcomes. Best practices related to those identified across these studies emphasize adapt-
ing learning to participant abilities, leveraging community and cultural knowledge, fos-
tering mutual respect and shared experiences, and the significance of educator roles in
facilitating intergenerational interactions.

These insights suggest the need for a multidisciplinary approach to designing effec-
tive intergenerational learning programs that are engaging, culturally relevant, and
supportive of diverse learning needs.

Table 3. Contribution and emerging themes of the sample of studies.

Study ID Contribution Emerging Themes

1 Understanding gamification’s role in technology adoption among
older adults, highlighting its potential to improve digital inclusion
and literacy in an ageing society [27]

GBL
Digital Literacy

2 Explores an innovative approach to enhance digital literacy among
older adults through gamification. It examines how familiar
childhood games can be adapted to teach digital concepts,
leveraging the diverse learning styles of older adults [28]

GBL
Intergenerationality

3 Explores the importance of dialogical learning between
generations, showcasing that such interactions lead to mutual
growth and understanding and can enhance educational outcomes
and societal cohesion [29]

Intergenerationality

4 Explores the construction of grandparent identities through a
geographical lens, emphasizing the relational geographies of age
and intergenerationality. Study finds that the identities of
grandfathers are not static but are dynamically constructed through
interactions within various spaces and relationships [30]

Intergenerationality

5 The research highlights the importance of language as cultural
capital and its impact on the sense of belonging and identity among
migrant families, emphasizing the need for supportive community
and educational practices to facilitate heritage language
maintenance and cultural continuity [31]

Intergenerationality

6 The study challenges traditional educational policies by prioritizing
internal intercultural strengthening and ensuring that older
community members have a central role in educational
decision-making. The research emphasizes the importance of
incorporating youth as knowledge receivers and active participants
in the educational process [32]

Intergenerationality

7 Highlights how representations, especially in intergenerational
settings, can bridge subjective and collective experiences,
enhancing understanding and empathy across age groups. Findings
include the identification of aesthetic and social representations as a
powerful tool for enhancing understanding and dialogue between
generations [33]

Intergenerationality

(continued)
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Table 3. (continued)

Study ID Contribution Emerging Themes

8 Explores how open public spaces can promote intergenerational
connections. Results indicate that these spaces hold potential for
such interactions, despite of factors like usage patterns, preferences,
and generational perceptions. Emphasizes the importance of
overcoming stereotypes and nurturing mutual respect and
understanding for meaningful intergenerational relationships [34]

Intergenerationality

9 Investigates social representations of ageing in literature and their
impact on health education. Identifies two main themes: biological
ageing and psychosocial ageing. Emphasizes the role of children’s
and young adult literature in enhancing educational approaches to
ageing positively [35]

Intergenerationality

10 Findings underscore the value of intergenerational collaboration in
developing effective strategies against dementia. The paper
suggests that engaging younger generations in discussions and
research related to dementia can lead to innovative solutions and
changes in how dementia is approached. It emphasizes the need for
diverse perspectives in the global dialogue on dementia and
advocates for the inclusion of younger people to ensure the
sustainability of efforts against the disease [36]

Intergenerationality

11 Examines recent French films that portray ageing in a positive light,
challenging traditional stereotypes. It focuses on how
intergenerational relationships in these films offer a
counter-narrative to the societal exclusion of older adults,
suggesting that such companionships can lead to empowering and
diverse models of ageing identities [37]

Intergenerationality

12 Examines informal learning across age groups, especially among
older individuals in self-organized gatherings in Maribor, Slovenia.
Results highlight increased intergenerational cooperation,
enhancing social awareness and harmony, and emphasizing the role
of informal learning in civic engagement [38]

Intergenerationality

13 Investigates cultural learning in Polish migrant families in Scotland,
emphasizing intergenerational exchanges and children’s cultural
identity development. Results show strong intergenerational
learning within migrant families, with children often serving as
cultural mediators for their parents. Highlights the vital role of
children in cultural adaptation, advocating for educational and
community efforts to consider these transnational intergenerational
interactions in supporting migrant children’s integration and
learning [39]

Internenerationality

(continued)
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Table 3. (continued)

Study ID Contribution Emerging Themes

14 Investigates whether grandparents’ involvement moderates their
direct effect on grandchildren’s educational achievements beyond
parental resources. The study finds no direct main effect of
grandparents’ resources on grandchildren’s educational attainment,
nor does it observe any moderating effect based on the strength of
the grandparent-grandchild tie, challenging the assumption of a
significant direct grandparental influence on grandchildren’s
education [40]

Intergenerationality

15 Explores the challenges and dynamics within feminist movements
in the digital gaming industry, particularly focusing on the
intergenerational tensions and collaboration among women game
designers and community members. It investigates how these
interactions reflect broader issues of feminism, intersectionality,
and activism within the context of digital games, analysing the
impact of generational differences on feminist strategies and
objectives within this field [41]

Intergenerationality

16 Focuses on identifying key factors for designing intergenerational
educational proposals based on an orienteering sports activity by
exploring the resistances and difficulties in intergenerational
relationships. Findings emphasize the importance of clear
objectives, awareness of educational goals among participants, and
the role of educators in facilitating these interactions. The study
provides recommendations for designing effective intergenerational
educational activities that go beyond superficial engagement [42]

Intergenerationality

17 Focuses on leveraging intergenerational relationships and
human-centred design for creating sustainable communities. The
study emphasizes the importance of collaboration, respect,
reciprocity, and responsibility in fostering sustainable cities and
communities, outlining strategies for engaging all generations in
contributing to societal development and highlighting the need for
inclusive, participatory approaches that value the contributions of
both older and younger generations [43]

Intergenerationality

18 Explore and understand the shifting dynamics of intergenerational
relations, particularly in the context of post-Cold War
transformations in economy and society [44]

Intergenerationality

5.1 GBL with Older Adults

Study ID 1 discusses the use of gamification specifically targeting older adults, referred
to as the “Silver Generation,” focusing on the effectiveness of gamification in mobile
payment adoption among this demographic in China. It explores how gamified cultural
practices, like the gifting of red packets, can promote technology acceptance among older
adults, integrating digital technology with cultural traditions to encourage the adoption
of new technologies by older adults. This indicates a significant interest in applying
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gamification to engage with intergenerational settings and specifically address the needs
and preferences of the older population [27].

The second paper specifically addresses the use of gamification for digital liter-
acy among older adults, based on learning styles and polyphasic activities. It explores
a pedagogical methodology developed within the SIG project at MediaLab Prado,
which employs gamification of didactic processes closely linked to learning styles. This
methodology is founded on project-based activities that incorporate familiar childhood
games to help older adults understand new digital processes. The approach aims to
achieve gamified literacy without directly using new technologies as educational sup-
port, focusing on enhancing digital literacy in older people by adapting learning to their
abilities and incorporating gamified elements [28].

5.2 Intergenerationally as an Intervention Path

Each study, with its distinct emphasis and by approaching intergenerational interactions
in a variety of contexts, contributes significantly to expanding our comprehension of
intergenerational relationships’ depth and value, highlighting the necessity for diverse
and interdisciplinary methods to leverage their benefits fully. These investigations are
categorized based on their approach to intergenerationality as follows:

• Educational and cultural exchanges [29, 31, 32, 39, 42]: Five studies underline the
mutual benefits of such interactions, enhancing understanding, identity, and social
cohesion. They focus on the educational and cultural exchanges between generations,
emphasizing dialogical learning, the importance of heritage language, and the role of
grandparents in education.

• Spatial and social dynamics [30, 34, 40]: Three approaches point out the potential
of physical spaces and social constructs in enhancing relationships between genera-
tions. They examine the spatial and social aspects of intergenerational relationships,
including the role of public spaces in fostering intergenerational interactions and the
social geography of grandparenthood.

• Media and social representation [33, 35, 37, 41]: Four studies discuss the impact
of these representations on societal perceptions of ageing and its potential to foster
positive intergenerational dynamics and explore how ageing and intergenerational
relationships are portrayed in media, such as children’s literature, digital games, and
cinema.

• Collaborative approaches to societal challenges [36, 38, 43, 44]: Four other studies
advocate for inclusive, participatory approaches that leverage the strengths of both
younger and older generations. They highlight the role of intergenerational collabo-
ration in addressing a broad range of societal changes and issues, such as dementia
care, sustainability, and other socio-economic challenges.

6 Discussion

Older adults’ adoption of technology is influenced by personal and social factors, func-
tional features, and the ease of technology access or acquisition. Challenges include
limited technology access, usability concerns, digital skill gaps, lack of social support,



256 C. Perim et al.

and feelings of digital exclusion [45]. Previous studies have shown how intergenera-
tional relationships, particularly with younger family members, can aid older adults in
adapting to new technologies and overcoming these obstacles [46]. This emphasizes
the importance of intergenerational support in enhancing technology use and benefiting
older adults Similarly, and answering O1, the narrative constructed through the sys-
tematized review of collected studies underscores the relevance of cross-generational
dialogue in fostering understanding, enriching educational practices, and addressing
societal challenges. Additionally, the sample points to innovative collaboration strate-
gies that leverage the strengths of different generations to address issues like dementia
care [36] and environmental sustainability [43].

From the perspective of O2, the two papers exploring GBL and gamification [27, 28]
share a focus on enhancing educational experiences through interactive methods. They
both recognize the potential of these strategies to make learning more engaging and
enjoyable. The first [27] explores the theoretical foundations and practical applications of
game-based learning,while the second [28] explores how familiar games can foster inter-
generational interactions through their universal appeal, ease of access, and the integra-
tion of elements. This type of game often features competitive elements or collaborative
challenges that encourage teamwork and communication across generations.

Within the scope of O3, previous research reports positive outcomes of intergener-
ational programs, including improved understanding and reduced stereotypes between
generations, enhanced social networks, and mutual learning opportunities [47]. It iden-
tifies benefits such as improved well-being, cognitive and social engagement for older
adults, and adolescent identity formation and skill development [48]. However, it also
highlights obstacles such as logistical challenges in coordinating between different age
groups, potential resistance from participants or institutions due to preconceived notions,
and the need for tailored program designs to meet diverse needs and ensure meaningful
engagement [47].

Furthermore, the synthesis of findings underscores the benefits of intergenerational
interactions for both individual and social development, the importance of challeng-
ing stereotypes, and the potential of such interactions to enhance educational outcomes
and social cohesion. The successful implementation of intergenerational methodologies
faces multiple challenges, including cultural conventions, linguistic disparities, soci-
etal attitudes, and the perpetuation of negative stereotypes that collectively marginalize
older people, facilitating age segregation and obstructing meaningful intergenerational
exchanges [29, 37–39]. Overcoming these obstacles demands an approach that recog-
nizes that intergenerational learning is more complex than simply bringing together
individuals of different ages. Such approaches must leverage intentional design and
facilitation to adapt interactions to the needs and interests of all age groups and promote
awareness among younger participants about the value of intergenerational cooperation
[38].

7 Conclusion

Given the rapid pace of technological advancement and the digitalization of daily activ-
ities, the shift of older adults towards a more digital lifestyle necessitates not only the
initial acquisition but also the sustained mastery of digital skills, which highlights the
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indispensable role of the continuous support from the various social stakeholders for the
successful adoption and effective utilization of technology by older adults.

The analysed studies emphasize the benefits of intergenerational interactions and
GBL for enhancing digital literacy among older people. By leveraging educational and
cultural exchanges, spatial and social dynamics, and collaborative approaches, interven-
tions and initiatives related to older adults can foster environments where this population
segment feels supported and engaged in learning digital skills. Incorporating game-based
elements can make learning more enjoyable and relevant, potentially reducing the tech-
nology anxiety often experienced by older generations. Moreover, utilizing intergener-
ational interactions as a medium for education allows for the transfer of knowledge and
skills in a socially enriching and supportive context, capitalizing on the diverse perspec-
tives and experiences of different generations. This approach not only aids in developing
digital literacy but also strengthens social bonds and mutual understanding across age
groups.

The insights resulting from the investigated studies highlight the potential of incor-
porating intergenerational interactions and GBL in learning contexts to enhance digital
literacy among older adults. However, the specific focus on combining intergenerational
interactions with GBL for this purpose remains underexplored. This gap presents a sig-
nificant opportunity for future research to investigate effective strategies and develop
targeted interventions that could significantly benefit digital literacy initiatives for the
older population, ultimately contributing to their inclusion in our rapidly digitalizing
world.
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Abstract. The growing ubiquity of Information and Communication Technolo-
gies and the lack of older adults’ digital competences created new challenges and
research opportunities. Used to promote the acquisition of knowledge and deeply
engage in learning activities, games are a potential medium to be explored. So far,
research studies have mainly focused on cybersecurity and younger generations.
Tapping into an underexplored research field and leveraging on the DigComp 2.2.
framework, this research reports on a two-part workshop with eight experts in the
fields of games, digital technologies, digital competences, and ageing. Its aim was
to thoroughly delve into this underexplored research field, crafting game mechan-
ics that not only consider the target audience but also directly respond to the areas
outlined by DigComp. The results show six new game solutions, such as (i) identi-
fying phishing emails and malware threats, (ii) assessing the authenticity of news
items, (iii) acting as hackers to understand and create stronger passwords, (iv)
optimizing search queries through interactive story search, (v) interpreting error
messages, and (vi) navigating a simulated social media platform with persona-
based rewards. Therefore, the range of areas to be explored is expanded, including
a wider variety of audiences and new solutions to be implemented. Moreover, the
identified game offers practical tools for enhancing digital competences among
older populations, and provide a roadmap for future research in designing empa-
thetic digital solutions. Overall, this research highlights the unexplored potential
at the intersection of these research fields, paving the way for future developments.

Keywords: Digital Games · Older Adults · Digital Competences · Empathetic
Design

1 Introduction

Information and Communication Technologies (ICT) have been assuming an increas-
ingly pervasive role in everyday life [1, 2], propelled by the persistent pace of global
digitization [3]. However, this evolution has yet to occur evenly. In fact, despite the
numerous advantages and benefits that these technologies may offer [4, 5], older adults
are still a demographic group that has not mastered ICT yet [6, 7] and, therefore, lacks
digital competences as outlined by the European Commission [8]. The latter, as a way
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of addressing the need to understand what digital competences are and to help citizens
engage confidently, critically, and safely with digital technologies, created DigComp 2.2
- The Digital Competence Framework for Citizen [9].

In an apparently antagonistic way, digital games are a potential avenue for bridging
this gap by facilitating engagement with digital technologies [10]. These games offer
opportunities to overcomenewchallenges [11], interactwith other realities, and stimulate
learning new knowledge and developing cognitive skills [12, 13]. With their increasing
popularity among older audiences [14], these games represent a promising frontier for
exploring novel solutions to impact older adults’ digital competences.

Nonetheless, current research developments focus highly on cybersecurity [15–18],
or younger generations [19, 20], but none of them intersects all the aspects mentioned
above. Therefore, a gap in the literature was identified – i.e., research studies that explore
digital competences in the context of digital games while targeting older adults.

Therefore, due to the will to start exploring this topic, this research aims to bridge
this identified gap and pave the way for the next steps in applied research to build a
functional prototype. The workshop method was selected, as it offers a platform to assist
researchers in recognizing and delving into pertinent factors within a specific domain,
while facilitating comprehension of intricate work and knowledge processes reinforced
by technology [21]. Overall, it can be a space where creativity is stimulated, and new
ideas are built.

The use of this methodology to build and assess new digital products has been used
in various contexts – e.g., (i) augmented-reality (AR) in automotive human-computer
interaction (HCI), while tackling issues and practical scenarios of AR in future mobil-
ity [22]; (ii) assess a prototype for supporting social interaction between refugees and
non-governmental organizations [23]; or (iii) comprehend cross-cultural teams could
generate more creative ideas using a design thinking methodology [24]. Moreover, it is
recommended to establish an empathetic relationship whenever targeting a product to a
specific audience [25, 26].

One of the possible strategies to stimulate empathy is to create personas. In fact, there
are several research studies that focus on developing empathetic personas for developing
new products [26–28], and some aimed at aged audiences [29–31]. Thus, it is possible
to establish the theoretical background that underpins the next chapter describing the
construction and application of theworkshop.The section that followdescribe the results,
their discussion, and the main conclusions and takeaways from this study.

2 Methods and Materials

To address the aforementioned objective – i.e., developing digital games to impact older
adults’ digital competences - a workshop was conducted by three researchers on 24
October 2023. In particular, this workshop was conducted due to the lack of research
studies integrating DigComp 2.2 framework into gaming solutions for older audiences.
As mentioned in the introductory chapter, the workshop method was selected for its
ability to provide researchers with a platform to recognize and delve into pertinent
factors within a specific domain, fostering comprehension of complex research subjects
and knowledge processes [21].



Game-Based Solutions for Impacting Digital Competences in Aged Populations 263

2.1 Participants’ Profile

Firstly, a purposive sample [32] of eight (n = 8) experts were recruited and evenly
distributed across two groups (Group 1 – G1, and Group 2 – G2) with three tiers –
i.e., Ph.D. students, professors, and technicians – spanning four fields of expertise –
i.e., ageing studies, digital competences, game studies, and ICT. For a comprehensive
breakdown, please refer to Table 1.

Table 1. Distribution of the three types of participants by fields of expertise and workshop groups
(N = 8).

Ageing studies Digital
Competences

Game studies ICT

Professor A G2 V V V

B G1 V V V

C G2 V V

D G1 V V

Technician A G1 V

B G2 V

Ph.D. Student A G2 V V

B G1 V V

Note: the cells marked in green with a ‘V’ mean that the participant is a specialist in that field

2.2 Workshop Methodology: Integrating DigComp 2.2 Framework into Gaming
Solutions for Older Adults

Upon the selection of the participants and group creation, the two-hour workshop was
divided into two main parts. Part 1 centered on empathetically crafting an older adult
character, considering four aspects: (i) personality, (ii) foundational life elements, (iii)
appearance, and (iv) path and conflicts. While this paper doesn’t focus on this initial
part, it significantly influenced the ability to create empathetic solutions for this aged
audience during the subsequent part. Part 2 involved leveraging the previously created
character to brainstorm and conceptualize a game strategy – cf., Fig. 1.

This strategy addressed prompt-based challenges aligned with DigComp 2.2, as
outlined in Table 2. The pre-selection of these prompts was based on cross-referencing
the observed requirements of older adults [e.g., 33–35] with questions derived from the
areas of DigComp 2.2 developed by Lucas and colleagues [36]. It’s important to note
that each of these prompts was selected randomly by each group, with no opportunity
for the same prompt to be chosen twice.

At the end of the workshop, the groups presented their personas and the game
solutions they had created, linking them to the selected prompts.
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Fig. 1. Example of a brainstorming exercise for a game-based solution.

Table 2. Prompt-based challenges aligned with DigComp 2.2.

Prompts

We want the character to be able to… (1)… create a strong and secure password

(2)… recognize and prevent phishing threats

(3)… keep software and applications up to date for device
security

(4)… know what types of information can be shared online

(5)… successfully search for information on search engines

(6)… discern fake news/information from real
news/information

(7)… identify and report unreliable sources of information
on social networks

(8)… carry out online financial transactions safely, such as
bill payments or money transfers

(9)… engage in productive and respectful discussions on
social platforms

(10)… review and update privacy settings on social media
accounts

(11)… react appropriately to system errors and other
pop-up messages
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2.3 Data Collection and Analysis Procedures

In both parts of the workshop, data was collected resorting to field notes systematized
in an observation table. Participants had the opportunity to organize their ideas in paper
form – in particular, during Part 1, they used a toolkit for empathetic character design
[37] with targeted questions that allowed them to write down the results of their discus-
sions; and, in Part 2, as illustrated in Fig. 1, white sheets and post-its were distributed,
emphasizing brainstorming and the design of low-fi visual solutions.

When analyzing the results, a comprehensive review of the collected field notes and
participants’ written records was undertaken. This was done by identifying common
themes and then interpreting these patterns in the light of the study’s goals. The notes
were then categorized into twomajor themeswith respective subdivisions: (i) empathetic
senior persona; and (ii) game-based solution - divided into presented solutions, game
mechanics, and digital skills. Through a careful examination of the findings, common-
alities and patterns across various solutions emerged – with particular emphasis on Part
2. The following section describes the results of this research in detail.

3 Results

The following sections present the results of the conducted workshop divided into the
two parts mentioned above. However, it is important to emphasize that the detail and
depth of Part 1 are not the focus of this article - it only provides context and support for
Part 2.

3.1 Phase 1 – Creating an Empathetic Senior Persona

Although it is not the main focus of this paper, creating an empathetic senior persona is
important for laying the foundations for the game solutions designed [31, 38, 39]. Thus,
each group developed its persona. In particular, group 1 (G1) created a 78-year-old lady
called Fernanda – a super organized, productive, energetic, outgoing person who loves
philosophical discussions, is a little cold or selfish, and has a sense of superiority. In fact,
she finds it difficult to relate with others. Her current companion is her cat, Whiskers.
Figure 2 (a) shows the visual representation chosen by Group 1 from their persona’s
appearance.

Similarly, Group 2 (G2) created a 82-year-old lady called Amélia Maria – a very
typical Portuguese name. Amélia’s main goal is to be able to live to 100 years old with
quality of life. She dreams of continuing to support young actors and creating the status
of an actor’s career, has difficulty externalizing her emotions, had a hard timewhile being
the daughter of a couple with eight children, has only the fourth grade of education, and
likes good wine, music, and books. Similarly, to G1, G2 also visually represented their
persona – please refer to Fig. 2 (b).

3.2 Phase 2 – Designing Digital Game-Based Solutions

Upon analyzing the field notes and the participants’ written records, it was possible to
identify solutions that address some of the prompts outlined in Table 2 – i.e., prompts
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Fig. 2. Representations of the persona’s appearance created by Group 1 - (a), and Group 2 - (b).

1, 2, 5, 6, 10, and 11. The synthesized results revealed recurring themes, indicating
that certain strategies were interconnected across multiple prompts. The following is a
sum-mary of the solutions presented.

Firstly, cybersecurity-focused solutions emerged, directly related to prompts 1, 2,
and 6 – i.e., we want the character to be able to “create a strong and secure password”,
“recognize and prevent phishing threats”, and “discern fake news/information from real
news/information”, respectively. Thefirst solution (S1 -G1)was branded as ‘SPAM’– cf.
Fig. 3, which emphasizes the identification of phishing emails andmalware threats. Play-
ers must engage in an email inbox simulation, distinguishing between legitimate emails
and those containing potential threats – i.e., potential phishing situations or containing
malware. The player must pay attention to key aspect such as its content, suspicious
links, and the sender’s email address. Correct identification yields rewards – such as
earning a virtual currency –, while mistakes incur in lives being lost.

This first concept can extend to recognizing fake news – where a news item is pre-
sented, and the playerwould have to figure out if it’s true or false. Both of these challenges
could potentially be initiated with a tutorial emphasizing scrutiny of both emails and
news sources. Still on this topic, and in a complementary way, it was also suggested the
creation of an interactive challenge to identify phishing-related elements within images
(S2 – G2). In particular, players would be shown images where they would have to
identify differences related to phishing messages, the presence of suspicious links, or
check whether the HTTP protocol is secure or not. Overall, these three game proposals
aim to educate users by detecting discrepancies between images, thus enhancing the
understanding of potential threats in online communication.
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Fig. 3. Graphic and illustrative representation of the SPAM game (S1 – G1).

Moreover, the cybersecurity topic concluded with a proposal to improve the strength
of passwords (S3 – G1). This game involves adopting a reverse approach, portray-
ing the persona as a hacker to learn from common password weaknesses – cf. Fig. 4.
Here, players are presented with a simulated login page featuring an individual’s profile
information, like email and details such as birthdate or hometown. As an example, for
someone who has an email address of “peter95@gmail.com”, having a password that is
“peter95” would clearly be bad practice. Thus, the challenge guides players to under-
stand the pitfalls of easily guessable passwords and encourages the creation of stronger
ones.

Furthermore, moving on to an area of successful information search on search
engines – i.e., prompt number 5 – it was suggested an interactive story search to foster
effective practices (S4 – G1). In particular, an example sentence would be given, such as
“Whiskers [because Mrs. Fernanda has a cat] has stopped drinking water. You need to
find a vet.” It would encourage the player to search as optimized as possible, divided into
several levels, where the geographical area of the vet or the hours they are open would be
asked. Thus, players must optimize their search queries, progressing from basic searches
to locating specific information within a given timeframe.

Regarding prompt number 11, i.e., related to reacting appropriately to system errors
and pop-up messages, it was suggested the creation of exercises for appropriate system
error responses that could involve understanding its anatomy in a simple and concise
way and, secondly, have a reverse messaging strategy (S5 – G1) – cf. Fig. 5. In other
words, if there are Boolean yes or no actions, these would have to be matched with the
messages which indicate it in the pop-up itself. Then, with greater difficulty, the players

mailto:peter95@gmail.com
mailto:peter95@gmail.com
mailto:peter95@gmail.com
mailto:peter95@gmail.com
mailto:peter95@gmail.com
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Fig. 4. Graphic representation and illustration of the cybersecurity game of password discovery
(S3 – G1).

would have to do the reserve action, i.e., for actions such as “we want the user to save
this file”, players would have to select the correct option.

Fig. 5. Graphic representation and illustration of the pop-up message interpretation game (S5 –
G1).

Lastly, regarding prompt number 10, related to reviewing and update privacy settings
on social media accounts, one of the workshop groups (S6 – G2) suggested creating an
interactive interface of a social media platform. Resorting to storytelling from everyday
life, this game would consist of various challenges – for example, going to the platform’s
settings and changing the visibility of posts for a certain group of people, all through a
simulation of its user interfaces. Additionally, in order to increase the game challenge,
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it was suggested that a time variable be added, which, once reset, would require partici-
pants to complete a new challenge. If the player managed to successfully complete the
challenge throughout the story, they would receive rewards based on the preferences of
the defined persona – such as poems, books, or songs.

Table 3 summarizes the various solutions created and their relationship to the prompts
on an addressment scale. In a nutshell, the following games were conceived: (i) identi-
fication of fishing emails and malware threats in an email inbox simulation, (ii) follow-
ing the same mechanic, assess the authenticity of presented news items, (iii) acting as
hackers, players learn common password weaknesses to create and understand stronger
passwords; (iv) optimizing search queries through an interactive story search; (v) under-
standing error message anatomy and matching Boolean actions with pop-up messages;

Table 3. Distribution of the distributed prompts per solution created and its addressment (X– fully
addressed; O – indirectly addressed).

Prompts Solution Addressing scale

We want the character to be able to… (1)… create a strong and secure
password

S3 – G1 X

(2)… recognize and prevent
phishing threats

S1 – G1
S2 – G2

X
X

(3)… keep software and
applications up to date for
device security

Not adressed

(4)… know what types of
information can be shared online

S3 – G1 O

(5)… successfully search for
information on search engines

S4 – G1 X

(6)… discern fake
news/information from real
news/information

S1 – G1 X

S4 – G1 O

(7)… identify and report
unreliable sources of
information on social networks

S1 – G1 O

(8)… carry out online financial
transactions safely, such as bill
payments or money transfers

Not adressed

(9)… engage in productive and
respectful discussions on social
platforms

Not adressed

(10)… review and update
privacy settings on social media
accounts

S6 – G1 X

(11)… react appropriately to
system errors and other pop-up
messages

S5 – G1 X
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and (vi) navigating a simulated social media platform, with added time variables and
persona-based rewards for increased challenge.

4 Discussion

This paper has presented the results of a workshop aimed at developing digital games to
impact older adults’ digital competences. As previously mentioned, this topic has little
to no published information, thus reinforcing the need to conduct exploratory sessions
with informed and interested people in the field.

The process of creating the personas, despite not being the focus of this paper nor
being something groundbreaking – in fact, several studies explore the creation of per-
sonas for ageing audiences [40, 41] –, proves to be important for improving engagement
[29] and establishing an empathetic relationship with the audience for whom solutions
are being developed [31, 38, 39]. During the second part of the workshop, groups often
revisited the persona created. They mentioned them while explaining their created game
strategies – thus revealing the attention and empathy created throughout this process,
which allowed them to consider the needs, preferences, and particularities of older adults.

Moreover, although the provided prompts were from different areas, the game-based
strategies are focused on two of the five digital competences areas defined by DigComp
2.2 – in particular, (i) data literacy and information and (ii) security. Although the field of
research and the study of the considered combined variables is innovative, the solutions
created follow some good practices that should be considered when developing games
for ageing audiences.

As highlighted by Yee and colleagues [42], a comparison between older adults
who engage with mobile games, with or without narratives, led to the conclusion that
game versions incorporating narratives are not only preferred but also contribute to a
heightened and more enjoyable player experience.

Furthermore, other studies [e.g., 43, 44] reinforce the importance of building nar-
ratives to ensure greater engagement. In this particular case, it is possible to observe
three solutions with this strategy – i.e., (i) the game where one has to discover others’
passwords based on their social media profiles, thus embarking on an adventure as a
hacker; (ii) the successful browsing on search engines, using familiar narratives to the
target audience; and (iii) through the use of everyday situations, the game that would
help in the interpretation of social media settings interfaces. Ultimately, the narrative and
theme of the games should be meaningful to the players, relating as much as possible to
their lives and everyday scenarios [45, 46].

Additionally, analyzing from the perspective of the created games’ categories, all
of them are within the realm of serious games, with a special focus on the educational
genre. From a critical point of view, this was inevitable, given the nature of the challenge
posed. Indeed, according to multiple researchers [e.g., 47, 48], older adults’ preferred
genres tend to be puzzle and strategy, and educational ones.

Furthermore, one of the presented solutions suggested adding the time variable as
a way of increasing the game’s challenge. However, caution is recommended when
implementing time-limited challenges, particularly for older adults, given the potential
difficulties they may present [49]. If the integration of a timing mechanism is crucial,
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designers should explore strategies such as reducing the number of stimuli or limiting
the available actions/options [50]. Still on this theme, the presented game proposals rely
heavily on using the keyboard, which can be challenging to older adults [33].

Overall, this research shed light on innovative ways to integrate digital compe-
tences in games with older target audiences. This will ensure the gradual acquisition
of the above-mentioned competences, while promoting a progressive adaptation to an
increasingly digital world.

5 Conclusion

This research experiment, in a highly exploratory context, has extended and defined the
path for future developments in a field that intersects games, older adults, and digital
competences. Through a two-part workshop – i.e., (i) creating an empathetic senior
persona and (ii) designing digital game-based solutions – a total of six new solutions
emerged, deeply aligned with the preferences, and needs of older adults and DigComp
2.2. Overall, the results have paved the way for our current development, as we are
conceiving and designing a game prototype considering them.

Additionally, it is possible to reinforce the methodological framework used to build
technological products for a specific audience: (i) recruit a series of experts in the field (at
least eight); (ii) organize them by evenly distributed groups; and (iii) conduct a two-part
workshop, where the first part consists of creating empathetic personas, and the second
one entails creating solutions based on randomly distributed prompts.

Nonetheless, some limitations may be considered for this study. In particular, (i) it
is important to emphasize that it was not possible to address all the predefined prompts
due to the workshop’s time limits; and (ii) some of these solutions fail to have some
formal game elements (e.g., clear definition of pre- and post-game states, the outcomes,
and rules). Thus, it reinforces the critical and active role of researchers, who must reflect
on and adapt the results to their contexts.

Lastly, in future work, it is essential to delve deeper into the proposed themes, thus
validating, implementing, and assessing these strategies with older adult audiences.
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Abstract. The rapid growth of the aging population and the increasing digitiza-
tion of processes and services have underscored the necessity for the digital inclu-
sion of older adults. This challenge has evolved into a human rights issue, as it
empowers older adults to access opportunities provided by technological advance-
ments and, in turn, exercise their rights. While the disciplines of gerontology and
human-computer interaction (HCI) individually address the digital inclusion of
older people, they often fail to engage in dialogue. In this context, we propose
the concept of educational gerontechnology intending to foster interdisciplinary
collaboration between gerontology, HCI, and the human rights approach. We first
address each of the threemain topics for educational gerontology. Then,we present
a comprehensive model for the digital inclusion of older adults, emphasizing that
educational gerontechnology encompasses the study and practice of educational
initiatives focused on the relationship between technology, old age, and aging.
Finally, we discuss future directions in this area.

Keywords: Aging · Digital devices · Digital divide

1 Introduction

The need to digitally include older adults is of utmost importance given the context of a
rapidly growing aging population, the rapid digitization of processes and services, and
the constant technological advancements.While many older individuals are increasingly
interested in and using digital devices, there is a significant gap in usage compared to
younger age groups. This situation results in a dual exclusion, both digital and social
[1]. To address this disparity, the concept of the digital divide arises, encompassing not
only the first level, which focuses on access to digital devices [2], but also the second
level, which pertains to digital skills and usage, and the third level, which addresses the
benefits or lack thereof resulting from the use of digital technology.
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Within this context, understanding the causes of the second level of the digital divide
becomes crucial as it allows us to comprehend the heterogeneity within the older adult
population regarding digital skills [3, 4]. Several factors contribute to this diversity,
encompassing socio-economic status [5], educational level [5–7], gender [8], race [9],
social support [10], age [11, 12], health status [13], and self-efficacy [7, 14]. Moreover,
‘technology anxiety,’ indicating the fear and resistance to using technology, has emerged
as a significant barrier for older individuals in adopting and using technologies [15].

Given the unique characteristics of this age group, educators face various chal-
lenges, such as the diverse knowledge of the older population, the imperative to address
individual needs, and the requirement for a curriculum that comprehensively covers the
expansive realmof technology [16]. Therefore, educators stress the importance of receiv-
ing methodological and content support to structure educational sessions that meet the
expectations of older individuals. Furthermore, addressingmentor anxietywhen teaching
older adults, influenced by age hierarchy, becomes critical [17].

Moreover, instructors in digital inclusion courses for older adults often comprise
volunteers, educators lacking specific knowledge of educational strategies for this popu-
lation, or professionals with training outside the gerontological or pedagogical field [16,
17]. Thus, not all individuals leading these initiatives possess the necessary knowledge
about the use of digital devices, and they are faced with the demand to teach digital
skills to this population [17]. This scenario poses the challenge of preparing trainers
who require expertise in gerontology and digital devices.

The digital divide among the most excluded has evolved into a human rights issue
[18]. In contemporary society, digital inclusion is pivotal for enabling older adults to
fully enjoy and exercise their rights, leveraging opportunities brought by technological
advances [19, 20]. Furthermore, older individuals lacking digital educationmay be deny-
ing themselves the benefits that comewith the use of technologies, such as more efficient
access to quality healthcare, increased perception of self-efficacy, social participation,
and educational opportunities [19, 21].

Two disciplines, gerontology and human-computer interaction (HCI), address the
digital inclusion of older adults. However, these areas often fail to engage in dialogue to
develop interventions, research, and public policies on this issue. This context led to the
development of socio-gerontechnology as a discipline that promotes dialogue between
studies on aging and those on science and technology [22]. Despite its interdisciplinary
nature, socio-gerontechnology does not exclusively focus on the educational experience
of using technology in old age. Nevertheless, educational opportunities are crucial for
digital inclusion, especially considering that education is one of the factors that most
significantly influences the digital divide [2].

Our question is how to strengthen an interdisciplinary dialogue that fosters the dig-
ital inclusion of older adults. For this reason, we introduce the concept of educational
gerontechnology, promoting a dialogue between three essential pillars advocating for
the learning and use of digital devices by older individuals: gerontology, HCI, and the
human rights approach. Thus, educational gerontechnology encompasses the study and
practice of educational initiatives focused on the relationship between technology, old
age, and aging.
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To better conceptualize educational gerontechnology, we describe themain contribu-
tions of each pillar and discuss a comprehensive model for digital inclusion. This section
proposes general guidelines for digital inclusion initiatives targeting older individuals.
Finally, we outline future directions in this area, recognizing that while this article cen-
ters on digital inclusion initiatives for older individuals, educational gerontechnology
must expand its scope to encompass the broader world of technologies.

2 Gerontology

Gerontology directs its attention to our population of interest: older persons. Within
gerontology, two main topics are particularly relevant to the digital inclusion of this age
group:

– Ageism: representing the social representations of old age and aging,while examining
their influence on the adoption and use of digital devices.

– Educational gerontology: providing insights into education in old age and aging that
can be extrapolated to initiatives addressing digital inclusion.

2.1 Ageism

Ageism is defined as stereotypes and prejudices directed toward individuals based on
their age, leading to discriminatory acts [23]. These biases predominantly affect older
people, encompassing cognitive, affective, and behavioral components [24]. Common
ageist notions include the belief that older people tend to isolate themselves, lack interest
in learning, cannot acquire new skills, and experience cognitive impairment [24, 25].

Moreover, a self-fulfilling prophecy occurs,where individuals internalize ageist ideas
froman early age and conform to these expectations upon entering old age.Consequently,
those with elevated levels of ageism are likely to have shorter lives and experience a
diminished quality of life [26]. The costs of ageism manifest in various ways, includ-
ing higher depressive symptomatology, lower perception of good health, reduced life
satisfaction, and lower self-efficacy [26, 27].

The self-fulfilling prophecy and embodiment of ageist ideas have an impact on older
people’s adoption of digital devices [28–30]. Mariano et al. [29] introduce the concept of
stereotype threat, highlighting that thosewho feel less capable because of their age tend to
use digital devices less. Rosell andVergés [31] observed that greater ageism is associated
with a lower perceived self-efficacy concerning Internet use. Therefore, individuals with
higher levels of ageism feel less capable of using the Internet and may avoid engaging in
online activities beneficial to mental health, such as leisure and entertainment [30, 32].
Ageism thus emerges as a significant barrier to the digital inclusion of older adults, yet
it is not always considered in studies and practices aimed at reducing the digital divide.

Digital Ageism. Ageist notions concerning older people and technology have evolved
into a concept known as digital ageism, which analyzes ageism in the digital realm.
This term focuses on how age is portrayed and encountered in connection with digital
technologies [33]. This idea goes beyond older people’s access to or use of technology
and extends to discrimination created by artificial intelligence algorithms [34] or the
design of digital technologies [35, 36].
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Regarding artificial intelligence, a scoping review by Chu et al. [34] revealed various
degrees of age-related bias in the algorithms and techniques used to analyze data. For
example, there is underrepresentation, misrepresentation or omission of groups aged
60 or more in databases, as well as aggregation (such as presenting older people as a
homogeneous group).

Furthermore, digital ageism encompasses technology design, with most products or
services lacking the participation or involvement of older people [35]. This shortcoming
results in the lack of designers’ awareness regarding older people’s needs (refer to Sect. 3
about HCI).

Other forms of digital ageism may involve negative narratives and images of older
people on social networks [37] or the use of surveillance technologies in long-term care
facilities without proper consent [38].

2.2 Educational Gerontology

Educational gerontology lays the conceptual foundation for teaching older adults, focus-
ing on educational research and practice involving older individuals, those who teach,
and those who work with this age group [39].

Older adults bring a history of learning experiences that influence their educational
motivations. Yuni and Urbano [40] developed a typology of learning meanings for older
people closely tied to motivations for learning. These meanings should be explored at
the outset of any educational intervention to adapt the content and methodology. The
typology includes viewing learning as (1) a process of staying up to date, (2) a process of
personal development, (3) a challenge for self-improvement, focusing on testing one’s
skills, (4) an opportunity to acquire coping strategies or resources to face life challenges,
and (5) a process of self-understanding, aiming to explore new experiences and establish
new goals that lend meaning to the life course.

The typology of learning meanings can be enriched by motivations identified by
Xiong and Zuo [41] in older Chinese individuals enrolled in Massive Open Online
Courses (MOOCs). They participated in these initiatives for various reasons, including
(1) solving problems, (2) acquiring knowledge, (3) improving cognition, (4) seeking
fun, (5) benefiting others, and (6) social contact.

These classifications offer valuable insights into the diversity within a group par-
ticipating in an educational program. It is crucial to recognize that the content and
methodologies of an educational initiative must align with these motivations, providing
practical significance in participants’ daily lives to ensure applicability [42].

A specific area of interest within educational gerontology surrounds the cognitive
processes and performance involved in the learning experience. In this context, it is
crucial to distinguish between cognitive impairment and normal age-related cognitive
changes. The first refers to pathological changes, while the second pertains to non-
pathological variations [43].

In non-pathological aging, specific changes in cognitive functions must be consid-
ered. For example, processing speed and inhibitory control may decrease with age [43].
This shift does not imply that older individuals cannot learn; instead, it underscores the
importance of considering the time required to incorporate newknowledge.Additionally,
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educational approaches for individuals with cognitive impairment should contemplate
the person’s cognitive performance. However, this is a topic that merits further research.

As previously mentioned, educational interventions pose challenges as they confront
educators with characteristics atypical of education in other age ranges. An example is
the asymmetry imposed by age, generally reversed in gerontological education [17].
Unlike other stages of life, it is more common for the educator to be younger than those
participating in the activity [44]. This relationship becomes horizontal, necessitating the
recognition of the experiences that older people bring to the educational context. Fur-
thermore, this relationship challenges the traditional assumption that older generations
educate the younger ones, disrupting the conventional notion of “teaching” and creating
a situation where those transmitting knowledge, the older ones, also need to learn [44].

Education becomes a tool for promoting the quality of life of older adults. The edu-
cational setting promotes empowerment, self-efficacy, and self-awareness of the skills
and knowledge they possess. Additionally, it prevents the decline of cognitive functions
and fosters social inclusion by establishing new ties [44].

3 Human-Computer Interaction (HCI)

Human-Computer Interaction (HCI) is interested in the interaction between technology
and human action, examining how technology can serve the user [45]. It focuses on the
design, implementation, and evaluation of technological systems that are currently in use
or will be used by humans. This interdisciplinary field includes computational scientists,
engineers, and social scientists, intending to foster a dialogue between these disciplines.
The goal is to contribute valuable insights for developing appropriate technological
designs for humans and evaluating their social impact. [46].

HCI addresses crucial questions, including the intuitiveness of technological device
use, barriers to interaction with the device, factors favoring device adoption, and the
development of universal technologies. Research on older adults also explores whether
digital devices can benefit their daily lives [47]. The answers to these questions contribute
to evaluating technological systems regarding acceptability, usefulness, effectiveness,
safety, and usability. Therefore, a product should be easy to use, attractive, effective,
and, ideally, deliver a pleasant user experience [48].

However, one criticism of HCI research with older individuals is its failure to encom-
pass the complexity of aging and the diversity within old age [47]. This limitation is
influenced by ageist ideas that hinder a comprehensive understanding of the relationship
between older people and technological devices [47].

An illustrative example is gerontechnology, a multidisciplinary solution designed to
address the challenges of aging with technology [49]. However, sometimes gerontech-
nology is conceptualized from a welfare-oriented perspective, emphasizing caregiving
and dependency. This approach focuses on providing older people with what “they lack”
rather than stressing independent living, autonomy, and empowerment [47, 49].

Sayago [47] advocates for an expanded perspective on HCI that goes beyond con-
ventional concerns related to aging, such as decline, health, and isolation. This paradigm
shift underscores the importance of adopting a person-centered approach inHCI, consid-
ering the characteristics and needs of the user during the design and implementation of
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technology [45].AnHCI perspectivewith a gerontological focus becomes the foundation
for appropriate product design and development, always considering the needs of older
adults. Thus, efforts should be directed toward ensuring that devices are personalized,
flexible, and responsive in various contexts and situations [45].

Recognizing older individuals as users involves comprehensively assessing their
knowledge, experiences, skills, abilities, needs, demands, and attitudes toward tech-
nology [47]. This evaluation must encompass psychological and physical dimensions,
acknowledging their variability among individuals and their potential impact on the
modes and consequences of technological adoption [50].

In line with the person-centered approach, it is crucial to understand that what seems
interesting or easy to use for designersmay not necessarily alignwith the preferences and
capabilities of end-users. Thus, usability testing becomes an invaluable tool to identify
users’ challenges in interacting with devices [48, 51]. However, it is essential to ensure
a diverse representation of skills and education levels in usability tests [52].

Additionaly, anxiety is a significant barrier to adopting digital devices, often exac-
erbated by difficulties handling the device or interface. Such challenges can lead to
frustration for older users and those assisting them, potentially resulting in abandoning
the learning task [53, 54]. These problems may arise from poorly designed interfaces
that hinder usability, leading to time-consuming interactions,mistakes, and demotivation
[55].

The evaluation of HCI should consider the activities performed and the contexts
in which they occur. Older individuals often perform better in natural contexts than in
laboratory settings, and they are more motivated when using tools and applications that
have practical relevance in their daily lives [56].

It is crucial to note that technology is constantly evolving. Furthermore, a new gener-
ation of older technology users is anticipated, with different attributes, including a life-
long familiaritywith the digital world. Thus, future directions inHCI should contemplate
these changing dynamics [45].

4 Human Rights Approach

As the third pillar of educational gerontechnology, the human rights approach shifts the
perception of older individuals from subjects of assistance and charity to being recog-
nized as subjects of rights, which should actively participate in all processes that concern
them [57]. This approach underscores the importance of inclusion and participation of
older people in society [58], for example, through educational initiatives and digital
inclusion.

The rapid pace of digitalization has led to the exclusion of older adults who have not
familiarized themselveswith digital devices and other technologies [59]. Thus, strategies
are needed to support the exercise and enjoyment of the rights of older individuals.

What is more, when considering the human rights perspective, it becomes imperative
to delve into ethical considerations. This involves raising questions about the autonomy
of older persons’ decisions to engage with these technologies, the extent to which their
use upholds individual dignity and freedom, whether they foster socialization and com-
panionship, and if the emphasis on improving the quality of life through technology
aligns with individual values. [58].
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Information and Communication Technologies (ICTs) are identified as powerful
tools in achieving Goal 10 of the United Nations’ Sustainable Development Goals
(SDGs): “Reduced Inequalities” [60]. ICTs promote equality by providing access to
information, facilitating active participation, and engaging citizens in the economy [19].
Thus, using ICTs effectively can create more opportunities in areas such as education,
training, and employability [19].

Furthermore, recognizing the right to lifelong learning as a fundamental pillar of
digital inclusion is crucial. The Inter-American Convention on the Protection of the
Human Rights of Older Persons underscores that older individuals have equal rights to
education, just as other sectors of the population do [20, 61]. This right encompasses
participation in existing educational programs across all levels and the opportunity to
share their knowledge and experiences with all generations. Significantly, there is an
emphasis on ensuring the accessibility of educational initiatives and adapting them based
on the needs of older persons [20]. Within this framework, education is intrinsically
valuable and serves as a tool to bridge gaps, foster social inclusion, and promote healthy
aging [20, 61].

Lifelong learning encompasses learning activities for individuals of all ages, in all
life contexts, and through various modalities [62]. As a human right, efforts should be
directed toward designing educational models that recognize and leverage technologies
to support education [62]. Access to technology is highlighted by UNESCO [63] as a
crucial aspect of lifelong learning. Thus, older individuals with comprehensive knowl-
edge of digital tools are more likely to embark on an autonomous learning journey. This
expertise enables them to critically assess and utilize the digital content they access and
effectively participate in digitized networks [64].

In sum, the promotion of lifelong learning and digital inclusion has the potential to
facilitate the enjoyment and exercise of various human rights, including health, culture,
participation, work, independence, autonomy, freedom of expression, access to informa-
tion, recreation, accessibility, and access to justice, among others [20]. Failing to ensure
adequate digital inclusion for the older population hinders the exercise of their rights,
constituting age discrimination. The COVID-19 pandemic underscored the importance
of Internet access as a fundamental human right, necessitating efforts to provide connec-
tivity and develop the necessary skills to use digital devices [1]. Digital inclusion can
amplify the agency of older individuals, enabling them to decide how they want to age
and enjoy their lives [65].

5 Toward a Comprehensive Model for the Digital Inclusion
of Older Adults

Considering the three pillars of gerontology, HCI, and human rights, educational geron-
technology seeks to promote dialogue between these disciplines to carry out educational
efforts for the digital inclusion of older adults. Thus, we define educational gerontech-
nology as the study and practice of educational endeavors concerning the relationship
between technology, old age, and aging. This includes initiatives aimed at the general
public, those working with older adults, and older persons.
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At this point, it is important to highlight the contributions of socio-gerontechnology
in this field, as it is essential for the comprehensive model. Thus, socio-gerontechnology
seeks the dialogue between the studies of aging and those related to science and tech-
nology. For this reason, this discipline fosters the interdisciplinary work of the first two
pillars of gerontology and HCI.

The main principles of socio-gerontechnology lie in the intertwining between aging
and technology. This vision rejects the deterministic view that aging is only about biology
and corporeality and that technology is only a matter of nuts and bolts. Thus, the focus
is on how technology influences the aging process and how older persons’ interactions
with devices shape technology. In addition, socio-gerontechnology seeks to overcome
the assumption that technology will magically solve aging problems and that the focus
between aging and technology should not be exclusively on the issue of care [22].

Understanding the significance of socio-gerontechnology contributions, we focus on
educating about these topics, given their crucial role in facilitating interaction between
older individuals and technology. There is an urgent need to address older adults’ digital
skills and explore how educational endeavors could promote them.

In this context, it is essential to revisit the levels of the digital divide, as also high-
lighted by HCI: the first level concerning access, the second level involving skills, and
the third level related to outcomes. Although there is less information regarding the third
level, an area that should be included in educational gerontechnology, our emphasis will
be on the second level since it is the core of educational gerontechnology [2, 47, 66].

To this end, three fundamental aspects for generating educational initiatives for the
digital inclusion of older persons are linked to the first level and necessary to work at the
second level. The first is the accessibility of digital devices, requiring the co-construction
of designs with older persons. This can only be achieved by eliminating ageism at the
individual and institutional levels and eradicating digital ageism, for example, the idea
that older people are not interested in technology or incapable of learning new things.
Second, affordability is crucial, ensuring that digital devices, data plans, and broadband
are within reasonable financial reach for older adults. Third, phone signal and internet
coverage. Approximately half of the world’s population is estimated to have no Internet
access [67]. Thus, older people living in rural areas are less likely to use the Internet [68].
In this regard, public policies ensuring accessibility, affordability, and connectivity are
required. Educational gerontechnology initiatives will not reach all older adults without
advancements in these dimensions.

At the second level, focusing on digital skills, there is a need for more systematic
information on the most effective ways to carry out interventions for the digital inclusion
of older adults. Three crucial stages—design, implementation, and evaluation—consti-
tute the core of this process (Fig. 1). Notably, these stages are interrelated, and their
mutual support signifies a flexible process.

Understanding the demands and needs of older persons involved in the design stage
is relevant. Exploring what and why they want to learn, socio-educational trajectories,
digital knowledge, experiences, and physical or sensory difficulties are fundamental [69,
70]. Thus, placing older persons at the center of initiative development is imperative
[69]. For instance, learning to use YouTube may have different meanings for someone
seeking exercise than for someone wanting to entertain their grandchildren. Therefore,
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Fig. 1. Overview of the components of a comprehensive model for the digital inclusion of older
adults
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it is pertinent to question how digital learning can impact their daily activities and
determine the most suitable topic, ensuring that content aligns with the participants’
motivations [71]. This screening process is crucial to adapting the content’s difficulty,
promoting learning, and avoiding frustration when presenting complex information.

Additionally, it is necessary to establish the goals of the intervention, a process that
should also include older learners [70]. Bermejo García [72] proposes a classification
from educational gerontology that is useful in educational gerontechnology:

– Conceptual objectives: these refer to the definitions and concepts. We need to deter-
mine which aspects of the technological world are known and necessary to teach,
particularly those involved in the digital process that will be addressed. In this con-
text, concepts related to the broader digital world, such as artificial intelligence,
cybersecurity, and strategies for identifying fake news, are also relevant for learning
[73]. Additionally, introducing new concepts could open the door for new demands,
allowing older persons to go beyond the primary uses in this age group, such as
communication and information seeking.

– Procedural objectives: these are related to practical aspects. It iswhen theory is applied
to the use of digital devices.

– Attitudinal objectives: these refer to attitudes concerning the topics addressed, in this
case, skills for using technology and aging. Therefore, educational gerontechnology
should be concerned with eradicating ageism. This can be achieved by addressing
beliefs about the impossibility of learning due to age and dispelling the idea that
technology is useless or difficult to learn.

For educational gerontechnology, it is necessary to consider education from a con-
structivist perspective, wherein knowledge is constructed during the educational process
[72]. It is crucial to begin by educating about the most fundamental processes related to
using technological devices. Following this strategy, more complex processes involving
a combination of the basic ones can be incorporated without causing frustration in the
participants. In summary, this implies a methodology considering a step-by-step app-
roach and an observational learning model, where the educator could demonstrate how
it works [70]. Therefore, it is suggested to use images that represent the steps to achieve
the learning objective, breaking down the various processes involved into stages with
clear and concise instructions [71].

Furthermore, the implementation stage should create a comfortable and safe envi-
ronment, empowering older persons and mitigating ageism, which acts as a barrier
to adopting any kind of technology [74]. Hands-on training sessions providing a safe
space to resolve doubts are crucial to ensuring favorable outcomes [69, 70]. Throughout
these sessions, participants should have enough time to complete assigned tasks, pose
questions, and resolve problems [69]. Therefore, the session should be structured yet
with sufficient flexibility to facilitate interaction and the emergence of new needs and
motivations without the pressure to perform [69].

Educatorsmust avoid touching the learner’s digital devicewhenattempting to achieve
the procedural objectives in hands-on training. Instead, they should express their thought
process aloud. This approach will enable older adults to incorporate typical patterns
involved in various digital functions, thereby facilitating problem-solving. Another rec-
ommendation is to encourage people to carry out the process without relying on notes,



Educational Gerontechnology 285

which is useful for learning support butmay not always be trustworthy due to the constant
technological changes that can quickly render notes obsolete. However, by understand-
ing usage patterns and problem-solving strategies, individuals will have a knowledge
base to navigate these changes outside the educational setting [69, 70].

Additionally, by applying the principles of transferability to daily life, it becomes
possible to reinforce the teaching of different processes throughmotivation for their prac-
tical implementation. Older adults are more likely to learn digital tools if they perceive
them as a means to an end [71]: scheduling medical appointments, having fun, feeling
included, participating in politics, etc. Once basic and helpful knowledge is acquired,
there is a greater likelihood that individuals will continue the path of self-learning using
digital tools [64]. Therefore, supporting independent learning and promoting the use of
skills in daily routines are essential [69].

The educator must emphasize that learning digital skills is often reciprocal, and
both educator and learner can discover new digital processes from the questions that
arise. This disclosure is significant because rapid technological development and the
constant updating of applications, web pages, and operating systems pose challenges
frequently addressed in educational interactions. Therefore, educators should openly
admit when they do not know the answer, turning it into an opportunity to showcase
different approaches to finding a solution [70]. In this context, self-guided learning
assignments and homework could be valuable to reinforce problem-solving strategies
[69].

Also, integrating ethical considerations into the model is imperative. Ethical dimen-
sions should address aspects of cybersecurity, which has proven to be a significant factor
influencing the reluctance of older individuals to adopt digital devices [75]. Empower-
ing individuals with the opportunity to make informed decisions regarding permissions,
such as location tracking, camera access, or microphone usage, ensures that older adults
have complete knowledge and agency over the data and functionalities they choose to
share, fostering a sense of control.

It is noteworthy that the proposed structuremight be understood primarily in a formal
educational context. However, in an informal setting, it is equally important to properly
assess the requests of older adults to develop an effective method to teaching what is
needed (stage 1). This approach can then be applied in a hands-on situation (Stage 2)
and the evaluation of the objectives’ achievement (Stage 3).

One of the most common informal settings for digital inclusion involves intergenera-
tional interaction, which is alsowidely used in formal settings. Intergenerational learning
is the transfer of knowledge, skills, or values between generations [76]. The benefits of
intergenerational learning extend to all participants, as education inherently involves
reciprocal learning and support [77]. Moreover, intergenerational settings effectively
reduce ageism, as they help break down stereotypes linked to age through interaction
among participants [74].

Another methodology used is peer teaching, which is important in collaborative
learning and yielded positive results [69, 71, 74]. This strategy can promote social
support and a sense of belonging, which is essential for reducing digital inequalities
and developing a learning community [69, 78]. Peer support often extends beyond the
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session, indicating the motivation to share new knowledge and discoveries from the
digital world [78].

Moreover, the use of games-based learning has proven to be valuable in this edu-
cational context. Participants reported that learning through games is enjoyable and
allows exploring different ways to manage digital devices. Furthermore, this approach is
effective in promoting the inclusion of individuals with cognitive or physical challenges
[79].

All these methodological considerations align with a review of programs designed
to teach digital skills, indicating that personalized programs are the most effective [74].
In this context, another systematic review revealed that courses are typically conducted
in smaller groups of five to ten people, and the ideal situation is for participants to have
similar previous knowledge or to have undergone a preparatory leveling session [69].

Regarding the setting, the physical or virtual environment must support the atmo-
sphere of safety that the educator should transmit. Thus, it is necessary to have a com-
fortable and friendly setting, such as proper chairs and tables or an easily accessible
platform. Additionally, a systematic review revealed that interventions of this kind are
not commonly implemented in a remote format. A blended learning approach, incorpo-
rating remote exercises and face-to-face sessions, is more effective than 100% online
programs, which could be challenging for those with lower digital skills or without
technical requirements [69].

At this point, it is important to note that community-based learning opportunities
play a pivotal role in fostering the digital inclusion of older adults, especially when
considering economic constraints and transportation challenges that this age group may
face. Integrating these resources into the community profoundly motivates individuals
to actively engage in educational initiatives [69]. Furthermore, the significance of the
community context cannot be understated, as cultural factors could play a crucial role
in shaping the effectiveness of digital inclusion initiatives.

Finally, the third stage involves the evaluation, which is as important as its develop-
ment and implementation. This stage provides an opportunity to learn about the experi-
ences of the older participants. Through a systematic evaluation, adaptations can bemade
to respond to older adults’ needs, demands, and interests [72]. Therefore, it is neces-
sary to analyze all aspects, including achieving objectives, methodology, and setting. At
this point, one can revisit socio-gerontechnology principles to conduct assessments that
consider how the interaction with digital devices impacts aging and how older persons
model digital devices [22].

6 Future Directions in Educational Gerontechnology

The field of educational gerontechnology will undoubtedly need to continue developing
to address various issues related to the digital inclusion of the older population. This
development must align with socio-gerontechnology, considering the reciprocal inter-
action between technology and older adults. Therefore, the development of these future
directions assumes that progress is being made (and will continue to be made) to meet
the minimum standards required for the digital inclusion of older individuals, namely:
(a) accessibility of digital devices; (b) affordability of digital devices and associated
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Internet plans for their operation; and (c) adequate coverage of telephone signal and
Internet connection.

Firstly, more studies on the effectiveness of different interventions for the digital
inclusion of older individuals are needed. This focus will help us understand which
methods and approaches are most successful. These studies should consider group and
individual instances and those conducted in person, online, or blended. Additionally, we
needmore information on the impact of different methodologies used in digital inclusion
initiatives for older individuals, and this should be addressed from a gender perspective.

Furthermore, we need more evidence on the best strategies for an older person to
adhere to an educational initiative for digital inclusion. As shown by other interventions
with older adults, the transfer of knowledge and skills acquired to daily life is fundamental
for the adherence and effectiveness of the initiatives. [71]. Therefore, future studies
should also include this dimension in their designs.

Similarly, it will be crucial to systematize informal instances of digital inclusion,
such as those occurring through intergenerational contacts within the family or those
generated among peers. It is essential to develop designs that include randomized control
trials and longitudinal approaches to measure the effectiveness of these interventions.
Longitudinal studies will allow for tracking usage patterns in old age and aging and
identifying factors that promote digital inclusion over time, considering that technology
is constantly evolving.

Secondly, detailed information is required on why a person participates in digital
inclusion activities, going beyond those presented by educational gerontology and adding
those relevant to digital inclusion.

Third, it is vital to acknowledge the right to education and digital inclusion through-
out the life course. Therefore, future studies should include comparisons with other age
ranges and explore how learning linked to new technological developments is incorpo-
rated. It is essential to recognize that future older individuals will be “digital natives,”
but they will also need to update their knowledge of technological advances constantly.

Fourth, there is a need for further exploration into the impact of digital inclusion
interventions and the use of digital devices on the well-being of older adults. This evalu-
ation should encompass psychological and physical aspects, considering both beneficial
and detrimental effects, such as problematic Internet use. So far, the focus has primarily
been on whether older persons use digital devices rather than the direct impact of digital
inclusion interventions.

Fifth, it is crucial to recognize that cultural factors significantly impact older indi-
viduals’ adoption of digital devices. More cross-cultural evidence should be generated
to identify relevant factors influencing the development of digital inclusion initiatives.
This will facilitate the creation of culturally adapted interventions, promoting better
adherence to them.

Sixth, we need a more in-depth exploration of how ethical considerations and con-
cerns linked to technology may influence the adoption of digital devices and the moti-
vation to participate in digital inclusion initiatives. Issues such as data privacy, cyberse-
curity, and the potential discrimination that older individuals may face through digital
devices are particularly relevant and require attention.



288 J. Rosell et al.

Finally, it is crucial not to overlook the impact of aging, which can bring about
sensory, motor, or cognitive changes. In this context, further investigation is necessary
to understand how these changes affect the interest in digital inclusion and participation
in training on this topic. Similar attention should be given to individuals with health
conditions such as dementia.

At this point, it is noteworthy that our focus has primarily been on educational
studies and practices related to older adults’ use of digital devices. However, the field
of educational gerontechnology should also broaden its scope to encompass all types of
technologies.

With this comprehensive information,wewill be able to informvarious governmental
and non-governmental institutions interested in the subject and actively develop initia-
tives for the digital inclusion of older adults. Additionally, educational gerontechnology
must serve as the foundation for generating public policies.

7 Conclusion

We aimed to address how to strengthen an interdisciplinary dialogue that promotes the
digital inclusion of older adults. Educational gerontechnology is poised to play a piv-
otal role in meeting this challenge, considering gerontology, HCI, and a human rights
approach. Gerontology’s significance lies in its consideration of crucial aspects such
as ageism and educational gerontology, fostering the development of initiatives free
from ageist ideas and focused on the unique aspects of learning in old age. Addition-
ally, HCI needs to invest dedicated efforts in designing technologies that align with
the needs and interests of older users, challenging prevailing prejudices, and adopting
a person-centered approach. This comprehensive strategy is essential for empowering
older individuals to enjoy and exercise their human rights.

The call from educational gerontechnology for interdisciplinary collaboration is
not merely conceptual; including the older population in society is imperative. The
widening digital gap, which excludes older individuals from the digital world, threatens
the complete exercise of their rights. The ongoing digitization of daily processes and
services highlights the urgency of recognizing that not everything can be digitized unless
all individuals are included in the digital world. While acknowledging people’s right to
choose not to learn about the use of digital devices, this decision must be made with a
comprehensive understanding of the advantages and disadvantages of this choice.

Educational gerontechnology holds implications for the development of public
policies. Also, this concept provides a foundation for further research to deepen our
understanding and enhance initiatives to foster digital inclusion for older adults.
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Abstract. The use of Information Communication Technologies (ICT) in old
age has been increasing over time. This trend might have been accelerated by the
COVID-19 pandemic, which prompted older people to start using digital tools
to stay connected with their loved ones and tackle isolation. Similarly, ICT use
might have positive effects on vaccination rates and recovery fromCOVID-19 due
to, respectively, access to information on vaccines and e-health services that may
accelerate the recovery process. However, while it seems reasonable to assume
that the use of ICT may improve access to information regarding the COVID-19
vaccination campaigns and ways to avoid SARS-CoV-2 contagion or access to
medical support for a faster recovery, to the best of our knowledge, little is known
about the effects of ICT use on the SARS-CoV-2 infection figures, vaccination
and recovery rates. To explore these dimensions, we use data from a cohort study
of older people aged 82–87 years, residing in Abbiategrasso, a municipality in
northern Italy. The data used in this study were collected between 2018 and 2022.
While ICT use seems not predictive of fewer infections and higher recovery rates,
we found that computer use positively predicted the number of vaccine doses that
respondents agreed to undertake. However, Internet use predicted late vaccination.
In short, it seems that using the Internet in old age predicts a slowness in
vaccinating against COVID-19. The latter result enriches the current knowledge
on the side effects of Internet access, which have not been thoroughly assessed
in older adults. Moreover, this result stimulates discussion on the possible role of
online misinformation and fake news surrounding vaccination campaigns.

Keywords: ICT use · Internet Use · Older Adults · COVID-19 Vaccination ·
SARS-CoV-2 Infection

1 Introduction

ICT use has soaredwithin the old age population in the last few years [1]. The COVID-19
pandemic might have boosted ICT acceptance by older adults, who started or kept using
digital technologies to get in touch with family and friends.
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In this regard, scientific research has focused on the effects of ICT use onmaintaining
or strengthening social connections during the pandemic [2, 3]. Indeed, studies on this
topic have mainly considered ICT use to address the pandemic’s social consequences,
such as isolation.

Conversely, the possible effects of ICT use on limiting the spread of SARS-CoV-2
through the provision of information on how to access vaccination programmes and
access to e-health, among the old age population, have been mostly overlooked. Still,
some studies that explored not COVID-19-related conditions but other aspects of older
adults’ health showed that access to e-health is positively related to healthy behaviours
[4], communication with healthcare professionals [5] and recovery after surgical oper-
ations [6]. This issue is particularly urgent when considering the oldest old population,
as this age group proved to be particularly vulnerable to the symptoms originating from
SARS-CoV-2 infection [7]. Even more so, this was valid for regions where the mortality
rate of the old population following SARS-CoV-2 infection has been remarkably high.
This was the case in the region of Lombardy, in northern Italy [8].

The vaccination campaign in Italy started in December 2020, when the vaccine was
first administered to social and health workers and people who lived in nursing homes.
In Lombardy the vaccination campaign was extended to people aged 80 years or older
and fragile patients only in mid-February 2021 (approximately 10 days later than other
Italian regions, such as Lazio) [9]. Older people could book their vaccine through the
portal AIRA; due to faults in the online booking system the portal was subsequently
replaced (in April) with a different portal (run by the national mail service and adopted
in the rest of the country). While online reservation remained the most straightforward
booking system for most of the population, this method may not have been easy to
access to less digitally savvy older people – the challenges associated with accessing
online booking by the old age population and the malfunctioning of the ARIA system,
generate capacity constraints on other booking methods, such as telephone booking. As
a matter of fact, in Lombardy, vaccinations in the age group 80–89 started picking up
only around March and peaked in mid-April [10]. In comparison with other countries,
in Italy fewer than 1.4 million doses were administered to the population aged 80 + by
March 10th 2020, while in the United Kingdom over 2.6 million people over the age of
80 were vaccinated by the same week [11, 12].

Taking into account the above, this study seeks to explore the effects of ICT use on
SARS-CoV-2 infections and vaccination and recovery rates from COVID-19 in Abbi-
ategrasso, a suburban municipality of approximately 30,000 inhabitants in the outskirts
of Milan, in Lombardy. Particularly, we expected that ICT use would reduce, through
information campaigns, the frequency of risky behaviours that, in turn, would increase
the chances of getting infected by SARS-CoV-2. Accordingly, we hypothesised that
the use of digital technologies would accelerate the administration of vaccine doses
against COVID-19. In addition, we assumed that ICT use in older adults may be help-
ful to accelerate the recovery process by providing those aids that are needed during
convalescence.
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2 Literature Review

The literature on the effects of ICTuse on the readiness to vaccinate against COVID-19 in
older adults is somewhat scarce. Previous researchon this topic has explored the influence
of ICT use on vaccination rates, but disregarded the vaccination timing (i.e. early/late
vaccination). Particularly, it seems that older adults who rely on the Internet, social
media, and family/friends as the main sources of information express weaker intentions
to vaccinate against COVID-19 [13]. Indeed, little is known about the effects of digital
technologies on earlier/late vaccination in the general population, not to mention in older
age. However, this topic is worth exploring, given the strong increase of ICT use in the
oldest population, the importance of earlier vaccination to mitigate the symptoms of
COVID-19, and the role of digital technologies during the pandemic.

In this regard, the role of ICT in speeding up the vaccination process or, on the con-
trary, slowing it down through misinformation should be examined. As a matter of fact,
evidence exists on how ICT users can be swayed by online misinformation concerning
COVID-19 and underestimate the extent to which they are affected by fake news [14].
Yet, it is still to be confirmed whether such or similar effects hold for the older popula-
tion. Preliminary evidence showed that older adults seem sceptical about the accuracy of
online content regarding COVID-19 prevention and treatment [15]. Nonetheless, such
evidence came from research on participants who were, on average, relatively young
(mean age equalled 60 years), even if considered “older adults”. In light of the above,
to the best of our knowledge, this is the first study on the impact of using different
digital technologies on the rates of vaccination against COVID-19 in people around
and over eighty and late vaccination. Previous research was conducted on interventions
via specific modalities, such as dialogue-based interventions (dialogue with people that
are vaccine hesitant in order to increase the vaccination administration), to help older
people overcome the barriers to vaccinating against COVID-19 [16]. Moreover, exist-
ing research explored the gender differences in the readiness to be vaccinated against
COVID-19 [17]. Generally, ICT use seems to be associated health practices and higher
vaccination rates. However, it is still unclearwhether these effects are causal (i.e. whether
ICT use fosters virtuous practices).

Another dimension that, to the best of our knowledge, has been unexplored con-
cerns the potential effects of ICT use to reduce SARS-CoV-2 infections. Indeed, also
in this case, no quantitative studies to date seem to have explored this specific effect
in the general population, not counting older adults. There seems to be only qualitative
investigation on this topic [18]. However, measuring the relationship between these two
variables can shed light on the benefits of digital technologies in communicating risk-
avoiding behaviours related to the spread of the virus. Certainly, previous studies have
shown that ICT use in older adults is associatedwith healthy conduct [19]. Empirical evi-
dence is needed to assess whether ICT use also reduces the chances of risky behaviours
related to infectious diseases in old age and, consequently, the chances of getting ill.

Similarly, there is a lack of research on the assessment of the effects of ICT use on
the recovery of those suffering from COVID-19. A large part of the existing research has
been conducted to explore the use of telehealth as a major issue during the pandemic [20,
21]. Following this stream of research, studying the impact of ICT use on COVID-19
patients’ convalescence would enrich the literature on the topic. In fact, studies have



296 L. G. Valla et al.

started to be published on digital tools that help people with long COVID symptoms to
recover [22]. However, as a particularly vulnerable group, more research is needed on
short-term effects in older adults.

As a whole, it appears that most of the existing academic efforts have been made
to study the use of digital technologies to curb the effects of social isolation during
the COVID-19 pandemic. Limited evidence has been provided when considering the
impact of ICT use on vaccinating against COVID-19. Nonetheless, it is crucial to assess
the influence of ICT use on the health-related behaviours of older adults. Indeed, if
proven successful, the use of digital technologies could be further encouraged, and ad
hoc protocols could be developed.

3 Hypotheses

Considering the above, this study aims to assess whether higher levels of ICT use are
associated with a higher number of COVID-19 vaccine doses. In particular, we expected
that access to digital resources fosters healthy behaviours and promotes the adoption of
measures to mitigate – through vaccination – the risk of suffering from severe COVID-
19 symptoms. Consequently, we hypothesised that ICT use counteracts late vaccination
by making older people aware of the importance of vaccinating quickly. In addition, we
assumed that ICT use helps reduce the incidence of COVID-19 infections by providing
people with information on the critical conditions they might face if they are infected.
Lastly, we hypothesised that ICT use promotes better long-term health by aiding people
in the recovery process through digital tools.

Accordingly, we considered the following hypotheses:

• (H1) Pre-pandemic ICT use predicts more COVID-19 vaccine doses taken.
• (H2) Pre-pandemic ICT use negatively predicts late vaccination.
• (H3) Pre-pandemic ICT use predicts lower levels of COVID-19 infections.
• (H4) Pre-pandemic ICT use predicts higher recovery rates.

4 Methods

The data were collected as part of a population-based cohort study, InveCe.Ab [Brain
ageing in Abbiategrasso] [23], aimed to investigate the effects of ageing on physical and
cognitive health.Moreover, it wasmeant to assess the biological and psychosocial factors
associated with the onset of dementia. The eligible population for the InveCe.Ab study
consisted of individuals born between 1935 and 1939 and residing in Abbiategrasso on
the prevalence day (Nov, 1st 2009) and willing to undergo baseline multidimensional
assessment (in 2010). Enrolled participants were then invited to 4 follow-up assessments
in 2012, 2014, 2018 and 2022. For the aim of the present study, we considered data
collected during the 2018 and 2022 waves. The multidimensional assessment comprised
a questionnaire on social and lifestyle variables, a medical visit, a neuropsychological
evaluation, and the collection of anthropometric measures and blood samples.



The Impact of Pre-pandemic ICT Use on COVID-19 Vaccination 297

4.1 Participants

One thousand three hundred twenty-one people originally took part in InveCe.Ab base-
line assessment [23]. In the present study, we included those who took part in the 2018
and 2022 waves, who did not have a diagnosis of dementia and who completed the full
version of the questionnaire on social variables (N = 393). 57.3% of participants were
female, with an average age of M = 84.30, SD = 1.36. The level of education equalled
7.41 years, SD = 3.35.

A power analysis was conducted with G*Power, version 3.1.9.7 [24] to assess the
minimum sample size for the model used for the analysis. The effect size was set at f2=
0.05, with a significance criterion of a = 0.05 and power = 0.80. The minimum sample
size was 126. Therefore, our sample size is deemed to be adequate for the purpose of
this study.

4.2 Measures

ICT Use. In each evaluation wave, the use of ICT was explored with close-ended
questions (“Yes”, “No”, and “I don’t know”) during the social and lifestyle question-
naire. Since we were interested in assessing the impact of pre-pandemic ICT use on
COVID-19-related variables, we used the information on ICT use collected at baseline
in 2018. Participants’ use of mobile phones was assessed by asking: “Do you use a
mobile phone?”. If the participants had responded “Yes” to the question asking whether
they used a mobile phone, they were asked, “Is it a smartphone?”. The usage of com-
puters was investigated by asking: “Do you use a computer?”. Similarly, Internet use
was explored with the following question: “Do you use the Internet?”. Participants were
then asked to state whether they used social media by responding to this question: “Do
you use social media sites? (e.g., Facebook)”.

COVID-19-Related Variables. In 2022 during the medical visit performed by a geria-
trician or by a neurologist, participants were askedwhether they had received a diagnosis
of COVID-19 infection. The possible responses were “Yes”, “No”, and “I don’t know”.
Participants were then asked whether they had completely recovered from COVID-19.
Response categories were: “Yes”, “No”, and “I don’t know”. In addition, data were col-
lected on the number of doses of the COVID-19 vaccine administered to the respondent.
A derived variable on late vaccination against COVID-19 was calculated as the differ-
ence between the maximum number of doses that a person (in that specific age group)
could have received at the moment in time when data were collected and the number of
doses actually administered.

Socio-Demographic Variables. Further information included age, gender and educa-
tion.

5 Statistical Analysis

Analysis was conducted using R [25], RStudio [26], the tidyverse [27], lme4 [28],
lmerTest [29], performance [30], ggplot2 [31], sjplot [32], sjmisc [33] and sjlabelled
[34] packages.
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We ran a series of multiple linear regression models to test our hypotheses. We
calculated the Variance Inflation Factor (VIF) to check for multicollinearity. Although
no standard cut-off has ever been set, according to previous research, the values ranging
from 5 to 10 may legitimately serve as a cut-off reference [35]. All our models showed
values well below 5. Therefore, we can conclude that multicollinearity was not a concern
in our data.

6 Results

Descriptive statistics of the study sample are reported in Table 1. Age, gender ratio and
education were comparable with existing studies on ICT use in older people.

Table 1. Descriptive characteristics of this study’s sample (N = 393)

Variables Study sample
N = 393

Sociodemographic Characteristics

Age

Gender, female

Education

84.30 ± 1.36

225 (57.3%)

7.41 ± 3.35

ICT use

Mobile phone

Smartphone

Computer

Internet

Social media

341 (86.8%)

104 (26.5 %)

84 (21.4 %)

87 (22.1 %)

36 (9.2 %)

Vaccination against COVID-19

Vaccine doses (Range 2-5)   

Late vaccination: 3

3.35 ± 0.56

118 (30%)

222 (56.5%)

38 (9.7%)

1 (0.3%)

COVID-19-related variables

Late vaccination: 0

Late vaccination: 1

Late vaccination: 2

Diagnosed  with COVID-19  

Recovered from COVID-19

90 (22.9%)

70 (17.8%)

Firstly, we considered the number of COVID-19 vaccine doses as the dependent vari-
able. The abovementioned ICT use variables were entered as predictors, and the socio-
demographic variables as covariates. The results showed that the predictors explained
5.7% of the variance in COVID-19 vaccine doses, F(8, 335)= 3.57, p< 0.001. Among
all the predictors in this model, computer use significantly predicted the number of
COVID-19 vaccine doses. Results are shown in Table 2.

We ran a model with late vaccination as the dependent variable to explore this result
further. Computer and Internet use were entered as predictors, and the covariates were
the same as in the previous model. The results highlighted that the predictors explained
1.7% of the variance in late vaccination, F(5, 349) = 2.26, p = 0.048. Internet use
significantly predicted late vaccination. Results are presented in Table 3.



The Impact of Pre-pandemic ICT Use on COVID-19 Vaccination 299

Table 2. Linear multiple regression models for COVID-19 vaccine doses

Predictors Estimates Std.

Error

Std. Beta Standardised
std. Error

CI Standardised

CI 

Statistic p

(Intercept) 11.45 1.85 -0.00 0.05 7.81 – 15.09 -0.10 – 0.10 6.19 <0.001

Mobile phone 0.19 0.13 0.08 0.05 -0.06 – 0.45 -0.03 – 0.19 1.50 0.135 

Smartphone -0.00 0.08 -0.00 0.06 -0.16 – 0.15 -0.13 – 0.13 -0.02 0.987 

Computer 0.25 0.12 0.19 0.09 0.01 – 0.49 0.01 – 0.37 2.05 0.041

Internet -0.25 0.13 -0.19 0.10 -0.51 – 0.01 -0.39 – 0.01 -1.89 0.060 

Social media -0.12 0.12 -0.06 0.06 -0.35 – 0.11 -0.19 – 0.06 -1.00 0.317 

Gender 0.03 0.06 0.02 0.06 -0.09 – 0.15 -0.08 – 0.13 0.44 0.657

Age -0.10 0.02 -0.24 0.05 -0.14 – -0.06 -0.35 – -0.14 -4.55 <0.001

Education 0.00 0.01 0.02 0.06 -0.02 – 0.02 -0.11 – 0.14 0.24 0.813 

Observations        344 

R2 / R2 adjusted   0.079 / 0.057 

Table 3. Linear multiple regression model for late vaccination

Predictors Estimates 
Std. 

Error

Std.

Beta

Standardised

std. Error
CI 

Standardised

CI
Statistic p 

(Intercept) 5.58 1.99 -0.00 0.05 1.67 – 9.49 -0.10 – 0.10 2.81 0.005

Computer -0.17 0.13 -0.12 0.09 -0.43 – 0.09 -0.30 – 0.06 -1.29 0.197 

Internet 0.26 0.13 0.18 0.09 0.00 – 0.52 0.00 – 0.37 2.00 0.047

Gender 0.01 0.07 0.01 0.06 -0.12 – 0.15 -0.10 – 0.12 0.17 0.862

Age -0.06 0.02 -0.13 0.05 -0.10 – -0.01 -0.23 – -0.02 -2.39 0.017

Education -0.01 0.01 -0.07 0.06 -0.04 – 0.01 -0.19 – 0.05 -1.14 0.256 

Observations           355 

R2 / R2 adjusted 0.031 / 0.017 

Crosstabulations were calculated by entering computer and Internet use to check for
concurrent or independent use of these two technologies. The results showed that 73
people used both computers and the Internet, 11 people used only computers, 14 used
only the Internet, and 272 used neither computers nor the Internet.

A logistic regression model (not shown) was used to assess the effects of ICT use
on SARS-CoV-2 infections. All the ICT use variables mentioned above were entered
as predictors, and COVID-19 diagnosis as the dependent variable. The covariates were
the same as above. Results highlighted the lack of statistical significance of this model,
χ2(8) = 12.36, p = 0.136.
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Another logistic regression model (also not shown) was run to explore the effects
of ICT use on recovery from COVID-19. Also in this case, all the ICT use variables
mentioned above were entered as predictors, and the covariates were the same. Recovery
from COVID-19 was entered as the dependent variable. Still, this model proved to be
not statistically significant, χ2(8) = 1.90, p = 0.984.

7 Discussion

This work aimed to explore the effects of ICT use on vaccinating against COVID-19,
SARS-CoV-2 infections and recovery from COVID-19 in a sample of older adults living
in Abbiategrasso, a municipality near Milan, Italy.

We hypothesised that pre-pandemic ICT use would predict higher awareness of the
availability of vaccination doses and health-related benefits of vaccination, hence, ulti-
mately a higher number of COVID-19 vaccine doses administered (H1). Indeed, we
expected that access to digital technologies would foster behaviours aimed at preserving
health, such as vaccinating against COVID-19. Results partially supported this hypothe-
sis. Indeed, we found that computer use predicted a higher number of vaccination doses.
This result is in line with the existing evidence on the effects of ICT use on vaccination
rates in older adults [36, 37]. The other forms of ICT proved not predictive of more
vaccine doses taken.

The abovementioned result was further explored by entering computer and Internet
use as predictors in the second model. We expected these dimensions would negatively
predict a late vaccination rate (H2). Indeed, we assumed that those who use the computer
and the Internetwould vaccinatemore promptly thanks to higher access to information on
the importance of early vaccination. The results did not corroborate this hypothesis. On
the contrary, Internet use seemed to predict a delayed vaccination rate. This unexpected
result would pave the way for reflection and further research. Indeed, if confirmed by
additional evidence, it would suggest a possible role of misinformation and fake news
surrounding vaccination campaigns affecting older Internet users’ decision to vaccinate.
In this regard, previous research demonstrated that Internet users are more at risk of
being misled when making decisions on health-related issues [38, 39]. Still, little is
known about whether this effect holds for older people’s decision to vaccinate against
COVID-19. Interestingly, the observed effect was not corroborated by computer use.
In fact, as mentioned above, computer use predicted a higher number of vaccine doses.
These results seem to go exactly in the opposite direction. It is worth noting that the
effects of computer and Internet use were independent and controlled for age, gender and
education. Regarding the different uses of computers and the Internet, previous research
found that word processing is by far the most common activity of computer users, (and is
more frequent than Internet use). Among Internet users, information seeking and e-mail
exchange is common [40]. Further research is needed to disentangle the specific impact
of online activities on older adults’ intention to vaccinate.

This study also sought to elucidate the relationship between ICT use and COVID-
19 infections in older adults. Out of the entire sample, 90 people were diagnosed with
COVID-19 (22.9%). We expected that ICT use would predict fewer infections (H3).
Indeed, we assumed that ICT use would increase older people awareness of the risks
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they would face if infected, thus contributing to lowering infection rates. This hypothesis
was in line with the results in the existing literature on the effects of the use of digital
technologies and e-health literacy on health-related behaviour in older adults [41, 42].
However, we found no significant effect of ICT use on COVID-19 infections. This
result might be partly due to the reduced mobility of the participants in this study and,
consequently, the reduced chances of getting infected. Further research is needed to
explore the relationship between ICT use and COVID-19 infections in older adults with
a lower mean age.

Lastly, we hypothesised that ICT use would predict higher recovery rates in those
older adults who had been infected by SARS-CoV-2 (H4). This effect would reflect
the existing evidence on the topic [43], albeit limited. We assumed that those who use
ICTs would exploit digital tools to speed up the recovery process (through online access
to medical information or access to telemedicine). Even in this case, no statistically
significant effect was found. This result might be partly due to the relatively low number
of infected people in our sample who, therefore, responded to the question on recovery
from COVID-19.

8 Strengths and Limitations

This work has several strengths that ought to be pointed out. Firstly, the study used
data from a longitudinal cohort, thus allowing to investigate prospectively the impact of
pre-pandemic ICT use on COVID-19 related outcomes. This aspect was crucial to assess
the influence of pre-pandemic use of digital technologies (rather than relying on post-
pandemic data). In a cross-sectional design, the latter could be biased by the heightened
usage of ICT to curb social isolation following the most acute phases of the COVID-19
pandemic.

In addition, the participants in this study belonged to a particular age range: 82–
87 years. Therefore, we could be confident enough to exclude the great inter-age group
variability that previous research discovered when studying the frequency of ICT use
[44]. Similarly, the data were collected from participants residing in a specific geograph-
ical area. Hence, we could exclude the influence of inter-regional differences that might
impact the frequency of digital tools usage [45].

This study has some limitations as well. First, the specific age bracket mentioned
above could be considered a limitation. Indeed, ICT use among people aged 80 years or
older is, on average, substantially lower than in other age groups [46]. Hence, the results
are hardly generalisable to other age groups.

Another limitation relates to the way ICT use was measured. Indeed, this construct
was assessed only with dichotomous variables corresponding to the use/lack of use of
five digital tools (i.e., computer, Internet, social media, mobile phone, and smartphone).
Therefore, we did not assess dimensions such as frequency of use, digital skills, typolo-
gies of usages (e.g. socialisation, purchase of goods, access to services), or conditions
under which these technologies were utilised.

Lastly, the researchdesign chosen for this research is not experimental.Consequently,
we were not able to draw causal inferences.
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9 Conclusions and Future Directions

Overall, the research presented in this paper fits into the literature on the impact of ICT
use in older adults’ lives. Unlikemost of the existing literature on the topic, this study did
not focus on the effects of ICT use on social relationships but on COVID-19 infections,
vaccinations, and recovery. Unexpectedly, we found that the more older adults used the
Internet, the slower they were in vaccinating against COVID-19. This result might stem
from the possible role played bymisinformation that previous research on Internet users’
behaviours highlighted [47].

In light of the results and limitations of this study, more research is needed to disen-
tangle the effects of ICT use on SARS-CoV-2 infections and the decision to vaccinate
against COVID-19. Future research may use more refined and extensive measurements
of ICT use in older adults that could capture a broader picture on this topic. Furthermore,
studying more diverse cohorts could lead to a deeper understanding of this area of inves-
tigation. Thus, the intergenerational digital divide that previous research highlighted
could be further assessed, though data which includes different cohorts [48]. Lastly,
research designs other than longitudinal and cross-sectional may allow researchers to
reach firmer conclusions.

As a whole, the results presented in this paper, if confirmed by future investigations,
will contribute to understanding the complex relationship between ICT use and health-
related behaviours in old age.
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Abstract. Accessibility has always played catch-up to the detriment of people
with disabilities - and this appears to be exacerbated by the rapid advancements
in technology. A key question becomes, can we better predict where technology
will be in 10 or 20 years and develop a plan to be better positioned to make these
new technologies accessible when they make it to market? To attempt to address
this question, a “Future of Interface Workshop” was convened in February 2023,
chaired by Vinton Cerf and Gregg Vanderheiden that brought together leading
researchers in artificial intelligence, brain-computer interfaces, computer vision,
and VR/AR/XR, and disability to both a) identify barriers these new technologies
might present and how to address them, and b) how these new technologies might
be tapped to address current un- or under-addressed problems and populations.
This paper provides an overview of the results of the workshop as well as the
current version of the R&D Agenda work that was initiated at the conference.
It will also present an alternate approach to accessibility that is being proposed
based on the new emerging technologies.

Keywords: Accessibility · Regulations · Policy · Equity

1 Introduction

1.1 Future of Interface Workshop

On Feb 15–16, 2023, a two-day workshop was held by co-chairs Vinton Cerf and Gregg
Vanderheiden [1]. The Day 1 panels brought together top experts in their mainstream
technology specialization to explore key technologies that will be used to create future
interfaces and try to predict where these technologies, and where human interfaces in
general, will be in 20 years. Day 2 panels brought together disability and accessibility
experts, consumers, assistive technology vendors, and mainstream researchers to iden-
tify and explore barriers that these new interface technologies might present, as well
as potential ways to address these barriers. The panels explored ways that these new
technologies could help to address existing barriers that we are unable to adequately
address today. Concluding the workshop was a kickoff to the R&D agenda creation
process to lay out research that could/should be undertaken and supported to maximize
the accessibility of new technologies as they emerge.
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The R&D agenda outlines a forward-thinking approach to accessibility, with a com-
prehensive framework spanning the next two decades. At its core, the agenda empha-
sizes capitalizing on emerging technologies to both help integrate accessibility into
mainstream technology from the outset, as well as to provide a path to full access to
technologies including access by those who are not covered by built-in access. This
paradigm combines “born-accessible” for those for whom it is possible, with sure solu-
tions for providing access for all those for whom accessibility is not provided, either
because we do not know how to, or because it simply is not done by the manufacturer.
Accessibility needs to be embedded into the DNA of emerging and future technologies
in a way that does not exclude anyone. Digital technologies have become too integral in
our lives today and going forward for them not to be accessibility by all.

Central to the agenda is significant R&D investment in artificial intelligence (AI)
and machine learning technologies to create intelligent user agents. These agents would
offer nuanced and context-aware assistance, autonomously detecting and adapting to
the users’ environment, potential dangers, or unfamiliar situations –thereby offering
personalized support to users with disabilities.

Direct brain interfaces (DBIs) and extended reality (XR) represent another frontier
for accessibility research. The agenda outlines the potential for non-invasive DBIs to
enable individuals with severe motor impairments to interact with technology directly
through neural signals. With the rapid evolution of XR, including augmented reality
(AR) and virtual reality (VR), and integration into society (e.g., Meta Quest, Apple
Vision Pro), it becomes essential that these technologies are accessible – and soon. The
agenda calls for going beyond addressing visual and auditory experience to a multi-
sensory virtual experience that would include the use of and access to tactile and output.
The participants expect that capabilities, digital interactions could be as rich and richer
and more complex as those in the physical world. At the same time, they provide an
opportunity to provide accessibility options beyond what is possible in the physical
world.

In addition to the technical advances, a deeper understanding of the diverse needs,
constraints, and abilities of different types, degrees, and combinations of disabilities
than we have is also needed so that we can develop more personalized and effective
assistive technologies for all types, degrees, and combinations of disability that we do
not currently serve.

The draft R&D agenda also includes a need for research on the societal, ethical,
and policy implications of technology advancements for people with disabilities, such
as data privacy, the economic barriers to access, and the pervasive issue of bias in AI
datasets. These technologies pose potential risks and challenges to an already vulnerable
population, so there is a need for robust bias, privacy, and security frameworks and
measures to ensure these technology environments are safe, appropriate, and effective
for all users.

Understanding current and future barriers and opportunities is crucial for creating
technologies that are accessible to all and can help remove obstacles that individuals
with disabilities face today and might encounter tomorrow. The goal of the workshop
and the continuing goal of the R&D Agenda development is to contribute to a col-
laborative roadmap for researchers, developers, and policymakers, outlining priority
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areas for investment, development, and policy advocacy; collaboration is of the utmost
importance.

One key result was a discussion of whether emerging technologies would allow us to
take alternative approaches. In particular, was the concern that current approaches were
not resulting in even a substantial percentage of products being accessible, and those
that were, were only accessible to some people with some type, degree, and combination
of disability. Further, this was not seen as being solvable using existing approaches with
new technologies.

2 Is There a Need for a Change in Approach?

2.1 Access to Technology is no Longer an Option - but a Requirement for Daily
Living

With the continued integration of computers and digital technologies into all aspects of
our lives, including education, employment, health, and social connection, the ability to
use digital interfaces has become critical to all aspects of living. Currently, 76% of U.S.
hospitals connect with patients and consulting practitioners at a distance through video
and other technology [2]. Patients now use online portals to schedule appointments,
access medical records, and communicate with doctors. Nearly one in four adults in the
US reported using telehealth fromApril 2021 to August 2022 [3]. When looking at K-12
schools, 75–85% used online textbooks to some extent, according to the National Center
for Education Statistics. Additionally, 95% of schools reported that, to some extent, they
use technology for classroom activities that would otherwise not be possible [4]. A 2015
Pew Research study found that digital resources were critical to Americans’ ability to
research and apply for jobs. Specifically, most Americans (54%) went online to look
for information about a job, and nearly as many (45%) applied for a job online [5]. In
addition to needing access to digital technologies to search, apply for, and acquire a job,
there is an overwhelming demand for digital skills when looking at opportunities in the
job market, with 92 percent of all job ads requiring digital skills [6].

2.2 Our Current Approach(es) is not Providing Access to Most ICT - and None
for Many

To ensure that products with digital interfaces are accessible to people with disabilities,
a series of guidelines, standards, and regulations have been developed for computers,
websites, telephones, software, medical devices, self-service transaction machines, and
consumer products [7–10]Many large companies (e.g., Apple, Google, IBM,Microsoft)
have dedicated teams to improve accessibility and have built significant accessibility
features directly into their products [11–14] The growing emphasis on accessibility
in the industry has given rise to consultants, accessibility evaluation and remediation
companies, and programs aimed at developing, training, and certifying accessibility
specialists [15–17].
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Despite all the progress in accessibility, however, we have barely made a dent in
making all of the products that people with disabilities encounter accessible.

Cumulative data on overall product accessibility are sparse, but where we do have
data, the results are discouraging. For example, looking at web accessibility, where an
entire industry has evolved, with numerous organizations, training courses, specialized
consulting firms, and tools (e.g., authoring, evaluation, testing, repairing, etc.), as well as
regulations and lawsuits – we still find that the percentage of websites that are accessible
is quite low. A 2023 study byWebAIM evaluated website homepages and found that less
than 4% achieved full Web Content Accessibility Guidelines 2 Level AA compliance
based on automated scanning. And this study only looked at guidelines that could be
automatically checked [18].

Furthermore, a 2012 study by the University of York revealed that “only 50.4% of the
problems encountered by [blind] users were even covered by Success Criteria in theWeb
Content Accessibility Guidelines [WCAG] 2.0 [19]. In other words, even pages that do
comply with minimum accessibility guidelines likeWCAG aren’t necessarily accessible
and usable by all people with disabilities. The WCAG working group confirms this, as
they explicitly state in the introduction of WCAG:

“…even content that conforms at the highest level (AAA) will not be accessible
to individuals with all types, degrees, or combinations of disability, particularly in the
cognitive, language, and learning areas. Authors are encouraged to consider the full
range of techniques, including the advisory techniques in “Making Content Usable for
People with Cognitive and Learning Disabilities,” as well as to seek relevant advice
about current best practices to ensure that Web content is accessible, as far as possible,
to this community.” [8].

One reason is that it is difficult to establish testable requirements for some groups,
such as cognitive, language, and learning disabilities. For example, using plain language
is an important recommendation for this group, but there are no reliable measures for
plain language,making it hard to set a testable criterion for it. Although there are advisory
techniques for CLL disabilities (e.g., the W3C document on “Making Content Usable
for People with Cognitive and Learning Disabilities” these are not technical standards
and are therefore not able to be used in regulations or other requirements [20].

Mobile apps are similarly not accessible. Yan and Ramachandran used the IBM
Mobile Accessibility Checker to analyze the accessibility of 479 Android apps across 23
categories and calculate the degree of violation. They found that 94.8%hadviolations and
97.5% had potential violations [21]. Ross et al. found that 100% of 100 popular mobile
applications had at least one accessibility problem, and 72% had 5 or 6 accessibility
problems [22].

Emerging technologies such as virtual and augmented reality are also presenting
new challenges. By design, they capitalize on the simultaneous use of sight, hearing, and
motor control. These new technologies and their interface techniques can exclude many
peoplewith both single andmultiple disabilities. Even companieswith large accessibility
teams struggle to make their cutting-edge technologies, such as VR, accessible, as do
many VR researchers and developers [23].

Although corporations like Apple, Google, and Microsoft appear to prioritize acces-
sibility and have accessibility teams that develop products with a range of accessibility
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features built-in [12–14], they are the exception. Studies have found that many compa-
nies do not prioritize accessibility and report a lack of expertise and resources (e.g., staff
or tools) that would enable or facilitate the development of accessible products [24–26].

And even products that have built-in accessibility features only address some individ-
uals with some disabilities. For example, accessibility features available in smartphones
are typically focused on one or another disability type, which doesn’t account for people
who may have multiple disabilities (and are unable to use many of these techniques).
People with multiple disabilities have received less attention compared to research on
specific disabilities. In reviewing the accessibility features in phones, some disabilities
like cognitive, language, and learning disabilities are noticeably less covered. Further-
more, these built-in features don’t consider the spectrum that exists within disability
groups and may only be applicable to those who have a more severe limitation or who
are more technically adept. Bowman et al. found that people with mild-to-moderate
dexterity were not well-accommodated by existing motor assistive technology and sug-
gested that this may be because research and design have typically focused on people
with more acute motor needs (e.g., switches and voice input) [27] use the products.

In short, we have come a long way from zero accessibility 40 years ago, but in all this
time using our current approaches, we have only managed to provide access to people
with some disabilities to a small percentage of the products they encounter – and now
need to use to succeed in school, work, social participation, travel, or even independent
living.

Moreover, even though only a small percentage of information and communication
technologies (ICT) and products with digital interfaces are accessible, progress seems
to be slowing rather than accelerating.

3 Current Approach vs. Proposed New Approach

3.1 Current Approach

Our current approach to accessibility has basically been to:

1. For all products - require that products be made directly accessible as much as
possible/practical

2. For open products (with accessibility APIs) - use assistive technologies to cover
those who aren’t reached with built-in accessibility features

3. For closed products or functionality (where assistive technology cannot be used)
- build accessibility into the product as you can for key disabilities

Unfortunately,

• Most companies do not do #1 or #2 above for their products – because the investment
of time, expertise, or effort required does not compete within the company against
investing in a new feature or other measures that increase marketability or profit.
Also, many companies feel they are too small to do this.

• Even for those that do #2, assistive technologies only exist for some disabilities (and
even those features often require moderate to higher technical skills).
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• For closed products, built-in accessibility features are usually minimal and don’t
address all disabilities. And for those who are not addressed, nothing else is possible
since the products are closed to assistive technologies.

For example, most of the computers, websites, and even smartphones that “are acces-
sible to people who are blind” (e.g., have screen reading built into them) are only usable
by individuals who are blind but who also possess a certain level of technical proficiency
and fine motor control. There are large numbers of individuals who are blind who are
unable to use screen readers or any of the built-in access features in modern smart-
phones designed for people who are blind. Many find screen readers (including built-in
screen readers in mobile devices) too complicated to use or require physical gestures
they cannot remember or cannot reliably perform due to physical limitations.

Some of the other big gaps in the current approach are:

1. Most people designing products do not know how to create their products to be
usable across disability. Furthermore, training the people involved in the design of
every product – across all disabilities – is difficult, even to a basic level. Disability
experts, including this paper’s authors, find that they need to consult with colleagues
whenever they are faced with having to design a product for cross-disability. If this is
true for the authors who focus just on this, how can the constantly changing designers
in companies be kept up to the challenge?

2. Even when the current design guidelines are met, they are only “minimum accessi-
bility guidelines.” Meeting them leaves many individuals with disabilities unable to
use the products. In addition, populations like cognitive, language, and learning dis-
abilities are not fully covered in minimum accessibility standards because, as a field
we do not know how to make enforceable, testable guidelines to meet their needs.
And ‘no regulations’ means no pressure to include features or characteristics these
users need.

3. We are increasingly finding digital interfaces on closed products. Closed products
are products where it’s not possible to install or attach assistive technologies. These
products also often have minimal or no built-in accessibility. Therefore, closed prod-
ucts or products with closed functionality are inaccessible to many, and nothing can
be done for those who can’t use them as they are designed.

4. Even for the relatively few products that are fairly accessible, users with more severe
cognitive disabilities, or multiple disabilities, are usually not addressed. Sometimes,
there are features formore severe disabilities (e.g., physical) but not formild-moderate
disabilities [26]

Ultimately, this results in a large portion of the population being unable to use the
digital interfaces they find on products all around them. And there is very little chance
that companies will or even know how to make all products, both open and closed,
accessible to people with all types, degrees, and combinations of disability.
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3.2 Proposed Approach

The proposal is to shift the PRIMARY focus of accessibility efforts…
FROM (currently)

• getting all companies to try to build their products inclusively to meet the needs of
all types, degrees, and combinations of disability.

• PLUS (as a safety net for those for whom one is not done) - getting all companies
to make their products compatible with all AT for anyone they cannot, or do not
accommodate, directly.

• EXCEPT if the product is closed or has closed functionality - in which case there is
no safety net.

TO (proposed)

• Creating an information-robot (Info-bot) functionality that can understand and oper-
ate the standard user interface on any product a person encounters – thus requiring
no cooperation or action by product manufacturers at all in order to work.

• PLUS - creating Individual User Interface Generators (IUIGs) that are tuned to the
specific abilities of each individual person - regardless of types, degrees, and combi-
nations of disability - and can take output from the Info-bot and use it to generate an
optimized interface that person for each product that person encounters.

• WHERE - the Info-bot functionality would be open-source and free to use for both
companies (for testing and training) and users. And that it runs locally so that there
is no data leakage from the user to the cloud from its use or person-specific training
or learning.

This proposed approach would not mean companies should discontinue building
accessibility directly into their products. For the people whose needs are fully met by
the built-in accessibility, this approach works, it is most convenient, and allows direct
access to the products.

However, for all products where a) built-in accessibility is not provided, b) built-in
accessibility does not meet a person’s needs, or c) where compatibility with assistive
technologies is not provided, this alternate approach would work. It would also work for
all those products that have none of the above, or where the manufacturer is unaware or
does not make any attempt to make their product accessible (Table 1).

3.3 One Possible Implementation of the General Proposed Approach

This approach would augment our current strategies with a new technology that can
interact with digital interfaces without requiring any special APIs and using only the
standard interface provided to all mainstream users. That is, it would use computer
vision, hearing, and intelligence as input and present the user with an interface tailored
specifically to their needs and abilities.
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Table 1. A comparison of the two approaches

Current Approach Proposed Approach

Primary focus Built-in direct accessibility Info-bot + Individual User
Interface Generators

Secondary focus Build in compatibility with
assistive technologies
PLUS
Assuming availability of
assistive technologies for each
type of disability

Built-in direct accessibility

What safety net is provided
if Primary and Secondary
focus do not work?

None - for any product where
AT compatibility is not
provided
None - for all closed products

No need for a safety net if
IUIGs are available
As long as the median user
without disabilities can operate
the product the Info-bot can,
and IUIGs will provide match
individuals

Assumptions all companies will be able to
and build in accessibility for
all types, degrees, and
combinations of disability
OR
all companies will build open
products
AND
there will be AT that works for
all types, degrees, and
combinations of disability

An Info-bot can be created that
can operate any standard user
interface that a median user
without disabilities can
IUIGs will be designed (or can
self-evolve) to match the needs
and abilities of people with all
types, degrees, and
combinations of disability

Percentage of products that
are likely to be directly
accessible, (meet minimum
accessibility standards)

5–10%,
perhaps 10–20% with AI
assistance

99% (i.e., the percentage of
products that have a standard
interface useable by median
user)

Percentage of types,
degrees, and combinations
of disability accommodated

3–6% (% of products that are
accessible directly or work
with assistive technologies)

Limited only by the number
and variety of Individual User
Interface Generators (IUIGs)
created

Probability that the
approach would be adopted

100% by the accessibility field
(it is the approach today)
6–10% by companies

Probability in short term is not
known. Probably it is 100% in
50 years. But sooner? How
much sooner?

(continued)
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Table 1. (continued)

Current Approach Proposed Approach

Need to change accessibility
policy and regulations

None - continue as now Potentially large change in
accessibility policy required
(unless standards / regulations
are written as outcomes at the
user end and not at product
ship or purchase time.)

Need to invest R&D to
achieve

Needed for incremental
improvement and for new
technologies
Massive if more than the
current small % of coverage is
desired

Large amount needed -
although much will be done as
part of normal AI work
Much is also needed to
understand what IUIGs need to
look like for each type, degree,
and combination of disability

Specifically, the two major functions described above could be implemented as
follows (see also Fig. 1):

1. The information robot (Info-bot) (or information robot functionality) would be a
single, open-source intelligent agent – that can be pointed at any interface, and itwould
be able to understand and operate the interface as well as 50% of the population. It
would not be as smart as the best human or even the top 30% of humans. But it would
be as smart or as able as the median user of a product at understanding and using the
interface on the product.

2. The individual user interface generators (IUIGs)would be specific to an individual
and take the information from the Info-bot and create an interface for each product
a user encounters that would be tailored to that individual’s abilities, limitations,
knowledge, background, culture, and preferences.

Key to this is that the Info-bot does not require anything or any action on the man-
ufacturer’s part for it to work since it works directly off of the standard user interface.
Any product that has a standard user interface that can be used by half of the population
could be understood and operated by the Info-bot.

1. Manufacturers would not have to understand or make specific provisions for
accessibility.

2. They would not have to train their staff.
3. They would not have to implement accessibility standards.

a. They would not even have to know about disabilities or accessibility standards or
guidelines.

And if an IUIG existed for a person - regardless of their type, degree, and combination
of disability - any product would be useable by that person.
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Fig. 1. Diagram showing the relation of devices in the environment, the Info-bot, and Individual
User Interface Generators (IUIGs) for two people.

4 Potential Benefits of Such an Approach

4.1 Benefits from a User Perspective

Some potential benefits to users include:

Universally Compatible. Because it would rely only on the standard interface, this
strategy does not require any special API to work. Therefore, the system would work
on all products everywhere - providing access to essentially 100% of the interfaces a
person encounters.

Near Total Accessibility. Because of universal compatibility, the info-bot plus IUIG
would provide a major leap forward for accessibility, giving people with disabilities
access to all the same products in the same places as everyone else.

Unified Interface for Similar Products. Users would only need to learn one interface
for products with the same or similar functions. The Info-bot/IUIG could offer a consis-
tent and familiar experience across all similar devices or services. (e.g., all microwaves,
all streaming services on TV, thermostats, or any other product – even a new one encoun-
tered at a location while traveling would have the same interface presented to the user
for the same functionality.)

Control Over [Unsolicited] Changes. The IUIG would generate an interface that
remains unchanged for the user, even if the interface of a product undergoes an update
or change. The system may prompt users to try out the new interface features, but they
would not be forced to use them.
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Standardized Mental Model. The IUIG would present familiar interface elements
across different devices, whether it’s pull-down menus or twisting dials, thus standard-
izing an individual’s user experience across different devices. (e.g., a user encounter-
ing a new type of product would see its functionality presented with familiar interface
components and behaviors).

Adaptability. The IUIG could be designed to adapt to individual needs as user needs
change. For example, as someone gains new skills, the interfacemight adjust accordingly.
Conversely, if someone’s abilities decline or if they’re struggling due to aging or other
factors, the interface would adapt to those changes - even when they change daily or
within the same day.

Cognitive, Language, and Learning Disabilities. Our cognitive abilities aren’t static.
It is a familiar experience for someone to not understand some concept until it is presented
more simply, often with a simple example. Once that is grasped, we often find we can
grasp the more complex concept. This also applies to individuals who have cognitive,
language, and learning disabilities. So, setting a static bar at a low level to allow initial
understanding candenypeoplewith intellectual disabilities the opportunity to understand
a concept more fully. Instead, the IUIGs could start at a level the user understands and
then gradually increase in complexity as a user grasps the concept – allowing every user
to engage with technology and content successfully and more fully.

Neurodivergent Users. Neurodivergent users vary widely in their needs. Some require
interfaces without flashing. Others need interfaces that are stable and do not change. For
others, they need to be able to control how things are presented to them – and to have
things done in a consistent way across products from different manufacturers. Some
require unique interaction patterns. The proposed approach is ideal for these users in
that the interfaces they experience will be tailored for them and be stable over time and
across both product types and manufacturers within a product type.

Reducing the Learning Curve. Just as introducing content at a lower level and then
raising it, IUIGs could start by using interface paradigms that are simpler or already
familiar to the user when they encounter a new device or task. Then, as a person achieves
skill and understands the task - more efficient interface elements could be introduced for
adoption or rejection by the user.

4.2 Benefits to Industries

Some of the benefits to industry would include:

Decreased Burden. The Info-bot/IUIGwould not require anyone to have a deep under-
standing (or actually any understanding) of disability or accessibility principles in order
to ensure wide accessibility coverage for their products. It would also reduce the burden
of constantly training staff.

This does not mean that companies should cease developing products that are acces-
sible out of the box for as many people as they can. It does mean, however, that they
would be able to reach a much broader range of users - and have a safety net for those
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who previously were not able to use a company’s products (no matter how hard they
have tried or how successful they were).

Simplified Design Process. Designers could focus on what they do best rather than
trying to learn and design for every type, degree, and combination of disability.

Higher Compliance and Reduced Litigation Risks. The Info-bot and IUIG act as a
sort of super-AT to provide an alternate accessible interface to a much wider range of
users than is possible by the current strategies. In fact, the range of users that could
effectively use a company’s products would only be limited by the quality and diversity
of IUIGs available to users.

Helps Address the Closed Product or Closed Functionality Problem. Currently,
there are an increasing number of products that are “closed” or have ‘close functionality’
that does not allow the connection or use of assistive technologies. Traditionally, this has
led to many people who rely on assistive technologies being unable to use the products.
Some products have built-in accessibility features, but those are limited in who they can
all reach. However, since the Info-bot doesn’t need any API, there are essentially no
products that are “closed” to the Info-bot. The problem of closed products and closed
functionality would, therefore, not exist at all if this approach were implemented.

Wider Market Reach and Coverage. The Info-bot and IUIG would be able to reach
a much wider audience and cover a much wider range of disabilities than current acces-
sibility approaches. The range of users who can use a product would be limited only
by the availability of IUIGs for different types of users and the ability of the user to
understand the underlying function of the product. Reaching a wider range of users can
both increase profits and improve the brand’s reputation.

4.3 Benefits to Government and Society

The potential benefits to government and society include:

Fewer Regulations. Accessibility regulations are becoming increasingly complex and
difficult to complywith asmore andmore types of ICT have emerged, andmore products
are “closed” to assistive technologies. Current guidelines and standards run from 50 to
nearly 300 different specific guidelines or requirements. This has both made it difficult
for industry and reduced industry’s motivation to try to meet them all.

An Info-bot/IUIG approach would remove the need for many new requirements
by eliminating the “closed” nature of products. The Info-bot and IUIG can provide
an assistive technology-like functionality - whose only “API” is the standard human
interface as input. Therefore, there would be no closed products for such an approach.
This would make it easier for companies to comply with accessibility standards and
would make new technologies accessible to more people.

Fewer Lawsuits. The Info-bot and IUIG could reduce the number of lawsuits around
ICT accessibility by making it easier for companies to comply with accessibility
standards.
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More PeopleWould Be Able to Use New Technologies and Live, Work, and Partici-
pateMore Independently. An Info-bot/IUIG couldmake new technologies accessible,
more understandable, and operable to people who have trouble or cannot use standard
digital interfaces. This would increase the percentage of our population that is able to
participate in daily life, work, and society better and more successfully.

Equity would not be a challenge since the Info-bot proposed would be open source
and available to everyone free of charge. Thus, it would be available to those with the
most and the least resources and available in all countries, languages, and cultures.

5 Questions, Problems, and Issues with the New Approach

The following concerns or potential issues have been identified to date with the proposed
approach.

Feasibility. Everything can look easy on paper before it is actually implemented. Many
of the capabilities needed to create the Info-bot functionality or Individual User Interface
Generators (IUIGs) do not exist today.

Timeline. While all experts consulted had no doubt that everything described could
be done someday - it is not clear how soon some of the more difficult aspects, like
fully understanding a human interface, will be possible (rather than just successfully
recognizing interface elements - which is being done today).

Privacy. The initial implementations are likely to be cloud-based, and this raises the
question of data leakage and privacy. To be safe, cloud-based systems would have to be
used only for training and generalized learning. A downloadable version that can run
locally and that keeps all information learned from the user (and all user training) local
and not shared would be required for privacy. This may slow the advancement of the
core but is essential for preventing disability information from being exploited.

Funding. If the Info-bot is open-source and free (to companies and users), it will need
some source of funding to grow and maintain it. Although its operation would be a
fraction of the cost saved by companies and society, this does not mean that companies
would invest those savings in the development of the technology. And there would be
no savings until it was fully operational - which would come sometime after the initial
costs to create it.

Timing of Adoption. A concern expressed by people with disabilities, and one they
have previously experienced, is excitement by policymakers and implementers that leads
to pressure on consumers to accept a new and unproven (or not yet ready for prime time)
solution that causes existing, working solutions to be abandoned or not aswell supported.
Since new solutions often take much longer than anticipated. This can leave people with
disabilities without any good solutionwhile the new one is still in development if support
or enforcement of the existing one is diminished or dropped. Until the new approach is
mature and proven, it is unlikely that consumerswill be anything butwary and concerned.

Cost of IUIGs. While the Info-bot functionality may be a common open-source effort
that is free for all to access and use, the Individual User Interface Generators (IUIGs)
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need to be developed for all the different types, degrees, and combinations of disability.
While AI might facilitate or automate this in the future, it is anticipated that this advance
will comemuch later than Info-bot functionality is achieved. This is because there are no
large data repositories of interface patterns for each of the very diverse types, degrees,
and combinations of disability.

Distributive Justice. If IUIGs are created by the private sector and sold like assistive
technologies are today, then therewill be a problemwith all peoplewith disabilities being
able to get the IUIG they need. This may be no worse than with assistive technologies
today. But if this approach leads to less accessibility being built-in and more reliance
on IUIGs - this could make the problem of distributive justice worse if something is not
done to make universal access to IUIGs possible.

Need for Extensive Research on IUIGs for All Types, Degrees, and Combinations
of Disability. Although we have extensive guidelines on general strategies for making
things more accessible to different disability groups, we are less able to say what the
optimum interface for individuals with combinations of disabilities or who have trouble
understanding and using technologies, in general, should look like.

Disruption of the Accessibility Market and Industries. “There is nothing more dif-
ficult to take in hand, more perilous to conduct, or more uncertain in its success, than
to take the lead in the introduction of a new order of things. For the innovator has ene-
mies in all those who profit by the old order, and only lukewarm defenders in all those
who would profit by the new order, this lukewarmness arising partly from fear of their
adversaries who were favoured by the existing laws, and partly from the incredulity of
mankind, who do not truly believe in anything new until they have had actual experience
of it”.

Niccolò Machiavelli 1513
A significant number of large, successful, and profitable companies now exist whose

business model is based on the current accessibility paradigm and helping companies
understand and conform. A shift to the approach proposed could present a considerable
risk to their businessmodels,which are based on repairing the accessibility of companies’
websites or products. Initially, these AI accessibility advancements will make their jobs
easier, more efficient, and more effective, leading to higher throughput and profits. But
if the shift eventually happens or companies bring these tools in-house, it can lead to a
decrease in the need for their services. This will be truer if their business model is based
on fear of lawsuit and less so if their business is driven by a desire to have products “born
accessible” to more people. Hopefully, those who are based on lawsuit risk will be able
to shift to other areas, like all other industries do to accommodate changing technologies
and markets. Until then, it is unlikely they will be supporters of such a shift.

Need to rEthink Existing Policy and Regulations. Policy, laws, standards, and reg-
ulations are all things that take a long time to create and are hard to change. The rapid
pace of technology evolution is already challenging them in somanyways, some because
we do not even have good experimental strategies for dealing with the technology, for
example VR. This proposed approach may require a complete re-think of accessibility
laws and regulations. However, it is possible that, to the extent that current standards
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and regulations are based on outcomes (what should be true in the end) rather than pre-
scriptive (how things should be done), the standards could continue to be applied, with
the Info-bot and IUIGs used as a strategy to meet them (when and where it is, in fact,
effective at meeting them).

Being ConfusedWith Overlays. Overlays are actually very old and have been around
for decades. They provide limited accessibility features to single pages by embedding
JavaScript into each page. However, recently, they have been marketed along with some
simple auto-repair tools as a means of avoiding accessibility lawsuits. The problems
with them include a) they sometimes interfere with users’ assistive technologies, b) they
only work on a single page/site - leaving the user without access to any other pages -
including pages needed to get to the site, c) they do not address all of the accessibility
problems that pages have - just ones that are automatically detectable, and d) their repairs
are sometimes not very good and aimed more at passing the automated test than actually
meeting the full set of accessibility guidelines. The fact that they are marketed as making
pages accessible when they do not, that some interfere with users’ AT, and that they are
sold with language suggesting that they will prevent lawsuits has caused a backlash in
the disability and accessibility communities.

The proposed approach is completely different. Some of theways include: a) it works
on all pages and all technologies (as well as all aspects of the product outside of the
browser), b) it creates an interface for each individual that is bespoke for that individual,
c) it would not interfere with any user AT - because it does not change the original
interface in any way, it simply provides a separate custom interface, fit to each user. In
addition to not affecting the original interface so it can’t interfere with people’s existing
AT, the premise is that it would not be released until it was acceptable to people with
disabilities as an alternate solution.

6 Theme and Variation for the New Approach

Although the approach in its basic form is described as a full post-product-release, user-
run-time solution for accessibility, its components can be used at all stages of product
development, deployment, and use.

For example:

1. At the development stage to increase the number of products that are “born accessible”
to more users
a. The Info-bot could be used as part of the design process to identify ways to build

accessibility in.
b. The Info-bot could also be used to both review and repair designs prior to release.

2. Creating accessibility at delivery
a. The Info-bot functionality could be used as an intermediary at the time of delivery.

For example, it could be built into web browsers to repair the accessibility of any
page encountered.

b. It could also be combined with some IUIG-like features to give “overlay” like
abilities to every page visited.
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3. Combining these could provide “built-in” access to some people (sort of like built-in
access in smartphones) while repairing any bad pages so they are compatible with
AT

4. Born accessible to AT
a. The Info-bot could create, repair, or populate an accessibility API for AT pre-

release.
5. Provide real-time (or pre-stored and buffered) interface socket

a. The Info-bot could create an interface socket for IUIGs to plug into to access a
product.

b. (this is the basic role described above for the Info-bot)
6. Real-time creation of Individual Interfaces (Info-bot that is also an IUIG)

a. The Info-bot could be extended to include both Info-bot and IUIG functionality so
that it directly creates user-specific interfaces for each product for each user.

For both 4 and 5 (and to some extent all), the Info-bot needs to learn a product’s
interface only once - unless the interface itself (not the content) changes. This can actually
be done at the manufacturer during product testing, or by the first user to use a product.
It can then be stored, saving real-time compute cycles and the need to allow the Info-bot
to peruse the interface to learn it each time.

7 Conclusion

It is difficult to estimate how easy or hard this will be to do overall or the timeline for
it to be feasible. It does appear from industry discussions during and after the Future
of Interface Workshop [1] that this would eventually be doable. But that, too, needs
further exploration and determination. There are already some underpinnings under
development and prototypes of early implementations of the concept in existence [28,
29].

We believe a concerted effort by the field to explore and build the proposed approach
will have two key benefits:

1. It will spin up a variety of advances that will have an immediate impact on under-
served populations today. These may take the form of new assistive technologies for
these populations. It may involve advances that will allow these populations to take
advantage of some of the current APIs available for other disability groups, such as
individuals who are blind.

2. In the long term, it can provide near-ubiquitous access – i.e., access to essentially all
devices and individual encounters in their daily life – for persons with a much, much
wider range of types, degrees, and combinations of disabilities than we can dream of
today.

However, such an effort could be disruptive at the time of implementation and would
need careful study and even more careful implementation to avoid the problems cited
above for consumers. It would also be complicated both because of existing markets and
interests and due to the number of different stakeholders that would need to be involved.

The best approach would be if an incremental path could be found that keeps enhanc-
ing existing approaches until they can evolve into the new approach. Also, key would



322 G. Vanderheiden et al.

be if it was possible to continue but satisfy the old requirements with the new approach
as an option for automatically meeting many of the requirements.
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Abstract. Living in retirement communities is often promoted as a solution to
problems of loneliness and social isolationwhich are risk factors for bothmortality
and poor physical and mental health. However, even there, friendships do not
automatically form between neighbours, and it can be difficult for newcomers and
those on themargins to engagewith existing clubs and groups. In this context, from
autumn 2021 to spring 2023, we carried out two studies in a retirement village
in Surrey UK to co-design a novel social media system to help address issues of
social connection for residents. In this paperwe report the requirements, design and
evaluation of the resulting system calledNeighbourhood Natter. This was unusual
in not supporting online communication, but rather the facilitation of face-to-face
conversations between small groups of neighbours in a community social space.
Residents embraced the system and fell into havingmeaningful conversationswith
acquaintances or strangers relatively quickly. These led to a significant reduction
in reported loneliness levels, positive mood shifts and private plans to meet with
conversational partners again.

Keywords: Neighbourhood Natter · conversations · social connection ·
retirement village

1 Introduction

A key factor for health and wellbeing in later life is the strength of people’s social
relationships. Those with diverse and supportive relationships with family, friends and
local communities report higher levels of happiness than others [1]. Conversely, when
people feel that they do not have the quality and quantity of relationships that they desire
this can lead to feelings of loneliness which impact negatively on health, wellbeing
and quality of life [2]. Indeed, loneliness has been associated with an increased risk of
poor mental health [3], dementia [4], cardiovascular disease [5] and mortality [6]. Age
UK forecast that by 2025, without intervention, there will be as many as 2m people in
England aged over 50 who will often feel lonely, and that this will be most pronounced

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2024
Q. Gao and J. Zhou (Eds.): HCII 2024, LNCS 14725, pp. 327–344, 2024.
https://doi.org/10.1007/978-3-031-61543-6_23

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-61543-6_23&domain=pdf
https://doi.org/10.1007/978-3-031-61543-6_23


328 D. M. Frohlich et al.

in those who feel that they have no-one to talk to [7]. There-fore, there is a need to find
creative and innovative solutions that could help older adults feel less lonely and more
connected to other people.

One potential solution is for older people to live independently in a community with
others of a similar age, with access to social facilities, activities and clubs, together with
professional care facilities should they need them. This is the philosophy of retirement
villages or communities which are very different to other kind of residential options for
older people such as care homes, retirement homes or nursing homes.While the latter are
based on a medical model of care, the retirement village seeks to promote ‘independent
living communities’ where residents have things in common and can move through dif-
ferent residential options together over time as their needs dictate [8]. As such, retirement
village residents are able to ‘age well in place’ whilst fostering personal independence in
a friendly, safe and comfortable environment where a sense of community and solidarity
prevail [9–13].

At the University of Surrey we have had a long term relationship with Whiteley
Village retirement community run by a charity called the Whiteley Homes Trust. This
was funded by the philanthropist William Whiteley after his death in 1907. It opened
in 1917 as the first purpose-built retirement village in the UK. Today Whiteley Village
is home to around 400 people over 60 years of age, living in over 250 listed almshouse
cottages and 50 extra-care flats in a care home block. The village is located on a 225
acre estate near Walton-on-Thames in Surrey, complete with woodlands, gardens, lakes,
shop, post office, village hall and clubhouse, allotments, golf course, bowling green and
church. Many recreational activities and clubs are available onsite to residents, and local
buses run to nearby villages outside the community.

Despite the idyllic setting, prevalence of activities and communal areas for residents
to congregate andmeet, there are still sources of tension in the community, with instances
of loneliness in some residents. Given our prior work on digital storytelling and serious
games for emotional wellbeing, we initially partnered with the village on a project
called ‘Storytelling games for older people’, to explore the role of computer mediated
communication technology as an intervention to address loneliness. Rather than impose
such technology on residents, we adopted a co-design methodology to work with them
on understanding problems of community belonging and social isolation from their point
of view and designing a solution to improve them together.

In the rest of the paper we report the findings of this study and a follow-on project to
develop and test a system called Neighbourhood Natter for stimulating and supporting
meaningful face-to-face conversations within the community. Our work was carried out
over 18 months from September 2021, just after the worst of the Covid-19 pandemic.
The pandemic affected Whiteley Village residents deeply, in similar ways to many com-
munities globally, affected by the Covid-19 pandemic. Most residents were confined to
their houses or flats for long periods, with severe restrictions on leaving the estate or
hosting visitors. Management were able to minimize the number of covid-related deaths
in the village, but residents were still affected by the lack of human contact and ongoing
bereavement of others. This undoubtedly exacerbated feelings of social isolation in our
participants and influenced the technology we eventually co-designed together. How-
ever, we believe this was a common experience for many older people in this period and
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led to a more innovative newmedia system of relevance to neighbours in any community
who wish to get to know each other better. We begin with identifying the requirements
and early design concept for the system, before describing its operation and evaluation
in a small-scale field trial. The implications of the findings for retirement and other
communities will then be discussed.

2 Related Work

There is evidence in the research literature that residents of retirement villages are
not immune to feelings of loneliness, social isolation and social exclusion. We review
this briefly here, to provide further understanding of the context and subject of our
investigation.

Not to be confused with ‘being alone’, ‘aloneness’, or ‘solitude’, which can be expe-
rienced positively as the opportunity to enjoy and appreciate one’s own company [14],
loneliness represents a discrepancy between actual and desired interpersonal relation-
ships on a social and emotional level. It has the potential to occur when one is alone as
well as in the company of others [15]. Loneliness is thus centred upon a lack of quality
and/or perceived intimacy of relationships [16, 17]. It is used to capture the subjective,
emotional experience of this lack of quality relationships.

The above findings are no less prevalent within care homes and retirement villages
where residents are living physically close to one another. Indeed, loneliness in retirement
villages is linked with a heightened risk of depression, a decreased quality of life, and
generally poorer health andwell-being, particularly in older adults without partners [11].
Similarly, loneliness is “surprisingly common” in long-term care facilities [18]. They
further observe that loneliness in long-term care facilities can be experienced in three
ways by residents: (1) socially, as a result of a lack of company and peer support; (2)
emotionally, due to a lack of meaningful others to share their feelings with; and (3)
existentially, as a feeling of emptiness. With this in mind, it is clear that loneliness and
its associated feelings of misery, meaninglessness and emptiness persist within residents
living in long-term care facilities despite always have people around them.

Social isolation is an objective measure reflecting the psychological and/or physical
distancing of an individual from their network of desired relationships with other people
[19]. It captures a quantifiable lack of connections, rather than a feeling state. A separate
construct to loneliness which is concerned with subjective experiences of the quality
and perceived intimacy of relationships, social isolation emphasises individual-level
situations in which a person is involuntarily detached from society. In a similar way to
that of loneliness, social isolation is also linked with detrimental effects upon personal
health and well-being [20]. These include feelings of loss or marginality from others [21,
22]. Given the restrictions of movement imposed in lockdown during the pandemic, we
have all recently experienced forms of social isolation where we are deprived of ordinary
levels of human company. These feelings are likely to persist in retirement communities
for those unable to get out of their home due to mobility problems, other disabilities
such as hearing or memory loss, and forms of social anxiety.

Social exclusion occurs when a person is prevented from participating in society
by external means and withdraws from society (voluntarily or otherwise), subsequently
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experiencing a lack of meaningful or fulfilling social relationships [19, 23]. Although
social exclusion can be interpreted positively as a healthy response to, for instance, an
overly busy lifestyle where self-care and respite are required [22], it is more commonly
employed to emphasise negative social and relational contexts of individual experiences.
Conceptually, social exclusion can be understood as having objective and subjective
dimensions at societal and individual levels. For instance, an individual who is denied
even a limited social network, frequent social interactions, or participation in social
activity can be viewed as experiencing ‘objective social exclusion’, whilst a lack of
companionship and accompanying feelings of loneliness are representative of ‘subjec-
tive social exclusion’ [24]. Similarly, on a societal level, inadequate social cohesion,
integration or belonging (for example, poverty, material deprivation, and exclusion from
health and social services and participation in civic society) are indicative of ‘objective
social exclusion’. Being unable to build meaningful social relationships and participate
in normatively expected social activities would characterise ‘subjective social exclu-
sion’ [25–27].Whether subjectively or objectively conceived, social exclusion ultimately
centres upon a power imbalance arising from group pressure and other coercive social
structures that has, in turn, led to the ostracism and marginalisation of an individual [28,
29].

Within residential care homes or retirement villages, social exclusion is of particular
concern as resident compliance with, or deviance from, social norms or acceptable
behaviours changes over time as their functional and/or cognitive ability declines [24].
For example, residents may return from a hospital admission with reduced ability to
engage in community activities as before. As such, the personal agency of the resident
would diminish, resulting in a reduction of meaningful contact with people and society
more generally [26, 28]. Without correction, the resident would become increasingly
excluded, ultimately experiencing social isolation with potentially dramatic effects upon
their physical and mental health.

In summary, although retirement village living is portrayed as having a number of
benefits, including enhanced social connection, emotional security and retention of a
physical active lifestyle, in practice this may not be the case. Residents can experience
confusion, depression and anxiety associated with their transition from, and sense of loss
of, their former lives and social networks. This can heighten the risk of social exclusion,
isolation and loneliness with potentially serious effects upon the mental health and well-
being of residents, particularly if their move is involuntary and associated with declining
health or the loss of a partner [9, 10, 28, 30].

3 Requirements and Concept Co-design

3.1 Methods

Working with 25 residents of Whiteley Village, we ran a series of 9 face-to-face work-
shops to discuss aspects of loneliness, social connection and social exclusion in the vil-
lage, and then co-design and test a possible solution. All participants were over 60 years
of age. The decision to meet face-to-face after the pandemic was a good one, and itself
provided an opportunity for residents to get to know each other better and work together
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towards a common goal. In some ways this was an inspiration for the product con-
cept we developed. This was done in partnership with Play Well For Life: a serious
games company specializing in board and mobiles games for emotional intelligence and
wellbeing.

Each workshop started with tea and biscuits and lasted about 2 h with a break in the
middle. About 18 of the 25 participants turned up to each sessionwhichwas facilitated by
Sarah Campbell and David Frohlich, and we often split the group in two or four smaller
groups, when it came to working on design ideas or testing the prototype. Participants
did not always agree with each others’ comments or ideas, and this often led to lively
debate which we treated as part of the insights and findings of the study.

3.2 Requirements

The first four workshops explored issues of community belonging, social connection and
reminiscing. An important finding from Workshop 1, introducing the project, was that
our initial idea of an augmented reality board game to play remotely with family was
not what the community needed. An important finding fromWorkshop 2 on Community
was that neighbourhood community is different from interest group communities such
as clubs. In particular it requires respect, tolerance and empathy for people who are not
like you. We also found a great desire by residents to meet again face-to-face after the
pandemic. A key finding of Workshop 3 on Social Connection was that while family
relationships were very important, contact was typically infre-quent or remote. This
increased the importance of contact with neighbours in the village, who might be the
only people seen on a daily basis. Local friends were greatly valued but also casual
interaction with nearby acquaintances and the ‘kindness of strangers’. We all had a
taste of that in the study workshops were we got to know each other, and listen to
different points of view. InWorkshop 4 on Reminiscing we found that older people have
more time to talk in retirement and to reflect on the meaning of their past life. Several
people reported carrying out personal projects to organize their photos, write memoirs
or investigate family history and some of them brought these in to show us. Celebrations
of people’s lives at birthdays or funerals were said to be occasions for storytelling and
reminiscing, and there had been a welcome tradition of neighbours celebrating birthdays
in the community, but this had died away following the pandemic.

Drawing these findings together in Workshop 5, led us to identify a central require-
ment to encourage greater face-to-face contact between neighbours through empathic
conversations in a communal social space. These should celebrate people’s lives and
knowledge, and encourage the formation of new or deeper relationships between
strangers and acquaintances.

3.3 Co-design

Reflecting on this input, we came up with an initial product concept with the working
title of Face-to-Face Book. This name draws a contrast with existing social networking
systems like Facebook which typically encourage online interaction with existing family
and friends, and like-minded people sharing the same values, politics and interest groups.
They also encourage speaking (‘posting’) over listening. In contrast, our participants



332 D. M. Frohlich et al.

wanted the opposite: technology to facilitate new forms of neighbourhood community
and belonging involving face-to-face interaction. These should encourage respectful,
empathic listening and better mutual understanding. They also wanted it to be fun!

Hence, Face-to-Face Book used a directory or Book of residents in the village, to
encourage face-to-face meetings between strangers. Its three elements were a Profile
Builder for creating an entry in the book, some kind of Directory Search to find people
tomeet, and FacilitatedConversationswhere thosemeetings take place safelywith others
(see Fig. 1).

Fig. 1. The initial sketches of the ‘Face-to-Face Book’ concept.

In a further three Workshops 6, 7, and 8, we used the Focusgroup + method of
co-design, developed at the University of Surrey, to extend and re-design aspects of
this concept [31]. A final mock-up of the conversation manager element on a tablet
was presented in a final Workshop 9 for group interaction and feedback. This generated
questions for discussion in a round. Participants fell enthusiastically into playing the
conversation game for real rather than evaluating it systematically. This was a good
indication of the attraction of the approach and the feasibility of the system in acting as
a conversation facilitator. The findings gave our company partner, Play Well For Life,
confidence to develop the mock-up further into a fully working prototype that could be
evaluated formally in a field trial. This was done in a follow-up project as described
below.

4 Neighbourhood Natter

A working prototype renamed Neighbourhood Natter was implemented as an Android
app for mobile and tablet devices. Functionality was limited to the conversation manager
element of the original Face-to-Face Book concept in Fig. 1. This took the form of a
tablet ‘talking-stick’ which generated questions for discussion in a small group, and
was passed round to control the floor to answer. A multimodal interface was used to
generate textual questions that were read aloud, together with passing instructions and
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time constraints for each speaker that prevented one person dominating the conversation.
The app was developed with the Unity game engine with scripting in C#. Development
was guided by mockups of user interaction flow and user interface elements, used to
gain feedback from our older adult steering group, with several subsequent rounds of
iteration after initial testing. The design was targeted at small group sizes of between 3
and 6, but in principle could accommodate dyadic or larger group sizes.

There were three phases to interaction with the device: set-up, topic selection and
conversation. In the set-up phase, one member of the group was prompted to state the
group size and time available, before entering initials or nicknames for each ‘player’.
They were then prompted to select a topic for discussion from three groups under the
headings of Practical skills, Hobbies, Serious and Lighthearted (see Fig. 2). For example,
there were 6 conversation topics under Lighthearted, including, Music, Theatre, Arts &
Crafts, Positive News, Books and Nature. Topics were themselves designed by members
of the community and comprised 10 open questions to stimulate discussion under each.
Some discussion usually ensued within the group to select a topic of common interest.
A conversation began once a topic had been selected, by prompting the first user to spin
a virtual wheel on the tablet screen to generate a question.

Fig. 2. The Neighbourhood Natter interface for facilitating face-to-face conversations. Here a
topic of conversation is being selected.

Users could ‘stick’ with a selected question or ‘twist’ once to generate an alternative
question on the same topic. Once selected, each user was prompted in turn to answer
the question without interruption within a fixed period calculated from the available
time (usually between 2 and 4 min). An alarm went off when this time was exceeded to
encourage the speaker to stop and pass the tablet to the next speaker. Users could choose
to skip the question without answering if they wished. When everyone had responded,
users were encouraged to engage in a general discussion for 5 min before selecting the
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next question. Further question prompts could be selected within this discussion time,
but this turned out to be confusing as we shall see below. The conversation ended when
the available time elapsed or before this if the users wished.

5 Evaluation

5.1 Methods

27 participants were recruited, (aged 67–92, M = 79.23), with 23 females. Half the
group lived independently in the village and half lived in supported housing onsite. Six
groups, with around four residents in each group, took part in facilitated face-to-face
conversations using the Neighbourhood Natter app. Each group had two 40 mi-nute
conversation sessions, one week apart in the village activity centre. Group sizes varied
because of the availability of individual members, from 2 to 7, with the medi-an size
being 4. This had significant effects on the quality and dynamics of the con-versations.

Participants completed pre and post session questionnaires. Participants took part in
focus groups at the end of each session about their experience and impressions of the app.
All participants completed a short 6 item version of theDe JongGierveld loneliness scale
before the first session and after the second session [32]. They also rated their current
emotional state before and after both sessions. This was done by placing a cross on a
graphical diagram of the circumplex model of emotion, with perpendicular axes for level
of arousal and positive/negative valence [33]. After each session they completed a 10
item System Usability Scale (SUS) [34]. Questions for the post session semi-structured
interview, differed slightly between sessions to ask for more general reflections on the
possible use and deployment of the app after the second session. All conversations
were audio recorded and auto-transcribed. We begin by summarizing the results from
the questionnaire data, before going on to summarise qualitative observations from the
conversation recordings and themes emerging from a content analysis of the interviews.

5.2 Quantitative Measures

The questionnaire measures of loneliness, emotion and system usability give some over-
all indication of the effect of the system on participants. We acknowledge the small
sample size and that measures reflected state changes before and after the conversation,
rather than being able to draw any conclusions about general reductions in loneliness
over time from the intervention.

Figure 3 shows mean loneliness scores before Session 1 and after Session 2, one
week apart. There was a large and highly significant reduction in loneliness across the
group, as shown in the graphs and calculated in a repeated measures t-test (t = 15.24,
df = 18, p < .001, d = 3.50). In general, the group of 19 participants taking part in
both sessions and completing the loneliness scale scored relatively highly on loneliness
coming into the trial (x = 4.4 out of 6). After the second session this had dropped two
points (x = 2.0 out of 6). It is likely that rather than showing a large reduction in general
loneliness, these data show a reduction in disconnection and state loneliness following
coming together with others for a group conversation.
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Fig. 3. Mean loneliness scores and error bars showing scores before Session 1 and after Session
2, one week apart.

Emotion is generally defined as a brief, subjective state, compared to loneliness, and
was measured before and after each session by asking people to rate how positive and
energized (‘activated’) they were feeling. These questions relate to orthogonal dimen-
sions of emotion on the circumplex model [33] and can be plotted as an x,y position on
a scatter graph. Figure 4 shows these emotion ratings for each participant taken before
and after Session 1. They show some positive benefit of having conversations through
the Neighbourhood Natter system immediately around the event itself. Four additional
participants shift their position to the top right quadrant of the graph as a result of the
activity (from 13 to 17 people). This quadrant reflects a more positive and energized
mood.

Figure 5 shows a similar shift of 5 participants into the top right quadrant across
Session 2. Since fewer participants came back for this session (19 compared with 26)
this is a higher proportion of the group than before (a 26% rise compared with 19%).
Every individual cannot be expected to experience such a positive effect on their mood
with a single activity, because of all the other things going on in their lives. But again it
is encouraging that, on the whole, the group appears to benefit from the conversational
activity.

Finally, the usability of Neighbourhood Natter was measured after both sessions
using the System Usability Scale (SUS). The individual scores out of 100 are shown
in Fig. 6. These are broadly similar in both sessions, despite a reported learning effect
in the post-session interviews reported below, and some improvements in the fluency
of the conversation we observed. Hence the group mean scores in usability were 63.8
for Session 1 and 65.1 for Session 1. These are just below the expected average of 68
for most systems and indicate the need to improve its usability further. However, this
is a respectable result for this older population which included about three people with
dementia from with the supported housing setting.

5.3 Session Conversations

One or two of the authors (Benn & Frohlich) facilitated the questionnaire responses and
post-session interviews in each session, and observed the group conversations involving
the Neighbourhood Natter tablet app. We tried to position ourselves outside the ring of
participants around the table and not engage in the conversation itself, even avoiding eye
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Fig. 4. Emotions of individual participants before and after Session 1. The number above each
data point indicates the participant number.
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Fig. 5. Emotions of individual participants before and after Session 2. The number above each
data point indicates the participant number.

gaze, as participants naturallywanted to include us. In fact, an immediate and compelling
finding of these conversations was how authentic they were, in the way participants
engaged with each other and tried truthfully to answer the questions generated by the
system. Technically the app was a kind of conversational game, but participants treated
it from the outset as a kind of conversational manager, and the conversations themselves
as real opportunities to chat with each other and get to know their neighbours. Here
we report findings from our non-participant observational notes and readings of the
transcribed audio recordings, together with our impressions of the tone and character of
the talk.
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Fig. 6. Mean system usability scale scores after Session 1 (S1) and Session 2 (S2)

To begin with our overall impressions, we found that despite various usability prob-
lems with the app and its dialogue rules, participants were generally stimulated and ener-
gized by the conversations which often resulted in positive and practical outcomes. For
example, participants who were relatively new to the village received practical advice
about it from more longstanding residents. This was illustrated most dramatically in
Group 3: Session 1 comprised of four seasoned residents and a newcomer who had only
been in the village 2 months. The group were extremely welcoming to the newcomer
whowas quiet at first but talking happily by the end of the session. Unfortunately, she fell
and broke her arm shortly after and couldn’t join the second session where participants
expressed missing her and enquired about her health. In other sessions we observed
invitations to join clubs in the village and the exchange of phone numbers to keep in
touch afterwards. In general, the groups were actively inclusive of quieter participants,
those unfamiliar with technology and a small number of people with dementia who took
part from the care home. The advantage of several people taking part was that there was
usually sufficient digital literacy in the group to figure out how to use the tablet and app,
and to allow some people to listen more than speak if they wanted to. One husband came
along with his wife who had dementia, and both shared the speaking slot together when
it came to their turn. Participants were always given the chance to talk by the system,
but could pass the turn on if they couldn’t think of an answer, without judgement from
others. This beautifully addressed the user requirement emerging from our earlier study
to encourage respectful, empathic listening (see Sect. 3 above).

This is not to say that all conversations ran smoothly or were equally fulfilling.
We had one or two system crashes in the earlier sessions, confusion over the language
and instructions of the app, difficulties in selecting topics of conversation of interest to
everyone, a systematic issue over generating new questions over discussion prompts,
failure to pass the tablet along with the turn, and some talking past the timer alarms
designed to stop individuals dominating the conversation. These can be explained briefly
in relation to the following stages of each conversational session as follows:

1. Set-up: after launching the app, the system automatically set the duration of the
conversation to 40min for the trial context but required information about the number
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of users and their initials or names. This meant that one participant had to pick up
the tablet first and enter this on behalf of the others. Typically this person was often
the most technologically confident person and became the informal ‘chair’ of the
conversation.

2. Topic selection: the second job of the chair-person was to help the group choose a
topic of conversation, fromwhich questions would be generated. This was not always
easy as everyone had different interests and sometimes could not agree.

3. Question generation and answering: Once a topicwas selected the chair-personwould
spin a virtual wheel for a question and confirm selection, before taking the first turn
to answer. This was timed by the system with an alarm going off after the time
elapsed, and a prompt to pass the tablet to the next speaker for their turn in the round.
Sometimes participants forgot to pass on the tablet sitting on the table or passed it to
the ‘wrong’ speaker in the sequence originally input with the names. Alarm sounds
were invariably met with laughter and sometimes ignored to finish a turn. However,
on the whole this worked well to stop individuals dominating in the round.

4. General discussion: Once a round had finished there was an open discussion period of
5 min in which anyone could comment or extend what had just been said. Individuals
were not constrained from dominating in this period and some spoke to the exclusion
of others. For example, a quiet woman with two men in Group 1: Session1 was able
to speak eloquently during her turn in the round but was not able to speak in the
discussion which was dominated by the men.

5. Discussion prompts: if the discussion ‘dried up’ before the 5min there was a tendency
for the group to ask the system for discussion prompts on the same topic to stimulate
further open discussion. We found this undermined the control of dominance and
selection of another question, as the topic was perceived to be exhausted by the
prompts and participants tried to select an entirely new topic at the top level to
continue the conversation.

6. New question or topic selection: New topics were selected more frequently than we
expected because of the issue in 5 above.

7. Closings: The group always chose to stop at the end of a conversational cycle, such
as the end of a discussion, rather than in the middle of a round or discussion. This
could be before the final session alarm at 40 min, but sometimes resulted in the group
going beyond that alarm to finish a cycle.

In general, participants became more confident and effective in using the system
with learning and experience across the two sessions. This could be seen in the fluency
and openness of the talk, the freedom to ask questions of clarification to the speaker
in a round, the freedom to move off topic if the conversation got interesting, and the
selection of more challenging topics of conversation for discussion. For example, Group
3 comprising 5 participants, chose Practical skills/Gardening in Session 1 but Health and
the Afterlife from the Serious topic category in Session 2 as they got to know each other
better. We also noticed that the dynamics of the conversation were strongly affected by
group size as well as experience. The optimal size was about 4 for the 40 min slot since
that allowed everyone to speak for about 2 min on each question, and cover about 3
questions in all. Time allocations increased with smaller groups or decreased with larger
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ones, and larger groups found it more difficult to agree on topics and open up to each
other.

5.4 Post-session Interviews

Of the six groups taking part in this study, all found the app to be a positive experience –
particularly during the 2nd session. Indeed, whilst many spoke of some initial trepidation
and nervousness about using a ‘new’ technology, their experience of the conversations
being “stilted”, the topics and/or questions not being sufficiently meaningful to them,
and the app voice sounded like a satnav, all found that familiarity with the system in
Session 2 promoted a more successful flow of conversation. For example, in contrast to
the 1st session, participants of all groups found the second session to be a more “relaxed
and happy experience” (Group 2); the included discussion topics and questions more
“interesting” (Group4), “varied and “challenging” (Group3); and, the app’s structure and
flowan efficientway to force everyone to listen to one another’s opinions respectfully and
not promote gossip. However, for this to occur, three groups identified that a facilitator
(whether a staff member or group member) was necessary to keep things moving along.
This included taking charge of the app, ensuring that more dominant voices were not
taking over the conversation; and helping those whowere struggling with the technology
and/or conversation to properly engage – especially residents ofHuntleyHousewhowere
more dependent upon others for help and guidance.

While all participants experienced the sessions positively, participants of three groups
specifically mentioned how the sessions “got us out of the flat” (Group 3) and “got us
motivated to talk” (Group 3). Indeed, a particular point of conversation for Group 5
concerned how much a participant with Alzheimer’s contributed to the conversation in
Session 2. As opposed to Session 1 where he was largely quiet, during session 2 he was
full of information, humour and charm.When asked about this he stated hewas “justmore
relaxed because I really didn’t know what to expect last week” and the topics covered in
session 2 were “interesting”. This ushered in a debate that was echoed across all groups
about the role of subject matter as a catalyst for conversation. Many participants felt
that conversation topics needed to be more relevant to them in order for them to want to
take part more actively. Such topics were identified as ‘grandchildren’, ‘empty-nesters’,
‘teenage use of technology’ and ‘public transport’, although specialist subject areas
were not ruled out if all participants had these interests in common. Conversely, topics
concerning politics or religion were deemed too incendiary, particularly for a group of
people who didn’t know one another very well, if at all. Ultimately, if further sessions
were organized around conversations of interest with people they knew or had similar
interests to, most participants felt they would join another session in the future.

Although the Neighbourhood Natter sessions were generally viewed as beneficial
by those taking part in the sessions, many participants saw the potential for further
development, putting forward a variety of ideas that were then discussed within the
group. Group 1, for example, felt that people may lose interest if the available pre-
loaded topics and questions and their depth did not vary, instead suggesting periodic
changes in topics and questions and the introduction of beginner/intermediate/advanced
‘levels’. They also suggested the introduction of a competitive edge that could progress
into a ‘Natter League’ which, they felt, could spur wider debate and involvement in
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relevant topics within the wider Whiteley Village community. Group 2 had a similar
idea, suggesting a club or official scheduled ‘Natter group’ could promote an interesting
option for involvement and interaction between the residents inHuntleyHouse.However,
whether the topics and questions varied or the format included a competitive element, all
groups recognized the potential of the app to bring people together. The question then,
was how to reach more people? Various suggestions were explored of which the most
widely supported was the creation ‘Natter Ambassadors’ (or those who had benefited
from playing the game themselves) who could engage with and encourage their friends
and neighbours to give it a try, creating a ‘chain of friendship’ that could snowball across
the Whiteley Village community. Interestingly, this topic extended to the application of
the Neighbourhood Natter format within other contexts including as a way for long-
married husbands and wives to create conversation; a method to promote conversation
around a family dinner table (participants rued the fact that family time was being
taken over by tech such as mobile phones); a way to hold annual/6-monthly discussions
around a specific subject between management and residents at Whiteley Village; and,
as an icebreaker for those new to Whiteley Village who don’t know anyone. Whilst it
was acknowledged here that the format of questions and group discussion may need
to change depending upon the use the application was put to, as a means to encourage
conversation in differing context, it held much potential.

6 Discussion

We began by considering the problem of loneliness in later life and how it could persist
even in retirement communities with many provisions for social interaction. Related
issues of social isolation and exclusion were mentioned in the literature, with the for-
mer being particularly prevalent in the recent Covid-19 pandemic. We then set out to
work with 27 residents of Whiteley Village retirement community in Surrey UK, to
explore these issues for them and consider the role of computer mediated communica-
tion technology in addressing them. Our early requirements work and later measures
of loneliness confirmed the importance of this topic in resident’s lives, and identified
the need to support greater face-to-face contact and relationships between neighbours.
The technological system we co-designed with residents to do this became a kind of
tablet talking stick to facilitate small group conversations face-to-face in a community
space. What then have we learned about its potential for countering loneliness and social
isolation in these kinds of communities, and improving the technology involved?

Although we tried to measure loneliness levels of participants at the beginning and
end of the two-session intervention, and found a significant reduction in scores,we recog-
nize that this may have been due to short term effects of taking part in a trial and chatting
to other people face-to-face. Indeed, similar effects may have been found without our
technology through human facilitation of conversation. These kinds of interventions are
common approaches to the alleviation of loneliness by local councils, charities and other
social care organisations, but they are limited in scope. This is because they require staff
time and facilities to organize and conduct, and do not scale up to address the scale of the
problem itself. One way of doing that would be to deploy a system like Neighbourhood
Natter nationwide, to allow communities themselves to organize conversation sessions
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using the technology alone. Muchmore thought needs to go into how this might be done,
perhaps on the back of other initiatives to bring people together in community spaces.
For example, in Finland, there is notion of a community living room spaces being incor-
porated into urban ‘superblocks’ for neighbours to get together in different ways [35].
Facilitated conversations could be one activity for such a space. Closer to home, such
conversations could become another kind of ‘club’ atWhiteley Village that people could
run themselves and sign up for. This discussion shows the limitations of any technology
for solving social problems in and of itself. It must be embedded in a social context and
process for community and user engagement.

Regarding that, while we did find many positive benefits of the system in our trial
for helping people to talk respectfully to each other, to listen to multiple perspectives
on a topic and to share practical advice and information, the set-up of the groups and
topics was rather artificial and unsustainable. Essentially, we allocated people to groups
based on availability and they tried somewhat unsuccessfully to select topics of common
interest at the beginning of each session. In the original Face-to- Face Book concept of
Fig. 1 there was a front end to the system which involved some disclosure of a profile of
skills and interests by participants, and a discovery mechanism for finding people with
matching interests and scheduling conversations. This still seems to be necessary either
inside or outside the system boundaries, and would ensure that people sign up to talk
about topics of interest to them with people they want to meet. This process should also
aim to reach lonely or isolated people who stand to gain most from the system but may
be the least inclined to get involved. Longer term, we anticipate a dilemma resulting
from the natural way in which people get to know each other and form group bonds.
The system could encourage the same people or groups to continue meeting together to
deepen their relationships, or it could deliberately encourage them to mix themselves
up to continue meeting strangers within the neighbourhood. Both options should be
available of course, but they would make a difference to the outcomes for relationship
maintenance between both weak and strong tie partners [36].

In terms of improving the technology employedwemademany findings on its design
and use. The approach in general was unusual, since it supported offline communication
and used a conversational agent not as a direct partner or chatbot, but as a facilitator of
human-to-human conversation. Furthermore, the dialogue was conducted multimodally
through a combination of text display and speech output, making it acccessible to a
variety of older users with potential sensory impairments of failing memory, hearing
and eyesight. In general, this approach worked very well to keep the focus of the talk
on its human recipients, and might be extended to incorporate more intelligence in the
dialogue control. Further research is needed to understand how to prevent certain people
dominating the conversation in a more sophisticate and human-like way than simply
sounding an alarm after fixed speaker durations, and managing topic transitions more
elegantly. Social scientists train for many years to facilitate focus groups, so it is not sur-
prisingwe couldn’t match their competence in our simple prototype. As a next step in our
own work, the system has now received follow-on funding from UKRI’s Healthy Age-
ing Challenge to be further developed, integrating generative AI to expand the content,
and speech recognition to become more conversational. This extended system is being
trialled at new sites to identify whether it is appropriate to retirement villages generally.
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Beyond this context, there are many other applications of the approach as suggested by
our participants, including community consultation and family dinner times.

This involvement of the community in co-researching requirements and co-designing
solutions is something we want to recommend further. It was central to our approach in
these studies and completely changed our initial assumptions and design ideas which
were focused on home-based reminiscing activities. The continuous involvement of
Whiteley residents within and between the two studies gave them legitimate roles as
community researcher-designers and helped us to get to know them and each other over
time, and the everyday concerns of their lives. We believe it optimized the relevance of
the technology for them and people like them, andmade us more sensitive designers our-
selves to the needs of our user population. Such an approach takes time and a dedication
to maintain working and personal relationships over the long term, and is a microcosm
of the problem we were addressing. Perhaps there is value in the use of Neighbourhood
Natter in facilitating co-design conversations in diverse groups, as an fitting side effect
of this project.
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Abstract. As older adults embrace social media, their engagement extends across
diverse platforms, each offering unique features and benefits. This study inves-
tigates platform-swinging among older adults, where they strategically switch
between platforms to fulfill specific needs and desires. We interviewed 11 older
adults living in the Philippines in November of 2023 who used at least two social
media platforms. The platform combination favored by older adults varies based
on their context. However, a common combination observed in this study included
Facebook, Messenger, and YouTube. Guided by the Uses and Gratification The-
ory, we applied thematic analysis and revealed four major themes that motivate
older adults to practice platform-swinging: managing digital ties, transferring
information, uplifting and managing emotions, and optimizing work processes.
The respondents’ ability to practice platform-swinging is facilitated by adequate
internet connectivity and devices, and familiarity with the different platforms.

Keywords: Platform-Swinging · Older Adults · Social Media Platform ·
Motivation · UGT

1 Introduction

Social media is traditionally associated with the younger population. But older adults
are increasingly joining the digital world. Their adoption rate even surpasses that of the
younger users [5]. In recent research by the American Association of Retired Persons
(AARP), it was revealed that 88% of older adults use one or more social media platforms
[21]. In the Philippines, 36% of those aged 50 and older use the internet or report owning
a smartphone and 29% use social media according to the survey conducted by Pew
Research Center in 2019 [10].

The proliferation of different social media platforms gave more options to users that
usingmore than one platform is inevitable. This phenomenon of routinely rotating among
different social media platforms is called “platform-swinging” [38]. The work of Tandoc
et al. [38] coined the term platform-swinging and identified the different gratification
and gratification opportunities brought by the practice of platform-swinging.
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Most social media studies are focused only on a specific platform and comparative
works across multiple platforms are limited [7, 38]. Some studies explored gratifications
across multiple social media platforms [31, 33] but not in the context of platform-
swinging.

The studybyTandoc et al. [38] provided insights into howplatform-swinging allowed
users to navigate structural, social, and normbarriers to obtain greater gratification oppor-
tunities for self-presentation and relationship management. However, despite including
older adults in their respondents, the results are not specifically applied to the older adult
population. Thus, this study would like to extend and at the same time focus on the con-
cept of platform-swinging to older adults by describing their practice and motivations
in using more than one platform.

Several studies used the lens of Uses and Gratifications Theory (UGT) to identify the
motivations for using specific social media platforms [1, 6, 13, 39]. Although the moti-
vations can be directed to the use of older adults on specific social media platforms, this
study would like to emphasize the motivations for swinging between multiple platforms
of older adults in the Philippines, guided by the following research questions:

• RQ1:What are the social media platforms used by older adults in practicing platform-
swinging? (Platform Swinging in Older Adults)

• RQ2: How do older adults practice social media platform-swinging? (Behavior of
Older Adults and Platform Features)

• RQ3: What are the motivations of older adults in practicing social media platform-
swinging? (Older Adults’ Motivations in Platform-Swinging)

The subsequent sections present a brief review of social media and usage of older
adults, and the uses and gratification theory. The methodology of this study is described
in Sect. 4 followed by a discussion of the results in Sect. 5. Lastly, the paper concludes
with the limitations and implications of the study in Sect. 6.

2 Social Media Platforms

Social media was initially defined as a system for publishing articles and news and recent
definitions shifted the focus to user-generated content, sharing, and connecting people
with shared interests [2, 14, 42]. Users actively participate in these platforms, switching
between consuming content and creating their own [14]. Popular types of social media
platforms include [14]:

• Social Networking Sites (SNS) where individuals may build profiles, connect with
other users, and explore connections. Examples are Facebook, X (formerly Twitter),
and LinkedIn.

• Blogs are personal websites where individuals share their thoughts about specific
topics where other people can comment. With microblogs, people can post short
messages with text, audio, video, images, and external links quickly and easily such
as on Tumblr.

• Forums are online communities where people with shared interests can discuss topics
by posting messages and responding to each other’s contributions. Depending on
its policy and settings, this platform allows users to post questions anonymously.
Examples of forums are Stack Overflow, Quora, and Discourse.



Understanding the Behavior of Older Adults’ Social Media 347

• SharingWebsites used for sharing content are categorized as:VideoSharingPlatforms
such as YouTube, TikTok, and Vimeo; Photo Sharing Platforms such as Instagram,
Flickr, Snapchat, and Pinterest; and Audio Sharing Platforms such as Soundcloud,
and Spotify.

• Social Bookmarking allows users to collect, organize, and share web pages for future
reference, facilitating research and information sharing. Examples of these platforms
are Reddit, Digg, and Newsvine.

• Podcasts are series of episodes featuring audio, images, videos, or PDFs where
users can upload and download content from the website. Examples are Podbean
and Buzzsprout.

• Wikis are collaboration websites where users can freely modify and share knowledge
such as Wikipedia and Fandom.

While no research explicitly categorized instant messaging applications as social
media, Hogan and Quan-Haase [17] addressed the question of whether instant mes-
saging applications are considered social media by suggesting that the many-to-many
communication in broadcasting availability and status messages are sufficient condi-
tions for it to be a social media. Furthermore, several studies that explore social media
included these applications in their analysis [36, 38, 44].

Social media has become an increasingly significant aspect of daily life for people
of all ages, including older adults. Research indicates that older adults actively engage
with social media and derive diverse gratifications from their use. Compared to younger
demographics, older adults display a wider spectrum of motivations for utilizing social
media platforms. This includes maintaining existing relationships, fostering social con-
nections, and mitigating loneliness, engaging in lifelong learning, sharing information
and establishing community ties, seeking health-related knowledge, and participating
in activities that promote fulfillment [35]. Most studies that explored the motivations of
older adults in social media are focused on social networking sites [20, 29, 37].

3 Uses and Gratification Theory

Uses and Gratification theory is a communication theory asserting that people seek out
and engage with specific media to fulfill their individual needs and desires [22, 33]. By
looking at the interplay between the individuals, their needs, and their media choices,
UGT provides researchers with the framework to understand the underlying drives and
motivations that influence their behavior [33, 41]. UGT is widely used as a valuable
perspective for studies seeking to identify the motivations for using social media.

The UGT has been operationalized in studies that involve younger adults’ use of
social media such as the studies of Falgoust et al. [15] and Ferris et al. [16]. Various
studies attempted to identify several gratifications in social media use by older adults
such as the study of Kong and Lee [24] and Kim et al. [23]. The general use of social
media is compensatory to the decrease in physical social engagements in late life [23].

The increasing number of available social media platforms allowed users to switch
to different applications. Using UGT, a recent quantitative study by Sheldon et al. [37]
compared the use of Facebook and Instagram among older adults. However, given that
gratifications and motivations are influenced by sociocultural backgrounds, research
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must examine platform-swinging qualitatively [11]. Literature is mostly confined to
studies that examine socialmedia’s general use and adoption, limited to a single platform,
and conducted in the context of developed economies.

4 Methodology

This study investigates the behavior of older adults in social media platform-swinging
through semi-structured in-depth interviews. The main guide questions for the interview
are presented in Table 1. Before conducting the interviews, a pilot interview with an
older adult was conducted to determine the flow of conversation and improve the guide
questions [26].

Table 1. Interview questions to answer the research questions.

Research Question Interview Questions

RQ1: What are the social media platforms
used by older adults in practicing
platform-swinging?

What are the different social media platforms
that you are using?

RQ2: How do older adults practice social
media platform-swinging?

How do you use these different social media
platforms in terms of
• Access
• Frequency of Use
• Device Used
• Platform Functions and Features
• Assistance Needed

RQ3: What are the motivations of older
adults in practicing social media
platform-swinging?

Why do you use these different social media
platforms?

In understanding how older adults practice social media platform-swinging for RQ2,
this study considered the following aspects: access, frequency of use, device used, plat-
form functions and features, and assistance needed. The frequency of use and platform
functions and features were adopted from the questions used by studies [1, 31] while
access, device used, and assistance were also considered since these are the common
challenges of older adults in social media usage [9, 25].

Through snowball sampling, the study recruited 11 Filipino older adults residing
in the Philippines who were at least 60 years old and regularly utilizing at least two
social media platforms. While the definition of an older adult varies globally, the United
Nations defines it as 60 and above [12]. In the context of the Philippines, this age is also
recognized as the start of senior citizenship. Therefore, this study adopted the minimum
age of 60 to define older adults.

In-person interviewswere conducted for 3 weeks in November of 2023 at the respon-
dents’ convenience, adopting a mix of conversational English, Filipino, and Bisaya lan-
guages familiar to both the researcher and the respondents. Each interview ranging from
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15 to 42min in length, was audio-recordedwith a dedicated device. Before the recording,
an orientation explained the study’s purpose and procedure emphasizing voluntary par-
ticipation, collection of personal information, and confidentiality of data. Following this
introduction, the respondents signed a consent form, provided demographic information,
and listed the social media platforms they were using.

The respondents’ ages range from 60 to 76 years old, with nine in their 60s and
two in their 70s. The group was predominantly female, with only one male respondent.
Marital status varied, with two respondents single, six married, and three widowed.Most
of the respondents remained active in their workforce, with six working part-time and
four full-time. Only one respondent has never been employed.

Following data collection, 103 pages of interview transcripts were analyzed through
thematic analysis [8, 28]. This analysis involved an iterative process of familiarization
through repeated listening and reading of the data, followed by open coding of meaning-
ful units of text relevant to the research questions guided by the concept-indicator model
in Fig. 1. The codes were then grouped and organized to identify recurring themes. The
coding process was conducted by the first author of this study and the themes generated
were reviewed and validated by the second and third authors by going through the codes
and associated exemplars from the transcribed interview until a consensus agreement is
reached.

Behavior of Older Adults’ Social Media Pla�orm-Swinging

Social Media Pla�orms Mo�va�ons Accessibility Usage 

Pla�orm  
Combina�ons 

Reasons for Using 
the Pla�orm 

Internet Connec�on Frequency of  
Pla�orm Use 

Barriers

Assistance Needed 

Pla�orm Func�ons 
and Features

Introducer Pla�orms Used for 
The Same Reason 

Usage Dura�on 

Devices Used

Fig. 1. Behavior of older adults’ platform-swinging concept-indicator model

The transcripts of the interviewswere used for coding and checking preliminary find-
ings against the raw data to establish credibility. A codebookwas created andmaintained
throughout the analysis to ensure consistent application of the codes for replicability. For
each theme generated in the analysis, exemplars were identified to establish traceability.
All these were considered to ensure the trustworthiness of the study [30].
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5 Discussion of Results

This study investigates the practice of social media platform-swinging among older
adults focusing on platform combinations, access, frequency, devices used, platform
functions and features, and assistance needed. Themotivations for engaging in platform-
swinging to fulfill different gratifications are also identified.

5.1 Practice of Social Media Platform-Swinging by Older Adults

Social Media Platform Combinations. RQ1 asked about the social media platforms
used by older adults. Based on the list of platforms used by the respondents of this study,
the common combination of social media platforms includes Facebook, Messenger, and
YouTube. In this study, we consideredMessenger as a separate platform from Facebook.
The common use of Facebook and YouTube coincides with the findings of AARP where
these are the top applications used by older adults [21] In the Philippines, Messenger is
one of the top applications second to Facebook [3].

In addition to this common combination, older adult respondents include one ormore
of these other platforms in their list: Spotify, Viber, Instagram, Wikipedia, WhatsApp,
LinkedIn, Telegram, and X. The social media platform combinations of the respondents
are presented in Table 2.

Table 2. Social media platform combinations

Respondent Social Media Platforms

R1 Facebook, Messenger, YouTube, Spotify, Viber

R2 Facebook, Messenger, YouTube, Viber, Wikipedia

R3 Facebook, Messenger, YouTube, Spotify

R4 Facebook, Messenger, YouTube, Viber

R5, R7 Facebook, Messenger, YouTube

R6 Facebook, Messenger, Viber, WhatsApp

R8 Facebook, Messenger, YouTube, Viber, Instagram

R9 Facebook, Messenger, YouTube, Viber, WhatsApp, LinkedIn

R10 Facebook, Messenger, YouTube, Instagram, Telegram, WhatsApp

R11 Facebook, Messenger, YouTube, Instagram, LinkedIn, Twitter, Spotify

Table 2 shows that there are 10 diverse combinations of social mediamedia platforms
from the 11 respondents. Furthermore, the degree of social media platform usage varies
for every respondent. Some use social media platforms without having an account on
YouTube, LinkedIn, andWikipedia which limits their activities to only consuming infor-
mation. On other platforms where the respondents had an account, the type of activities
they are engaged in also differs. For example, on Facebook, R5 only browsed and liked
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posts, while R3 searched, joined FB groups, and shared, in addition to browsing and
liking.

How older adults practice social media platform-swinging regardless of the dif-
ference in combination and degree of usage, is described in terms of access, frequency,
devices used, platform functions and features, and assistanceneededwhich answersRQ2.
These practices provide valuable insights into the preferences and potential limitations
of older adults’ platform-swinging practices.

Access. Internet access presents no significant hurdle for the respondents of this study.
All respondents have Wi-Fi available at home, allowing seamless social media use. This
can be attributed to the increase in internet connections during the pandemic where more
than half of the households in the Philippines had internet access in 2020 as reported by
the Philippine Statistics Authority [27].

However, outside their residences, not all respondents have connectivity. Like R10,
some respondents subscribe to mobile data promos for uninterrupted access specifically
on Messenger, their primary communication platform. Others, however, like R7 choose
not to procure mobile data to control expenses, limiting their social media engagement
while on the go.

“I use Messenger and FB on my mobile phone. But when I am not at home, I
am not using it because I don’t want to spend on mobile data. I already have an
internet connection at home. Besides, most of the time I am at home.”(R7).

“We have a Wi-Fi connection at home. My son had it installed. But when I am
outside the house, and I have to attend my Arabic class, I will just buy mobile data.
For example, if I go to my cousin’s place and there’s a class, I will excuse myself
for a while and I will use my tablet.” (R10).

Despite having a Wi-Fi connection at home, a slow or absent internet connection is
still identified as the main barrier to social media usage for these participants. On the
other hand, others mentioned that they are not able to access social media platforms if
they are preoccupied with work.

Frequency. All the respondents are using at least one social media platform daily.
However, the specific platform they most frequently use varies depending on their indi-
vidual needs and activities. Messenger and Facebook emerged as the clear favorites,
with most respondents using them daily. The use of Messenger seems to have replaced
SMS and cellular calls for daily communication, but they are only used at specific times
of the day. For example, R8 only uses Messenger in the morning and the evening.

“I feel like I don’t have enough time because like for example, my schedule for
looking at my Messenger is in the morning as there might be something important.
And I check again in the evening. Then I open Facebook only in the evening
because that is my only free time. During the day, it seems like I don’t have time
to Facebook.” (R8).

Moreover, YouTube and Spotify also saw significant daily usage amongst some
respondents mostly in the evening while others use it during weekends like R10.
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“I use YouTube on Saturday and Sunday. Usually on a Sunday because on a
Saturday I have my Arabic class in the morning. Every Sunday we will use YouTube
for sing-along and other times, we will just listen.” (R10).

Devices Used. Mobile phone is the dominant device for accessing social media plat-
forms among the respondents. Only four of the respondents utilize a variety of devices
which include a laptop, tablet, smart TV, and desktop computer (at work) to navigate
social media platforms. Like R7, those who are using smart TVs for YouTube opted
for the larger screen experience. Moreover, all the devices used by the respondents are
personally owned which allows them access to the platforms when needed.

“YouTube is really for relaxation and entertainment because I watch it on a wide
screen.” (R7).

Platform Functions and Features. While older adults are active social media users,
their participation primarily focuses on content consumption rather than extensive social
interaction and content creation. On Facebook, the majority browse through feeds, react
to posts, leave occasional comments (especially for birthday greetings), and search for
information. Posting and sharing content is done by some respondents but seldom. This
behavior is consistent with what was observed in previous studies such as that ofWaycott
et al. [40] where older adults are usually consumers but could embrace different ways to
produce content such as posting on their Facebook wall, creating stories, and uploading
reels.

• Messenger serves as a vital communication tool for older adults, facilitating the
sending/receiving of messages, audio/video calls, and group chats. Older adults also
use Messenger in their laptops to be able to send documents as this function is not
available when using mobile phones.

• YouTube usage varies significantly. Some older adults do not have an account restrict-
ing their access to content discovery through searching and browsing. For those with
accounts, engagement involves liking videos and subscribing to channels they like to
ensure regular updates in their feed.

Assistance Needed. Most respondents in this study became comfortable using social
media platforms after initial guidance from their children or self-exploration. With sev-
eral years of experience (over 5 or 10 years formost respondents), they can independently
perform the tasks they typically engage in.

However, some respondents sought assistance on specific functionalities such as
scheduling messages in Messenger (R1), editing photos before sending them (R2), or
controlling unwanted video content in their feeds (R6). They primarily attempted to find
solutions themselves or sought help from readily available individuals like their children
and colleagues.

“I don’t need assistance now. The only assistance I sought before was about
Messenger -- if it is possible to set a schedule for when to send a message. So far,
I have not found anything that allows me to do that with Messenger.” (R1).
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Interestingly, R4 expressed unwillingness to learn or seek assistance in sharing Face-
book posts to Messenger. The respondent preferred to stick with the tasks she already
knew. R4 is apprehensive that learning new features might lead to increased time spent
using the platform and interfere with her daily tasks.

“I don’t know how to share posts on Facebook, unlike my siblings who share posts
from Facebook and send them to our group chat. I haven’t learned because it
seems bothersome and disrupts my time. If I get used to doing these activities on
Facebook, I might end up spending too much time online and I won’t be able to
get my chores done.” (R4).

Based on the activities performed on the different social media platforms, older adult
respondents of this studymostly consume information and give reactions rather than post
content and share information. With the use of their own devices and the availability of
an internet connection, it is not hard for them to swing from one platform to another.

5.2 Motivations for Practicing Social Media Platform-Swinging

The result of the thematic analysis identified four themes: maintaining digital ties, trans-
ferring information, uplifting and managing emotions, and optimizing the work process.
We discuss each of these themes and how the practice of platform-swinging achieves
the objectives of older adults.

Maintaining Digital Ties. Communication is vital to older adults as this is the point in
their lives when their children are no longer living with them. Some others live in as far
as other countries. With the use of social media, digital ties are formed and strengthened
through messages, video calls, and seeing what’s happening to the lives of their children
through social media posts. Messenger is the main communication platform used by the
respondents of this study. But to be able to maintain communication with their children,
they are compelled to use other applications such as Viber and WhatsApp. This is the
case, for example, of R6. Every country has its preference for communication platforms
[38]. That is why R6 has to use Viber to communicate with her son and WhatsApp with
her other son while using Messenger to communicate with her friends and colleagues.

“Because my first son uses Viber and my other son uses WhatsApp. My other son
is using WhatsApp in the U.K. My first son is sometimes in the U.S. but most of
the time in Cambodia.” (R6).

This digital connection also applies to other relatives, friends, and colleagues. Aside
from sending private messages and engaging in audio or video calls, older adults also
engage in group chats. The number of group chats can reach as many as more than 28
such as in the case of R2. Aside from having group chats for professional purposes, R2
has group chats with people whom he has common interests with. On the other hand, R8
has friends in other countries who prefer to use Viber for more secure communication.
Moreover, R10 is using Telegram and WhatsApp to communicate with her classmates
and teachers in other countries for her online Arabic classes.
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“Then in Viber, we have a group chat with my classmates in grade school. Most of
them are not here [Philippines], so we use Viber because they say that messages
are more secure in Viber.”

“I have a group of grade school classmates who are trying to link with each other
so we can have a reunion. My high school classmates are also doing that, so it’s
easier for us to look for their FB account and add them to be friends so we can
talk to them in Messenger.” (R8).

Digital ties are not only maintained through communication platforms such as Mes-
senger, Viber, WhatsApp, and Telegram. This is also sustained by SNS like Facebook
and Instagram allowing older adults to be updated with what’s happening to their fam-
ilies and friends [20, 29]. Furthermore, posts on Facebook are also used as a reference
in Messenger conversations that facilitate in-depth dialogues.

“What you read on Facebook whether it’s a piece of informal or formal news or
something, can become a topic of conversation among friends. Just like early this morn-
ing, because of our connections in social media, we were able to help or ease someone’s
concerns.” (R2).

Transferring Information. Information transfer involves the use of different social
media platforms for seeking and sharing information. Certain types of information are
accessed only on specific platforms. For example, short videos and varied content are
acquired by the respondents from Facebook while long videos and specific content (as
a result of searching) are acquired from YouTube. Information seeking is performed
by explicitly searching using keywords or discovery by browsing through the feed.
Keyword searching is typically doneonYouTube,Wikipedia, andSpotifywhile browsing
is on Facebook and Instagram social networking sites. Information that interests older
adults includes updates about their family and friends, current events, health-related
information, topics of interest (e.g. recipes, gardening, camping), reference materials
for work, spiritual and motivational content, and entertainment. For example, R5 joined
Facebook Groups for religious content, and R2 for information about motorcycle parts.
Moreover, sincemost of the respondents are employed, searching for referencematerials
is also common.

“There’s a Facebook Group for a certain kind of Honda motorcycle. I think it’s
Honda Dream. Because I have a Zoomer and it’s already phased out. So we share
details about difficult-to-find spare parts and just talk about the difficulties and
things about motorcycles.” (R2).

Most of the respondents are not involved in information sharing. But if they are, they
rarely post on Facebook and Instagram. Sharing of information involves the interoper-
ability of platforms where Facebook and YouTube allow older adults to select where
to share the information. Most respondents who share information prefer to share it in
private messages and group chats in Messenger. Typically, older adults share posts for
inspiration (e.g. articles, Bible verses, sayings, reflections, podcasts), knowledge (e.g.
science-related topics, recipes), and entertainment (e.g. funny videos).
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“I watch videos on Facebook for information and at the same time entertainment.
Sometimes when I find it funny and I want others to also laugh, I share the video.
Sometimes when there is good information like science-related information, I share
the post on Facebook so my students and friends can see it.” (R7).

R1 on the other hand does not share information from other social media platforms.
She curates the information shared in Messenger group chats. She gathers information
from the articles that she has read and phrases it to be incorporated in the photo that she
has taken before sending it to her groups.

“I only send reflections in group chats because others appreciate it. I have a friend
in college who said thank you. And then if my friend’s friends have feedback, she
tells me that they liked it because it helps them in their spiritual growth. So, that
is my motivation even if sometimes I wonder when can I stop sending. But if I stop
or am late in sending reflections, they complain. They would ask what happened
to me and why I did not send a reflection.” (R1).

With the vast information that older adults encounter every time they use the platform,
R7 shares the links that she finds on Facebook to her Messenger account so she can go
back to these again.

“For content that I found on Facebook that I don’t want to lose, I share it right
away to myself in Messenger. Because when I want to go back to it like for example,
I liked the food recipe, I share it immediately with myself.” (R7).

Uplifting and Managing Emotions. Emotional well-being is one of the important
aspects of a better quality of life for older adults. The respondents of this study found
different ways to uplift their emotions through entertainment videos and motivational
talks from social media platforms. Managing their emotions includes being able to relax
and calm themselves through spiritual encouragement and music. Most studies have
identified this gratification in SNS [4, 37] while this study presents that this is also
achieved in combination with other platforms such as YouTube and Spotify.

Entertainment is usually acquired fromFacebook andYouTube. This includeswatch-
ing movies, Koreanovela, local TV shows, vlogs, and interesting videos (e.g. mukbang,
history of things). One respondent said that if she wanted to watch short videos, she
would go to Facebook, and for longer videos such as movies and TV series, she would
go to YouTube. For example, R5 found micro series videos on Facebook which are on
average 2 min long.

“I watch mukbang videos on Facebook. And then that makes me hungry. I am also
following The Double Life of My Billionaire Husband which is already ending. It
is like a series but with only a few episodes.” (R5).

Relaxation involves listening to music, podcasts, religious talks, storytelling videos,
and vlogs to start their day, ease their emotional struggle, or make them fall asleep at
night. Interestingly, older adults are also using YouTube not for visual purposes but only
for listening to music, storytelling, and motivational talks. For example, R4 found a link
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on Facebook that led her to listen to storytelling videos on YouTube that narrate short
stories.

“I use YouTube to listen to vlogs on political topics. Sometimes, also for fantasy
stories like Amihan Stories and Ate Jane Stories. It is just there on YouTube.”

“I listen only because I intend to sleep. If I watch a video, it will take me long to
sleep. I will just put the phone beside me and close my eyes until I fall asleep.”
(R4).

It was striking that R7 who is single sought more entertainment and R5 who is
a widow calms herself with spiritual motivations and music that connects her to her
husband. Finding these resources on different social media platforms helps older adults
combat loneliness, find solace in their emotional struggles, or just simply lull them to
sleep. Moreover, the use of different platforms allowed older adults to access different
types of media such as storytelling narration on YouTube, motivational talks both on
YouTube and Spotify, and microseries videos on Facebook.

Optimizing Work Processes. Most of the respondents of this study are still employed
either part-time or full-time. Some are educators and others are handling administrative
functions. The use of social media platforms is extended to support their work-related
functions fromgathering anddisseminating information to communication. For example,
R1 isworking in the human resource departmentwho uses Facebook to search for profiles
of the applicants to assess their character through Facebook posts. On the other hand,
R2 uses Facebook to disseminate information about schedules, events, and procedures
of the office and to communicate with the different stakeholders.

“Now I already use Facebook as part of background investigation for applicants
who already worked somewhere or even new graduates. Because one way of getting
to know the person is through the posts that he has on Facebook. For example,
there is one applicant who has the same name as another user on Facebook. And
I said I didn’t like the applicant because of the sexy posts on Facebook. It turned
out that they just have the same name, and the applicant is actually a good and
family-oriented person who used another name on Facebook. However, that is one
way of getting to know the person.” (R1).

“We post a lot of notices for the Alumni Homecoming, activities for the office,
admissions exams, schedules, procedures, and announcements. Everything related
to the university that is connected to the office, I post it.” (R2).

“I have 28 group chats (GC) for my Entre class. 10 GCs for small groups. Of
course, each group will have their unique concerns. But if the concern affects the
entire class, I will address it in the GC for the class. If I have an announcement, I
send it in the GC for the class.” (R9).

Other work-related functions supported by social media platforms include sending
files throughMessenger, answering queries through Facebook Page, and accessing refer-
ence materials from YouTube. Using social media platforms for work-related functions
extended their reach beyond the physical confines of their offices and institutions.
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“The person who frequently uses YouTube is my husband. When I saw that the video
was nice, he said that he got it from YouTube. There are PPTs and procedures on
YouTube. However, I also check if the content of the video follows the standard or
is credible. There are lots of lessons on YouTube that are simplified.” (R11).

All these themes can be achieved with the common combinations of social media
platforms: Facebook,Messenger, andYouTube. However, with the differences in context
and needed gratifications of older adults, the common combination is added to include
other social media platforms. By swinging between different social media platforms, the
practice provided older adults with access to a variety of information, types of media,
and fulfillment of different gratifications.

At the start of using these platforms, they might need assistance but eventually,
constantly performing the activities based on their needs makes them more comfortable
using the platforms.

6 Conclusions, Limitations, and Implications

This study serves as one of the early explorations of platform-swinging among older
adults, providing preliminary insights into this behavior by answering the research
questions.

Platform Swinging in Older Adults. This study confirms that Filipino older adults
practice social media platform-swinging facilitated by the availability of resources such
as reliable internet connections and devices. The social media platforms used by older
adults practicing platform swinging depend on the context of older adults. However,
common combinations include Facebook, Messenger, and YouTube. Other platforms
include Spotify, Viber, Instagram, Wikipedia, WhatsApp, LinkedIn, Telegram, and X.

Behavior of Older Adults and Platform Features. Howolder adults practice platform-
swinging is described in terms of accessibility, devices used, frequency of use, platform
functions and features, and assistance needed. The social media platforms are accessible
to the older adult respondents as they all have a Wi-Fi connection at home. Some others
extend their access even outside their home by subscribing to mobile data promos. How-
ever, despite having the necessary connection, access to social media platforms is still
dependent on the quality of connection provided by the internet service provider (ISP) in
the area. Having at least personally owned mobile phones allows older adults to access
different social media platforms whenever they want. Some respondents have more
options where to access such as on their laptop, tablet, smart TV, or desktop computer.
Because smart TVs have a wider screen, some respondents prefer to access YouTube on
this device. Because of the availability of internet connections and devices for accessing
social media platforms, older adults are using at least one social media platform daily.
Messenger and Facebook emerged to be used every day by most respondents. This is
followed by YouTube and Spotify which is used by some respondents mostly in the
evening or during weekends. The most frequently used social media platform among
the combinations for platform-swinging depends on the individual needs and activities
of older adults. While older adults are active social media users, their use of these plat-
forms is mainly as consumers of information. Thus, the platform functions and features
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utilized by older adults are mostly on giving reactions to posts and videos, subscribing to
channels and groups, leaving occasional comments, searching, and browsing. Although
some respondents go beyond by creating and sharing content. Generally, older adults
can independently perform the tasks they are engaged in on the different social media
platforms as they have been using these for a long period.

Older Adults’ Motivations in Practicing Platform-Swinging. Guided by the uses
and gratifications perspective, this study identified 4 themes that motivate older adults
to practice platform-swinging. With the different social media platforms to swing to
and from, older adults have the advantage of access to specific types and quality of
content and wider social connection for managing digital ties, transferring information,
uplifting and managing emotions, and optimizing their work process. With the use of
Messenger, Telegram, WhatsApp, Viber, Facebook, and Instagram, older adults can
maintain communication with different social groups such as their family, friends, and
colleagues depending on the preferred platforms used by these social groups. The use
of different social media platforms such as Facebook, YouTube, Wikipedia, Spotify,
and Messenger for seeking and sharing information allows access to different types
and quality of information and content. One of the prominent uses of social media
platform content is for uplifting and managing the emotions of older adults through
entertainment videos, motivational talks, and relaxing music. Lastly, with most of the
respondents being members of the workforce, the use of social media platforms goes
beyond their personal needs and extends to optimizing work processes. Older adults use
different social media platforms to communicate with colleagues, connect with different
stakeholders, disseminate information, and seek information and reference materials
related to their tasks and functions. Social media platform-swinging allows older adults
to fulfill different needs and gratifications.

However, this study is not without limitations. The limited sample size and potential
bias towards female and employed respondents necessitate further research for broader
conclusions. Future research investigating factors such as respondent demographics,
socio-economic factors, social media platform affordances, and other potential influ-
ences could offer deeper insights into the platform-swinging behavior among older
adults.

Being able to understand the motivations and how older adults navigate through dif-
ferent social media platforms has implications in gerontology, healthcare, workplaces,
and social media. This study contributes to the gerontology knowledge of the social
media usage of older adults specifically on how they navigate through different social
media platforms. Studies show that the use of social media by this demographic can keep
themmentally active and engaged, possibly delaying cognitive decline [34] and improv-
ing well-being [18, 19]. Future research can explore the specific cognitive abilities that
are exercised in platform-swinging and develop programs that leverage those activities.
In healthcare, the dissemination of targeted health-related information by health insti-
tutions and professionals that can easily be transferred to different platforms can help
address misinformation and disinformation among older adults. While older adults also
seek health-related information on social media [43] and practice platform-swinging,
verification of health information across platforms can be facilitated. As the use of social
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media platforms can be integrated into work processes conducted by older adults, train-
ing and upskilling of older workers including how to navigate through these different
platforms safely should be provided and included in the design of organizations’ train-
ing programs. Lastly, the results of this study can inform the designers of social media
to develop features and interfaces that are more accessible and user-friendly to them to
enticemore engagement.Aside from the personal preferences of older adults to limit their
activities on online platforms, they do not use some features because they are unaware
of it, or do not know how it works. Because results have shown that older adults have a
strong preference for the use of social media platforms, it is important to consider more
interoperability of different social media platforms for seamless information transfer and
other functionalities. Furthermore, improving built-inAI-driven personalization and user
protection can help older adults enjoy content discovery and do further exploration on
the use of social media platforms without fear of online scams and phishing.
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Abstract. The surge in popularity of short videos among the elderly has attracted
attention, yet the motivations driving their usage remain unclear. This study delves
into the factors influencing senior individuals’ engagement behaviors, encompass-
ing consumption, participation, and production. Through two focus groups with
10 participants aged over 55, the study revealed that utilitarian and hedonic needs
motivated seniors’ consumption behaviors, while social needs facilitated partici-
pation and production. Additionally, apprehensions about potential social conflicts
emerged as a deterrent to the proactive use of short videos by senior individuals.
These findings carry theoretical and practical implications for the utilization of
social media among the elderly.

Keywords: senior population · short video applications · engagement behaviors

1 Introduction

Short-video applications, such as TikTok, Douyin, and Kuaishou have proliferated fast
globally. In China, the top short video application, Douyin, reached 743million monthly
active users in 2022 (Statista, 2022). Short videos usually last nomore than a fewminutes,
with music or some special effects. Compared with other social media like Weibo and
WeChat, short video platforms enable users to create content in an effortless way, by
providing a series of technical support, such as easy clipping and adding effects (Meng&
Leung, 2021). At the same time, short video platforms utilize artificial intelligence
technology to provide personal recommendations to users, making the content engage
users’ interests accurately, and making content creators get traffic more easily(Zhang
et al. 2019).Nowadays, short video applications gradually become important information
sources as well as mainstream platforms that allow users to create and exchange user-
generated content.

As user-generated content platforms, short video applications afford various user
behaviors, encompassing viewing, sharing, liking, commenting, and content creation.
Some users only browse but do not post any messages in online communities, while
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some engage in virtual community building, including commenting, liking, or even
producing videos themselves. To conceptualize individuals’ utilization of social media,
Shao (2009) posited a three-tiered framework, comprising consumption (i.e., browsing
and viewing), participation (i.e., liking, sharing, and commenting), and production (i.e.,
generating personal content). Progressing from consumption to production, users exhibit
heightened effort and creativity and are more likely to gain more interactions with other
users. Research considering these distinctions has established that motivations differ
in level and impact across various engagement behaviors (Bossen & Christina 2020;
Omar & Dequan 2020).

Short videos seem to be particularly popular in senior groups. It was reported that
older Douyin users have posted over 600 million videos (Douyin & Center for Popula-
tion and Development Studies at Renmin University of China, 2021), indicating that the
senior population is an important part of short video users. Short videos have embedded
in the daily lives of many older adults and have an effect on the way senior people get,
disseminate, and generate information. Considering the growth of older groups in pro-
portion and size of the total population in China, it is important to gain an understanding
of the reasons behind senior groups’ participation in short video applications. Due to
the gap in lifestyle, psychological, and social environment between retired people and
working people (Barnay 2016), this study regards seniors as the retired populationwhose
age is over 55.

However, most current studies about the underlying reasons for short video users’
engagement behaviors are based on the young population (Falgoust et al. 2022; Meng &
Leung 2021; Omar & Dequan 2020), while little is known about the senior population.
Since the substantial differences between young and senior groups in lifestyles, values,
and socio-technical environments, studies targeting senior groups may provide specific
insights for platformmanagers to understand and engage these users. Furthermore, since
the favorable impact of socialmedia usage onmentalwell-being andquality of life among
older people (Nam 2021), promoting the engagement of short videos among senior
groups’ may be beneficial for their psychological health and quality of life. Therefore,
this study aims to focus on senior groups, investigating the underlying reasons for their
short video engagement behaviors. By doing so, this study could extend the current
literature on short video engagement behavior andoffer practical implications to platform
designers.

2 Literature Review

2.1 Motivations for Short Video Use

To understand the reasons that bring users to short videos, a growing number of studies
have investigated the effect of different gratifications on users’ behaviors. Considering
the general behaviors, the most cited motivations were related to social and entertain-
ment needs. Studies have found that social attachment and social presence were posi-
tively associated with users’ intentions to adopt or continued use of TikTok (W. Wang
et al. 2020).

Some studies further take the different engagement levels into account. Meng &
Leung (2021) considered three types of engagement behaviors, i.e. contribution,
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enhancement, and creation, and identified that personal factors and users’ needs regard-
ing social seeking, navigability, modality, and interactivity were important predictors for
users’ engagement behaviors. Other studies mostly applied a three-factor framework,
which summarizes that users deal with social media in three ways, involving consuming,
participating, and producing (Shao 2009). Omar & Dequan (2020) collected a survey
involving 385 participants and found that personality traits had no significant influence
on TikTok usage behaviors, while the roles of motivations were critical but differed in
levels and influence. Bossen & Kottasz (2020) reported that the gratification of enter-
tainment was the primary driver behind all three behaviors, yet the wish to expand one’s
social networks became the major motivation for contributory behaviors. These findings
showed that themotivations behind different engagement behaviors were somewhat sim-
ilar, yet differ in many aspects. Thus, it is necessary to consider the different engagement
behaviors when investigating the underlying reasons. Furthermore, all the above studies
were based on general young people, while little is known about what motivates the use
of another important population, i.e. senior groups.

2.2 Influencing Factors of Senior People’s Use of Social Media

Since the penetration of the Internet among older adults, there have emergedmany empir-
ical studies focusing on senior people to investigate their intentions and user behaviors of
social media. It was found that social motivations were the most frequently reported fac-
tors that influence senior users’ adoption decisions. Yang et al. (2019) found that social
motivation as well as perceived interactive richness strongly affected elderly users’
intention to adopt ubiquitous mobile social services. Other factors such as perceived
enjoyment and perceived ease of use were also mentioned as motivations for social
media use for senior people (Ramírez-Correa et al., 2019).

A couple of studies examined the contributing factors of different use behaviors.
Zhang et al. (2021) focused on active engagement behaviors (e.g. posting, liking, shar-
ing, or commenting) on WeChat. They combined interviews and questionnaires and
identified that the critical roles of social support and information needs. A stream of
studies Regarding sharing behavior, Liu et al. (2020) found that senior people’s moti-
vations to share information on social media included social interaction, knowledge
sharing, and information exchange. Wang et al. (2020) found that senior people with
more online health information experience who valued relationship and family were
more likely to share health information on WeChat. Recently, Wang et al. (2023) paid
attention to producing behavior and found that the need to be needed was positively
related to senior users’ intention to create short videos.

3 Methodology

Since there were scarce studies on the short video engagement behavior of senior people,
focus groups were chosen to elicit participants’ opinions, behaviors, and motivations.
Another reason for using focus groupswas that they could build a natural environment for
multiple participants, making themmore likely to share their comments and experiences.
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3.1 Participants

Since we need to involve senior people with different short video engagements, a snow-
ball sampling method was used because the target population was not easy to access.
We first contacted an older person who worked for the Nanjing University of Science
and Technology for many years. He was familiar with many retired employees and then
helped us contact the other participants who used short videos. Particularly, we asked
him to invite some persons who created short videos, with an aim to involve participants
with the different engagement levels of short videos.

Finally, a total of ten participants were recruited and two focus groups with 5 partic-
ipants each were carried out. Among the participants, 4 were female and 6 were male,
aged from 55 to 66 (M = 59.7, SD = 4.62). All of them were married and retired.

3.2 Procedure

Each focus groupwas conducted in a quiet room.After introducing the study’s purpose to
the participants, themoderator asked questions about their demographic information and
use experiences of short videos. Then participants were guided to discuss the following
topics:

• Their use behaviors in short video applications (including applications used, use
frequency, context for using short video applications, contents of viewed videos,
liking, commenting, sharing, and creating behaviors, etc.)

• The motivations for their engagement behaviors (i.e. viewing, liking, commenting,
sharing, and creating short videos).

• The reasons for not participating in some activities in short video applications (e.g.
liking, commenting, sharing, or creating short videos).

• Overall attitude about short videos posted by others, the number of their acquaintances
or friends in the short video applications, support or hindrance received from their
family or friends, and anything else related to short videos.

3.3 Data Analysis

All interviews were audio-recorded and transcribed for analysis. A content analysis
strategy was used to code the data by integrating both top-down and bottom-up per-
spectives. By reviewing the literature, a set of initial category themes was established,
and undiscovered or unmentioned themes were also allowed to verify and supplement
the predetermined themes. To organize motivations, we applied the three dimensions of
perceived value, namely utilitarian, hedonic, and social, as delineated by Rintamäki et al.
(2006). In this framework, utilitarian value summarizes benefits related to instrumen-
tal and functional benefits from product use, hedonic value refers to non-functional and
enjoyable feelings acquired fromusage, and social value summarizes benefits frombuild-
ing relationships with others. By integrating the framework, the diverse facets of benefits
that participants sought through their engagement with short videos could be summa-
rized. Following the framework and initial themes, two students of Human-Computer
Interaction at Nanjing University of Science and Technology dependently coded the
text. Any inconsistent codes were discussed together. The final code themes with their
definitions and examples are shown in Table 1.
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Table 1. Coding scheme for interview results analysis

Theme Aspect Definition Example

Motivations

Seeking information in an
effective way

Utilitarian Older adults’ attribution
of engaging in short
videos to watch news

Every time I want to know
what is going on, I open
my short video
application. It is much
more effective than
watching television
because short videos push
information at any
moment

Learning useful skills for
daily use

Utilitarian Older adults’ attribution
of engaging in short
videos to help them
improve their life skills

I learned a lot of cooking
skills from the short
videos. This kind of
content was very useful for
me

Navigating to other
content

Utilitarian Older adults’ attribution
of engaging in short
videos to lead them to
find more and deeper
content

One day I was pushed a
scrap of a TV series, I
found it very interesting
and suited my taste, and
then I searched for the TV
series

Passing time Hedonic Older adults’ attribution
of engaging in short
videos to pass time,
thereby obtaining
entertainment value

When I was free, I would
lie on the sofa and view
short videos to kill time

Being able to watch
others doing things

Hedonic Older adults’ attribution
of engaging in short
videos to enable them to
view people doing things
that they interested

I like watching people play
chess. Some people in
short videos played chess
very well. I love watching
it

Peeking what other
people doing

Social Older adults’ attribution
of engaging in short
videos to enable them to
see what the neighbors
were doing, without
letting them know

Some people around me
posted videos. Their
videos were pushed to me,
and I will discuss that with
my wife

(continued)
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Table 1. (continued)

Theme Aspect Definition Example

Access the videos easily
later

Utilitarian Older adults’ attribution
of engaging in short
videos to find videos
effortless

I added the video to my
collections because I want
to see it conveniently when
I use it

Keeping connections with
friends in real-life

Social Older adults’ attribution
of engaging in short
videos to interact with
their friends or
acquaintance

I often comment on the
videos of my friends and
relatives, to connect with
them

Express opinions
immediately

Social Older adults’ attribution
of engaging in short
videos to post their
feelings at once

I comment on others’
videos because I want to
express my recognition to
the content or the
producers

Archiving Utilitarian Older adults’ attribution
of engaging in short
videos to record
automatically

I could easily view the
videos on my profile in the
future

Hobby driving Hedonic Older adults’ attribution
of engaging in short
videos to their hobbies

I like photography, thus I
often post my videos in
Douyin

Entertain themselves Hedonic Older adults’ attribution
of engaging in short
videos to enjoy
themselves

You know after retirement
I have a lot of free time,
and doing such things
makes me happy

Capturing memorable
moments with family and
friends

Social Older adults’ attribution
of engaging in short
videos to record
memorable moments in
life

When I travel or play with
friends, I post videos to
record these moments

Appraisals from family
and friends

Social Older adults’ attribution
of engaging in short
videos to obtain
recognition

My family and friends
support me in posting
videos. They praised me a
lot

(continued)
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Table 1. (continued)

Theme Aspect Definition Example

Barriers

Excess information Older adults’
expressions that the
redundant content
provided by short video
applications makes them
frustrated

The content of Douyin is
endless. I think it’s too
much and sometimes I feel
tired seeing it

Irrelevant
recommendations

Older adults’
expressions that the
information provided by
short video platforms is
not their concern

Sometimes the application
did not push any relevant
content to me, which made
me unhappy

Avoid conflicts Older adults’ concerns
about eliciting
arguments with others on
short video platforms

I never give any negative
comments to others. This
may cause a fight!

Fear of negative
evaluations

Older adults’ concerns
about being negatively
evaluated

I never post videos
because people may judge
me. I don’t like that

Introverted personality Older adults’
expressions that their shy
and introverted trait
prevent them from
posting videos

I am quiet and introverted,
and I don’t like to put
myself out, like people
who are keen to show off

4 Result

4.1 Use Behavior

All participants had used short video applications for over 1.5 years, ranging from 1.5
to 3 years. All participants reported they watched short videos every day, with seven of
them using Douyin and the others using other applications such as Kuaishou and Xigua
Video. Regarding the video content, participants said that they mainly viewed videos
about 1) current news; 2) habit-related content (e.g. playing chess, music, dance, etc.); 3)
daily skills (e.g. cooking, vehicle maintenance, etc.); 4) health-related knowledge (e.g.
physical activity, health exercise); 5) tourism; 6) clips from movies or TV series. Most
of them mentioned that watching short videos plays a major role in their entertainment
life.

Although all participants watched short videos daily, they hardly shared short videos
with others, and their frequency of commenting or adding to collections was also lim-
ited. Four participants reported that they never commented on others’ videos, three
participants only commented on their friends or acquaintances, and three participants
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commented on others. The majority of the total participants (N = 8) reported that they
usually gave likes to videos. Among these participants, five created short videos on their
own, covering traveling, landscapes, festivals, etc.

4.2 Motivations and Barriers of Engagement Behaviors

To conceptualize people’s usage of social media content, we adopted the framework
from Shao et al. (2009), which involves three levels of usage, including consuming,
participating, and producing. From consuming to producing, the effort and creativity of
users increased. The motivations and barriers of these different engagement behaviors
are summarized in Table 2.

Table 2. Motivations and barriers of short video engagement behaviors of senior users.

Consuming Participating Producing
Motives 
Utilitarian 
benefits

Seeking information 
in an effective way (N 
= 8)
Learning useful skills 
for daily use (N = 4)
Navigating to other 
content (N = 4)

Access the 
videos eas-
ily later (N 
= 2)

Archiving (N = 3)

Hedonic 
benefits

Passing time (N = 5)
Being able to watch 
others doing interest-
ing things (N = 5)

Hobby driving (N = 
2)  
Entertain them-
selves (N = 2)

Social ben-
efits 

Peeking what people 
are doing nearby (N = 
3)

Keeping 
connections 
with friends 
in real life 
(N = 5)
Express 
opinions 
(mainly 
recogni-
tions) im-
mediately 
(N = 5)

Capturing memora-
ble moments with 
family and friends 
(N = 5)
Appraisals from 
family and friends 
(N = 4)

Barriers
Excess information 
(N = 3)
Irrelevant recommen-
dations (N = 2)

Avoid con-
flicts (N = 
6)

Fear of negative 
evaluations (N = 4)
Introverted person-
ality (N = 2)
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In terms of consuming behavior, 10 participants together identified 3 utilitarian ben-
efits. The most cited motivation was information seeking. The majority of participants
(N = 8) agreed that using short videos to know what was happening in the world and
around themwas an essential motive to view short videos. The timeliness and richness of
the information pushed by short video applications were appreciated by our participants,
especially compared to the traditional information acquisition channels (e.g. televisions
and newspapers). All of our participants have regarded short videos as important infor-
mation sources. Other two utilitarian values brought by consuming short videos were
skills learning (N = 4) and content navigating (N = 4): Senior participants mentioned
the short videos helped them to improve their life skills, since a large number of peo-
ple sharing their skills and tips in various fields through short videos; The less use of
televisionmade them rely on the slices on short video platforms to understand TV shows.

The two hedonic benefits of consuming short videos included passing time (N = 5)
and watching others doing interesting things (N= 5): the rich and sometimes humorous
content offered by short video applications made short videos become senior partici-
pants’ first choice in their leisure time, and the wide and numerous video producers
make short videos a convenient way to observe people who good at doing something
do the things. Interestingly, 3 participants reported liking peeking their acquaintance on
short videos motivated them to view short videos. The AI algorithm recommends peo-
ple and things nearby to users whereby enables senior people to observe others. Despite
these benefits, our participants reported the excessive and irrelevant information on short
video applications made them feel tired and annoyed, thereby inhibiting their consuming
behaviors.

Regarding participating behaviors, 8 participants mentioned 3 motivations, includ-
ing 1 utilitarian benefit and 2 social benefits. The only utilitarian benefit was reported by
2 participants who added videos to their collections for later easy access to the videos.
Other benefits were related to commenting and liking behaviors. Half of the participants
said they commented or gave “likes” for articulating their immediate feelings about
the videos viewed. Moreover, participants supplemented that they mainly posted posi-
tive comments, because negative content may make others feel bad and bring trouble.
Another reason for commenting or giving “likes” to others’ videos was to keep social
ties because many of the senior people’s acquaintances also used short videos. Such
existence of offline social networks on short video platforms led to participants’ activi-
ties on short video applications being regulated by social rules in real life. For example,
some participants thought they needed to give all their friends “likes” to maintain their
friendships, regardless of the quality of their videos, while some participants chose not
to give any likes to friends to avoid the embarrassment and misunderstanding brought
by unfair “likes” (i.e. giving “likes” to some friends yet not others). Such concerns about
possible social conflicts werementioned as amajor barrier to giving “likes” or comments
to others (N = 6).

A total of 5 participants identified 2 social benefits, 2 hedonic benefits, and 1 util-
itarian benefit related to producing behaviors. The benefits associated with socializing
were mentioned by most people. All of them said they created short videos to capture
memorable moments with family and friends, and many of them (N = 3) appreciated
the archiving function of short videos because they wanted to see the videos easily in
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the future. Another important motivation for creating short videos was recognition from
family or friends. They said they were encouraged and supported by these appraisals
and felt happy in producing short videos. Hedonic motivations were also mentioned:
Two participants mentioned they were fond of taking photos and posting them on social
media platforms; Two participants also reported that they deemed posting videos as a
way to entertain themselves. These participants appreciated the easy editing functions
of short video applications that enabled them to create videos conveniently. In terms
of barriers to producing behaviors, most (N = 6) of those who did not produce any
videos explained that they were afraid of being negatively evaluated if they disclosed
themselves on the Internet, and two mentioned that they were too shy and introverted to
express themselves in public.

5 Discussion

This study identified that senior people’s different engagement behaviors weremotivated
by a variety of utilitarian, hedonic, and social benefits. We found that in terms of con-
suming behavior, utilitarian and hedonic benefits were most cited, while social benefits
were most frequently related to participating or consuming behaviors. In addition, we
also found senior people’s consuming behaviors were inhibited due to the appropriate
content feature, while they refused to participate or produce short videos because of
social concerns.

Different from prior empirical studies based on young adults, we found the consum-
ing behavior of senior people was predominantly driven by their utilitarian needs, while
younger people were more motivated by hedonic needs. One possible reason of this
discrepancy may arise from the relatively restricted media and resource access of older
individuals compared to their younger counterparts. Young generations have the ability
to use a variety of technology for various needs. For example, they may obtain news
about current events via Weibo, learn academic skills on bilibili.com, and seek social
interactions on Little Redbook (Chen et al., 2021; Gao & Feng, 2016). Senior people,
however, have limited access to online sources (Hayes et al., 2015). Thus, they may
tend to achieve their needs with fewer technologies. This finding implies that platform
managers should promote and advertise the practical value of their platforms to attract
and satisfy senior users.

In terms of more engaging behaviors (i.e. participating and producing behaviors),
social needs, encompassing the maintenance of connections with friends and the cap-
turing of moments with family and friends, emerged as primary motivators. This aligns
with prior research focused on young adults, signifying that the pursuit of sociality was
the predominant incentive for individuals to invest greater effort in short videos (Meng&
Leung, 2021; Omar & Dequan, 2020; Shao, 2009). In particular, in contrast to young
individuals who seek to both sustain existing relationships and establish new connec-
tions, senior individuals predominantly engage with their genuine friends and family.
This suggests that while younger people perceive short video platforms as venues for
both original and extended offline social interactions, seniors primarily utilize these
platforms to complement their offline social activities. One plausible explanation is that
older individuals may encounter challenges in text input, rendering it more difficult for
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them to form new friendships through written communication. This discovery under-
scores the importance for platform managers to take initiatives, such as implementing
voice input technology, to simplify input for older individuals and enhance their ease of
social interaction.

Notably, our findings revealed that senior individuals exhibited a notable fear of con-
flict, acting as a deterrent to their engagement behaviors. They tended to express positive
emotions, such as liking and praising others, rather than posting comments that might
evoke unhappiness in others. Additionally, they adopted strategies like giving likes to
all or none of their friends to ensure perceived fairness and avoided posting videos to
circumvent potential negative evaluations. This apprehension could be attributed to the
presence of a genuine social network on short video platforms. Many acquaintances of
older individuals were also users of these platforms, and the location-based recommen-
dation algorithms increased the likelihood of videos being pushed to people in close
proximity. Consequently, online activities became disclosed to the offline world, and
adverse outcomes online had the potential to impact real-life interactions. Furthermore,
cultural factors may contribute to this phenomenon. Given that China is a harmonious
collectivist society, Chinese individuals have a proclivity for a peaceful environment and
an aversion to conflict (Hook et al., 2009). This inclination to avoid conflicts may be
heightened for older individuals who have been more exposed to such a cultural envi-
ronment. Concerns about potential social conflicts significantly curtailed the proactive
use of short videos among senior people. Recognizing the advantages associated with
active engagement in social media, platform developers could design features that enable
senior individuals to establish a community where they can interact with close friends
or family without apprehensions.

6 Conclusion

This study seeks to elucidate the motivations behind senior individuals’ consumption,
participation, or production of short videos. Through two focus groups comprising 10
participants, a range of motivations for various engagement behaviors was identified.
The results revealed that seniors consume short videos primarily for utilitarian and
hedonic benefits, participate with a focus on social goals, and engage in production for
both hedonic and social value. These findings contribute to an enhanced comprehension
of social media utilization among the elderly, offering practical insights for platform
designers.
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Abstract. Information disorders have introduced additional challenges for demo-
cratic participation and citizenship in societies. On this phenomenon, which has
received significant attention in recent times, media literacies are pointed to as a
solution. Despite this, it can be said that media literacies have mostly centered on
children and young people, there is an increasing research interest and discussion
on older people [1, 2]. We used a qualitative approach, to better understand the
relationship between older people and disinformation in Portugal.We rely on their
perspectives and on the views of younger people. The data relies on two projects.
Firstly, it refers to the results of a set of workshops held between March and April
2023 in the district of Porto with people aged between 61 and 77 years old. This
action research project highlighted their voices, anxieties, and experiences regard-
ing disinformation, with special emphasis on themes, practical cases, and tools. A
second project focused on youth and news (YouNDigital - Youth, News and Digi-
tal Citizenship - PTDC/COM-OUT/0243/2021) shed light on how and why, in the
context of datafication and algorithms, youth aged between 15 and 24 living in
Portugal associate older people with episodes of disinformation. The preliminary
results point to the fragility of the older in the face of these phenomena, largely
justified by a lack of confidence in their abilities, as well as the frequent reference
to young people as those who help them.

Keywords: Information Disorders · Older People · Young People

1 Introduction

Vulnerability to disinformation is usually seen from the perspective of young people [2]
and media literacy programmes tend to focus mainly on the school context. This article
seeks to fill a theoretical gap by focusing on older generations. The older people are
the age group with the greatest growth in access to digital technologies in recent years
in Portugal. The context of this article is therefore a generation with an increasingly
digital life, marked by easy and instant access to information, but also by the growing
circulation of disinformation.
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The daily experience of older people with disinformation has made relationships
with other generations more prominent. If family and friendship relationships were once
indispensable in obtaining and sharing information about what is going on around them
and in the world [3], they are now strong drivers of the adoption of digital practices and
tend to stimulate critical thinking online and intergenerationality. For this reason, this
article is based, firstly, on the results of an action research project, which aims to map
the knowledge and experiences of a group of older people with disinformation, helping
them to acquire tools to combat it; secondly, crossed with another Portuguese project,
YouNDigital - Youth, News and Digital Citizenship (PTDC/COM-OUT/0243/2021),
we try to understand how the younger generations, strongly referred to on both sides as
essential intermediaries in these experiences, perceive the digital competences of older
people in the face of disinformation and empower them (or not).

Using the perspectives of older and young people, this article aims to understand
whether disinformation is a phenomenon foreign to older generations and how important
intergenerational relations are in this context. It is structured in three parts: The literature
review will rely on the discussion on facets of disinformation and intergenerational
dialogues, namelybetween children/youth andolder people.Below is themethodological
approach, explaining the steps followed during the fieldwork in the two projects and how
the data will be cross-referenced. This is followed by a presentation and discussion of
the results, with some final reflections and pointers for the future.

2 Literature Review

Disinformation is a “current and reinvigorated problem that [continuously] needs spe-
cial attention” [4]. Various conceptualisations of the phenomenon have been produced,
particularly since the 2016 US elections, when scientific production on the subject grew.
According to the definition by ClaireWardle and Hossein Derakhshan, disinformation is
“Information that is false and deliberately created to harm a person, social group, organi-
zation or country” [5]. Disinformation is just one side of a cube that experts have called
information disorder, which is also made up of misinformation - false information, but
without the intention of causing harm - and malinformation - reality-based information
used in a way that causes harm [5].

Disinformation acts through the rapid and uncontrollable dissemination of informa-
tionwithin the frameworkof digital dynamics. The current context of digital instantaneity
has given audiences new powers between access to and production of information and
content, without intermediaries or gatekeepers, which has - at the same time - fuelled
the spread of disinformation. Although this debate is closely linked to technology, the
focus is on how it is used and how decisive this use is for the exercise of full citizenship.
The media ecosystem has opened doors to new forms of communication, sharing and
dissemination of information, including the (re)production of distorted and manipulated
messages in response to commercial, emotional, or ideological logics [2]. This duality
requires extra attention if we consider that, in this perspective of digital dynamics, the
boundaries between empowerment and threat are blurred, placing us between the best
informed and the most ignorant [6].

Media and citizenship are correlated and cannot be perceived separately [7]. The
spread of disinformation polarises society, causing discredit in institutions and episodes
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of radicalisation [8]. That’s why the challenge for democracy is to “find ways to preserve
the freedoms that come with more access to information, while protecting against the
threats that come with it” [9].

Given the previous discussion, disinformation is a “multifaceted problem, which has
neither a single cause nor a single solution” [10]. The literature has pointed to industry
regulation, fact-checking projects and, in particular, media education as answers to the
problem [11]. Citizens of different ages are seen in an ambivalent light, as part of the
problem and part of the solution [2] - if, on the one hand, they can be seen as amplifiers
of the phenomenon, through uncontrolled sharing and poor verification of sources, on
the other, their active role, with the right tools, can be the key to combating it. The
popularisation of disinformation has emphasised how essential it is to emancipate and
raise the awareness of audiences through literacies, stimulating their critical thinking
and informed participation.

The inversion of the age pyramid, driven by low birth rates and rising average life
expectancy, has redesigned ageing societies. Although compared to the younger age
groups they have lower indicators, the older people are the age group whose online
presence is growing. For example, it can be noted that in Portugal, over the last ten
years, access to the internet by the older population (aged between 65 and 74) has grown
by 34.8 per cent, in line with the growth also seen at the European level [12]. However,
media literacy is “often considered from the perspective of young people’s projects”,
despite the need to look at it through the lens of other generations [13, 14]. In Portugal,
studies on literacy and media rarely focus on older audiences, making research in this
area practically non-existent. At the European level, policies to combat disinformation
do not specifically target older people [2].

This environment is particularly difficult for older people. However, as already
pointed out, the current digital Era brought an opportunity for bringing younger and
older generations together. In the literature, they are often described as separate and
contrasting groups, especially if we revisit the definitions of digital natives and immi-
grants, according to Prensky [15]. This concept is now widely contested [16], even if the
idea is deeply rooted in social thoughts about generations and technology knowledge. In
addition to idiosyncrasies such as age, schooling, and lifestyle, which characterise the
heterogeneity of older generations [17], family and social relationships are also deci-
sive in the adoption of digital practices by older people, within co-learning processes
and (mutual) moments of support and encouragement. Contact with sons and daugh-
ters, nephews, and grandchildren, in the logic of extending their social life [18], older
people adopt digital practices while finding bridges to break the isolation and loneliness
that are more common at this stage of life. Rasi and colleagues [19] showed that the
availability of family members influences the adoption of digital practices by the older
people, particularly by clarifying any doubts that arise, strengthening intergenerational
relationships.

In turn, this environment reveals the ambiguity of intergenerational relations. If, on
the one hand, they stimulate digital inclusion, within the framework of new consumption
and digital convergence, on the other, they can weaken it. When generations reflect on
their digital practices, they tend to do so in comparisonwith the others, in a dualistic logic
between self- and hetero-evaluation. And there, among the diversity of correlated vectors
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that (re)configure the relationship with technology, the literature describes episodes of
disinterest or giving up, motivated by considering themselves too old to acquire digital
skills, fuelled by anxiety, fear, insecurity and low self-esteem [20].

3 Methodological Approach

Recognising that most studies have focused on children and young people [13, 14], with
comparably little research and discussion on older people, this article seeks to take a
closer look at this scenario, especially as it considers that 1) It prevents preconceived ideas
about this generation and their relationship with and consumption of digital media; 2)
Promoting media and digital literacy and the acquisition of skills boosts the participation
and exercise of citizenship of the age group in question; and 3) Knowing the experience
of older adults with the phenomenon of disinformation allows for the adaptation of
localised and contextualised public policies, which so far have not been seen in this
landscape [2].

Different methods have guided media literacy practices with audiences: intergenera-
tional approaches, time-limited courses, and online learning [1, 21]. This article concerns
an option for thematic workshops, one of which is dedicated to disinformation. A work-
shop was chosen because its dynamic nature allowed for the active participation of all
involved, providing a space for learning and, above all, dialogue. This structure has
often been successful with groups of “citizens who are not often invited to share their
ideas”, such as older people [22]. The participants in the session were students from the
Academia Sénior de Gaia (in English Gaia Senior Academy), located in Porto district,
in the north of Portugal, in the scope of an exploratory project on Media and Digital Lit-
eracy that was taking place betweenMarch and April 2023. This session was part of that
project and aimed to understand older adults’ perceptions of their digital competences
in the fight against disinformation. A total of nine people were involved: a researcher
and eight students (two men and six women).

The Digital Competence Framework for Citizens (DigComp 2.2.) [23] guided the
workshop, considering theknowledge, skills and attitudes expected for the full exercise of
citizenship. In particular, the “Information andDataLiteracy”dimensionwas considered,
emphasising the importance of assessing the credibility and reliability of information
sources. Furthermore, in the context of digital dynamics, the need to research different
sources, the ability to denounce disinformation and to check the date, authorship and
factuality of images were underlined. In a broader sense, it could be said that these
topics refer to stimulating people’s critical thinking about what they see on the internet,
recalling the ideological, emotional, and commercial strategies behind the messages.

The session was designed to last an hour and a half, divided between a moment
of contextualisation, exposition and explanation of the phenomenon of disinformation,
which included the presentation of real examples at national and international levels,
under which the older people were challenged to confirm the veracity of the information,
giving them a set of tools they could use outside the session; and, after that, a moment
of joint reflection, giving the floor to the participants to share their stories, anxieties
and doubts. As this was a very heterogeneous group, with different levels of education,
professional activities, and lifestyles, it was possible to bring together different points
of view on the same subject, promoting intragenerational sharing and closeness.
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This article cross-references data from another Portuguese project - YouNDig-
ital, which focuses on young people, news, and digital citizenship (PTDC/COM-
OUT/0243/2021). This project aims to understand the younger generation’s links with
news, while also considering the role of adults in these young people’s news habits and
news socialisation processes. In this context, semi-structured interviews were conducted
betweenMay andSeptember 2023,with 42 young people, aged between 15 and 24, living
in Portugal. The interview had a section dedicated to algorithms and datafication, where
the young people were encouraged to comment on a cartoon with references to disin-
formation and post-truth. Several young people answered this question with concrete
examples of situations that had happened to their grandparents, uncles, and parents.

4 Results

Firstly, during the thematic workshop, the participants shared similar thoughts about the
phenomenon of disinformation. Analysing these answers allows us to understand their
experiences with disinformation and family relationships, particularly with younger
generations. Secondly, crossing with the answers given by the young people in the
interviews, we realised how the digital competences of older people are constructed in
the imagination of young people and, lastly, how they impact older people’s perception
of their digital skills. These answers and thoughts were divided into three subtopics,
which we present and analyse below.

4.1 Definitions of Disinformation

All the participants in the session had social networks (predominantly Facebook and
WhatsApp) and everyone had heard the word disinformation. We tried to understand, in
their own words, how they defined it or what characteristics they highlighted about the
phenomenon.

[Disinformation] It’s like knitting… It never ends, it just grows… (Male, 69 years
old, Degree).

False information is like rumours in the villages… (Female, 66, Degree).
On Covid, it was non-stop disinformation… And the war [Ukraine-Russia conflict].

(Female, 77, Degree).
Among the responses, the following stand out: 1) despite the heterogeneity of the

group, mirrored in the different levels of education of the people, they all had references
on the topic; 2) the scale of the phenomenon, which is difficult to reverse once it spreads;
3) the immediate relationship with other historical times, by referring to rumours in
which these digital reconfigurations had not yet taken place; and 4) more recent events,
such as the pandemic or the war between Ukraine and Russia, which have aroused the
population’s attention, interest and alertness to disinformation.

4.2 The Age Factor and the (Inter)generational Relationships

When asked about their digital dynamics, the older people perceive it as something that
wasn’t made for their generation:
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Young people have it easier, they do everything online… (Female, 61 years old,
Degree). It’s as if they’ve already been taught to do this. (Female, 77 years old, Degree).
This idea that young people’s digital skills are innate and that older people are required
to make an unnatural effort to develop these skills, even if not with the same proficiency,
has been argued in the literature [15] and reflected in society, despite the deterministic
view of this idea. The young people interviewed by the YouNDigital project emphasise,
in the same logic, that disinformation affects the older sections of society more, with
only chronological age as an explanatory factor:

It’s clear that there’s a higher incidence in older people. (Male, 23 years old,Degree).
My mum is an example of the situation of old people believing everything they see on
Facebook, you know. (Female, 18 years old, High School).

This says a lot about today. For example, older people aren’t used to the internet.
Because they’re not used to it, it didn’t exist in their childhood… They must be used to
believing everything they see on the internet. (Male, 15 years old, Middle School).

These perceptions inhibit the full utilisation of digital technologies by the older
people, since social imaginary, by themselves and others, sees them as outsiders. These
attitudes perpetuate feelings of insecurity, fear, and anxiety, which have already been
reviewed in the literature [20]. Furthermore, the idea that all older adults will have the
same digital proficiency and skills is reductive. The older generation has been described
as the most heterogeneous group, considering the influence of sociodemographic data
such as education level and life cycle, as well as age and profession [17].

Despite the stigmatising perspectives in their speeches, young people play an impor-
tant role in helping to combat disinformation of older people, especially as they are the
ones to whom the older people turn for explanations and advice.

[when asked about dialogues with his grandmother about the information she sees
online] “It’s false.” “It’s not, it’s not fake, how is it fake? Who edited it?” “Yes, grandma,
it’s a fake.” “No, it’s not fake.” And so on… (Male, 23 years old, Degree).

My grandmother created Whatsapp late, but in the meantime she did and so did
people her age. It’s a whirlwind of disinformation, and sometimes it’s a bit of work to
go and find things like “No, grandma, it’s not like that”. (Male, 23 years old, Master).

My grandmother asks for help or just forwards it to me. It’s strange for her generation
because they’re very suspicious of what’s on the internet, but at the same time, because
it’s on the internet it’s true. It’s a strange mix. (Male, 23 years old, Master).

Young people therefore play an ambivalent role in this context: if, on the one hand,
they can discourage older people when comparisons are made between generations, on
the other hand, their help influences the detection of disinformation by older people.
Given that in growing contexts all over Europe, and particularly in Portugal, older gen-
erations are characterised by isolation and loneliness, it’s curious to realise that social
relationships have an immeasurable value in their perceptions and digital skills. It could
be added that intergenerational relationships are strengthened, proving to be a powerful
weapon for bringing generations together in the fight against disinformation.
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4.3 Deconstructing the Phenomena

The examples most mentioned by the older people group are related to scams and phish-
ing: offers, promotional items and requests for money. Not only because they’re more
recurrent, but also because they’re easier for older people to identify.

[when asked if they’ve ever seen something on the internet and immediately thought
it was fake] Yes, for example when they put up an advert offering something… if they’re
going to offer it to everyone, we immediately see that it’s fake. (Female, 76 years old,
Primary School).

In Portugal, scams carried out in the name of family members have been frequent
over the last year. The episodes reported are made by unknown numbers who identify
themselves as sons and daughters and request bank transfers from the parents. When
one of the participants told us that she had been a victim of this scam, the class was
encouraged to stop and think about how they could report it.

You only must ask how many rooms the house has, and they can’t answer… (Female,
66 years old, Degree).

Calling the daughter to ask is a good option. (Female, 65 years old, High School).
They appeal to our feelings… They affect us in every way. (Female, 77 years old,

Degree).
From these examples, the emotional side was worked on, helping to deconstruct

disinformation, one of their objectives (in this case, monetary) and their persuasion
strategies. In addition to the credibility suggested by family members, the misuse of
public figures’ images is also frequent in disinformation.

I clicked on a post by Filomena Cautela [a Portuguese public figure and television
presenter]. It said to click on it and see what happened to it… This was a different way
I fell for it, and it was a virus. (Male, 69 years old, Degree).

Could it be that [the disinformation campaigns] have psychologists behind them?
(Female, 66 years old, Degree).

Also, in the logic of disinformation perpetuated by commercial and monetary logic,
the examples in which the participants were the lucky winners were commented on.

I said [on Facebook] that someone had invested and had already won thousands
of euros… a few hours later someone asked me what I was sharing, and I didn’t even
know… I had clicked and it launched a virus. (Male, 69 years old, Degree).

5 Conclusions, Limitations and Future Perspectives

In developing this article, we sought to understand whether disinformation is a phe-
nomenon foreign to older generations and how important intergenerational relationships
were in this context. The conclusions drawn from this work relate to a relatively small
sample, situated in a short period of time and with only one workshop dedicated to the
subject so it is urgent to point out the need to develop studies that are more extended in
time, in different contexts, to better capture the diversity of the older people, as well as
the relevance of their relationships with others in their digital and information trajecto-
ries. Although the results cannot be generalised to the Portuguese older population, as
they only concern students who attend the Academia Sénior de Gaia, they indicate i)
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that digital skills are crucial in combating disinformation, in order to ensure safer and
more effective participation; ii) relationships with other generations are a key factor in
this process; iii) knowledge of the phenomenon often comes from personal experience in
scamming or phishing situations, where young people are called upon to help; iv) older
people’s perceptions of their digital skills in combating disinformation are formulated
from: their understandings of other people from their generation; but also, how young
people see them; v) young people tend to associate the spread of disinformation with
older generations, being the first to offer to help their relatives in these episodes.

The persistent and erroneous idea that in this context only the older generation has
anything to gain ends up being very misleading, even from the point of view of the
public policies that can be drawn up [2]. This entrenched view also contributes to a
self-stigmatisation that can be pernicious and ignores the multiple social dimensions
that are present when we talk about generations.

Organising a themedworkshopwith older people enabled progress in terms of under-
standing and awareness of the disinformation, the ability to develop tools to assess the
veracity of information circulating online and older adults’ self-esteem and confidence
in their digital practices, not being belittled for their age. The confluence of these results
emphasises the need to promote and strengthen intergenerational practices to bring the
generations into contact, learning together and deconstructing stereotypes.
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Abstract. This study, grounded in Self-Determination Theory (SDT) [7, 15, 16],
aimed to examine the barriers and challenges faced by older adults when using
socialmediamobile applications, focusing on autonomy, competence, and related-
ness. Using a mixed-methods approach, the study incorporated observations (n=
33), surveys (n= 33), and semi-structured interviews (n= 4) to assess three pop-
ular social media applications in the Chinese market: WeChat, QQ, and Douyin.
These applications were evaluated across five features: “Senior” or “Easy” mode,
sending text messages, sending voice messages, initiating voice calls, and initiat-
ing video calls. By integrating Self-Determination Theory (SDT) principles with
research findings, seven primary design principles have been proposed for social
media mobile applications tailored to older adults, aiming to enhance their social
engagement and motivation.

Keywords: older adults · social media mobile applications · Self-Determination
Theory (SDT)

1 Introduction

The global population is experiencing rapid aging. According to data from the World
Health Organization (WHO), it is estimated that by 2050, the global population aged
60 and above will reach 2.1 billion, double the number in 2022 [25]. The proportion of
the global elderly population is expected to increase from less than 10% to around 17%
between 2021 and 2050, as estimated by the United Nations [21, 22].

In China, individuals aged 60 and above are considered older adults, according to
the “Law on the Protection of the Rights and Interests of the Elderly” [18]. As of 2021,
data from the seventh national population census conducted by the National Bureau
of Statistics of China revealed that the elderly population aged 60 and above in China
reached 264.02 million, accounting for 18.70% of the total population, an increase of
5.44% compared to 2010 [11]. According to the 49th edition of the Statistical Report on
Internet Development in China, as of December 2021, the total number of internet users
in China reached 1.032 billion [6]. Among them, the number of internet users aged 60
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and above reached 119 million, indicating the potential for social interaction among the
elderly population through the internet [6].

Numerous studies have shown that active social interaction is highly significant for
successful ageing and for older people’swell-being and quality of life [3, 13].With global
aging on the rise, older individuals (who are 60 and over) are increasingly becoming
potential internet users in China, especially in the realm of social media mobile appli-
cations [4, 24]. Social media mobile applications have become a significant avenue for
many older individuals to socialize [4, 26]. The observed increase in internet use among
older people can be attributed to the prevalence of COVID-19 over the past few years
[1]. However, numerous social media mobile applications available in the market cur-
rently fail to stimulate older people’s enthusiasm andmotivation fully, presenting various
design flaws and limitations in terms of user experience, with issues such as complex
interaction logic and inappropriate visual design deterring many older individuals [4, 9,
10, 14, 19, 23, 26]. This results in a decreased willingness among many older adults to
use social media mobile applications [21, 22, 27]. On April 13, 2021, the Ministry of
Industry and Information Technology (MIIT) issued the Universal Design Specifications
for Age-Friendly Mobile Applications, which requires major websites and apps to com-
plete accessibility renovations for the corresponding interfaces according to the design
specifications [5]. This marks the beginning of the process of age-friendly renovations
on social media mobile applications. Therefore, it is crucial to gain an in-depth under-
standing of the interaction experience issues faced by older adults with social media
mobile applications and what stops them using such applications.

Self-Determination Theory (SDT) examines themotivations behind people’s choices
and the degree of self-motivation and self-determination in individual behavior [7, 15],
and it has been widely recognized, extensively researched and applied in different fields
and populations such as business, education, welfare, and health. Additionally, it recently
finds application in user experience design and digital media [2, 8, 12, 27]. According
to the Self-Determination Theory (SDT), individuals are more likely to experience hap-
piness and a sense of achievement if they fulfill three basic human needs: autonomy,
competence, and relatedness.Autonomy in user experience design emphasizes providing
users with control over their interactions and choices within a system [20, 29]. Compe-
tence involves designing interfaces that support users’ ability to effectively navigate and
accomplish tasks, fostering a sense of mastery [15–17]. Relatedness focuses on creat-
ing opportunities for users to connect with others, fostering a sense of community and
belonging within the user interface [16, 24].

To improve the social environment for older adults, this study was based on Self-
Determination Theory (SDT). The research aimed to optimize and enhance social media
mobile applications for older adults, stimulate their initiative to use socialmobile applica-
tions, and increase their socialmotivation andwillingness. The primary research question
of this study was: How can the user experience design of social media mobile applica-
tions be improved for older adults to enhance their motivation in using them? To answer
this question, the study formulates the following two objectives:

• To investigate the issues that hinder older adults from effectively using social media
mobile applications by examiningfive sections of social functions in threemainstream
social media mobile applications used in the Chinese market.
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• To identify design principles that can improve the user experience of social media
mobile applications for older adults and enhance their motivation for usage.

2 Methods

2.1 Study Design

This study utilized a combination of observational methods, questionnaire surveys, and
semi-structured interviews to conduct user research. Initially, participants were invited
to complete a survey questionnaire regarding their experiences with social media usage.
They were asked to describe their feelings and choices throughout the process. Simul-
taneously, the researchers acted as observers, documenting the participants’ words and
actions. With the participants’ consent, video, audio, and screen recordings of the entire
process were conducted and later transcribed into text records.

The questionnaire design was based on Self-Determination Theory (SDT) [7, 15–
17], measuring the degree of autonomy, competence, and relatedness experienced by the
participants in relation to social media mobile applications.

The questionnaire depicted the usage process of five social sections from three social
media applications. The questions covered the experiences, perspectives, and emotions
of participants when using the applications from Self-Determination Theory (SDT).
Participants were instructed to watch instructional videos on how to use each of these
apps, which included activating “Easy” or “Senior” mode, sending text messages, send-
ing voice messages, initiating voice calls, and initiating video calls from three selected
social applications (see 2.2 Research Materials and Fig. 1). For each of the three social
media applications, participants were asked for their level of agreement with each of the
following five statements (see Table 1) and perceptions (see Table 2):

Table 1. Five statements of five social sections from three social media applications.

Self-Determination Theory (SDT) Statements

Autonomy “I am confident in using this function.”

“I can use this function freely.“

Competence “I can easily understand and master how to use this
function.“

Relatedness “I think this function is relevant to me.“

Motivation “I will use this function frequently in the future.”

To further comprehend and supplement the questionnaire and research content, in-
depth interviews were conducted with four individuals aged 60 and above. They were
asked about the challenges encountered when using social media applications, as well
as their expectations and needs regarding these platforms. By integrating the results of
the questionnaire surveys and interviews, more comprehensive conclusions were drawn.
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Table 2. Perceptions of three social media applications.

Self-Determination Theory (SDT) Perceptions

Autonomy Confident

Autonomous

Controlled

Competence Competent

Independent

Relatedness Connected to others

2.2 Research Materials

This study selected five sections of social functions from three popular social apps
for older users in the Chinese market: WeChat, QQ, and Douyin (see Fig. 1). Here’s
information on the three social mobile apps selected for the study:

WeChat is a globally popular instantmessaging application that has gained popularity
among older users in China, particularly in urban and developed areas. It offers various
features such as text messaging, voice messaging, voice calls, video calls, Moments (a
social feed), and payment services.

QQ, developed and operated by Tencent, is one of the most popular and influential
instant messaging applications in China. It provides various communication methods,
including text, voice, and video calls. Users can communicate with friends via QQ and
join groups for group chats.

Douyin is a popular short video social mobile application where users can record,
edit, and share short videos ranging from 15 s to 1 min. Users can explore creative
content and interact with users worldwide. Additionally, users can follow their favorite
creators, browse popular videos, participate in challenge activities, and engage in social
interactions with other users.

The five sections of social functions that were investigated included activating “Se-
nior” or “Easy” mode, sending text messages, sending voice messages, initiating voice
calls, and initiating video calls. The selection of these functions has also considered the
social needs and skill levels of older users to ensure that they meet the majority of their
social needs.

2.3 Participants

In this study, we recruited 33 Chinese participants aged 60 and above through online
recruitment advertisements and social media platforms.1 Among them, there were 15
male participants and 18 female participants. 4 participants underwent semi-structured

1 Ethics: in terms of ethics and privacy, all participants confirmed their participation information
and signed an ethical declaration before participating. All video recordings, audio recordings,
filming, and screen recordings were conducted with consent.
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Fig. 1. Screenshots showing the test interfaces of three selected social media mobile applications.
Participants were instructed towatch instructional videos on how to use these apps, which included
activating “Easy” or “Senior” mode, sending text messages, sending voice messages, initiating
voice calls, and initiating video calls. Participants were then required to answer questions and
provide explanations for their answers.
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interviews lasting approximately 40 min. To understand the social motivations of the
participants, the study also investigated their living arrangements.

The survey results showed that out of older adult’s participants in the study, 26 lived
with their partners and 8 lived with their children. Regarding the usage of applications,
93.94% (n= 31) of the survey sample had used WeChat, while only 6.06% (n = 2) had
not. Additionally, 66.67% (n = 22) had used QQ applications, while 33.33% (n = 11)
had not. Moreover, 66.67% (n = 22) had used Douyin applications, while 33.33% (n =
11) had not.

3 Results

Regarding the presentation of the research results, the following representations were
used: “a” represents “I am confident in using this function,” “b” represents “I can easily
understand and master how to use this function,” “c” represents “I can use this function
freely,” “d” represents “I think this function is relevant to me,” and “e” represents “I will
use this function frequently in the future.”

3.1 Basic Psychological Needs of Older Adults in Social Media Mobile
Applications

Autonomy. In the realm of digital experiences, autonomy denotes the technology
and design’s capacity to accommodate and respect users’ independent behaviors,
encompassing factors like controllability, clear guidance, user empowerment, and
expandability.

In this study, theWeChat app scored highest in both confidence in utilizing the “Easy”
mode (a) and the freedom to employ this feature (c). Specifically, this encompasses
activating the “Easy” mode (a, 4.36; c, 4.21), sending text and voice messages (a, 4.24;
c, 4.21), and initiating voice and video calls (a, 4.48; c, 4.36). Particularly, regarding
WeChat’s voice and video call functions, respondents noted, “I find WeChat’s video and
voice call features offer considerable freedom. Once I locate the chat partner’s page, I
can initiate video or voice calls. Alternatively, there are buttons to initiate video calls
when I click to view their detailed information.” WeChat’s “Easy” mode resonates well
with participants’ usage habits, as one participant commented, “The font size of WeChat’s
‘Easy’ mode is large, and it also allows me to listen to text messages, which enhances
my user experience.”

Conversely, the functionality of sending text and voice messages in the Douyin app
received the lowest scores for descriptions a and c, both scoring 3.85. The absence
of a chat list impedes participants from directly locating contacts, undermining their
confidence in its usage: “Douyin lacks a friends’ contact list, and I frequently struggle to
find the person I wish to contact.” On the chat page, the excessive auxiliary features in
Douyin disrupt participants’ usage: “The chat page has an excessive number of additional
buttons, such as ‘say hello’ and ‘Tickle Tickle.‘ I am uncertain about their purpose, and I
am hesitant to click on the wrong one.” Moreover, the “Send Message” button offers the
options of “send” and “view once,” which may cater well to the diverse preferences of
young users but leave participants feeling perplexed: “I am uncertain about the meaning
of this button. Suddenly, a dialog box appears, prompting me to attempt a long press.”
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Fig. 2. Sub-Figs. 1, 2, 3 display amatrix scale showing the average scores of participants’ descrip-
tions and ratings for activating the “Easy” or “Senior” mode, sending text messages, sending voice
messages, initiating voice calls, and initiating video calls in WeChat, QQ, and Douyin.
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Competence. In user experience design, competence is often intertwined with the
usability and comprehensibility of actual usage. A lack of usability can lead users to
feel inadequate. Studies have indicated that easily understandable content enhances the
sense of competence, particularly among older users. In the study, participants assessed
their proficiency in using three social media mobile applications. Among them, descrip-
tor “b” encapsulated the statement “I can easily understand and master how to use this
feature.” Across all functional areas, WeChat received the highest ratings, particularly
for its voice and video call feature (b, 4.36). Participants foundWeChat’s video and voice
call feature easier to comprehend and utilize compared to activating the easy mode (b,
4.21) and sending text and voice messages (b, 4.27). Conversely, participants assigned
the lowest ratings to activating the easy mode (b, 3.82) and sending text and voice mes-
sages (b, 3.82) in Douyin. One reason cited was the cumbersome interaction steps in
Douyin, which made participants feel uneasy. For instance, “Activating the easy mode
requires restarting the app, which I find troublesome.”Additionally, participants encoun-
tered difficulties with Douyin’s visual UI icons, stating, “I find the edit information bar
at the bottom too small. I often mis press or cannot press the desired button.”

Relatedness. Relatedness typically refers to the level of connection between users and
products or services, as well as the social affiliation and interaction among users. In
social media mobile applications designed for older adults, relatedness often manifests
as a sense of social belonging and connection with others. In this study, descriptor
“d” represents the statement “I think this feature is very relevant to me.” Among these
features, WeChat’s video and voice call feature received the highest rating (d, 4.49).
Participants believed that socializing through video and voice calls was more suitable
for them, expressing, “I’m getting older, and I can’t see the text on my phone clearly,
so I prefer video calls. I don’t have to read text.” Participants favored conversational
interactions such as calls or video chats over sending text or using other methods.

Conversely, QQ and Douyin received the lowest scores among all the features when
it came to the descriptor “d” compared to other descriptors. As shown in Fig. 3, QQ
and Douyin received lower scores in the category of “Connected to others” (7.33; 6.91).
Participants mentioned that these two apps were too “youth-oriented” and had an over-
whelming number of features, rendering themunsuitable for their needs. They expressed,
“The QQ friends page has too many functions, with many different groups, and I’m not
clear about what these groups mean.” They also commented on Douyin’s colorful page
with numerous buttons, stating that it gave them a headache and was more suitable for
young people rather than for them as they were getting older.

4 Design Principles of Mobile Social Media Mobile Applications
for Older Adults

4.1 Autonomy

Extensibility. When designing social media mobile applications for older mobile
phones, it’s essential to consider the principle of extensibility. Extensibility refers to
the flexibility and adaptability of the design, allowing users to customize and adjust the
application according to their needs and preferences. Special attention should be given
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Fig. 3. The figure shows the average scores for the comprehensive ratings of WeChat, QQ, and
Douyin by the participants. The ratings were measured using a matrix scale with a maximum score
of 10.

to extensibility in the design of social media mobile applications for older adults to
accommodate their diverse needs and abilities.

First, the information architecture of the social mobile application should be user-
friendly, enabling older users to easily find desired functions and information. A concise
and clear interface layout, along with clear navigation paths, can help older users quickly
understand the structure and functions of the application, reducing confusion during use.
Additionally, the application should provide options for personalized settings, allowing
users to adjust the interface layout and function display according to their preferences,
thereby improving usability and satisfaction.

Second, the functional design of the social mobile application should be flexible
and adaptable to the different communication needs and skill levels of older users.
For example, the application can offer multiple communication methods, such as text,
voice, and video calls, allowing users to choose the most suitable method based on their
preferences. Consideration should also be given to the physical and cognitive limitations
that older users may have, by designing simple and easy-to-understand functions that
enhance communication efficiency and user experience.

Ownership. The design of social media mobile applications should provide older users
with sufficient ownership and control, allowing them to use the application freely accord-
ing to their preferences. This means considering the need for personalized settings, such
as enabling or disabling specific functions or modes. For instance, older users may prefer
a simplified mode, commonly known as “Senior” or “Easy” mode, to reduce complexity
and difficulty in use. However, according to this study, many older users are not aware
that the application they are using have a “ Senior “or “Easy” version, partly because
these features are buried deep in the hierarchical structure and are not easily discover-
able. Therefore, in the design, options for personalized settings (e.g., font size, color
themes, notification frequency) and the choice to enable or disable specific functions
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(e.g., auto-play videos or voice messages) should be easily accessible to older users,
enhancing their sense of autonomy and control.

Privacy and Security Protection. When designing social media mobile applications
for older adults, it is crucial to prioritize privacy and security protection. Many partic-
ipants in the study mentioned their concerns about the potential leakage of personal
information when using social media mobile applications. “Now there are many scam-
mers and various fraud schemes, how do I know if they are deceiving me while chatting
with me? This makes me very worried.”The inherent insecurity of the online environment
adds pressure and diminishes their enthusiasm for using such applications. Furthermore,
some social media mobile applications display illegal or non-compliant advertisements,
leading older users to accidentally click on them and encounter problems.

Therefore, when designing social mediamobile applications for older adults, design-
ers should pay special attention to safeguarding their privacy and security. Specific mea-
sures to be taken include implementing effective data encryption and security authen-
tication, providing user privacy settings options, allowing users to control the scope
and permissions of personal information sharing, and promptly addressing user security
issues and feedback.By implementing thesemeasures, trust in socialmediamobile appli-
cations among older adults can be enhanced, thereby increasing their sense of security
and comfort, and promoting their active participation in social interactions.

4.2 Competence

Usability, Understandability, and Availability. The design of social media mobile
applications interfaces for older adults should prioritize simplicity, clear operation flow,
and reduced learning cost. Use intuitive icons and large buttons, minimize text instruc-
tions and textual sections to help older adults quickly understand and use the interface.
For instance, design intuitive icons for voice messaging and video calls, place them in
easily accessible locations,minimize the number of steps, and enhance user convenience.

Ensure that functions and operations are simple and easy to understand, allowing
older adults to fully grasp and enjoy the various features. Provide clear guidance and
prompts in the design to help users quickly understand the application’s functionality.
Avoid using specialized terms and complex technical vocabulary.

Emphasize user experience to ensure that older adults can easily navigate through
different functions andfind the desired information. The application should be responsive
and stable, avoiding lagging and crashing. Provide diverse input methods such as voice
input and handwriting input to accommodate the different needs and habits of older
adults.

Encouraging Feedback. The design should encourage active participation and explo-
ration of the application’s features. Implement feedbackmechanisms such as reward sys-
tems and achievement badges to stimulate the interest and engagement of older adults.
For example, when an older adult successfully sends a voice message or completes
a video call for the first time, provide timely positive feedback such as short praise
statements or cute animation effects to enhance user satisfaction and enjoyment.

Interaction feedback should be friendly, natural, and easy to understand. Consider the
psychological and emotional needs of older adults, avoiding the use of overly formal or
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serious language and icons. For voice messages, provide clear recording prompts such as
waveform graphs or voice volume indicators to inform users about their recording status
and quality. In video calls, provide clear connection prompts and call status displays to
ensure that older adults can easily make calls and understand the call status.

4.3 Relatedness

Social Connectivity. The design of social media mobile applications should encourage
and facilitate connections and interactions among older adults to enhance their social
connectedness. For example, design simple and user-friendly group chats, community
forums, and sharing functions, allowing older adults to engage in real-time communi-
cation and sharing with friends, family, or other users. Support multi-person calls and
group chats in voice messaging and video call functions, enabling older adults to com-
municate more easily with multiple people. This design helps older adults feel like they
are an important part of the social community, enhancing their sense of social belonging
and self-esteem.

Emotional Connection. When designing social media mobile applications, it is impor-
tant to consider the emotional needs of older adults to establish closer emotional connec-
tions. Socialmediamobile applications should not only serve as a tool for communication
and sharing information, but also as a platform for older adults to express emotions and
share joys and sorrows. Focus on channels andmethods of emotional expression in voice
messaging and video call functions. Design emoticons, stickers, sound effects, and other
elements that facilitate emotional expression and are easier for older adults to use. This
way, older adults can convey their emotions and feelings more intuitively.

5 Discussion

The study found that many social media mobile applications in the Chinese market have
specifically targeted older adults and made some modifications to cater to their needs.
However, most of these “Senior” or “Easy” modes of social media applications only
make superficial changes to the font and colors, without significant improvements in
functionality and user experience. As a result, older users have become less motivated to
use these social media applications, and they face numerous challenges and difficulties
when using them.

The design of these “Senior” or “Easy” versions does not fully consider the usage
habits and needs of the older adult population. Older adults generally have lower tech-
nological acceptance when it comes to smartphones and applications. Designers should
prioritize simplicity, usability, and user-friendly experiences when creating social media
applications for older adults. However, current social applications lack clear guidance
and prompts, making it difficult for older adults to quickly understand the various func-
tions. Moreover, complex interface layouts and cumbersome operation processes cause
confusion and inconvenience for older users.

Furthermore, a significant number of social media mobile applications do not offer
comprehensive and detailed tutorials specifically designed for older users. The official



394 J. Meng

websites and other channels of the three selected samples in this study do not provide
relevant tutorials for older adults to learn from. This lack of guidance and support often
leads older users to feel confused and uncertain when using these applications. In a
technologically advanced country like China, it is important for older adults to be able
to enjoy the convenience and enjoyment brought by technology. Therefore, providing
detailed tutorials is crucial to help older adults effectively utilize these applications.

To address these issues, future research should focus on designing social media
mobile applications that comprehensively consider the usage habits and needs of older
adults. The interface design and interaction should be simpler and more intuitive, allow-
ing older adults to adapt and use the applications more easily. Additionally, comprehen-
sive and detailed tutorials should be provided to help older adults learn how to use these
applications and overcome any problems or difficulties they encounter.

In conclusion, older adults are an important user group for social media applications
and should receive adequate attention. By understanding the needs of older adults and
designing and improving applications accordingly, we can enhance the motivation and
experience of older users in using social media applications, allowing them to fully enjoy
the convenience and fun brought by technology.

5.1 Limitations and Future Plan

The study has several limitations, including the following aspects:
First, there is a limitation in sample size. The study only involves a small sam-

ple of older users (n = 33). Due to this limited sample size, the generalizability and
representativeness of the research results may be affected. It becomes difficult to pro-
vide a comprehensive and accurate description of the overall characteristics of the older
population.

Second, the study focuses mainly on specific functions of social media mobile appli-
cations, such as voice text messages and video calls. However, social media mobile
applications typically offer a wider range of functions and features, including moments,
group chats, and news updates. The exclusion of these functions limits the scope of the
study.

Third, the study utilizes methods such as observation, questionnaire surveys, and
semi-structured interviews for data collection and analysis. However, these methods
may not fully capture the true feelings and experiences of older adults when using social
media mobile applications. Observational methods may not fully capture participants’
feelings and thoughts, and questionnaire surveys and interviews may be influenced by
recall bias and subjective evaluations.

Lastly, the study primarily focuses on older users in the Chinese market. The user
experience of social media mobile applications is influenced by various external factors,
such as network environment, cultural background, and social habits. Therefore, the
research results may not be universally applicable and should be cautiously generalized
to other regions and populations.

In summary, while this study has yielded certain discoveries and results, there are
limitations in terms of sample size, limited research functions, and research methods.
Future studies aim to address these limitations by expanding the sample size, broaden-
ing the scope of research functions, and improving research methods (such as expert
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interviews and experimental comparisons) to obtain more comprehensive and accurate
research conclusions.

6 Conclusion

This study explored the challenges encountered by older adults when using social media
mobile applications, with a particular focus on the Chinese market, examining them
through the lenses of autonomy, competence, and relatedness from Self-Determination
Theory (SDT). Utilizing various methods, including observation, surveys, and semi-
structured interviews, the research evaluated three prominent social media applications
in China: WeChat, QQ, and Douyin. Having assessed these mobile applications across
five key features – “Senior” or “Easy” mode, text messaging, voice messaging, voice
calling, and video calling - the study identified deficiencies in current social media
mobile applications. By amalgamating principles derived from the Self-Determination
Theory (SDT)with research findings, the study proposed seven primary design principles
tailored for older adults in social media mobile applications, aimed at enhancing their
social engagement and motivation. Implementing these design principles is expected
to alleviate the challenges encountered by older adults when using social media apps,
offering them an improved user experience, and fostering active participation in social
interactions. Although the study’s focus and market context were centered on China,
its insights may hold significant value for the development and application of similar
solutions in other countries.
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Abstract. Understanding the patterns and mechanisms behind news
consumption and avoidance is crucial for fostering democratic partici-
pation and informed societies. This methodological paper introduces an
approach designed to study news avoidance, addressing the limitations
and biases associated with traditional self-report surveys and digital-
trace data collection. We propose an intelligent, dialogical news deliv-
ery application that simulates a real-world news consumption environ-
ment. This application segments content to provide nuanced interaction
data while controlling for self-report response biases. Thus, the proposed
method allows for the integration of behavioural and self-report data,
leveraging the strengths of these divergent data types to offer a more
comprehensive understanding of news engagement dynamics. By enabling
controlled yet naturalistic interactions with news content, our approach
seeks to unveil the multifaceted reasons behind news avoidance across
different demographics, with a particular focus on understanding inter-
generational dynamics. This paper underscores the importance of devel-
oping robust methodological tools in media studies to derive scientifically
valid and replicable inferences that explain news consumption behaviours.

Keywords: news avoidance · research methods · self-report data ·
digital-trace data

1 Introduction

The digital revolution has precipitated an unprecedented shift in the ways people
consume, disseminate, and interact with news. Concurrently, news avoidance has
emerged as a phenomenon of growing concern, with significant implications for
democratic engagement and public discourse. In this paper we analyse the cur-
rent methodologies employed by media researchers to study news consumption
behaviours, particularly emphasizing the types of data collected and the valid-
ity of conclusions drawn from such data. Following this critique, we introduce
a method that integrates artificial intelligence (AI) and human-computer inter-
action (HCI) principles to address the identified shortcomings in data collection
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and analysis processes relevant to news consumption studies. This approach aims
to enhance the accuracy and depth of our understanding in this area, opening
new pathways for more effective and nuanced media research.

In the remaining of this section, §1.1 highlights issues with the current defini-
tion of news avoidance that influence its research scope; §1.2 surveys the basics
algorithmic media exposure through recommendation systems; and §1.3 analyses
the limitations of, and errors induced by, the types of data typically collected to
study news avoidance. The paper subsequently proposes a methodological app-
roach to decipher the intricate relationships between user behaviour, algorithmic
mediation, and news consumption in §2; explores possible applications in §3, and
closes with a discussion in §4, highlighting the advantages and potential caveats
of the proposed method.

1.1 News Avoidance

In their 2020 paper, Skovsgaard and Andersen [54], noted the lack of a shared
definition of news avoidance in the growing literature on the subject. The paper
argues that the essence of news avoidance lies in the individual choice to consume
or avoid. However, it also acknowledges the ontological commitments resulting
from this binary perspective—warning that “there is a fine line between inten-
tional news avoidance because of news overload, where the individual actively
averts the news, and unintentional news avoidance based on a plethora of content
on display that leads an individual to opt for entertainment rather than news. In
this situation, we need to know the exact constellation of preferences to deter-
mine whether the news avoidance is intentional or unintentional” [54, p.470].
This warning brings our attention to a second critical element for defining news
avoidance: the multi-factorial complexity of media ecosystems in connection with
the wide spectrum of reasons people intentionally, or unintentionally, avoid news.

Such complexity-driving factors in news avoidance phenomena include high-
choice environments [14,32], selective exposure [4,6,33], algorithmic mediation
[6,31,36], selection cues e.g. news source and social endorsement [41,62] and the
fact that there are two levels to news consumption: (a) the interplay between
human attention and the different forms of navigation in media ecosystems
and (b) what happens when a news article is ‘clicked’ [45]. News avoidance
has been linked to negative collective social behaviours including radicalization
and extremism, dissemination of fake news and conspiracy theories, increasing
inability to consider diverse perspectives and points of view—all of which affect
civic participation in democratic systems [55,59]. Out of these factors, the least
understood is algorithmic mediation, particularly the mechanisms through which
they drive collective social phenomena.

1.2 Algorithms Everywhere

The notion of an algorithm has come a long way since its origin in Al-Khwarizmi’s
arithmetic operation methods [23,57], Ada Lovelace’s visions of machines could
one day create art and music [21] and the seminal publication of the Turing
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Machine in 1936. Today, algorithms are everywhere. We use them to perform all
sorts of different tasks. Indeed, algorithms have become so common that most
of us no longer question how they work. Algorithms have also become informa-
tion filters and social actors in the media ecosystem. Thus, it is now useful to
have separate definitions of algorithm [63]. A contemporary ‘technical’ definition
includes the revolution of data-driven Machine Learning (ML) [36]. A second,
more ‘social’ definition [23,42] acknowledges algorithm’s institutional nature as
a regulator of cognition and behaviour in the complex interplay between media
and their audiences in media ecosystems [59].

Indeed, socio-technological ecosystems are constantly reshaped by a flux of
interactions on a massive scale. Thus, researchers must consider the effects of
hyper-connectivity carefully for situating and understanding recent and future
forms of emergent social phenomena that affect how people approach news. Some
examples include the emergence of resilient community identities online [11,48],
cyber-conflict [16], and the radical transformation of the news media environ-
ment, including the recent generative AI revolution [8,61].

Hyper-connectivity has a key role in the context of the present work because
(a) it enables almost anyone to access almost any news content available to the
entire world; (b) consequently, it blurs previously existing distinctions between
global and local spheres—impinging on whether, and how, people transform the
information they choose to consume into (adaptive) behaviours; (c) it creates
the substrate for the production of massive datasets algorithms can exploit to
optimize for corporate and platform goals that are often not transparent to their
customers and users. Indeed, the coupling of large datasets on human interaction
and opaque algorithmic mediation can create social actors with unprecedented
power to shape collective human behaviour in unpredictable ways [see e.g. 6,31].

The complex interactions between hyper-connectivity, availability of massive
human-interaction datasets and algorithms raise important questions about what
explicit and subtle influences to human behaviour exist in the media ecosystem.
For example, what are the consequences of people with low algorithmic literacy
accepting and trusting algorithmic mediation [12]? Similarly, how does our lim-
ited algorithmic literacy constrain how we interpret news and other content [53]?
And, if algorithms ‘impose’ different ontological constraints on different audi-
ences, how might this affect the flow of information between generations? We
know, for example, that older people tend to consume—often unintentionally—
significantly more fake news than their children and grandchildren [38]. Does this
mean that older people become a channel for younger generations to be exposed
to misinformation? Or conversely, do such socio-demographic differences lie at
the core of how algorithms fragment society [9]?

In what concerns news avoidance, Thurman et al. [59] note that it is indeed
common for people to ‘offload’ the decision of what to consume to algorithms
[59]. But algorithm over-reliance is not limited to news consumption—it also
influences how journalists write and disseminate news content [13]. Since such
algorithmic reliance can have significant social impacts on civic participation
and democracy, Lewis and Westlund [37] agree that researchers must study these
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phenomena in a new kind of socio-technological (complex) system. Several schol-
ars have emphasized some areas requiring deeper understanding and even reg-
ulation, including transparency and accountability [17–19] and the ethical uses
of algorithms and AI [3,20,27,46]

Recommendation Systems (RS). While there are many algorithms to filter
search results, recommend items, and sort people’s newsfeeds in social network-
ing and other media platforms, the focus of this section is on one of the most
widely used and foundational approaches: recommendation systems based on col-
laborative filtering [25,28]. This approach starts by considering an input matrix,
R = r[u, i], where rows correspond to users and columns to items. A matrix
element, Ru,i, contains the rating given by user, u, to item, i. Such a matrix con-
tains implicit (binary) rating information if there is no more information beyond
knowing a user consumed an item. In other words, we do not have an explicit
rating provided by the user. Conversely, the matrix is explicit if users provide
ratings on some scale (e.g. 1 to 10). In simplified terms, the recommendation
problem then becomes estimating the missing ratings in R, which is challeng-
ing in real-world scenarios because rating matrices are typically sparse (most
elements are zero). Nearest-neighbour approaches or trained Machine Learning
models can compute such estimates based on similarity measures like majority
votes, correlations, or the angle between pairs of user rating vectors [2].

Consider the dummy example of the collaborative filtering approach depicted
in Fig. 1. The matrix, R, represented in panel (A), contains implicit data describ-
ing what a set of six users have rated in the past. Given some (new) target user,
u, the first step to make a recommendation is to find the users most similar to,
u, in, R. In the example, similarity is computed in terms of the items users have
rated in common. That is, the user in, R, that shares most rated items with the
target user, u, has the highest similarity score. Then, the algorithm ranks the
set of items not rated by u, but rated by the k nearest neighbours, based on a
‘majority vote’ (k is a parameter of the model).

There are two key limitations to this approach to recommendation. First,
consider that real user-item matrices are usually very large—think for example,
about the number of items available for sale on Amazon. Since most users con-
sume a minute fraction of the available items (and explicitly rate even fewer)
these matrices are extremely sparse. This makes the computation of accurate
similarity measures between users very challenging. While there are methods
to overcome sparsity problem, such as using dimensionality reduction [2,39,64],
each solution often comes with its own trade-offs, e.g. computational complexity
or the inability to interpret low-dimensional models. Second, the so-called ‘cold-
start’ problem affects how new items, initially represented as empty columns in
R, get to be recommended. An alternative approach to collaborative filtering,
called content-based filtering, is useful for overcoming this problem because it
leverages item descriptive information, and not only who has rated the item
[64]. A standard approach to make recommendations based on content is to
use topic modelling algorithms that transform textual item descriptions into
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category labels [see 1, for a recent review]. This means that the ‘cold’ new item
becomes recommendable based on other items in the same semantic categories.

2/3 XX1/3 1/31/3
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Fig. 1. Illustrative example of the collaborative filtering method for recom-
mendation based on the nearest-neighbourhood approach. (A) toy example
of an implicit user-item rating matrix, R, along with a separate target user, u. White
(black) matrix elements are zero (one) implicit ratings. The first step in the method is
to compute similarity between, u, and the users represented in the rows of, R. Let us
assume, for simplicity, a similarity measure based on the number of commonly rated
items. Notice that, u, has at least one item rated in common with users [u1, u2, u3],
and that the most similar user is u2. (B) Considering these three users as the nearest
neighbours, disregard items i7 and i9 (marked with an ‘X’) because we know that, u,
has rated these. Compute the proportion of users that have rated the remaining items
(i.e. those, u, has not yet rated). The computation reveals that most of the considered
neighbours (two out of three) have rated item i3, and one of the three neighbours has
rated items [i4, i5, i6]. The standard collaborative filtering method would thus recom-
mend i3 to u.

Understanding the principles of recommendation systems is useful to inves-
tigate the possible mechanisms through which algorithmic mediation influences
human behaviour in the media ecosystem. For instance, should a recommenda-
tion policy be predicated solely upon the closest neighbours, it is reasonable to
infer that the diversity of content made available to users will diminish progres-
sively, thereby conditioning the user to eschew content that deviates from the
constricted viewpoint created by the algorithm. A simple approach to mitigate
this problem is to tune the recommendation algorithm to optimize for an objec-
tive function that balances both relevance and diversity when recommending
items [see, e.g. 24, for a study in the domain of music recommendation]. A rec-
ommendation system that prioritizes relevance alone is markedly distinct from
one that integrates a degree of diversity, particularly in terms of their effects
as ‘institutions’ within the media ecosystem. However, the lack of transparency
in how algorithms work within the media ecosystem makes it very difficult for
regular users to notice these differences when it comes to recommended content.
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1.3 Measuring News Consumption

Self-report data—collected mostly through individual surveys—has been the
most widely used approach to study audience behaviour in media exposure [see
e.g. 14]. Recent work concluded based on extensive empirical evidence that self-
report data do not provide accurate information that correlates with logged
media interactions, where correlations are even weaker in problematic news con-
sumption scenarios [47]

Indeed, the production of valid self-report observation units requires that sub-
jects can recall past behaviours accurately, and that the researcher can triangu-
late the collected data with error-correcting units or theoretical models. Psycho-
logical constructs created from self-report data rarely undergo the rigorous mea-
surement validity tests that ensure replicability and confidence that inferences
derived from the collected data are accurate [22,29]. It is well-established that
recall is unreliable or highly inconsistent across different subjects [7,49,51,52].
In addition, several cognitive biases affect self report, including the acquiescence
[35] and social desirability biases [43]. Of particular relevance for this method-
ological paper, Vraga and Tully [60] found that news consumption audience
profiles built from self report and logged behavioural data are likely to be very
different. The main differentiating factor found in this study was that people
tend to over-report news consumption in surveys—particularly young people.

Self-report data has thus been widely criticized in the last few years, with
several researchers favouring the use of digital-trace data for studying news con-
sumption phenomena [34]. The term ‘digital trace’, however, refers to a range of
quite different human online behaviours. Some digital-trace data include time-
stamped access counts to a site—such as the BBC news or Reddit; the time
visitors spent on the accessed page; the act of reposting of some content publicly
on a social networking platform, like e.g. X (formerly Twitter), or the keywords
used in Google search.

Taneja, Wu, and Edgerly [56] compared the use of digital-trace data obtained
commercially with survey data and concluded that, although it leads to more
robust empirical results, commercial digital-trace data has its own limitations.
Perhaps the most important limitation is that commercial data is aggregated,
rather than granular at the individual level. The data collection process is aimed
at optimizing the data owner goals, typically for marketing.

Data collected from social networking platforms, such as X (formerly Twitter)
or TikTok would allow researchers to get granular data on individual behaviours,
but with uncertainties about how the data was collected [44]. Critically, most
major platforms have closed their public APIs and only authorize the use of
data samples produced by undisclosed sampling processes, and to those who
can afford to buy the data. Platform rules typically forbid the public sharing of
the collected datasets, making replicability often impossible. Another option to
get behaviour data is installing trackers in subjects’ computers and/or mobile
devices. While such computer programs could provide extremely valuable data,
most people are unwilling to install them, mostly because of privacy concerns
[see e.g. 50, for data on Spanish users]. Recent research in using such self-report
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data has led to important insights into the range of errors they produce, and,
importantly, on how to mitigate them [e.g. 15,26]. On the other hand, researchers
are only beginning to understand errors associated with the use of digital-trace
data to study phenomena like news avoidance—a challenge compounded by the
diversity of observation units, data collection methods, data ownership, biased
sampling, aggregation and so on.

The issues identified with self-report and digital trace data suggest that
research aimed at understanding media ecosystem dynamics might struggle to
produce accurate, replicable results. This paper argues that combining self-report
with digital behavioural data to create valid observational units is not only pos-
sible but beneficial. This approach can lead to stronger models for explaining
and predicting behaviours like news avoidance, and enable more reliable statis-
tical analyses across different social-demographic groups. The following section
will explore the key requirements for successful integration of these data types.

Observation Units for Studying News Avoidance. The main goal of this
paper is to propose a new methodological framework to collect behavioural and
self-report data together to gain insights into media exposure and consumption
phenomena. Specifically, such integration emphasizes the importance of allow-
ing robust statistical behaviour comparisons across different audiences, such as
inter-generational comparisons. As discussed in the preceding sections, survey
data and digital-trace data do not allow to extract valid observation units on
their own. This section elaborates on four essential factors, the consideration of
which can inform the design of a novel data collection method: (a) individual
data-point granularity; (b) controlling surface cues; (c) parametrizing algorith-
mic mediation, and (d) going beyond measuring media exposure to measure
interaction.

To truly grasp how individuals select and consume online content, it is essen-
tial to monitor their activities with a sufficient degree of nuance. As described
earlier, this is a challenging endeavour, as users are unwilling to install tracker
software on their devices, and existing platforms do not provide the individual-
level interaction data required to capture the full spectrum of user behaviour.
This complexity arises from the diverse ways people interact with content, which
can range from passive browsing to active engagement. Understanding these pat-
terns requires a sophisticated approach to data collection and analysis that goes
beyond simple metrics like clicks or view time. Without these nuanced insights,
our comprehension of online content consumption remains superficial.

Secondly, it is also crucial to control, or at least characterize, the surface-
level cues in the content that individuals are exposed to during behavioural
recording. This includes elements such as headlines, the source of content, and
social endorsement. Researchers should also be mindful of layout variations in
the spaces where the content is displayed. Content can appear in various formats,
such as a newsfeed, a conversational platform like WhatsApp, or the layout of a
news channel’s front page where it competes with other content.
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Thirdly, when content exposure is mediated by an algorithm, it becomes
crucial to, at least, understand how that algorithm operates, and ideally, control
its parameters. However, as explained earlier, most platform algorithms are not
transparent, meaning that the companies behind them do not share how they
work. One way to get around this is by observing how the algorithm behaves
under different controlled starting conditions. This could involve setting up new
user accounts in various locations and with different demographic details, then
tracking what kind of content the platform shows to each account. To add depth
to the analysis, these accounts could interact with the content to see whether the
algorithm offers a variety of material or tends to stick to similar types of content
based on past interactions. The key factor to assess here is what kind of content
people end up seeing and how varied it is due to the algorithm’s influence.

Finally, employing detailed measures of how individuals engage with con-
tent can help researchers find more detailed explanations and make more precise
predictions. Take, for example, a study aimed at evaluating the impact of ‘nudg-
ing’ strategies designed to increase engagement with local political news. In this
context, an algorithmic recommendation system could significantly improve its
effectiveness if it had detailed data on a user’s past interactions with politi-
cal content, rather than simply knowing the user was exposed to such content
before. The advantage of this approach lies in the detailed interaction history,
which provides a richer dataset for the algorithm to base its nudging strategies
on, potentially leading to more tailored and effective recommendations. If we
focus on observing a sequence of specific content interactions, rather than just
whether exposure happened (a binary variable) or measuring the time between
clicks, then the inferred user ratings will more closely align with explicit feedback
rather than the implicit feedback typically used in recommendation systems, as
described in Sect. 1.2.

2 The Proposed Method

2.1 A Purposely Curated Media Environment: Threads
and Snippets

The method proposed in this paper is based on a purposefully designed media
ecosystem that contains standalone content pieces on a range of topics chosen by
the researcher, including, e.g. politics, environment, health, science, technology,
culture and others. While most such pieces come from existing news sources,
the method allows for other types of public content, as well as artificial content
crafted for specific use cases. All contents undergo preprocessing and curation to
turn them into ‘threads’, similar to the now common multi-part posts on social
media platforms like, X [see, e.g. 5].

The production of threads from an original public content involves breaking it
down into a sequence of snippets—each equivalent to an utterance in a mediated
conversation on a chat platform like e.g., WhatsApp. While most snippets are
text, some can be short videos or images. Each thread is further processed to
turn it into a standalone micro story that users can consume on its own. The
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number of snippets in a thread is a variable that depends on the complexity of
the original content piece. This variable is controlled in the preprocessing and
curation stages to, e.g. avoid cognitive overload. This means the method may
divide larger and more complex contents into separate independent threads.

Each thread is further annotated with meta-data containing information
about how long it would take, on average, for its content to be consumed. For
text snippets, the method uses reading speed (238 words per minute) [10]; for
images it uses the average time to consume the content known to be about 150ms
[58]. When a snippet is a video, its consumption time is simply measured by its
duration in seconds and milliseconds. Threads also contain meta-data about
the content’s source, topic, type of content (news, non-news), style (e.g. for-
mal/informal), sentiment (happy/sad), and tone. Thread meta-data is flexible,
thus it can be extended to include further annotations.

During the preprocessing and curation stages, another task is to define what
reply options are available for each snippet. The next section describes that the
interaction between users and threads is mediated by a closed chatbot app. In
a closed chatbot replies are options presented to the user. In other words, the
chatbot displays a snippet and then a set of possible reply options the user can
choose from to continue to the next part of a thread, share a reaction or finish
the interaction. Most snippets have three constant default reply options:

1. ask for the next snippet in the thread
2. change to a different thread (the mechanism is explained later)
3. finish the interaction.

Further reply options can be added to create more specific and context dependent
interactions with a snippet. These may include self-report reply options create
rapport with the user and collect data on the user’s emotional or cognitive states.
For example, a snippet within a thread may be a yes/no question, for which two
extra reply options—a thumbs up and a thumbs down emoji—are included in
the snippet interaction repertoire. In any case, when a snippet contains such
extra reply options, these are always presented to the user before the default
options that allow the user to leave the snippet.

Table 1 depicts an example of a thread automatically generated from a piece
published in Dazed & Confused [40] about using tarot readings in TikTok to get
over heartbreak. The original text contains 1286 words. The proposed method
used the chatGPT API (gpt-4-turbo-preview) to summarize the original text,
and then to produce break the summary down into snippets that capture the
content for delivery through a chatbot. Below is the summary produced by the
chatGPT API (containing 224 words):

TikTok Tarot: A New Age Solution for Heartbreak

In the digital era, young people are increasingly turning to TikTok tarot readings
for comfort and direction, especially in matters of the heart. With over 85 bil-
lion views on #tarot, these videos offer hyper-specific predictions that resonate
deeply with viewers. Many, like 25-year-old Nicholas, find solace and guidance
in these readings, crediting them for providing clarity post-breakup.
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The surge in online psychic readings reflects a broader trend of young people
seeking spiritual experiences outside traditional religious frameworks. According
to Linda Woodhead from King’s College London, interest in fortune-telling has
remained steady since the 1950s, but the focus has shifted from contacting the
deceased to seeking personal guidance. This shift coincides with a decline in
traditional religious beliefs among Gen Z, many of whom are drawn to tarot for
its lack of discriminatory connotations.
TikTok’s algorithm plays a mysterious yet pivotal role in delivering these read-
ings, with many users and readers believing that the videos find their way to
those who need them most. This belief in destiny, coupled with the platform’s
opaque algorithm, creates a unique space for spiritual exploration and connec-
tion. Despite scepticism, the positive impact of these readings on viewers’ lives
cannot be denied, offering a blend of optimism and communal belonging in an
increasingly isolated world.

Table 1. Example thread: Tarot readings in TikTok

No. Snippet

1 Ever wondered if the universe has a message just for you? Well, TikTok
tarot might be your answer!

2 Imagine scrolling and finding a tarot reading that speaks directly to
your situation. That’s what’s happening to millions, with #tarot views
sky rocketing to 85 billion!

3 People like Nicholas found clarity in love through these videos. They’re
not just random; they’re seen as signs meant to guide you

4 But why are so many young folks turning to TikTok for spiritual
advice? It’s not just about the stars aligning; it’s about finding a path
that respects all aspects of who they are

5 With Gen Z being the least religious generation in Britain, tarot fills a
gap, offering guidance without judgement

6 Behind these mystical messages are young psychics using TikTok’s
enigmatic algorithm to reach those in need

7 Some believe it’s fate that guides the algorithm, connecting videos to
viewers for a reason. Do you think there’s truth to that?

8 Despite the mystery, these readings often encourage positive action, like
reaching out for closure or practicing self-love

9 Critics exist, but can’t deny the comfort and optimism these readings
bring to many, especially in a world that can feel lonely

10 So, whether you’re seeking advice, closure, or just a bit of hope, maybe
your next sign is waiting in your TikTok feed

11 Remember, whether it’s the stars, the cards, or the algorithm speaking,
the message that finds you might just be the guidance you need

12 Why not explore and see if the universe has something to tell you?
You’re not alone in this cosmic journey



408 M. Pita

The thread meta-data for this example is the following (also derived using
the chatGPT 4.0 API with appropriate prompts):

source: Dazed & Confused Magazine
Expected time to consume: 1.2min
Type: non-news magazine feature article
Sentiment valence: high, positive
Sentiment arousal: neutral-towards-low, calming
Style: informal
Tone: supportive, inspirational

Notice that most of the snippets generated by chatGPT for the example piece
are a form of question or hypothetical situation followed by a suggested answer.
For all utterances except U7 (a yes/no question) and U12 (the last snippet) there
would be a ‘Tell me more’ reply option to move deeper in the thread, and another
‘Something else?’ to switch to a different thread. U7 is an example of a snippet
that would require extra reply options before those that allow the user to finish
consuming the snippet. In this specific case the thumbs-up and thumbs-down
emoji would be a suitable set of intermediate reply options that would provide
data similar to the data collected through a survey, but contextualized in the
content consumption behaviour.

This crafted media environment allows researchers to collect user behaviour
data through a dialogical chatbot interface that is still controlled at the level
of the reply options available to the snippets that constitute a thread. Thread
experiences are naturally designed to measure behaviour, but snippets can also
contain prompts to get reflexive self-report data on how users perceive themselves
throughout the interactions with the chatbot, as well as proxies to explicit rating,
allowing for useful triangulation and subsequent inferences and comparisons.

2.2 User-Content Interaction: The AIDIAL Brief

Interactions with the media ecosystem take place only through a mobile phone
app called AIDIAL. During registration, users fill in a short questionnaire that
contains socio-demographic questions, as well as questions about attitudes and
media consumption habits. Users also decide how often they want to receive
notifications about the readiness of a new session, which depends on the avail-
ability of new content to be consumed. These interactive sessions are henceforth
referred to as ‘briefs’. The options range from individual updates throughout
the day to a brief every morning, or a brief once per week. In addition, users
can select specific content preferences by toggling the topics they want to get
news on in the app’s settings panel. Finally, in the same settings panel, there is
a snooze option that to pause all notifications for a defined period.

Once registered, users can start a brief session with AIDIAL. At the start of a
session, AIDIAL uses a classical recommendation system to decide what thread
to show. The algorithmic content selection involves choosing a topic and a thread
within that topic. AIDIAL informs cold-start recommendations using the topics
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selected during registration and the answers provided in the registration ques-
tionnaire. As users interact with the different threads, the system stores (a) the
reply options selected by the user at the snippet level, and (b) computes the
duration of the period between selections as seconds a milliseconds. A brief ses-
sion is limited to a number of threads. This number is a parameter of the system,
e.g. it can be a random number between five and nine, informed by empirical
research on cognitive overload, or it can be experimentally controlled. Switching
to a new thread occurs when a user chooses a reply of the form ‘Something else?’
in an unfinished thread (signalling lack of interest in the current thread) or when
a thread interaction has been completed. If the number of threads consumed is
less than the defined maximum for a brief, the system will rely again on algorith-
mic recommendation to select the next unvisited thread, and mark the current
one as visited by the user, with status complete or incomplete.

The snippets in every thread have variables that are used to collect data
about their interactions with users. Such snippet-level data structure contains:

1. user ID
2. thread ID
3. brief number
4. thread number in brief
5. number of visits to this thread (social endorsement)
6. start-of-interaction time stamp
7. end-of-interaction time stamp
8. selected reply options (including their time stamp)
9. exit status (thread completed, or incomplete)

10. recommendation system explanation
11. estimated explicit rating

In this collection of variables, the combination of user ID and thread ID
identifies an interaction with a specific thread. Further contextual information
includes the brief number and the thread number in the brief (e.g. third thread
during the tenth brief session) along with how many times the thread has been
visited (when not marked previously as completed). A key variable, the value
of which is computed during a brief, is the estimated rating given by the user
to the thread. To estimate explicit rating, the method uses the time stamps for
the start and end of the interaction with the thread, including all time stamps
for chosen reply options and the selections themselves, as well as how the thread
interaction ended.

The method gauges the interest elicited by a thread during a session by inte-
grating two information sources. The first is how many snippets were consumed,
i.e. how many times the user chose the option to advance to the next snippet.
The more snippets visited, the higher the rating. The second is the distribu-
tion of periods between selection of reply options The system processes these
pieces of information to generate a quantitative (explicit) thread user rating on
a 1–10 scale. For new threads with a few or no interactions, the method com-
pares the overall distribution of periods between replies with the theoretically
expected consumption time. However, as statistically sufficient data is collected,
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the method compares this distribution with the population of users that have
consumed the thread instead. Distributions that are close to the theoretical or
empirical central tendencies will receive the highest rating values. Therefore, as
waiting times between replies, and overall thread consumption duration deviate
(below or above) the central tendencies, the estimated ratings will be lower. The
method does not ask users to rate threads explicitly before they leave them to
control for evaluative conditioning (EC) [see e.g. 30]. However, it is possible to
introduce reply options that can provide further indirect support for the raw
rating estimations computed from the number of in-thread interactions and the
inter-reply period distributions.

2.3 Units of Observation and Analysis

The aim of the AIDIAL media ecosystem is to provide a comprehensive reposi-
tory of diverse content, encompassing both news and non-news, spanning various
topics of interest for different generational audiences. Importantly, this media
environment is designed to capture user attention by gauging interactions with
snippets of information delivered conversationally. The method utilizes attention
measures based on the threads and snippets visited by users, as well as the time
elapsed between users selecting reply options. This is used as a proxy to infer
interest and quantify it as an estimated rating.

Expanding the scope of analysis, the methodology facilitates the comparison
of engagement patterns across demographic groups, leveraging statistical tools
to elucidate potential disparities in news consumption behaviours. This aspect
of the research is particularly valuable for understanding how demographic vari-
ables (such as age, gender, educational background, and political orientation)
influence the reception and perception of news content. Through such analy-
sis, it becomes possible to identify demographic segments that are more prone
to news avoidance, as well as to pinpoint the types of content that resonate
with diverse audiences. Furthermore, the snippet-level analyses may reveal use-
ful information about the context and contents that may be most suitable for
introducing interventions such as nudging.

The proposed method can, not only help researchers understand the mech-
anisms that drive news consumption and avoidance, but also inform the devel-
opment of more effective strategies for news presentation and dissemination. By
identifying the factors that drive user engagement and avoidance, media outlets
and content creators can tailor their approaches to meet the needs and prefer-
ences of their target audiences, fostering a more informed and engaged public
sphere.

3 Possible Applications

The methodology delineated in this study offers a versatile framework for
researchers aiming to unravel the complex mechanisms that drive news avoid-
ance. By integrating manipulations of headline sources and social endorsements
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within the experimental design, this approach facilitates a nuanced examination
of the interplay between news presentation and user engagement. Such an inves-
tigation is pivotal for understanding how variations in news dissemination affect
readers’ propensity to either avoid or engage with news content. This is espe-
cially relevant in an era where digital platforms dominate news consumption,
presenting a unique set of challenges and opportunities for news dissemination.

Moreover, this methodological approach enables the exploration of differ-
ential impacts across various demographic groups, thereby shedding light on
the socio-cultural dimensions of news avoidance. Through targeted experimen-
tal manipulations, researchers can assess the influence of factors such as source
credibility, social validation cues, and algorithmic recommendations on news con-
sumption patterns. This, in turn, provides valuable insights into the mechanisms
driving selective exposure to, or avoidance of, news articles, thereby contribut-
ing to a more comprehensive understanding of contemporary news consumption
dynamics.

In addition, the application of this methodology extends beyond academic
inquiry, offering practical implications for media practitioners and policymakers.
By elucidating the factors that drive news engagement or avoidance, the findings
from such studies can inform strategies aimed at enhancing news literacy, fos-
tering a more informed citizenry, and mitigating the effects of misinformation.
Consequently, this research not only advances our theoretical understanding of
news avoidance but also serves as a cornerstone for developing interventions
designed to promote a healthier, more robust public discourse in the digital age.

4 Discussion

The investigation into news avoidance through the lens of the proposed dialogical
method illuminates the intricate interplay between user interaction patterns and
algorithmic mediation to study news avoidance. The paper relies on conceptual
framing of news avoidance by Skovsgaard and Andersen [54] as a foundation,
enabling a nuanced exploration of user intentional engagement with news snip-
pets in online threads. The method’s granularity in capturing user interactions
offers a fresh perspective on the dynamics of news consumption, echoing Ander-
sen et al. [4] observations on selective exposure and temporality.

Moreover, the algorithmic underpinnings of our media environment, designed
to mimic real-world content navigation, find resonance with Thurman et al.
[59] examination of algorithms, automation, and news—particularly as conver-
sational content delivery has become mainstream. This alignment underscores
the pivotal role of algorithmic curation in shaping news avoidance behaviours,
highlighting the necessity of a multifaceted approach to understand the com-
plexities of digital news consumption.

The proposed method’s focus on nuanced interaction patterns within threads,
coupled with its capacity for detailed demographic analysis, opens avenues for
unprecedented insights into the factors driving news avoidance. Recording actual
behaviours, and strategically incorporating self-report variables during media



412 M. Pita

consumption episodes, allow researchers to better understand introspective vari-
ables along with contextual variables connected with the intentionality driving
news avoidance. The proposed method not only responds to the call for robust
methodological frameworks capable of dissecting the multifactorial nature of
news avoidance [54,59] but also sets a new benchmark for future inquiries in the
realm of digital news consumption research.

Future work will scrutinize one of the potentially most significant drawbacks
of the proposed method—its ecological validity. Recruiting participants to engage
with a novel news app, which diverges from those currently available in the
media ecosystem, may introduce its own biases. Furthermore, future research
will empirically investigate the degree to which the artificial media ecosystem
succeeds in motivating users to consume news based solely on available content,
without any social endorsement. This will be compared against scenarios where
social endorsement is controlled in various ways.
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Abstract. The ubiquity of Information and Communication Technologies (ICT)
presents challenges in designing experiences and interfaces. Hence, it becomes
crucial to have solutions that facilitate the comparison of various products, dis-
cerning their relative strengths and weaknesses. Therefore, this paper presents a
proposal of an Evaluation Framework for Benchmarking the user eXperience and
Usability of Online Social Networks. Its goal is to provide a holistic perspective of
user eXperience and satisfaction, checked in conformancewith a detailed heuristic
analysis. This Framework is divided into three parts, comprising (i) the selection
of experts, and products to benchmark; (ii) the evaluation of UX Satisfaction of
each product with Emocards, and (iii) test the User eXperience within a Usabil-
ity Heuristic Evaluation for each product. By applying the specific study case of
seven senior online social networks and resorting to 14 experts in the field of ICT,
it was possible to build a holistic Benchmarking Evaluation Framework. In par-
ticular, this Framework introduces new perspectives on (i) the priority sequence
for UX and satisfaction, followed by heuristic detail; (ii) the seamless incorpo-
ration of feedback obtained during the think-aloud process into the analysis and
data representation; (iii) the creation of a normalized score for each heuristic of
every product, thus allowing for a direct comparison between products; and (iv)
the creation of integrated representations of the two dimensions under study – i.e.,
UX satisfaction and Usability Heuristic Evaluation. Overall, we hope that this
proposed Framework can serve as a simple yet effective approach to represent and
compare evaluation results between products.

Keywords: Online Social Networks · User eXperience (UX) · Usability ·
Benchmarking · Evaluation Framework

1 Introduction

Information and Communication Technologies (ICT) have been assuming a ubiquitous
role in today’s society [1–3]. Spread across various sectors, such as gaming, social
media, or e-commerce, ICT plays a fundamental role in fulfilling different jobs and
establishing the proper functioning of global institutions. Online social networks have
seen exponential growth in all age groups [4], with special attention to senior citizens
who have experienced above-average growth [5]. However, the solutions and products
developed don’t always consider their contexts, needs, and preferences [6].
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As well established by multiple authors [7–11], technology design should consis-
tently prioritize the needs, capabilities, andpreferences of its users, ensuring it is intuitive,
user-friendly, and accessible to individuals with diverse backgrounds and competences.
In today’s market, ensuring good user eXperience (UX) and usability can dictate the
product’s success. By using these indicators, comparing the solutions available on the
market can be crucial to understanding whether a particular product is better or worse
than the competition [12].

On the one hand, following the principles of User-Centred Design [13], UX can be
defined as “user’s perceptions and responses that result from the use and/or anticipated
use of a system, product or service” [14]. Thus, not only does such a process evaluate the
usefulness, efficiency, and usability of these systems, but it also captures the essence of
one’s interaction [15]. On the other hand, and complementary to the User eXperience,
the usability of a product should also be considered. The term usability can be defined
as the attribute that determines the ease of use of a given product and may influence the
design process [16].

Several research studies have been conducted on UX evaluations and/or usability
testing using multiple instruments. As an example, Saavedra and colleagues [17] devel-
oped a set of heuristics tailored to UX in social networks, applicable to both mobile
devices and website versions. The authors aim to combine UX and usability uniquely,
but the representation of the results and the detail provided by the experts is not foreseen.
Additionally, other recent studies in the field of UX [18] and usability [19] have also been
conducted, implementing different evaluation strategies. However, they do not directly
compare various products and the crossing of the two major areas under analysis - i.e.,
UX and usability.

Meanwhile, two other research studies [20, 21] combine a usability heuristic eval-
uation with a user experience one. However, there is no integration or direct analysis
between the two dimensions. Lastly, Schrepp and colleagues [22] constructed a bench-
marking framework for the User eXperience Questionnaire. Despite its relevance, it does
not provide the crucial detail fostered by a usability evaluation.

Overall, this research landscape highlights the need to develop a framework that
can resolve a technical-emotional perspective – highly focused on user eXperience –
alongside a more detailed usability evaluation.

Resorting to seven senior online social networks, specifically developed with the
needs, preferences, and contexts of older adults in mind; and 14 ICT specialists, this
paper’s goals are twofold: (i) propose the construction and implementation of an evalu-
ation framework for benchmarking online social networks; and (ii) define and represent
strategies for the integrated presentation of results. This benchmarking framework helps
to interpret and compare results, being especially important and helpful in identifying a
product’s specific problems.

2 Proposal of an Evaluation Framework for Benchmarking Online
Social Networks

As previouslymentioned, the evaluation of users’ interaction with digital technology can
take on various perspectives, and this framework is supported by two crucial approaches
to evaluate it: user eXperience (UX) and usability.
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Building on the foundations of UX and usability, this chapter presents a benchmark-
ing framework to evaluate these two fundamental aspects of online social networks. Its
goal is to provide a holistic perspective of user eXperience and satisfaction, checked
in conformance with a detailed heuristic analysis. Overall, this framework is divided
into three main parts, as shown in Fig. 1: (i) Part 1 – Selection of a purposive sample
of experts, products to benchmark and perform on each product a list of pre-specified
tasks (activities); (ii) Part 2 – Evaluate UX Satisfaction of each product with Emocards;
and (iii) Part 3 – Test User eXperience within a Usability Heuristic Evaluation for each
product.

Part 1 

Selection of Ex-

perts and Prod-

ucts to Bench-

mark

Part 2

Evaluate UX Sat-

isfaction with 

Emocards 

Part 3 

Test User eXpe-

rience within 

Usability Heuris-

tic Evaluation 

Perform Pre-defined Tasks/activi-
ties: 
(i) registration 

(ii) login 

(iii) profile completion 

(iv) creating a post 

(v) commenting on a post  

(vi) adding/following another user 

For each selected community:

Fig. 1. Schematic illustration of the three-part framework for benchmarking senior online social
networks.

2.1 Selection of Purposive Sample and Products to Benchmark (Part 1)

Before evaluating the chosen products for benchmarking, specifically online social net-
works, it is crucial to address two key aspects. Firstly, select a set of experts in the
field of research, ensuring their suitability for the project’s goals and tasks (activities).
Since this is a highly focused evaluation in a specific area, with detailed features, the
selected sample should be purposive and constituted of experts (elite subjects), highlight-
ing the particularity of the evaluators’ knowledge. Secondly, the amount of products to
be benchmarked and evaluated must be selected. The number of products can vary in
number – ultimately, the framework can even be applied to only one product – and the
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evaluation procedures may focus on its particularities and output important insights to
improve the product’s characteristics.

Furthermore, given the social nature of the media under evaluation, it is crucial to
ensure the availability of key actions associated with sociability. Thus, for the purpose
of this study and explanation of the framework’s application, the following set of pre-
defined tasks/activitieswas defined: (i) registration, (ii) login, (iii) profile completion, (iv)
creating a post, (v) commenting on a post, and (vi) adding/following another user. Each
of these activities must be performed before proceeding with the individual assessment
for each of the online communities selected. While conducting the evaluation actions, it
is important to encourage the “think aloud” of decisions and critical opinions on what
has been experienced, thus reinforcing the triangulation betweenwhat has been observed
and what has been reported through the provided evaluation instruments.

The following sections describe the instruments to be used in this evaluation
framework, and the rationale behind their selection.

2.2 UX Satisfaction with Emocards (Part 2)

After selecting the expert sample, the products to benchmark, and performing the six
pre-defined tasks/activities, Part 2 of the evaluation framework follows – i.e., Overall
Satisfaction evaluationwithEmocards [23] in the context of each expert’s experience and
task completion for each community. Thus, before delving into the detail that a usability
heuristic evaluation provides, this second part aims to register the user experience and
overall satisfaction using the Emocards semantic scale.

As previously discussed, UX has a purely subjective and emotive nature – which
characterizes and reflects one’s relationship with the world. Therefore, it is important
to develop products that match the user’s emotions due to their wishes, interests, and
needs. In this vein, Desmet and Tax [23] developed a tool that helps users to express
their emotions without words, while using human-like representations of it – entitled
Emocards (cf. Fig. 2).

Through an 8-item circle, participants can classify their emotions in terms of excite-
ment (located on the upper side), calmness (located on the bottom side), unpleasant
feelings (located on the left side), and pleasant ones (located on the right side of the
circle) [23]. Thus, in each of the selected products/online social networks, and making
use of the eight-element Emocards scale, the experts will be able to evaluate their inter-
action with the various products/online social networks by choosing one of the scale’s
elements as a score of a holistic perception of the emotions felt.

2.3 User eXperience and Usability Evaluation with Heuristics (Part 3)

After completing the Emocard UX satisfaction evaluation, and in complementarity, a
user eXperience test, within a usability heuristic evaluation, is also performed.

As previously mentioned, there is a vast array of possible ways to evaluate an inter-
face. Thus, for the purpose of this framework, a heuristic evaluation was conducted.
In addition to the multiple advantages that it presents – e.g., reduced costs, little plan-
ning required [24], and its ability to be applied at any stage of product development
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Fig. 2. Emocards. Adapted fromDesigning Products with Added Emotional Value: Development
and Application of an Approach for Research Through Design [23].

[25] – Desurvire and Wixon [26] emphasize that this type of usability evaluation tech-
nique makes explicit what cannot be easily communicated due to being purely intuitive.
Despite these advantages, Nielsen and Molich (1990) warn of a possible disadvan-
tage related to this type of evaluation – i.e., once the usability problems are identified,
heuristics do not necessarily provide solution suggestions.

As away of capturing the user eXperience, and understanding participants’ feedback,
each heuristic analysis is performed with think-aloud comments where each expert,
enlightened by their eXperience, will have the opportunity to elaborate critically on the
problems encountered.

A set of 10 evaluation statements derived from the usability heuristics for interface
design developed by Nielsen [27] were created to evaluate the main aspects of a user
interface in an online social network – cf. Table 1. These heuristics have been refined
over the years, with its last update in January 2024, thus ensuring greater suitability to
the current context of technological development.

It is important to note that, although separated in this table, both the ES and heuristics
naturally have a common basis. Therefore, the ES should be used for the evaluation by
the participants, and the heuristics for referencing during the analysis and discussion of
results.

After applying this Evaluation Framework for each of the selected products/ online
social networks, the data collected is analysed. The following sections describe the
application of the framework to a set of Senior Online Social Networks, including the
corresponding analysis and discussion of the results.
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Table 1. Evaluation statements centered on Nielsen’s Heuristics [27].

Evaluation Statement (ES) Nielsen’s Heuristic Heuristic’s Description

ES1. I was able to follow the
progress of the online social
network interface while
carrying out the proposed
activities

H1 – Visibility of system status The system should always
provide rapid feedback
regarding the system’s status,
allowing users to plan their next
steps

ES2. The language and
terminology used were familiar
and understandable

H2 – Match between system and the
real world

The information should be
presented in the most natural
and logical way possible. In
addition, language, images,
icons, and concepts should be
similar to those used by users

ES3. I felt able to control the
online social network interface
while carrying out the activities,
navigating freely through the
various pages

H3 – User control and freedom When users take an action by
mistake, they should be given a
clear exit while stimulating their
sense of freedom and
confidence, and avoiding
potential feelings of frustration

ES4. Similar types of
information were presented
uniformly on the different
online social network pages

H4 – Consistency and standards Industry standards should be
followed, providing ease of
understanding and navigation

ES5. There were clear
instructions or validations to
avoid mistakes when interacting
with the online social network

H5 – Error prevention Although it is important to
notify with good error messages,
it is even more important to
prevent errors. Error-prone
situations should be eliminated,
or present a confirmation option
before taking a potentially
wrong action

ES6. All the information was
easily visible whenever needed,
so I didn’t have to remember
additional information while
browsing

H6 – Recognition rather than recall It should not be necessary for
the user to remember
information while navigating
the platform. All information
should be available and visible
when needed

ES7. There was the possibility
of using or creating shortcuts to
carry out actions in the online
social network

H7 – Flexibility and efficiency of use Experienced users should be
allowed to create and use
shortcuts, making it easier to
perform repeated actions

ES8. The online social network
did not present superfluous
information that competed with
what was important

H8 – Aesthetic and minimalist design Superfluous information
competes with important
information. Therefore, only the
information strictly necessary
for the proper platform’s
functioning should be displayed

(continued)
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Table 1. (continued)

Evaluation Statement (ES) Nielsen’s Heuristic Heuristic’s Description

ES9. Error messages are clear,
concise and provide a
well-defined way to solve the
problem

H9 – Help users recognize, diagnose,
and recover from errors

Error messages should be clear,
concise, and provide a
well-defined way of solving the
problem

ES10. The online social
network provides additional
information with informative
icons or contextual support

H10 – Help and documentation In an ideal scenario, the system
does not need documentation.
However, it may be necessary to
provide it to help one
understand how to perform
particular actions

3 Application of the Framework

3.1 Selection of the Senior Online Social Networks

Resorting to the previously presented evaluation framework, a set of seven (n = 7)
senior online social networks was selected. In particular, Buzz501, Early Retirement2,
Gransnet3, miOne4, Older is wiser5, Silversufers6, and Stitch7 were the chosen online
social networks according to the following criteria: (i) popularity among the target audi-
ence [28]; (ii) having the characteristics of a online social networks [29]; and (iii) the
possibility of allowing the tasks/activities suggested by the proposed framework – i.e.,
(i) registration, (ii) login, (iii) profile completion, (iv) creating a post, (v) commenting
on a post, and (vi) adding/following another user.

3.2 Recruiting the Purposive Expert Sample

To implement and assess the proposed framework, a purposive universe of subjects
specialists in the area of Information and Communication Technologies was selected.
Invitations were sent via email, with a three week deadline to complete the required
evaluation activities. In the end, a total sample of 14 experts in the field was obtained.
This sample integrates PhD students, PhD researchers, and university professors, all
with expertise and competences in the specified domains.

1 Available at: https://www.buzz50.com/ (Access date: 12–12-2023).
2 Available at: https://www.early-retirement.org (Access date: 12–12-2023).
3 Available at: https://www.gransnet.com/ (Access date: 12–12-2023).
4 Available at: https://mione.altice.pt (Access date: 12–12-2023).
5 Available at: https://www.olderiswiser.com/ (Access date: 12–12-2023).
6 Available at: https://www.silversurfers.com/community/ (Access date: 12–12-2023).
7 Available at: https://www.stitch.net/ (Access date: 12–12-2023).

https://www.buzz50.com/
https://www.early-retirement.org
https://www.gransnet.com/
https://mione.altice.pt
https://www.olderiswiser.com/
https://www.silversurfers.com/community/
https://www.stitch.net/
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3.3 Framework Application

The entire process of contacting and recruiting the experts and application of the frame-
work was done online. As previously mentioned, the experts were invited by email.
To expedite data collection and afford participants greater flexibility in undertaking the
proposed tasks, the expert’s inquiry was adapted into an online form.

Thus, data was collected using an online survey hosted on the FormsUA8 platform.
The questionnaire comprised seven sections, each corresponding to a distinct online
social network. In each section, a series of standardized questions and designated areas
for input were provided. Specifically, each section was structured into five key areas: (i)
an introduction to the online social network, accompanied by a link for direct access; (ii)
check boxes where experts could indicate which of the six activities were completed;
(iii) select an Emocard element that represents their overall satisfaction after completing
the activities, along with an optional area for additional comments; (iv) selection of the
evaluation statements based on the heuristics they consider to be fulfilled in the online
social network, with the opportunity to provide additional comment for each statement;
and (v) upload images related to the online social network under analysis to highlight
specific issues, with the option to include comments for each image.

3.4 Representation and Analysis of Results

As a consequence of the framework application and ensuring the proper response to
all proposed activities, it is possible to proceed with the representation and analysis of
the collected data. This is also a pertinent instrument of a benchmarking framework,
allowing one to quickly visualize the design and interaction problem areas of a prod-
uct. This section describes in detail the possible representation and analysis procedures
recommended for this benchmarking framework.

Following the previously described data collection sequence, the analysis will start
by presenting the UX satisfaction with Emocards. As previously mentioned, participants
were asked to score the emotion felt after completing the six proposed activities for each
online social network.Due to potential challenges in interpreting rawdata on a radar chart
for each online social network, an alternative indicator was calculated. Consequently,
using the assigned numbering of each Emocard (1 to 8), the median, first quartile, and
third quartile were calculated – cf. Table 2.

The radar in Fig. 3 represents an overlaid perspective of the variation in the different
emotions per senior online social network. Specifically, each axis represents the various
senior online social networks evaluated, varying their medians, and first and third quar-
tiles. It should be noted that the lower the median value, the closer the overall evaluation
of the online social network is to more pleasant emotions.

8 Available at: http://forms.ua.pt/ (Accessed date: 12–12-2023). A service offered by the Uni-
versity of Aveiro using the LimeSurvey software – https://www.limesurvey.org/pt/ (Accessed
date: 12–12-2023).

http://forms.ua.pt/
https://www.limesurvey.org/pt/
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Thus, from a quick view of Fig. 3, it becomes evident that miOne and Stitch pre-
dominantly evoke an “average pleasant” emotion. In contrast, Gransnet is characterized
by a prevailing “calm pleasant” emotion, while Buzz50 is notably marked by “calm
unpleasant.“
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Buzz50

Early Re�rement

Gransnet

miOneOlder is wiser

Silversurfers

S�tch

1st quar�le Median 3rd quar�le

Fig. 3. Radar graph representing the distribution of emotions felt by senior online social network.

The second part of the data collection was to validate the conformity of the various
evaluation statements based on the pre-defined heuristics (cf. Table 1) and the partici-
pants’ comments provided for each of them. Since this is a user eXperience and usability
evaluation based on heuristics, in which the participant’s opinion and detail are requested
after contacting with the evaluation statements, an integrated calculation was adopted.
This analysis aims to focus more on the participants’ perspectives and experiences, and
obtain a normalized score. Therefore, to systematize the information collected, the fol-
lowing formula was created for each senior online social network and each evaluation
statement (ES) based on the heuristics:

score = number of different problems identified (in that ES)

total number of problems identified in the community

As previously stated, the goal of this formula is to derive a normalized score for each
ES within each senior online social network. To achieve this, the number of problems
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identified in participants’ comments for each ES (numerator) is divided by the total
number of issues identified in participants’ comments for the entire online social network
(denominator). The result is a value between 0 and 1, tailored to the characteristics of
each online social network.However, to highlight the negative impact of identified issues,
the formula has been adjusted to the unit value (1) subtracted from the score:

score = 1− number of different problems identified (in that ES)

total number of problems identified in the community

Therefore, leveraging the outcomes of applying this formula to each heuristic across
all online social networks – cf. Table 2, Fig. 4 was compiled to visually represent
the results. The radar graph provides a comprehensive perspective on the diversity in
scores for each online social network per heuristic. Each axis corresponds to a heuristic,
showcasing its score for each online social network within the range of 0 to 1.
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Fig. 4. Radar graph representing the variation in the normalized score of the heuristics in each
online social network.

It is essential to recognize that a higher score signifies fewer identified problems.
A quick look at Fig. 4 shows that Heuristics 1 and 2 are the most compliant, and that
miOne andStitch, despite beingmore uniform, display a few identified errors that assume
significant proportions.

Finally, and based on the results previously observed, it is important to establish a
macro indicator (MI) for the heuristics that would allow a direct comparison with the
Emocards and, therefore, to understand if there is any relationship between the two. Thus,



Benchmarking the User eXperience and Usability 427

Table 2. Results of the calculations made for the Emocards and the Heuristic evaluation score
per senior online social network.

Senior Online Social Networks

Buzz50 Early Re re-
ment 

Gransnet miOne Older is 
wiser

Silversurfers S tch

Em
oc

ar
ds

1st quar le 5,75 5 4 2 3 3 2

Median 6 6 4 3 5,5 5 2,5

3rd quar le 6,25 7,25 5 5 6,25 5 5

He
ur

is
cs

/E
va

lu
a

on
 S

ta
te

m
en

ts

H1 0,85 0,82 0,94 1 0,92 0,88 0,86

H2 0,97 0,86 1 1 0,92 1 1

H3 0,76 1 0,81 1 0,92 0,63 1

H4 0,79 0,91 0,94 1 1 1 0,43

H5 1 0,91 0,88 1 0,92 0,88 0,71

H6 1 1 0,88 1 1 1 1

H7 0,94 1 0,94 0,5 1 1 1

H8 0,94 0,82 0,88 1 0,58 0,88 1

H9 0,82 0,86 1 0,5 0,83 0,75 1
H10 0,91 0,82 0,75 1 0,92 1 1

a formula was developed to be applied to each online social network, which is charac-
terized by the following: proportion of problems identified (i.e., the number of problems
identified in the analysed senior online social network, divided by the maximum number
of benchmarking problems that occurred in a product/online social network) multiplied
by the total number of heuristics affected in that online social network. This formula is
shown below.

MI = no. of problems identified for each productmax no. of problems detected in a product

× × no. of heuristics affected

Leveraging the outcomes of applying this formula to each heuristic across all anal-
ysed products – cf. Table 3, Fig. 5 was compiled to represent the results visually. Based
on what was already shown in Fig. 3, the newMacro indicator calculated was added. The
radar graph provides an overview of the diversity of scores per online social network.
As can be observed, each axis corresponds to a senior online social network, showing
variations in the Emocards’median, first and third quartiles; and in the Heuristics macro
indicator.

By observing Fig. 5, the following analysis can be done: (i) Sitch has the best score on
theEmocards, but it has some heuristic problems; (ii) Gransnet has positive expectations,
but it turns out to have a lot of heuristic problems; and (iii) miOne doesn’t get the best
score on the Emocards, but after a detailed analysis reveals that it is almost heuristically
perfect.

In particular, both miOne and Stitch have very close medians and more dispersed
first and third-quartile values – thus, their exchange of places in the rankings of the two
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Table 3. Upward comparison of the Emocards’ median and the Macro indicator calculated per
senior online social network.

Emocards median Macro indicator

Stitch 2,5 miOne 0,12

miOne 3 Stitch 0,62

Gransnet 4 Silversurfers 1,18

Silversurfers 5 Older is wiser 2,47

Older is wiser 5,5 Gransnet 3,76

Buzz50 6 Early Retirement 4,53

Early Retirement 6 Buzz50 8

evaluations is not very critical or noteworthy. Nonetheless, Gransnet moves from third
place in the evaluation with Emocards to fifth place in the heuristic evaluation, which is
highly reinforced by its solid position in the median and respective quartiles analyzed.
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Fig. 5. Radar graph representing the comparison betweenEmocardsmedian andHeuristicsmacro
indicator in each online social network.
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4 Conclusions and Future Work

In this paper, we considered the problem of comparing the UX and Usability of online
social networks and representing the differences among them. We resorted to the partic-
ularities of analysing senior online social networks as a study case, in a panorama that
reveals the high importance of developing a more universal design.

Through a framework divided into three fundamental parts, this benchmarking instru-
ment provides a holistic overview of the UX satisfaction, and the User eXperience within
a Usability Heuristics Evaluation. The sequence in which the evaluation is performed
is different from the industry norm, but it is justified: it captures the general emotion of
the participants towards the products initially, and to allow them, after the particular-
ities have been analysed through the heuristics, to express the detail of their analysis.
This ensures that the detailed perspective on the product doesn’t influence the overall
impression, thus providing more authentic results.

Following this vein, the think-aloud method introduced and its direct representation
in the results, provides a very specific and detailed view of each heuristic and each
product under evaluation and analysis.

The analysis and representation of results play a crucial role in constructing a bench-
marking framework. On one hand, generating a normalized score for each heuristic of
every product facilitates a direct comparison among the various products under analysis.
On the other hand, the use of radar graphs – a standard in this form of data repre-
sentation—enables a comprehensive overview of the comparison under analysis, while
preserving every detail.

Moreover, the demo application of this Benchmarking Framework with a set of serve
senior online social networks does not invalidate its application in other products. The
instruments utilized are well-known, highly proven to be efficient, and easily general-
izable. Thus, this proposed framework only addressed the analysis, representation, and
visualization of data.

Ultimately, our goal was to achieve a straightforward yet effective way of represent-
ing and comparing results, with the added objective of understanding the key insights
on the most impacted design fields.

In the future work, we believe that it would be important to understand the interaction
and interface design recommendations that can be directly derived from this Framework
through the think-aloud registration process. Additionally, a synthesis of these recom-
mendations could be associated with the satisfaction indicators collected. Lastly, we also
believe it would be important to apply this Benchmarking Framework to other online
social networks and products, thus ensuring greater robustness and prediction of data
representation scenarios.
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