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Foreword

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

The 25th International Conference on Human-Computer Interaction, HCI Interna-
tional 2023 (HCII 2023), was held in the emerging post-pandemic era as a ‘hybrid’ event
at the AC Bella Sky Hotel and Bella Center, Copenhagen, Denmark, during July 23–28,
2023. It incorporated the 21 thematic areas and affiliated conferences listed below.

A total of 7472 individuals from academia, research institutes, industry, and
government agencies from 85 countries submitted contributions, and 1578 papers and
396 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 2023 - Late Breaking Work - 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 2023 - Late Breaking Work - Posters’
volumes to be published in the Springer CCIS series.

I would like to thank the Program Board Chairs and the members of the Program
Boards of all thematic areas and affiliated conferences for their contribution towards
the high scientific quality and overall success of the HCI International 2023 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 Abbas Moallem, Communications Chair and Editor of HCI
International News.

July 2023 Constantine Stephanidis
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Preface

The 9th International Conference on Human Aspects of IT for the Aged Population
(ITAP 2023) was part of HCI International 2023. The ITAP conference addresses the
design, adaptation, and use of IT technologies targeted for the use of older people in
order to counterbalance ability changes due to age, support cognitive, physical, and
social activities, and maintain independent living and quality of life.

This year’s proceedings address a variety of topics. Researchers from all over the
world shared their findings on how older people accept and use new technologies to
stay informed and connected, how they develop ICT competencies and skills, and how
such understanding informs the design and development of technologies to support and
empower older people. In particular, a research theme that attracts much attention in this
year’s proceedings is how to design immersive and playful experience–through the use
of XR technologies and game design–to provide supportive functions for older people,
such as promoting physical activity and maintaining cognitive functions, in addition
to its entertainment value. Furthermore, an emerging theme of this year is the design
of IT support for both formal and informal caregivers for older people. These changes
highlight the importance of making IT applications and services an enjoyable, engaging,
and integral part of older people’s lives.

Two volumes of the HCII 2023 proceedings are dedicated to this year’s edition of
the ITAP conference. The first part focuses on topics related to designing and assessing
the older user’s experience, older people’s use of social media and its impact, design of
voice assistants and chatbots, games and exergames for older people, as well as research
on XR experiences for older people. The second part focuses on topics related to smart
homes and other technologies supporting aging in place, eHealth applications for older
people and their health literacy, IT support for caregivers, as well as socioeconomic
views on ICT use and digital literacy of older people.

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

July 2023 Qin Gao
Jia Zhou
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Abstract. Recent technological advances have brought smart homes to the fore-
front of innovation, transforming the home into a platform that can support resi-
dents’ connectivity and care. Smart home systems promise a more convenient and
comfortable lifestyle for people across ages and of different living arrangements,
for example improving older adults’ ability to safely age in place. The present
study aims to illustrate how an iterative design process with user involvement
and evaluation in real-world settings could be used to inform and facilitate the
development of an integrated, remotely-deployed smart home technology system.
An experimental smart home prototype was developed to demonstrate a secure,
scalable service model addressing future home service needs. The process was
informed by user-centered design methods and iteratively refined based on feed-
back from target users. This study demonstrates key considerations for design
researchers and practitioners in designing user studies that can provide a compre-
hensive, holistic understanding of the user experience and, in turn,most effectively
inform future design decisions.

Keywords: Iterative Design · User-Centered Design · Smart Home Systems ·
Aging in Place · Field Study

1 Introduction

Recent technological advances have brought smart homes to the forefront of innovation,
transforming the home into a platform that can support residents. As of 2020, the smart
homemarketwas expected to reachUSD317billion by2026, up5%frompre-COVID-19
forecasts [1].

User-centered design is a framework for a design process that optimizes the usabil-
ity and acceptance of a system by involving users in the development of a product
[2, 3]. According to Gulliksen et al. [4] and Buurman [5], when using a user-centered
design approach, products should be developed based on an interdisciplinary design
team; knowledge of users’ needs, abilities, attitudes, and characteristics; and an itera-
tive approach to design with active user involvement. Iterative design is defined by the
World Design Organization [6] as “a design methodology based on a cyclic process of
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prototyping, testing, analyzing, and refining a product or process. Based on the results
of testing the most recent iteration of a design, changes and refinements are made.”

Another important factor in user-centered design is the involvement of a diverse range
of users in the iterative design and evaluation process. Some demographic groups, such
as older adults, have historically been underrepresented in user research. Older adults can
benefit greatly from adopting smart home technologies [7]. Various smart home tech-
nologies have the potential to fulfill common needs of older adults including everyday
tasks such as personal care and housework, social connectedness and companionship,
health monitoring, home security and maintenance, and more [8]. Technology-enabled
support for these tasks can facilitate aging in place, allowing older adults to remain
independently in their homes for longer [9]. Thus, older adults have the potential to be
key users of smart home technologies, but their exclusion from user research results in
products that may not meet their unique needs and abilities.

Past research has explored the benefits and challenges of user-centered design,
demonstrating the value of participatory and iterative approaches to designing smart
home systems for older adults [10–12]. Wilson et al. [13] evaluated the usability of a
robot system designed to provide in-home support for individuals requiring assistance
with basic and instrumental activities of daily living (ADLs) in the smart home envi-
ronment. The system was tested with target users in a smart home testbed environment
and then collecting and analyzing feedback. Other research has explored the co-creation
approach, e.g., leveraging additional stakeholders; Ghods et al. [14] described the itera-
tive design of an interactive graphical interface for remote in-home monitoring of aging
patients, as informed by feedback from an experienced set of health professionals who
used the system in a real-world setting. Results indicated that this approach resulted in
improved usability over iterations.

In order to most effectively assess products, user feedback is most valuable when
research takes place in real-world environments. For example, in Wilson et al. [13], the
system was tested in a testbed environment and the procedure was reliant on “scripted
activities.” Although participants provided valuable feedback that informed a better
understanding of target user needs, researchers outlined the needs to test smart home
systems in more realistic settings (e.g., the home) over longer periods of time such
that the aptitude of the system to meet real-world user needs could be more accurately
assessed.

Smart home research involving user testing in in-home settings has traditionally
required researchers to make in-person visits for installation, participant training, ongo-
ing support and maintenance, data collection, and study closure [15]. However, the
COVID-19 pandemic has rendered these in-person visits less feasible. Thus, new
approaches to system deployment for user testing that allow for self-installation and
remote deployment have been required. Although potentially complicated in a technical
sense, the need for new approaches presents an opportunity to design procedures that
more closely reflect a realistic smart home experience.

The present study aims to illustrate how an iterative design process with user involve-
ment and evaluation in real-world settings could be used to inform and facilitate the
development of an integrated, remotely-deployed smart home technology system.
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2 The Iterative Design Process

To inform the selection of components and the design of features, implementation, and
development for a first prototype, key user needs were identified based on a review of
past literature, user interviews, and a large-scale online survey [16]. The initial prototype
was built with these user needs in mind then refined based on user feedback from an
in-home pilot study. With the refined version 1 prototype, an in-home field study was
completed to collect insights to inform future design. A second version of the prototype
implemented new design considerations based on feedback from the main field study
and researcher learnings. In the future, the second version will be piloted and fielded.

The overall design process, which can be conceptualized as an ongoing cycle of
human-centered and iterative design principles, extends upon the design thinking app-
roach described by IDEO [3] and Nielsen Norman Group [17]. The process is depicted
in Fig. 1.

Fig. 1. Overall depiction of the cyclical design and iterative process.

2.1 Development of the First Prototype

Initial Ideation and Concept Development
The prototype was built with the goal of providing users with useful information about
themselves and their home, as well as companionship. Logistically, the system would
be low-cost and efficient, with advanced data analytics capabilities. It would also be
scalable for future research and possible to deploy remotely.

In addition to considerations regarding remote deployment, one key goal was to
achieve system versatility for supporting various smart home use cases. Due to the
vastness of possible use cases and user needs, a targeted set of use cases and related
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user needs was required. A large set of use cases was identified based upon a set of
user interviews, a large-scale online survey [16, 18], and a review of past studies [15].
Then, eleven diverse participants were interviewed about their routines, pain points, and
expectations for smart homes. Ten key needs and concerns related to safety, convenience,
self-care, and family care were identified and analyzed alongside the earlier findings.
Finally, with feedback from industry experts, three of the most practical and feasible use
cases were selected. The final set of use cases was safety and security, caregiving needs,
and home energy and environment control. The overall process of identifying user needs
is depicted in Fig. 2.

Fig. 2. Process of identifying user needs before condensing to a set of three.

The initial physical prototype consisted of a set of low-cost, off-the-shelf hardware
components that could facilitate awareness of and provide data about the home environ-
ment. An internet-connected power strip was selected to collect information about power
usage. Sensors addressing motion, light, sound, air quality, temperature, and humidity
were affixed on awooden frame, creating a centralized “sensormodule” for easy shipping
and installation. The power strip and sensor module are shown in Fig. 3. An Android
tablet was chosen to house the internally-developed dashboard application and serve
as the user interface. The hardware components were integrated with the dashboard
application using the IFTTT1 platform.

The user interface was designed to provide information that allows users to under-
stand in-home activity and to support the final set of use cases. Six features were selected
and developed for the dashboard application: Today, Climate, Activity, Energy Use,
Alerts, andWellness.As depicted inFig. 4, these features leverage data from the hardware
(e.g., sensor module and power strip) in addition to user input on the dashboard.

An iterative process was used to design the dashboard interface, during which mock-
upswere drawn (seeFig. 5) and evaluated basedon the identifieduser needs. Thefinalized
dashboard application interface, as shown in Fig. 6, summarizes information about each
of the features and relevant data. A menu bar is static on the left side of the interface,
and users can use these buttons to seek more information about each of the features and
navigate between pages at any time.

As depicted in Fig. 7, back-end dashboard support was implemented via AWS EC2
server optimization and stabilization for concurrent data transactions, and HTTPS-based
secure data transmission.
1 If This Then That – An online digital automation platform for integration of devices, apps, and
services using conditional statements. https://ifttt.com/.

https://ifttt.com/


An Iterative Approach to User-Centered Design of Smart Home Systems 7

Fig. 3. The power strip on the left and finalized sensor module on the right.

Fig. 4. Depiction of relationships between user needs, system inputs, and interface features.

The prototypes were accompanied by a comprehensive user instruction document
to guide participants through the installation and usage of the prototype in an acces-
sible, user-friendly manner. The document consisted of plain-language, step-by-step
instructions and troubleshooting advice for potential obstacles, as well as helpful illus-
trations and screenshots. The document was designed based on a full walkthrough of
the installation process and relevant user preferences as identified in earlier interviews
and surveys.

Refining the First Prototype based on User Feedback
The first prototype was refined based on feedback from two small pilot studies. The
main intent of the first pilot study was to gather insights and feedback that could inform
modifications to the installation and operation processes before piloting the larger-scale
field study. The prototypeswere packaged and delivered directly to a convenience sample
of 8 participants’ homes. The goal was to determine whether participants were able to
install the kit themselves without onsite support from researchers. After some minor
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Fig. 5. Various mockups for the dashboard application interface.

Fig. 6. The finalized Homepage for the dashboard application interface.

refinements to the self-installation process based on the initial feedback, 5 externally
recruited participants completed the second pilot study in accordance with the field
study procedure as depicted in Fig. 8. These pilot study participants’ characteristics are
described in Table 1.



An Iterative Approach to User-Centered Design of Smart Home Systems 9

Fig. 7. Back-end implementation.

Fig. 8. Field study procedure.

Survey results indicated that, although participants found the self-installation pro-
cess to be quite easy, older participants found the self-installation process to be more
challenging than younger participants did. Many participants cited particular issues
with installing the sensor module. Because the camera on the included Android tablet
was low-resolution, the participants who used the tablet reported challenges with the
QR-code-based pairing of the sensor module. As a result of this unforeseen challenge,
researchers made the decision to complete this pairing prior to shipping to participants
such that participants would only need to reconnect the paired system to their WiFi upon
its arrival. Nonetheless, ongoing challenges and failures with this portion of the pro-
cess resulted in frustration and made the overall installation process considerably more
time-consuming, indicating a need for more detailed instructions and troubleshooting
guidance in the instruction manual.

Aside from challengeswith the sensormodule, survey ratings and interview feedback
suggested that the manual was successful in facilitating a seamless installation process.
One participant said: “My compliments on the instructions. Nicely done, step by step,
clear and photos were awesome. Nice touch putting the email login info at the top
right corner. This is all thinking out loud, but it may reflect some elements of what the
public might be thinking too.” Minor improvements were suggested to indicate where
components shouldmost ideally be placed in the home. In addition, survey results showed
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that older participants had difficulties in using small hardware components, suggesting
the need to improve the design and interface of the sensor module.

Table 1. Demographic information for participants of the field study; both the pilot study and the
main study.

Study
category

Birth year Gender Locationa Household
size

Residential
environment

Technology
savvinessb

Pilot
study

1997 Female MA 2 Urban High

1953 Female MA 1 Suburban Med-high

1995 Female IN 1 Suburban High

1966 Female MA 2 Suburban Med-high

1959 Female MA 3 Suburban Low-med

Main
study

1994 Female MA 3 Urban Low-med

1953 Female MA 1 Urban High

1977 Male MA 5 Suburban High

1986 Male MA 4 Suburban Med-high

1934 Male AZ 1 Urban Med-high

1940 Male NY 2 Suburban Med-high

1995 Female MA 2 Urban High

1952 Female MA 1 Urban Low

1990 Female CA 3 Suburban High

1974 Female OH 2 Suburban Med

1977 Female GA 3 Suburban Med-high

1934 Male WA 2 Urban High

1950 Male FL 2 Urban Med-high

1984 Female NC 5 Suburban Med-high
a State name abbreviation. All participants lived in the United States
b Assessed using three questions regarding technology experience and attitudes: 1) How would
you rate your overall level of trust in technology? (Answer options ranging from “very low trust”
to “very high trust”); 2) How interested are you in learning about new technologies? (Answer
options ranging from “not interested at all” to “very interested”); and 3) In general, how would
you rate yourself as being an avoider or an early adopter of new technology? (Answer options
ranging from “avoid as long as possible” to “try as soon as possible”)

Finalizing the Prototype and Gathering User Evaluations
Based on user feedback received during the pilot, various changes were made to finalize
the prototype before beginning the field study. The sensor module frame was modified
to add a plastic covering over the sensors. This alleviated some of the dexterity-related
challenges experienced by older participants and added a layer of physical protection
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to the individual sensors, some of which had been damaged in shipment. To address
the possibility of future changes to data privacy-related requirements, the architecture
of the prototype was refined to more easily accommodate new changes. The Google
Home voice assistant was excluded; first, it was solely an extra mode of interaction
without supporting any use cases, and second, it presented some privacy concerns. The
instruction document was updated to provide more examples and clarity, with specific
attention to the section focused on installing the sensor module. The dashboard features
remained the same.

A total of 14 technologically- and demographically-diverse participants received the
newly-updated prototype and went through the field study procedure (as depicted in
Fig. 8). Participants provided feedback via surveys and an interview.

Although the exposure to the kit resulted in significantly greater willingness to adopt
new technologies, the dashboard features did not offer high practical value to participants
[19]. Participants rated the climate, energy use, and menu bar features as most useful;
they rated participant support, alerts, and wellness the least useful. Participants rated the
kit highly for ease-of-use and the self-installation process was generally successful for
most participants.

2.2 Making Revisions for the Second Prototype

Design Implications and Recommendations Identified from the Previous Version
In designing the second version of the prototype, design implications were largely
informed by participant feedback from the field study as well as limitations identi-
fied by researchers throughout fielding. Some general qualities of the prototype were
demonstrated with version 1, but desired to be improved for version 2. These quali-
ties included interactivity, privacy, scalability in development and deployment, and ease
of use. New priorities for version 2 included customizability in features and interface,
additional convenience and information features for health and housework support, and
additional security features.

Design implications for the second prototype were largely informed by the results
of the field study. An updated set of features and functionalities for the dashboard appli-
cation was required. An effort was made to maintain and improve the features from
version 1 that participants liked and found useful (e.g., indoor and outdoor environment
information, device use monitoring, and activity level indicator). Possible additional
features suggested by participants involved needs related to task management (e.g., cal-
endar, shopping list), device management, wellbeing monitoring, health statistics, and
multi-room activity recording. Participants also expressed a desire to be able to inter-
act with a more advanced set of data collection and analysis capabilities (e.g., to view
both real-time and historical data displays). Participants also suggested implementing
the ability to personalize the dashboard according to their preferences; for example, to
hide a feature that is not relevant to their needs.

Researchers also identified some potential technical design changes throughout the
field study. Limitations in the development of the prototype included limited and static



12 L. C. Cerino et al.

sensing capability and data stream, reliance on a central server in the cloud, and unopti-
mized software implementation and hardware build. Updates to the display of informa-
tionwere done infrequently. Therewere also logistical restrictions in the deployment and
management of the prototype throughout the field study. Between participants, manual
code babysitting and resetting of the kit was required, which resulted in a long turnaround
time (e.g., kits needed to be shipped back and manually reset before being shipped to
the next participant).

Selection and Integration of Components and Features
A small collection of individual, off-the-shelf sensors were selected to replace the orig-
inal sensor module. Using separate sensors allows participants to place them as desired
throughout their home. The off-the-shelf sensors also reduce the need for manual techni-
cal maintenance, facilitating a more streamlined integration process from a development
and installation standpoint. The same power strip and tablet were kept based on mini-
mal issues from a user and research standpoint. The main peripherals, power strip and
sensors, are shown in Fig. 9.

Fig. 9. Selected hardware for version 2 of the kit. Wifi-enabled power strip (top), Zigbee-enabled
motion sensor (bottom left), and Zigbee-enabled air quality monitor (bottom right).

To address various needs identified by both users and researchers, and to test and
evaluate how an alternative system may impact users’ experiences, a decision was made
to create a new dashboard application and implement a new system of integration for the
second version of the kit. The new dashboard application was developed and integrated
with the hardware using Home Assistant, an open source software for home automation,
and a Raspberry Pi and Zigbee hub host the instance of Home Assistant.

The Home Assistant platform is designed for easily connecting to a large variety
of off-the-shelf devices and systems and supports increased scalability compared to the
previous dashboard, which was optimized to fit selected components. The change to this
system may address needs identified by researchers around optimization of the software
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implementation, deployment, andmanagement; for example, there is no longer a need for
manual code babysitting and resetting throughout deployment. Additionally, for users,
the change may reduce the complexity of and avoid problems with the setup process by
allowing off-the-shelf components to be paired to the interface by researchers prior to
shipment.

The system also addresses concerns expressed by many field study participants
regarding privacy and data security. Some had concerns related directly to the kit, and
others had concerns related to smart home technology in general. The new implementa-
tion may mitigate these user privacy concerns by utilizing a more familiar platform with
an emphasis on local control and privacy, and by storing user data locally rather than on
a cloud-based central server.

Updates to the dashboard addressed many of the preferences and recommendations
expressed by participants during the first field study. On the new interface, summaries of
each feature are displayed across four categorized columns, or “panels,” on a homepage.
The panels are Home Environment, which consists of blocks for externally-sourced
weather, indoor humidity and temperature, light brightness, and motion; Energy Usage,
which consists of blocks for powerstrip outlets, total energy consumption, and outlet-
specific consumption; Health and Wellbeing, which consists of externally-sourced,
widespread health data, a wellbeing index with symbols for reporting, and externally-
sourced modules for leisure such as Wordle and Cute Animals; and Task Assistance,
which consists of an interactive functional calendar and a shopping list. Users can effi-
ciently view further information, such as historical data about energy consumption, by
tapping on the feature. The finalized interface is shown in Fig. 10.

Fig. 10. The user interface for the version 2 dashboard with all features visible.
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To address user feedback around a desire to personalize the system, the new dash-
board application includes features that support greater user customizability. The dash-
board allows users to simplify the layout of the full main interface (as shown in Fig. 10)
based on their priorities; for example, users may choose to hide or minimize panels that
they are not interested in or move higher-priority features to the top. Users may also
personalize within panels. Labels and icons can be designated for each of the powerstrip
outlets within the Energy Usage panel, and an interactive calendar—which additionally
supports identified needs around task management—was added. All personalizations
are optional such that there is no negative impact or change to the overall functionality
for users who prefer not to customize.

Researchers identified the potential to incorporate externally-sourced information
and interactivity. Thus, the updated system leverages third-party integrations offered by
Home Assistant that may support the user experience and enhance engagement, such as
broad public health data from the CDC and widgets for playing a word game (Wordle)
and displaying uplifting photos (Cute Animals).

3 Conclusion

3.1 Implications

The pilot and field studies demonstrated key considerations for design researchers and
practitioners in designing user studies that can provide a holistic understanding of the
user experience and, in turn, most effectively inform future design decisions.

When recruiting participants, researchers and practitioners should make an effort to
include users that represent all aspects of the target group in terms of both demographics
and technology experience. For example, the field study found that evaluations of useful-
ness varied between participants of different demographic characteristics and technology
experience. Involving a diverse group of individuals results in a better understanding of
needs and experiences that people of different characteristics may have, and generates
insights for addressing requirements that may vary across target user segments.

When seeking insights that will hold true in a real-world setting, a user’s experience
with a product should reflect their real-world experience as closely as possible. Thus,
when possible, users testing a product in their natural environment (e.g., in users’ own
homes for smart home products) is most ideal. Field study participants were able to
share valuable insights on things that would likely not be observed in a typical lab
setting, such as how the prototype affected their everyday routine, usage dynamics with
other members of their household, and variations in usage by housing type. In addition to
the environmental dimension, a longer-term study can result inmoremeaningful insights
than a short-term engagement. Placing the product in participants’ homes for a longer
period of time allows a more comprehensive observation of changes in usage behavior
beyond initial interactions and the learning phase.

When evaluating and analyzing users’ experiences, utilizing various methods appro-
priate for gathering multidimensional feedback is crucial. For example, the design pro-
cess for the prototype was informed by both quantitative insights from ongoing sur-
veys and qualitative insights from interviews. The more structured, quantitative method
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allowed trends to be plotted and to do comparisons, whereas the less-structured, qual-
itative method allowed for variation between participants and provided an opportunity
to follow up and ask in-depth questions tailored to participants’ individual situations
and experiences. Thus, the combination of these two methods for gathering feedback
resulted in a significantly more comprehensive understanding of the user experience.

3.2 Future Work

For future iterations of the prototype design and development, the cycle of iteratively
refining the prototype based on feedback from real-world user testing will continue. The
immediate next step will be to repeat the field study with the finalized second version of
the prototype.

Through all cycles of testing and evaluation, insights from participants will be lever-
aged to learn about how new changes and features, such as the newly-added customiz-
ability in the second version, may impact the user experience and acceptance. In general,
gathering feedback from a larger andmore diverse pool of participants in future iterations
of the field study could improve the validity and generalizability of findings and allow
for more in-depth comparisons of preferences between users of different characteristics.

Acknowledgment. Support for this studywas provided by theMITAgeLab C3Connected Home
Logistics Consortium.
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Abstract. As a new generation of essential terminals for future homes environ-
ment, smart home has become one of the important media for smart home care,
which has the potential to improve the social participation of the elderly at home,
but the utilization rate is not high, and the user experience is not good. It mainly
explores the influencing factors of user experience design of young elderly people
on the use of smart home for social interaction, abstracts and refines layer by layer
from the empathy and understanding of young elderly people from bottom to top
through the research method of grounded theory and constructs the user experi-
ence design influencing factor model of young elderly based on smart home social
software through open coding, spindle coding and selective coding. The results
show that the model mainly includes user interface quality, interaction quality,
content quality and service quality. This study aims to provide theoretical refer-
ence and practical guidance for designers and product managers to design smart
home-related social software from the perspective of design.

Keywords: Smart-home smart screen · Social media · Chinese younger older
adults · User experience design · Grounded Theory · Design influences

1 Introduction

China is in the midst of an aging and digitalized society. On the one hand, China’s aging
problem is very serious. The seventh national census data released in May 2021 showed
that 18.7% of the total population, or 264 million people, are aged 60 and above [1].
At the same time, the director of the National Bureau of Statistics (NBS) stated that the
proportion of the lower-aged elderly population aged 60 to 69 reached 55.83%, or about
10.44% of the total population [2]. To solve the problem of aging, the first thing is to
solve the problem of old-age care, because China adopts the “90-7-3” pattern of old-age
care at home, that is, more than 90% of the old-age care at home in China. The first
issue confronting a large number of elderly people living alone and empty nesters is how
to meet their social participation needs. According to the continuity theory [3], these
personal and social factors can cause a lack of social interaction with the rest of society,
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resulting in social isolation of the elderly, due to declines in physical function, mobility,
retirement fromwork, a shrinking social circle, and the post-epidemic era. Theymay feel
lonely and emotionally unavailable, which can be psychologically damaging. Cacioppo
et al. [4] noted that loneliness is associated with and synergistic with depression, which
in turn reduces the well-being of older adults. As a result, how to socially engage empty
nesters and older adults living alone who are aging at home has emerged as a critical
practical issue.

On the other hand, technological progress has made the digital and intelligent era
come, accelerating the wisdom and innovation of the family unit system. The smart-
home smart screen series is a class of smart-home products that has only started to
emerge in recent years. As a new media platform, the smart home smart screen retains
the functions of smart speakers, such as voice control and control of the smart home,
but also carries out human-computer interaction with users through a large touchable
screen, which can carry out operations such as video calling, online chatting, listening
to songs and catching up with dramas, and life assistants. Alibaba officially launched
its first new smart home wisdom screen - Tmall Genie CC in April 2019, followed
by Baidu, Amazon, Google, Xiaomi, Huawei, and other brands, which have also made
efforts to release their own smart home products equipped with large wisdom screens.
Smart home products are becoming more popular, and their relative ease of access,
low cost, and application in home scenarios make them one of the most important
products for smart aging. Intelligence and digitization play a big role in helping older
people live better. Using smart-home smart screens could help older people be more
involved in their communities and give them the chance to take an active role in smart
wellness at home. But older adults have trouble taking advantage of the convenience
of new technologies and products because their physical and mental differences make
them hesitant to try new things. The digital divide makes the adoption of using smart-
home smart screens for social behavior relatively low among the elderly population
and causes poor user stickiness, mainly because of the poor elderly user experience
of smart-home social software. And providing better design for the elderly to have a
better user experience can provide inspiration to effectively address the digital divide
among the elderly, thus realizing smart aging for the elderly, practicing active aging, and
improving thewell-beingof the agingpopulation.However, few studies have investigated
the factors influencing the user experience design of socialization among older adults
adopting smart homes.

Therefore, it is an important topic to accurately grasp the user experience design
factors that affect the use of smart home social software by the elderly. However, it
is currently unclear which design factors influence the aging user experience of smart
home social. Due to the different usage contexts, application areas, and target groups,
it is not possible to directly adopt the existing information system’s user experience
influencing factors to improve the aging user experience based on smart home social,
which is not only unscientific but alsomay not be effective. In light of this, this paper uses
smart home social software as a point of contact for design intervention and conducts
an exploratory nature study on the design influence factors of aging user experience
based on smart home social software and its mechanism of action from the perspective
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of design in order to provide theoretical support and practical guidance for smart home
social software developers and designers in order to improve aging user experience.

2 Literature Review

2.1 Information Behavior of Elderly Users Based on Social Interaction

At present, the academic community has focused on psychology, ergonomics, man-
agement, information management, and gerontology in the study of social-based infor-
mation behavior of aging users, focusing on four categories of aging user behavior:
adoption/actual use, usemotivation/behavioral motivation/motivation, acceptability, and
willingness to continue using. Chen et al. (2021) [5] called 57 older adults in HongKong,
China, to investigate their acceptance of using platform computer technology, and found
through questionnaires and focus groups that the influential factors affecting accep-
tance were personal usage intention and convenience, and that platform computers were
perceived to be beneficial for social relationships and communication. In terms of wear-
able products, Talukder et al. (2020) [6] investigated the predictors of wearable product
adoption among 325 Chinese older adults aged 60 years or older, and an empirical
study based on the UTAUT2 model found that social influence, performance expecta-
tions, functional consistency, self-actualization, and hedonic motivation were positively
related to wearable product adoption. In the context of computers, Yu (2020) [7] inves-
tigated the antecedent influences of older adults over 60 years of age on Facebook use
on computers in Taiwan, China, through questionnaires and interviews, and empirically
found that the influences of aging socially included technology use and social force.
In terms of social bots, Chen et al. (2020) [8] explored the acceptance of social robots
among 103 Hong Kong older adults aged 60 years and older through a questionnaire
and an ABAB withdrawal experimental design.

From the above studies, it can be seen that although many scholars have conducted
research on the social-based information behavior of aging users, the relevant research
at this stage has the following problems: 1. Most of the target groups are all elderly
people, while the first-age group, as a special category of people, is very important to
study. However, scholars have given limited attention to this group. 2. The research on
the social behavior of aging users mainly focuses on computers, smartphones, social
robots, wearable products, tablets, and other technical devices, but there is no research
on smart homes, which should be due to the fact that smart home wisdom screens belong
to a relatively new type of home product.

2.2 Elderly User Experience

American user experience designer and cognitive psychologist Donald Norman and oth-
ers introduced the concept of user experience (UE or UX) in the mid-1990s [9]. UX is a
cross-cutting concept that spans many fields and involves many disciplines, such as psy-
chology, sociology, computer science, and ergonomics. Because of its interdisciplinary
nature, there is no unified definition of UE in academic circles. The International Orga-
nization for Standardization (ISO) defines “user experience” as the subjective feelings
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and reactions generated by users when they plan to use or are using a product, service,
or system. Tsai et al. (2017) [10] investigated how user interface design affects the user
experience of older adults by developing TreeIt, a social application designed for older
adults. Through a survey of 111 older adults, the empirical study showed that the main
elements of social-based aging user experience influence include system support, user
interface design, and navigation. Alzahrani et al. (2021) [11] explored the factors that
influence the user experience of using smart home technology, remote monitoring, and
telemedicine systems to support healthcare for older adults, using semi-structured inter-
viewswith older adults (65 years and older, N= 17), and showed that lack of technology,
usability, cost, platform management, infrastructure, and privacy management influence
the user experience of using smart homes for older adults. Kalimullah and Sushmitha
(2017) [12] In order to investigate how to increase the use of mobile health apps by older
adults, a research hypothesis was proposed to implement this idea by examining the fac-
tors that influence the user experience of user interface design elements in older adults.
They verified through an experiment that the user experience of the elderly changes with
the user interface design elements and proposed the influencing factors that affect the
user experience of the elderly, i.e., iconic factors, textual factors, and color factors.

From the foregoing, it is clear that although there are more research results on the
influencing factors of the user experience, fewer of them are related to the prime-age
population, and those focusing on using smart homes for socialization are also not
common, and the existing research results do not provide effective explanations for
similar behaviors in the smart home environment. Therefore, it is important to conduct
research on the factors influencing the design of the user experience of the first-aged
population based on smart home socialization to improve their user experience and
explore the internal mechanisms of information behavior in the first-aged population.
Secondly, most of the types of external variables in the existing studies are the variables
in personal factors and social factors of the user experience as independent variables, and
there are few design studies conducted with variables in user experience design factors
as external variables of the study; therefore, the existing studies are negligent about the
design variables of the user experience, which is a blank spot.

Therefore, based on the smart home application context, this paper explores the fac-
tors influencing the user experience design of smart home social software with the first-
time elderly population as the target population and the emerging medium of the smart-
home smart screen from the perspective of design, using the method of programmed
rooting theory.

3 Methodology

3.1 Grounded Theory

The rooted theory researchmethod was developed byAnselm Strauss and Barney Glaser
(1967) of Columbia University [13]. A research method jointly developed by two schol-
ars, it is a qualitative research method that uses a systematic procedure to collect data
on a phenomenon and extracts theories from the empirical data. In 1990, Strauss and
Corbin [14] developed a procedural development of grounded theory, where they con-
ceptualized and categorized the survey data in a step-by-step manner and divided the
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coding into open coding, spindle coding, and selective coding. The three steps are to
distill the original data (speech, text, etc.) into initial concepts and initial categories,
further excavate the connections between the initial categories to inductively deduce the
main categories, and finally analyze the relationships between the main categories and
form a relevant theory rooted in the real data.

3.2 Data Collection and Study Subjects

The interview outline is based on desktop research data and will be properly fine-tuned
according to the interview content. It contains two major parts: basic information and
interview question content. The interview contentmainly focuses on four aspects: a basic
view on smart home socialization, design dimensions, perception dimensions, and other
dimensions. The user group for data collection is mainly the prime-age population, aged
50–65, with experience in using smart home products and who have used smart home
products equippedwith smart big screens for socializing and entertainment activities. The
interviewees were selected by the snowball sampling method, using the semi-structured
interviewmethod and contextualized experiment as the twomain forms. 24 interviewees
were interviewed, 14 ofwhomconducted online video interviews throughWeChat and10
conducted offline interviews. First, the respondents were introduced to the background,
purpose, process, and related terms and concepts of this interview. They signed a user-
informed consent form, which promised them that the content of this study was limited
to academic use and all data about the users would be kept strictly confidential, and the
consent of the respondents was obtained tomake audio recordings. Finally, 24 transcripts
were made, including 11 males and 13 females, and the voice data were textualized with
the help of “Xunfei Hearing,” a speech-to-text assistant, resulting in a total of 73,637
words of interview text, or nearly 80,000 words, for post-coding purposes.

4 Research Process

4.1 Open Coding

Open coding is a process of refinement and abstraction in order to implement concepts
as well as scope the collected primary interview materials. The researcher must follow
a systematic and rigorous normative procedure to gradually extract and condense the
large amount of information gathered from the bottom upwhen using open coding. Open
coding entails categorizing the raw material, assigning concepts to the raw statements,
and naming them, and further analyzing and comparing them to merge similar concepts
to form more generalized subcategories.

Coding Process. In this study, the collected textual materials were processed, and the
interview data were analyzed using NVivo, a qualitative analysis software aid developed
by QSR. The main processes used by NVivo to process the interview textual materi-
als: selecting materials, writing codes, filing, and establishing a coding system, coding
consistency reliability test, and theory construction. To ensure systematic coding, the
coding researchers were screened, and two interaction designers were finally identi-
fied as coders for the coding phase of this study. Both coders had more than 1 year of
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experience in using smart home terminals. To ensure that both could strictly follow the
process and procedure coding during the coding process, they were given basic training
based on NVivo software. The open coding randomly selected 2/3 of the interview text
materials, a total of 16, and first carried out the text normalization process, i.e., some
repetition, speech-to-text errors, etc. were manually proofread, and then two coders sep-
arately imported the normalized interview text materials into NVivo 20.0 software in
the form of word documents and conceptualized and categorized the text of the mate-
rials. The main process was as follows: by analyzing the interview text sentence by
sentence, the statements that did not answer the substantive content were eliminated,
and the substantive original statements were distilled into an initial concept and named.
In the process of conceptualizing the entire interview text in this way, the newly created
initial concept is repeatedly compared with the established initial concept, and if the
newly created concept is not consistent with the meaning of any existing concept, then
a new concept is created. In this way, the initial conceptualization of the interview text
material was achieved.

Reliability Test for Coding Consistency. To ensure the accuracy of the coding, the
coding consistency reliability (inter-rater reliability) was tested on the coding results of
the open coding generation of the initial concepts and subcategories by the two coders.
This computational evaluation process was continuously adjusted and repeated through
the computational results until the confidence level reached an acceptable level. The
formula for calculating the inter-rater reliability between two coders is shown in Eq. (1)
[15]:

R = (n × K)/(1 + (n − 1) × K) (1)

In Eq. (1), the n denotes the number of coders, and K denotes the average agreement
between the two coders, and the interaction discriminant reliability between the two
coders is obtained by calculating.

To get R the first requirement is K value. Calculate K of the equation as shown in
Eq. (2).

Kab = 2S

Na + Nb
(2)

In Eq. (2), the S denotes the number of categorically consistent codes for the two
coders, theNa, andNb denote the number of codes for eachof the twocoders, respectively.

Ultimately, the interaction discriminant confidence between the two coders was
calculated based on Eqs. (1) and (2).

After initial conceptualization of the interview text by the two coders, coder a
obtained 131 initial concepts and coder b obtained 136 initial concepts. After repeated
discussions, a total of 109 initial concepts were obtained by synthesis and generalization.
As a result, applying Eqs. (1) and (2), the interaction discriminant reliability between
the two coders for the initial conceptualization was 0.898. R is 0.898. Normally, if this
value is lower than 0.5, then the data needs to be recoded; if the value is lower than 0.8,
then the coding result needs to be further revised until it reaches an acceptable level of
0.8 or higher [16]. After adjustment, the interaction discriminant reliability of the initial
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conceptualization R was 0.898, indicating that the open coding initial conceptualization
stage is highly reliable.

On this basis, the two coders used the node (initial concept) combination function
of NVivo 20.0 to further refine and cluster the 109 initial concepts based on causality
and similarity, and finally coder a abstracted 12 subcategories and coder b abstracted 14
subcategories. After repeated discussions, 10 subcategories, numbered B1-B10, were
synthesized and summarized, and after applying formulas (1) and (2), the number of
codes S, the total number of codes, and the interaction discriminant reliability R of the
two coders for each subcategory were calculated, adjusted, and evaluated during the
abstraction and refinement of each subcategory by the two coders, as shown in Table 1.
It can be seen that the interaction discriminant reliability of the open-ended coding of
the subcategories was greater than 0.8, and more than half of them reached the excellent
level of 0.9 or higher, so it can be said that the coding results passed the reliability test.

Table 1. Open coding interaction discriminant reliability

Sub-categories S Na + Nb R

B1 Graphic Features (GF) 9 26 0.818

B2 Information Architecture (IA) 10 24 0.909

B3 Human-Computer Interaction (HCI) 8 20 0.889

B4 Interpersonal Interaction (HI) 11 25 0.936

B5 Intelligence (INT) 9 23 0.878

B6 Socialization (SOC) 11 27 0.898

B7 Shareability (SHA) 10 22 0.952

B8 User Generated Content (UGC) 8 18 0.941

B9 Social Security (SE) 10 27 0.851

B10 Empathy (EMP) 11 26 0.917

Coding Results. In the open coding stage, two coders synthesized and abstracted 109
initial concepts to form 28 initial concepts, numbered a1-a28. The original interview
representative statements, corresponding initial concepts, and subcategories obtained
from the open coding are shown in Table 2 below. Due to space limitations, only one
original interview statement and initial concept are listed for each subcategory formation.

4.2 Spindle Coding

Coding Process. On the basis of the open coding, the spindle coding was further devel-
oped by considering and comparing the initial concept with the sub-categories in order
to make a generalization. To ensure that the results of the spindle coding are scientific
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Table 2. Open coding categorizations (partial)

Original statement Categorizations

Our eyesight is not particularly good; I have
farsightedness, and my partner is a bit nearsighted,
so we both can’t see the words on the screen very
clearly. I believe the smart home screen text is still
much larger than the phone, especially for our poor
eyesight. Especially the lyrics, which I can see very
clearly. (Text features)

B1 Graphic Features (GF)

The interface shows a lot of content, so if you see
something you like, you can just click on it and find
the features you’re looking for all at once. (Function
layout)

B2 Information Architecture (IA)

For example, if I like to listen to some opera and
comic shows, I will call out my name directly to it,
and it will respond to me, after which we can have a
conversation, and then I will say whose comic I want
to listen to, whose story I want to listen to, and which
channel I want to watch, and it will be able to
execute it immediately. (Naturalness)

B3 Human-Computer Interaction (HCI)

Because I have trouble with my legs, I keep my
Xiaodu smart screen on my bed, and it has made me
better able to communicate with my family because it
has a convenient watcher function, and I can interact
and video chat with my family when I tap on it. I
think it is good for maintaining my relationships with
my friends and with my family. (Family Connection)

B4 Interpersonal Interaction (HI)

For example, sometimes I forget to take my
medication, or some things that I do daily, such as
taking my blood pressure, I may forget, so it would
be best if it could remind me. I think overall it is still
very smart and very easy to operate. (Intelligent
monitoring)

B5 Intelligence (INT)

Sometimes, we like to organize some programs and
some activities, such as some community volunteer
activities or some old friends in the community, and
we go to plant trees, go fishing, or walk in the park
together. We organize activities, we go to such a
group activity together, and we share information
through some such social platform. (Collective
behavior)

B6 Socialization (SOC)

(continued)
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Table 2. (continued)

Original statement Categorizations

I usually just also go shopping; that is to say, we
shop inside the group to buy food or whatever, which
is very convenient. Some of my friends, for example,
will frequently share with me if he has some good
things—good cheap food, suitable clothes. I also like
to buy some brands of clothes that my friends share
with me, which are quite good. (Disseminate
information)

B7 Shareability (SHA)

I generally like to post some of my own pictures and
words to record some snippets of my own life. After
all, most of my life I have been working; now I
finally have some time for myself, and while I still
have energy, I want to express it through social
platforms. (Self-recording)

B8 User Generated Content (UGC)

Above and beyond the social function of the app, I
believe some smart homes have some strangers on
them who do not feel safe and are afraid of being
cheated. (Social risk)

B9 Social Security (SE)

The Xiaoai smart screen is more like the other half of
my life; I can’t live without it. I feel that it gives me a
sense of belonging, that it understands me, and that I
am connected to it. (Sense of Belonging)

B10 Empathy (EMP)

and rigorous, one design expert is invited to participate in the spindle coding, and the
two coders have a real-time discussion to confirm the main scope.

Coding Results. By combining the expert opinions and exploring the relationship
between the above 10 sub-categories, the four main categories—interface quality, inter-
action quality, content quality, and service quality—were further consolidated and
merged as shown in Table 3.

4.3 Selective Coding

The stage of extracting the core categories from the main categories is called selective
coding. In this stage, we need to summarize and refine the main categories again, dis-
cover the core categories that can cover other main categories by organizing the related
relationships among them, maximize the unification, and build a model to establish the
relationship between the core categories and themain categories and determine themean-
ingful relationship between the core categories and the main categories. In this paper,
through repeated research, comparison, and analysis of the four main categories, we
finally extracted the core category of “the influencing factors of user experience design
and its mechanism based on smart home socialization for first-time seniors”. This core
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Table 3. Main categories and their connotations

Main Category Sub-categories The connotation of the main
category

C1 User Interface Quality
(UIQ)

B1 Graphic Features (GF) Images, text, logos, icons, color
blocks and some buttons for smart
home social interface

B2 Information
Architecture (IA)

Smart home social interface
layout, hierarchy, navigation,
search, etc.

C2 Interaction Quality (IQ) B3 Human-Computer
Interaction (HCI)

The social interaction between the
elderly and the smart home should
be more natural, such as using
voice interaction, and it should be
easier to wake up and respond to
the elderly instantly

B4 Interpersonal
Interaction (HI)

Communication and interaction
between people in the process of
using smart home socialization for
the first age group

B5 Intelligence (INT) The degree of intelligence in the
use of smart-home social
processes for the first-time elderly
population

C3 Content Quality (CQ) B6 Socialization (SOC) Group interaction and linkage
behaviors of the first-time seniors
using smart home social processes

B7 Shareability (SHA) First-time seniors can share
interesting and useful information
in the process of using smart
homes socially

B8 User Generated
Content (UGC)

The beginning elderly can
generate content for
self-expression and to please
others in the process of using
smart home social

C4 Service Quality (SQ) B9 Social Security (SE) The security enjoyed by the
younger population in using smart
home social processes, such as
privacy security, payment security,
etc.

(continued)

category includes four main categories: interface quality, interaction quality, content
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Table 3. (continued)

Main Category Sub-categories The connotation of the main
category

B10 Empathy (EMP) The companionship, care, and
personalized service that first-time
seniors feel during the use of
smart home socialization

quality, and service quality. The typical relationship structure and the connotation of the
relationship structure are shown in Table 4 below.

5 Results and Discussions

5.1 Model Construction

Through the three-level coding, 28 initial concepts, 10 sub-categories, and 4 main cat-
egories were obtained to build the model of the Senior User Experience Design of the
Smart-home Social System. The model is shown in Fig. 1 below.

5.2 User Interface Quality

In themodel, the user interface quality factor is one of the external user experience design
influences that affects the user experience of the first-age smart home social group, which
is mainly reflected in the influence of the graphic features and information architecture
of the smart home social interface on the user experience. Therefore, designers, product
managers, and administrators should consider how to design the graphic features and
information architecture of the smart home social interface according to the specific
initial physiological and psychological decline of the first-age population to help the
first-age users use smart home social better and thus give them a better experience.

5.3 Interaction Quality

In the model, the interaction quality factor directly affects the information behavior of
the first-aged people using smart homes for socializing and is one of the external user
experience design influencing factors, which is mainly reflected in three dimensions:
human-computer interaction, interpersonal interaction, and intelligence. Therefore, to
improve user experience and enhance user stickiness, designers, product managers, and
administrators should strengthen the intelligent design and construction of voice interac-
tion and design a more natural voice interaction mode according to the human-computer
communication mode and habits of the first-aged people so that the first-aged users can
also enjoy a more convenient and rapid response interaction service experience.
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Table 4. Selective coding

Typical relationship structure Nature of relationship Relationship structure
connotation

User Interface quality →
User Experience

External factors (cause and
effect)

Interface quality factors such
as graphic features and
information architecture are
external design factors that
affect the user experience
during the use of smart homes
for socialization by the aging
population

Interaction quality →
User Experience

External factors (cause and
effect)

Human-computer interaction,
interpersonal interaction and
intelligence and other
interaction quality factors are
external design factors that
affect the user experience in
the process of using smart
home socialization for the
first-time seniors

Content quality →
User Experience

External factors (cause and
effect)

Content quality factors such as
socialization, shareability and
user-generated content are
external design factors that
influence the user experience
during the use of smart home
socialization by the aging
population

Service Quality →
User Experience

External factors (cause and
effect)

Quality of service factors such
as social security and empathy
are external design factors that
influence the user experience
during the use of smart home
socialization by the first-time
seniors

5.4 Content Quality

In the model, the content quality factor is one of the external user experience design
influences that affect the social information behavior of first-time home users, mainly in
the three dimensions of community, shareability, and user-generated content. Therefore,
designers, product managers, and administrators should take advantage of the large
screen in smart home social software to design specific community groups and other
functions to help the elderly people show themselves and express their emotions more
conveniently, and at the same time, design according to their specific needs so that
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Fig. 1. User Experience Design Influencing Factors Model for First Agers Based on Smart Home
Social software

they can share information with others in the group more conveniently, helping them
to gain attention more easily, eliminate loneliness, and improve their health. It helps
them get attention more easily, eliminate the feeling of loneliness, and improve their
user experience of using smart home social networking at home.

5.5 Service Quality

In the model, the service quality factor directly affects the social information behavior
of the first-time home users and is one of the external user experience design influencing
factors, which is mainly reflected in the two dimensions of social security and empathy.
In view of this, to increase the perception of service quality and improve the user’s
viscosity, designers, product managers, and administrators should provide more care
and support for the first-time users through specific service design elements from the
design perspective, so as to help the first-time users improve their social experience.

6 Conclusion

In general, although this paper strictly abides by the analytical research process of rooted
theory, it is still more or less disturbed by the subjective influence of thinking, which is
the shortcoming of the study. Meanwhile, since the research method is qualitative and
the interview sample size is 24 first-time and old users, statistical tests of reliability and
validity of large samples should be conducted in the future in conjunction with empirical
evidence, and the exogenous user experience design variables in themodel should also be
operationally defined and multidimensional scales should be developed. Based on this,
structural equation modeling and quantitative verification of the internal mechanism of
the factors influencing the user experience design of smart homes for people in their
prime years are combined with pertinent theories, and they further suggest an ageing-
friendly design method for smart homes for people in their prime years based on the
verified causality. This provides theoretical guidance for future smart homes for people
in their prime years of design and research, with high-quality results.
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Abstract. Remote monitoring uses smart home features to promote
aging in place by preventing emergencies and increasing the quality of
life of older adults. However, traditional reports, data, and graphs pro-
duced by remote monitoring technologies are not well suited to older
adults’ needs. Thus, the complexity for older adults to use and interpret
reports can lead to usability and adoption issues. The goals of this study
were 1) to incorporate ludic-based design principles into an application
that provides older adults with an alternative way to interact with infor-
mation about their Activities of Daily Living (ADL), and 2) involve older
adults in creating new ludic interfaces that address usability and reduce
adoption issues. This ambient assistive technology offers older adults the
opportunity, through its interface, to promote curiosity and exploration,
the pursuit of non-external goals, and openness about the user’s routine
and lifestyle. By using an iterative, Human-Centered, co-design approach
in 4 workshops with older adults (N = 7), we combine older adults’ needs
with ludic elements to propose a new user experience.
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1 Introduction

Assistive technology (AT) is seen as facilitating independence and quality of
life for people, including those with dementia [18]. First and foremost, AT aims
to support people to live as long as possible at home [18]. The applications
of AT are many and varied, including supporting informal caregivers [3,15] or
assisting with meal preparation [22]. AT can also be used for health monitoring,
for assisting people with dementia while they engage in activities of daily living
(ADL), for maintaining social contacts, or for remote monitoring of activities of
daily living.

Ambient Assisted Living (AAL) is a type of assistive technology that uses
the Internet of Things (IoT) to assist older adults. The goal of Ambient Assisted
Living systems is to help older adults stay at home longer by increasing their
autonomy and assisting them with activities of daily living [4]. AAL uses intel-
ligent products, the context of the user, and the provision of remote services,
including care services, to support aging [20]. Most efforts to build AAL systems
for older adults are based on developing pervasive devices and using ambient
intelligence to integrate these devices to create a safe environment. Ambient
Intelligence intends to provide services in a way that is sensitive and responsive
to the presence of older adults and is unobtrusively integrated into the daily
environment [5].

If some of AAL solutions require interaction with users, most of them are
poorly suited for human-machine interaction [21], resulting in a risk for non-
adoption of the technology. Especially for older adults, these technologies might
not be unsuitably designed for their daily use. One way to ensure that new tech-
nologies are usable, acceptable, and tailored to the users they are intended to
support, is to ensure that users themselves are central to the design and devel-
opment process [1,21]. Co-design offers a way to ensure that new technologies
and interventions are tailored to users’ needs.

In the context of AAL, co-design can be defined as a process based on the
shared creativity of software developers, caregivers, clinicians, and other stake-
holders working together towards the same goal [13]. To achieve this goal, special
attention is paid to involving end users and ensuring that their contribution as
experience experts is at the heart of the design process and that their specific
needs are understood and met [13].

An aging population has led researchers to focus on developing assistive tech-
nologies to address the health problems of the elderly population. Blackman et
al. [4] explored how using assisted living solutions could promote aging in place.
Much research is being done to create intelligent environments around people.
This research in AAL has improved the independence of older adults and has
helped individuals to maintain and continue with their current activities of daily
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living. Acceptance of a product or service depends in large part on its ability to
solve a particular problem [21]. It also depends on how well it fits into the lives
of older adults [1]. Therefore, design for older people requires that they be at
the center of the design process. However, several barriers related to usability
and lack of experience exist despite the motivation of older people to use digital
technologies [14].

1.1 Promoting Adoption of Technology by Older Adults

Recently, researchers have been exploring ways to increase the adoption of ambi-
ent assistance. Among the various solutions proposed, gamification seems to be
an interesting option [10,26]. Gamification refers to a design approach that aims
to improve a service or system with the possibility of an experience that is sim-
ilar to the one created by a game [16]. In other words, gamification is the use of
the mechanics and elements of video games in a non-gaming context to encour-
age and engage the user by making the experience rewarding and enjoyable. In
AAL systems, the main function of gamification is to reinforce positive behaviors
in older adults. In AAL systems, gamification can be used to reinforce positive
behaviors and engagement in performing ADLs [23].

However, most gamification-based systems are conceptualized for a younger
audience and do not account for age-specific changes in motivation to continue
using the system or perception of gamification elements [1,2]. Overall, a system-
atic review of gamification initiatives for older people found weak indications
of positive effects [16]. Altmeyer et al. (2018) investigated what affected posi-
tively 75+ years old adults while playing and their attitudes toward common
game elements. They found that badges and points put the user under pressure
but are also considered meaningless. They see no value in them, especially for
tasks that are not necessarily worthy of praise. One participant said: “I don’t
have the feeling of having reached something that has value. I don’t see the
benefit of collecting points”. Kappen et al. [14] reported that older adults are
keen to receive feedback from peers or professionals, but are apprehensive to
accept feedback from technology (e.g., fitness applications). Steinert and col-
leagues [25], noted that the older adults were more motivated by the tangible
information provided by the activity monitors than by more abstract gameful
feedback. Finally, adaptive or increasing difficulty elements are prevalent in gam-
ification (i.e. the feedback pushed you to surpass yourself) [17], which may be
detrimental to one’s motivation and self-image, especially in the context of aging
with increasing cognitive, motor and/or sensory challenges.

Building on a shared element from gamification, ludic design might be a bet-
ter approach for inclusion and accessibility in aging. Ludic design is defined by
Sengers as belonging to design exploration [24]. Huizinga describes ludic activ-
ities as playful experiences that are not organized as goal-oriented tasks, where
people optimize [11]. The focus is not on the task, but on the global aesthetic
experience and how people make sense of it through gestures and comments [19].
To build a ludic design is to: 1) promote curiosity, exploration, and reflection;
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2) de-emphasize the pursuit of external goals; 3) maintain openness and ambi-
guity [9].

In a recent study, participants used an eHealth service focusing on fall preven-
tion, for 4 weeks [12]. The service used elements of ludic design and gamification.
Analyses showed that enjoyment affected perceived usefulness and aesthetics
affected perceived ease of use.

1.2 Objective

In this work, through co-designing with older adults, we aimed to develop a ludic
interface presenting the user with feedback on their daily routine that they would
feel curious to explore, and this, without measuring their accomplishment or
pressuring them into accomplishing something. We believe this approach would
benefit acceptability, usability, and motivation. We will call this technology My
Iliad.

My Iliad is an application and assistive technology that aims to help people
perform their activities of daily living. The objective is to promote their auton-
omy by displaying visual prompts aware of the person’s context. My Iliad is
an ecosystem that allows one to: (1) Follow one’s routine (sleep, meal prepara-
tion, outings, hygiene...); (2) Schedule appointments or reminders; (3) Federate
certain smart home technologies within the same ecosystem; (4) Offer personal-
ized suggestions and advice according to the time and activities; (5) Provide a
companion that accompanies the older adult in his daily life.

My Iliad aims at being a simple, pleasant, welcoming, caring, intuitive, moti-
vating, and reassuring user interface. The purpose of this research is to show
how the different elements of ludic design are integrated into My Iliad. Through
numerous iterations developed in co-design workshops, this article explains how
the important criteria of ludic design were merged with the needs of older adults.

2 Co-design Process of My Iliad

The proposed methodological approach aimed to offer active participation that
goes beyond consultation or receiving information. The proposed approach
includes participation in decision-making and giving participants a degree of
control and responsibility over the research results. Working with older adults
requires an adapted approach to ensure active participation in co-design [7,14].
A balance must be found between meaningful active participation and considera-
tion of the users’ ability to abstract. To do this, we adopted the Human-Centered
Design (HCD) process. This is a methodology for creating effective design solu-
tions.

In this methodology, the research team focuses on end users from the begin-
ning of product development and asks users to test each iteration of a product.
As a result, it is expected that end users will get a product that meets their
needs [8]. Specifically, we have organized this approach into a rapid prototyping
process divided into two iterations: (1) a Participatory Design (PD) iteration
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and (2) a User-Centered Design (UCD) iteration. Each iteration consisted of
4 steps. Figure 1 shows how we adapted the Human-Centered methodology to
our context. The project was approved by the Ethical Review Board of Aging-
Neuroimaging of the CIUSSS Centre-sud-de-l’̂ıle-de-Montréal.

Fig. 1. Adaptive design process based on the Human-centered design process used to
co-design My Iliad.

2.1 Participatory Design Iteration

Participatory design is a co-design approach that places end-user participants at
the heart of the design process. Participants are considered on an equal footing
with other stakeholders in the co-creation process [8]. We chose the participa-
tory design approach because it allows us to start from the premise that design
engagements should not begin in the laboratory, but in the practices, environ-
ments, and developmental trajectories of the people who will become the users.
In the co-design of My Iliad, this practice was used in the first and second work-
shops. In Fig. 1, this corresponds to the first iteration.

Participants were recruited from a private residence for independent and
semi-independent older adults. The participants consisted of 6 women and 1
man, aged between 70 and 91 years. As far as we know, none of the participants
suffered from health problems at the time of the study. Inclusion criteria were
that the older adults were in good health, had some ability for abstract think-
ing, had little knowledge of IT, and had no cognitive or physical impairments
that would prevent them from understanding instructions or participating in
videoconferencing sessions. The participants took part in all the co-design work-
shops. In collaboration with the older adults, a Housing Unit Manager, and the
research project team, a total of 4 co-design workshops were organized. Two (2)
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workshops took place in person with the older adults at the residence. One (1)
workshop was held virtually online, and One (1) workshop was organized with
the managers and Housing Unit Manager of the residents. In each workshop, the
4 steps: Interview, Needs, Prototypes, and Evaluation were applied. Based on the
interviews, the needs were clarified. Then, rapid prototypes were built to avoid
too much abstraction. Finally, an evaluation was done to see how the needs were
addressed. This evaluation allowed for a new iteration in case of unmet needs.

Participants were asked to fill out a questionnaire at each interview. This
questionnaire served as a framework for conducting the Workshop. It allowed
us to collect data such as identification of the participant and their opinions
about specific elements of the prototype: graphic style, the progress of time,
appointments, ADL included in the prototype, and how to see past and future
ADL in days/weeks format. This allowed the user experience to be understood as
a whole. Each interview was captured on camera. Participatory design iteration

2.2 Workshop 1: Assisting Activities of Daily Living

The goal of the first workshop was to use the experiences of older adults to
identify favorable and unfavorable factors for technology assistance applications
that present the data in a dashboard format. Due to health restrictions, the first
workshop was held online and lasted 1 h.

Fig. 2. Example of a daily life activities visualization dashboard presented to older
adults during the workshop.

During this workshop, older adults’ opinions on the presentation and accessi-
bility of information related to their daily routine were collected. Two members
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of the research team met each participant individually. Since the older adults
all spoke French, we left the material (photos) in the language used during the
workshop.

Prior to the workshop, the participants had received paper copies of the
various activities of daily living (sleep, meal preparation, outings, hygiene...)
and a classic GUI dashboard presentation of these activities, as shown in Fig. 2.
Among other things, they were asked questions such as: What aspects do you
like best about this type of GUI? What aspects do you find less interesting?
What would you like to see on your screen? Do you have any suggestions? Other
accessibility questions such as: How comfortable are you interacting with your
dashboard screen while standing? After how long would you be uncomfortable?
If the screen is fixed, what room is it in? If your screen offers a service to help
you cook, do you choose the same room? Would you like to be able to move the
screen with you?

2.3 Workshop 2: Think Outside the Box

To address some of the barriers identified in workshop 1. The objective of this
workshop was to let the elders build, with visual components, a low-fidelity pro-
totype of an interface to display the content of an activity. The second workshop
lasted two hours, and the participants were met individually.

Fig. 3. Bank of elements in the form of Lego bricks for the graphic interface design
workshop.
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While one member of the team took notes, the other accompanied the partic-
ipant by presenting the elements useful for the construction of a graphic interface
in Lego mode. Initially, a whiteboard was placed on the table. Around the board,
several pieces of paper were cut out indicating: the time, the page title, buttons,
screen boxes, an alarm, a volume, useful information... Figure 3. Each piece of
information was presented in different ways (shapes, sizes, and stylistic tones)
to accommodate the participants’ requirements. Additional blank post-it notes
were present if the person was looking for or wanted something they could not
find among the bank of items.

Fig. 4. Example of a model built by an older adult. Graphical interface built with a
set of free tools in the form of Lego.

Then, the person was asked to build an interface that displays a medical
appointment. Complete freedom was left to the participants’ creativity on where
and how to place the elements on the whiteboard. Sketches of the models used
during the workshop were presented on paper and tablets. This prototype made it
possible to quickly validate how the different sketches interacted and depended
on each other. Figure 4 shows an example of a participant’s proposal. Taking
advantage of this workshop to manipulate graphic elements, we asked them
to choose three appointment titles out of 6 and to position them in order of
preference on the whiteboard. Each title announced the same information, but
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differently, with a different tone. The purpose of the exercise was to address
accessibility issues regarding the size and format of the items to be displayed.

2.4 User-Centered Design Iteration

User-centered design is an iterative design process in which project design teams
focus on users and their needs at each phase of the design process [8]. Design
teams engage users throughout the design process through a variety of research
and design techniques to create highly usable and accessible products for them.
In Fig. 1, this represents the second part of the co-design process.

In the My Iliad co-design process, each iteration of the User-centered design
approach has four distinct phases. First, we try to understand the context in
which users may use a system to solve the right problem. Next, we identify
and specify the user requirements. A design phase follows, during which the
design team develops solutions. Then we perform a small, simple intervention
and learn from it one by one. The team then moves into an evaluation phase,
to prototype, test, and continually refine the proposals to ensure that the small
solutions actually meet the needs of the participant we are focusing on. This
practice was used in the third and fourth workshops.

2.5 Workshop 3: Ludic Interface for Assistive Technology

The objective of this workshop was to respond to the concerns of the older adults
in workshops 1 and 2. Among other things, to design the different prototypes
made by older adults, and to facilitate the acceptability of the assistive tech-
nologies. As far as the older adults were concerned, none of them participated
in this workshop, which was spread over 3 months with about 4 h of work per
day. We wanted to avoid exhausting our older adults with meetings and the use
of specialized software development tools. The research team worked on some
occasions with housing unit managers and residence administrators to clarify
needs and identify techniques to address them.

Feedback from each previous workshop was reviewed and discussed by the
project team. The project team prioritized the changes based on the effort
required to implement them and their impact on the end user’s daily routine.
The project team’s goal was to empower older adults to accept and adopt AT
while reflecting end-user acceptance and without creating new biases such as
infantilization. To achieve this, the team tried several user-centered solutions.
Ultimately, a ludic design was chosen.

In this workshop, we wanted to introduce the concept of a ludic interface
to older adults. The goal was to offer them the opportunity to be the heroes of
their day. Heroes with missions, goals, rewards, and a quest through the achieve-
ment of ADLs. Strong iconography and illustrations were prioritized to promote
accessibility (Recommendation from Workshop 2). Since the users wanted a com-
panion and not an application that told them what to do, we addressed this issue
by designing My Iliad as an odyssey and not as a dashboard.
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Fig. 5. My Iliad main screen.

The main screen of My Iliad is shown in Fig. 5. In this figure, 5 ADLs are
placed along the path and follow the context of the older adult. . . The rest of this
section shows how older adult needs and feedback were merged with the 3 princi-
ples of ludic design (1) curiosity, exploration, and reflection; (2) de-emphasizing
the pursuit of external goals; (3) maintaining openness and ambiguity. The inten-
tion of the approach is to offer an application that acts more like a companion
than a dashboard.

Curiosity, Exploration and Reflection. In video games, user engagement is
a widely used strategy in gamification to keep user attention, improve retention
rates, and increases interaction with the game [23]. This can potentially lead to
addiction [14]. With My Iliad, we did wish to enforce regular interaction with
the service. The goal of My Iliad was to allow older adults to live their day. No
interaction with the application is required. In other words, it is enough for the
person to carry out their activities of daily living without pressure to interact
regularly with the interface. The user is always in control.

Instead, through the ambient sensor, activities performed within the day will
be presented on the screen as part of their avatar odyssey. Interactions with the
system are almost automatic and everything happens in real-time thanks to the
existing ecosystem of sensor networks [20]. Several activities performed by the
user are passively recognized and displayed on the interface, without judgment
on quality or quantity. In My Iliad, the achievements are presented in a quick
and accurate vision of three elements: the past, the present, and the future.
With this view available at all times, the user knows his level, the distance he
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has covered, and the distance he still has to cover to reach his goal. Using this
implicit progression mechanic helps users understand how far they’ve come in
their odyssey.

Users are curious, they can simply look at the screen to see what has already
been accomplished, a visual projection of the activities ahead, and what remains
to be done with the possibility of zooming in or out to calibrate one’s appre-
ciation. If they wish to further explore, they can interact with the interface to
go back in time to see what has been accomplished. Depending on the person’s
profile, it is possible to go back or forward one or more weeks. This view allows
for the creation of a sense of accomplishment that links My Iliad to the sense
of pleasure and creates a strong link between ADL performance and cognitive
support. This can also be used to refresh the user’s memory. Ultimately, the
users can use this to reflect and make an intrinsic choice about his lifestyle (i.e.,
I see that I have not spent much time outside this month. I will try to change
that for next month). A partial view of the user’s week is shown in Fig. 6. In this
view, it is possible to evaluate and see all the activities that have been performed
during the whole week.

Fig. 6. View by week in My Iliad, allowing to visualize achievements.

De-emphasize the Pursuit of External Goals. Gamified software often
requires users to perform some task or activity to achieve some milestone or mis-
sion [6]. Typically, the number of activities to be completed for the achievement
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of a clear goal is specified, and the next milestone is clearly stated. While My
Iliad aims to promote a better lifestyle, the quality of a lifestyle is objective and
cannot be simply operationalized and reinforced. It should be self-determined by
the user. Some individuals might benefit from going for a walk, while some might
expose themselves to a greater risk of falls or be annoyed by a service telling
them to perform an activity they do not enjoy. Therefore, the only objectives
and milestones used in My Iliad are those set by the users. Each older adult
chooses the activities that they want to do, and they choose the activities that
will appear in their journey Specifically, it is a to-do list of ADLs that the person
set to do at his own pace and without constraints. The reward is not a score or a
badge, but simply a visually pleasing summary of all the goals accomplished by
the user so far. By creating their journey, their odyssey in My Iliad, users decide
how to proceed and how to interact. They are therefore more likely to enjoy
the experience. And once again, the implicit progression mechanic helps users
understand how close there are to some objectives they made for themselves and
how many objectives they have cleared so far.

Fig. 7. Example of context awareness in My Iliad to reflect the real world.

Maintaining Openness and Ambiguity. Finally, while My Iliad mainly
focuses on self-determined goals, it can also use all the contextual information
collected by the sensor network to offer activity suggestions and recommenda-
tions. This scarce notification can be ignored or embraced by users. They are
meant to break the routine and promote openness to change and novelty. The
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theory of flow suggests that if a task is too easy, too difficult, or too repeti-
tive, it will cause the user to quickly abandon the current activity [25]. These
notifications also create a sense of two-way interaction with the service, which
can increase motivation and adoption. Suggestions are always phrased as ques-
tions and not orders. They are inviting users to reflect on themselves and decide
whether this recommendation is for them or not, without guilt. To promote a
sense of connection between the real-world and the interface, My Iliad can follow
contextual cues such as day/night cycle, seasons, and weather. Figure 7 shows
the application during the night. Also, during the night, the level of brightness as
well as the amount of information presented is reduced in order to lower cognitive
load and anxiety. Positive thoughts are also displayed. To improve accessibility
and greater acceptance among participants, the interface can be customized to
reduce the amount of information displayed, and some aesthetic distractors can
be removed. This can be relevant for older adults with visual or attentional
deficits.

2.6 Workshop 4: An Odyssey, Not Just an App

The purpose of this workshop was to go back and get feedback from the older
adults on the first results of the My Iliad project. Again, the older adults were
met individually. The workshop lasted 1 h. We used a tablet computer to present
the deliverables in addition to paper printouts of the screens.

Fig. 8. Design of an interface prototyped by an older adult during workshop 2 see
Fig. 4.
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Some of the developed features were demonstrated. In particular, the start
screen, which shows the timeline of the journey. It was explained to them as
follows: “The timeline represents in an imaginary way the path of your day. It
accompanies you to remind you of important appointments, activities, or tasks.
The character on the timeline is customizable”. We then asked: How do you find
the timeline path? Do you find it clear/understandable? Effective or ineffective
in representing your day? What action do you think you can take from this time-
line? Where can you click? Several versions of this timeline were created. Three,
five, and eight appointments in the day were presented in different versions. We
asked them what they would prefer and how many items they would like to see
at the same time.

Then we showed them a version of an appointment that had been designed
based on the prototype they had suggested. See Fig. 8. They were told, “When
you click on an event, you will see a description of the event on your tablet.
In addition, you should know that the description will also be able to appear
automatically on your screen when the time comes”. The next question they were
asked was, How do you like the presentation of the events? Can you explain what
you like and/or dislike?

The fact that My Iliad is an odyssey, or a quest offered several possibilities
for the representation of the quests or the odyssey (travel, fishing, walking in
the forest, gardening...). As the quests evolved, so did the AT. There was talk
of evolving the AT so that what you see in the outside world is reflected in the
AT. Some of the things you do in My Iliad are reflected in the outside world,
such as turning off a plugged-in electronic device.

3 Conclusion

With the engagement of older adults through the use of Human-Centered design,
this study used principles of ludic design to deliver an assistive technology called
My Iliad. In the context of ambient home assistive technology for older adults, the
objective was to build an interface that promotes exploration, playfulness, and
openness about the user’s routine and daily habits. As a co-design study, 4 work-
shops involved three groups of stakeholders: end users (older adults living alone),
senior housing staff (housing managers and administrators), and the research
team (multidisciplinary team). The first outcome concerns lessons learned from
using basic tools to facilitate older adults’ engagement in the co-design process.
The second result is the identification of several constraints where the informa-
tion provided by older adults through their daily routines for performing ADLs
helped our team identify and address usability issues early in the development
process, accelerating delivery and reducing acceptability issues.
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Abstract. Ambient Assisted Living technologies (AAL) represent an
opportunity to meet the high demands of support in care due to demo-
graphic change and enable older people to live autonomously and as
long as possible in their own home environments. Despite their poten-
tial, AAL technologies and in particular visual-based systems have hardly
been used neither in home care nor professional care due to a lack of user
acceptance. Therefore, the present study investigates future users’ pri-
vacy and data handling needs contrasting the usage of video-based AAL
technologies (VAAL) for three different types of daily activities: house-
hold, social, and intimate activities. Applying an online survey, a sample
of N = 122 participants took part and evaluated three contrasting activ-
ities in which VAAL technologies were used by assessing different con-
ditions of technology usage, different entities getting access to recorded
data, different storage options as well as different storage durations. The
results showed some significant differences regarding the evaluation of the
conditions of using VAAL technologies and the entities being allowed to
have access to recorded data differentiating between the three activity
types. In contrast, storage options and storage durations were not eval-
uated differently. Overall, the results indicate a rather generic attitude
towards VAAL technologies being only slightly affected by different activ-
ity types. Beyond that, the results showed that privacy and data han-
dling preferences are closely related to the perception and acceptance of
VAAL technology. These insights enable to derive recommendations and
information strategies to enable a targeted and user-centered technology
development.

Keywords: Video-based AAL technology · data handling · privacy ·
technology acceptance · user preferences · quantitative study

1 Introduction

To meet the growing challenges of demographic change, innovative approaches
such as Ambient Assisted Living (AAL) technologies have been developed to
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support and care for the elderly and those in need of long-term care [1–3].
Besides sensor- and audio-based technologies, video-based devices, e.g., RGB
cameras, RGB-D devices, or thermal cameras have been increasingly used in
recent years enabling continuous monitoring of events and environments and
providing detailed visual information [4,5]. Advances in computer vision and
underlying algorithms have paved the way for the development of intelligent
visual systems being used in various fields, but being particularly promising in
the field of health care [4–7]. Such systems are not only capable of transmit-
ting video in real-time but are also able to extract useful and relevant informa-
tion from the visual data and make this information available to specific target
groups. Typical examples of applications of visual technologies in health care
are predominantly the detection and prevention of emergencies such as falls, but
also physiological monitoring, detection of activities of daily living, or analyses
of gait, human behavior and corresponding changes [4,8,9].

Although such visual AAL approaches (short: VAAL) have a great potential
to support people in their daily lives by increasing their safety and independence
in older age, there are also barriers and concerns, especially regarding privacy
and data security violations, being able to impact the acceptance and adoption
of such technical innovations [10–12]. In more detail, concerns about data secu-
rity and resulting feelings of an invasion of the own privacy play a more relevant
role within the assessments of cameras and VAAL technologies compared to non-
visual approaches, such as audio- or sensor-based systems [13,14]. Beyond this
knowledge, a detailed understanding of users’ specific preferences regarding pri-
vacy and data handling and their role in the perception and acceptance of VAAL
technologies is so far missing. However, identified preferences and relationships
between privacy requirements, data handling preferences, and the acceptance of
VAAL technology enable to derive concrete recommendations for more targeted
and user-centred technology development.

Therefore, this study aimed at an investigation of privacy and data handling
preferences related to the usage of VAAL technologies for different activities of
daily living. Thereby, three different exemplary types of activities were focused
on in order to analyze whether the context of using VAAL technologies influ-
enced the preferences with regard to privacy and data handling. Beyond that, it
was of interest to identify whether privacy and data handling preferences played
a relevant role in the perception and acceptance of VAAL technologies. In the fol-
lowing, the research state regarding VAAL technologies, technology acceptance,
and the role of perceptions related to privacy and data handling is summarized.
Subsequently, the empirical approach of the study is introduced, describing the
concept, the structure of the online survey, methods of data analysis as well as
the characteristics of the sample. Then, the results of the study are presented.
Finally, we discuss the insights, derive implications and recommendations, and
outline limitations as well as ideas for future research.
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1.1 VAAL Technologies

Despite their diversity in functions and design, all AAL technologies have a
common aim in terms of providing support and assistance in older age. In this
regard, literature reviews (e.g., by Rashidi and Mihailidis [1] or Blackman et al.
[2]) provide an overview of relevant approaches, functions, and application areas,
e.g., detection of emergencies, reminding functions, or relief in everyday life.

Addressing not only older people in need of care themselves but also their
(in)formal caregivers, the application of AAL technologies has the potential to
enable a longer and more autonomous life within their own home environments
and to provide support by analyzing health-related data [1,2]. In this context,
the shape and design of the technical applications are extremely diverse, ranging
from small, wearable sensors to systems that are installed in the environment
and integrate different types of sensors. In addition, the application contexts
are quite diverse, aiming at support and assistance in private environments and
professional care settings, such as hospitals, rehabilitation and specific care facil-
ities, or nursing homes. Thereby, the functional spectrum of the systems and
technologies is also very broad: more generic functions aim at the detection of
individual activities and movements for health monitoring [17], of social activ-
ities [15], or health parameters to motivate physical activity [16], while specific
functions address the identification of symptoms of dementia, e.g., detect and
analyze typical and changes in patterns of movements and behaviors [18] or pro-
viding early notification of physicians and caregivers based on the detection of
falls and specific dangerous situations (e.g., [19,20]).

Aiming at support and assistance in older age at home, the integration of
video-based applications within the own home environments has been focused in
different research areas [4,21]. Such approaches enable the extraction of useful
information from the video data based on intelligent systems and underlying
algorithms [5,6] enabling the previously described functions, e.g., detailed anal-
yses of gait patterns or human behavior as well as the detection of emergencies,
falls, and other dangerous situations. Thanks to visual capturing by one or just
a few sensors information-rich data output can be obtained and can be easily
interpreted by humans [4]. This makes video-based technology (VAAL) a highly
effective and efficient health-monitoring technology given also the decreasing
prices for camera sensors and constant improvements in computer vision [4].

In summary, a large number of applications are aimed at supporting and
assisting people in their private home environment based on intelligent monitor-
ing and analysis using computer vision. Beyond the potential and the advantages
of these applications, future users’ acceptance and willingness to use them are
necessary.

1.2 Technology Perception and Acceptance

In the last decades, technology acceptance has frequently been analyzed by
applying well-established models, namely, the Technology Acceptance Model [22]
and the Unified Theory of Acceptance and Use of Technology [23], as well as
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their extensions and adaptions [24]. These models provided the basis for numer-
ous studies and enabled an understanding of acceptance patterns and processes
for new technologies. In addition to model-related parameters such as perceived
usefulness and ease of use, research has shown that individual user characteris-
tics (e.g., age, gender, experience) play a decisive role indicating that technology
acceptance differs among different user groups (e.g., [23]). Besides the user as
an acceptance subject, acceptance also differs depending on the specific type of
technology (acceptance object) and the respective application context. There-
fore, the perception and acceptance of a specific technology have to be examined
separately taking specific technology- and context-dependent parameters into
account.

In this regard, previous research has shown that context-related perceptions
of benefits and concerns play a decisive role in its acceptance and sustainable
adoption [10,25]. Enabling an autonomous life, support within the activities
of daily living, relief for caring relatives, and increased safety represent major
motives to use and advantages of using AAL technologies [10,12,25]. On the
opposite, concerns regarding data security, a lack of human interaction, loneli-
ness, and predominantly concerns regarding the intrusion of one’s own privacy
(i.e., perceived surveillance, unauthorized access to sensible health data) rep-
resent the most relevant barriers associated with the usage of AAL technolo-
gies [10,12,26]. The latter is becoming of utmost importance for the specific
case of VAAL technologies such as cameras: here, previous research identified a
comparably low acceptance and reluctant willingness to use camera-based AAL
technologies to capture health-related data within the own home environment
indicating high assessments of privacy concerns (e.g., [14,27]).

Due to its meaning for the acceptance of VAAL technologies, the multi-
faceted phenomenon of privacy is addressed in more detail in the following.

1.3 Privacy and Data Handling

Understanding privacy as a state of mind or an assertion of control (e.g., [28]),
there are different approaches to describe and differentiate between diverse facets
and dimensions of privacy (e.g., [28–30]). For instance, Burgoon [30] distinguishes
four dimensions of privacy (informational, social, psychological, and physical
privacy) and highlights the ability to control the specific aspects of privacy within
the dimensions as relevant for the perception of whether privacy is high or low.
Furthermore, privacy is defined as a regulation process that depends on personal
and situational factors and is, therefore, contextual [31,32]. Focusing on digital
environments and technologies, the regulation process is even more challenging,
as it easily leads to perceptions of loss of control over personal information
and people focus more on protecting against privacy threats than on meeting
their actual needs [33] which among other, are contemplation, autonomy and
confiding [34,45]. In this regard, digital (health) technologies enabling ubiquitous
surveillance, storing of high amounts of data, and allowing rapid and global
dissemination of information represent major threats to privacy [32].
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Considering VAAL technologies, privacy is predominantly focused as a con-
cern in terms of fears of access and misuse of personal information and feelings of
permanent surveillance, having the potential to decrease acceptance and finally
hinder the adoption of such systems [10,11,35]. While the digital environment
and especially the specific visual technology are responsible for major privacy
threats and concerns, these perceived dangers may be partly diminished by tech-
nological features itself such as image filters [4], limited timeslots for monitor-
ing [36] or the restriction of data access and storage duration [37,38]. Indeed,
especially when visual-based technologies are applied and with the definitions of
privacy mentioned above in mind, privacy can be understood to be multi-faceted
and context-dependent. Regarding aspects of context, previous research identi-
fied the performed activity as a relevant impacting factor for the comfortableness
of being monitored with a camera-based technology [39] indicating that sensitive
activities (e.g., hygiene care) were perceived as most uncomfortable. Of course,
performed activities depend on situational factors which may play an important
role in privacy perception. In this regard, findings showed that the acceptance of
medical camera monitoring declines the more private the monitored spaces are
[40] and the more skin is shown [41]. Taking personal factors into account, pre-
vious research showed that perceptions of safety and security [42] as well as the
need for care [43] and the degree of disability [44] may impact the acceptance of
VAAL technology. To sum up, these insights show that privacy is malleable and
- under certain situational and personal circumstances - can be governed by a
trade-off with various benefits associated with visual monitoring, e.g., increased
security and helpfulness [42,43].

Beyond the insights of previous research, it is so far not well known which
technical requirements are relevant and which ways of data handling are pre-
ferred (data access and data storage) focusing on the usage of VAAL technologies
being applied for different activities of daily living.

2 Methods

Within this section, the methodological approach of the study is described, start-
ing with the research aim and the underlying empirical concept. Subsequently,
the structure of the online survey, the data analysis, and the characteristics of
the sample are described.

2.1 Empirical Concept

The present study aimed at a detailed investigation of future users’ preferences
regarding technological requirements, different ways of data access, and different
options of data storage within the context of applying VAAL technologies for dif-
ferent activities of daily living. For that purpose and based on a literature review
and a preceding qualitative study, relevant parameters regarding technological
requirements, data access, and data storage were selected.
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Enabling a comparison of diverse activities of daily living, three different
activity types were selected covering a broad range of possible activities: 1)
household activity, 2) social activity, and 3) intimate activity. For each of the
three activity types, a short scenario was presented to the participants in ran-
domized order to control for order effects. For the scenario of a household activity,
it was described that during cooking, cleaning, and tidying up a fire was caused
as detected by the monitoring camera. The scenario of a social activity focused
on longer interactions (i.e., playing and chatting) with friends or (grand)children
and described that forgotten medicine was detected by the video-based system
due to deviations from normal behavior. The last scenario described an intimate
activity in terms of showering and changing clothes during which a fall was
happening (due to physical decline in older age) and was also detected by the
video-based AAL system. Following each scenario, the participants assessed their
preferred ways of data access and data storage as well as technical requirements
and technology acceptance.

The empirical concept was designed to answer the following research ques-
tions related to the usage of VAAL technologies:

1. RQ1: What are the most and least important aspects of technical require-
ments, data access, and data storage?

2. RQ2: To what extent does the activity type affect the evaluation of technical
requirements, data access, and data storage?

3. RQ3: Which privacy and data handling preferences (requirements, access,
storage) are relevant for the acceptance of VAAL technology?

2.2 Online Survey

An online survey was conceptualized and consisted of two main parts. Within
the first part, the participants were asked for demographic information, such
as their age, gender, educational level, and living situation. Following that, the
participants indicated health-related information by stating if they suffer from
a chronic illness and if they needed assistance and care in their everyday life
(answer options: yes/no). In addition, they indicated if they had previous expe-
riences in caring for other persons, i.e. professional ad private care experience
(answer options: yes/no). Addressing attitudinal factors, the participants’ tech-
nical understanding, psychometrics, and their general attitude towards privacy
were assessed.

At the beginning of the second part of the survey, the participants were
introduced to VAAL technologies. The participants were then asked to evalu-
ate three different types of activities of daily living imagining themselves living
with a VAAL system being installed in their home environment. Three spe-
cific activities (see Sect. 2.1) of daily living were described within scenarios in a
randomized order. For each scenario, the participants assessed different technical
requirements (6 items), different ways of data handling (6 items), and two differ-
ent options for data storage. All items are illustrated in Fig. 1. Storage duration
was evaluated by selecting the preferred option out of 5 options: not stored at all,
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max. 1 week, max. 1 month, max. 1 year, unlimited (see Fig. 3). Furthermore, the
participants evaluated their acceptance, perceived benefits, and perceived barri-
ers of using the visual-based AAL system for the respective type of activity. If
not described otherwise, all items were rated on six-point Likert scales (1 = I
completely disagree, 6 = I completely agree).

At the end of the survey, the participants could write their comments, feed-
back, and critiques regarding the survey or the topic in an open field.

2.3 Data Analysis

We report descriptive statistics for the evaluations indicating means (M) and
standard deviations (SD). To investigate potential differences between the three
activity types one-way repeated measure ANOVAs were applied. To examine
potential relationships between the analysed constructs, correlation analyses
were performed. Spearman’s ρ was used for bivariate correlations and Pillai’s
V was stated for the omnibus test of ANOVAs. Linear regression analyses were
calculated to analyze the relevance of the data handling preferences for technol-
ogy acceptance. The level of statistical significance (p) was set at 5%.

2.4 Participants

N = 122 participants completed the online survey, and passed the data cleaning
procedure (i.e., control for speeders, quality fails etc.) and their data sets were
used for further statistical analyses. The participants were on average 38.39 years
old (SD = 16.69; min = 17; max = 81) and almost two-thirds of the participants
were female (63.9%, n = 78). The educational level of the sample was comparably
high with the majority (61.5%, n = 75) holding a university degree, 3.3% (n = 4) a
PhD, and 29.5% (n = 36) an university entrance qualification. Only 5.7% (n = 7)
indicated lower educational levels.

Asked for their health status, almost a quarter of the participants indicated
suffering from a chronic illness (24.6%, n = 30) and only 6.6% (n = 8) reported
being in need of assistance and care. Beyond that, 13.1% (n = 16) reported hav-
ing professional experience in care, while more than a third of the participants
(36.9%, n = 45) reported having private experience in care by indicating that
they have already cared for a person in need of care in their personal environ-
ment.

3 Results

In this section, the results of the empirical study are described, starting with an
overview of the assessments of technical requirements and data handling pref-
erences overall. In the second step, the results are shown differentiated between
the three activity types. In the last step, relationships between technical require-
ments, data handling preferences, and technology acceptance are communicated.
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3.1 Evaluation of Requirements and Data Handling (RQ1)

The descriptive overall results (independent from the three activity types) of
the evaluated technical requirements and data handling preferences are visu-
alized in Fig. 1. Starting with the technical requirements, it was evaluated
as most important that Technology must be controllable and checkable at all
times (M = 5.01; SD = .88). Technology must be able to be switched on and off at
any time (M = 4.82; SD = .92) received the second highest agreement. Further,
the participants slightly agreed with the requirement that Technology must only
be used when alone (M = 3.96; SD = 1.17). Referring to specific requirements
regarding what is allowed to be recorded, the participants showed indistinct
evaluations. They slightly agreed with the requirement that No video recordings
are allowed (M = 3.70; SD = 1.15) and they showed neutral evaluations of the
statement that Technology may record all activities (M = 3.48; SD = 1.21). How-
ever, the requirement that Only audio recordings are allowed to be made was in
tendency slightly rejected (M = 3.35; SD = 1.12).

Fig. 1. Descriptive results of data handling preferences.

Asked for different entities being allowed to access the recorded data,
the participants showed very distinct evaluation patterns. Data access was most
desired for the respective persons themselves: Myself (M = 5.35; SD = .88). Med-
ical personnel (M = 4.81; SD = .90) and Family members (M = 4.69; SD = 1.03)
were also clearly allowed to have access to the recorded data. For Police and
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fire departments (M = 4.20; SD = 1.08), the results showed a lower, but still clear
agreement for data access. In contrast, data access was unequivocally rejected for
Health Insurances (M = 2.50; SD = 1.27) and Companies (M = 2.40; SD = 1.33).

Considering the storage options, it was clearly preferred that Data may
be stored locally at my own home only (M = 4.69; SD = 1.04), while the option
that Data may be stored in a cloud or at the manufacturer was rather rejected
(M = 3.05; SD = 1.38).

The results of the evaluation of storage duration options showed that over-
all 21.30% (n = 26) of the participants selected the option that Data may be
stored unlimitedly. Further, 25.4% (n = 31) preferred that Data may be stored for
max. 1 week., while 23.8% (n = 29) of the participants desired the option Data
may be stored for max. 1month.. Finally, 29.5% (n = 36) selected the option
Data may be stored for max. 1 year. The option that Data may not be stored at
all was not selected averaged over all three activity types. However, differences
dependent on the three activity types are described in the next subsection.

3.2 Preferences for Different Activities (RQ2)

The descriptive results of the evaluated data handling preferences depending on
the three activity types are visualized in Fig. 2. The results of one-way repeated
measure analyses revealed overall rather similar evaluation patterns with signif-
icant differences only in single aspects.

Starting with the technical requirements, the most relevant require-
ments that technology must be able to be switched on and off at any
time (F(2,118) = 2.67; p = .07, n.s.), controllable and checkable at all times
(F(2,117) = .31; p = .74, n.s.), and only be used when alone (F(2,117) = 1.51;
p = .23, n.s.) were all not evaluated significantly differently. Further, also the
requirement that Technology may record all activities (F(2,118) = 2.11; p = .13,
n.s.) did not reveal significant differences for the three activity types. Instead, the
last two requirements were evaluated significantly differently indicating a higher
relevance of these aspects for intimate compared to social and household activ-
ities: first, the requirement No video recordings are allowed (F(2,117) = 3.87;
p < .05) received the highest agreement for intimate activities (M = 3.86;
SD = 1.44), followed by social (M = 3.73; SD = 1.44) and lastly household activ-
ities (M = 3.48; SD = 1.44); second, that Only audio recordings are allowed to be
made (F(2,115) = 4.43; p < .05) received a slight agreement for intimate activ-
ities (M = 3.60; SD = 1.38), while it was slightly rejected for social (M = 3.28;
SD = 1.29) and household activities (M = 3.26; SD = 1.35).

Moving to the different options of data access, allowing data access for
Myself (F(2,118) = .16; p = .85, n.s.) and Medical personnel (F(2,117) = .17;
p = .85, n.s.) were not evaluated significantly different. In line with this, also
the both rejected alternatives of providing data access for Health insurances
(F(2,115) = 2.11; p = .11, n.s.) and Companies (F(2,116) = .62; p = .54, n.s.) was
assessed equally. In contrast, the participants showed different evaluation pat-
terns for two of the data access options: allowing data access for Family mem-
bers (F(2,117) = 5.95 (HF); p < .01) received higher agreements for household
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(M = 4.86; SD = 1.10) compared to social (M = 4.69; SD = 1.16) and intimate
activities (M = 4.56; SD = 1.23); in accordance with that, data access for Police
and fire departments (F(2,115) = 8.79 (HF); p < .01) was also significantly
higher related to household activities (M = 4.49; SD = 1.39) compared to social
(M = 4.15; SD = 1.44) and intimate activities (M = 4.08; SD = 1.48).

Fig. 2. Data handling preferences for different activities (* = p < .05; ** = p < .01).

Related to the different storage options, neither locally at my own home
(F(2,114) = .02; p = .98, n.s.) nor stored in a cloud (F(2,115) = 1.96; p = .15, n.s.)
received significantly different evaluations depending from the three activity
types.

The results of the evaluated storage duration preferences depending on
the three activity types are shown in Fig. 3. Overall, the results of a two-way
Friedman ANOVA analysis showed that the evaluation pattern of the storage
duration was not equal for the three activities (F(2,120) = 12.67; p < .01). Pair-
wise comparisons revealed effects between the three activity types, but not on a
significant level. Nevertheless, looking at the descriptive results in Fig. 3, it can
be seen that the evaluation patterns between household and social activities were
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Fig. 3. Storage Duration preferences for different activities.

rather similar. In contrast, intimate activities represented the only activity type
for which the option Data may not be stored at all was chosen (9.90%, n = 12).

Overall, the results regarding the three activity types showed a rather generic
evaluation of VAAL technologies as only isolated differences between the three
activity types were identified.

3.3 Relationships with Technology Perception and Acceptance
(RQ3)

On the basis of the previous results, we conducted correlation analyses inde-
pendent from the three activity types in order to identify relevant relationships
between the preferences with regard to technical requirements and data handling
on the one hand, and the perception and acceptance of VAAL technology on the
other hand. The respective results are illustrated in Fig. 4.

First of all, the results revealed a significant relationship between the per-
ceived benefits and the acceptance of VAAL technologies (ρ = .58; p < .01)
as well as between the perceived barriers and acceptance (ρ = −.35; p < .01).
Beyond that, the technology requirements correlated with the perceived bene-
fits (ρ = .21; p < .05) and the perceived barriers (ρ = .33; p < .01), but not
directly with the acceptance of VAAL technologies. Data access showed a slight
correlation with the perceived barriers (ρ = −.18; p < .05) and a stronger cor-
relation with the perceived benefits (ρ = .34; p < .01) and even directly with
the acceptance of VAAL technology (ρ = .41; p < .01). For the storage location,
the results revealed relationships with the perceived benefits (ρ = .28; p < .01)
and the acceptance of VAAL technology (ρ = .25; p < .05). In contrast, the
storage duration did neither correlate with the perceived benefits and barriers
nor with the acceptance of VAAL technology. Among the preferences, technology
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Fig. 4. Data handling preferences related to technology acceptance.

requirements showed a correlation with the storage location (ρ = .36; p < .01).
In addition, the storage location was related to data access (ρ = .35; p < .01)
and the storage duration (ρ = .27; p < .01). Lastly, data access correlated also
with storage duration (ρ = .24; p < .01).

In order to assess the relevance of the requirements and data handling pref-
erences for the acceptance of VAAL technology, a linear (forward) regression
analysis was conducted in the last step. The final regression model explained
48.4% (adj. r2 = .484) of the variance of the acceptance of VAAL technology
(F(3,121) = 38.82; p < .01) based on the constructs perceived benefits (β = .51;
p < .01) and perceived barriers (β = −.24; p < .01) as well as data access
(β = .18; p < .05). All other constructs (requirements, storage location, and
storage duration) were excluded from analyses and did therefore not represent
explaining predictors for the acceptance of VAAL technology.

4 Discussion

In this section, the results of the empirical study are discussed, starting with
the key insights and answering the underlying research questions. Afterwards,
we derive implications for technology development and design, describe the lim-
itations of the conducted approach, and highlight recommendations for future
work in this research area.
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4.1 Social Implications of Empirical Findings

The present study investigated technology requirements and data handling pref-
erences of potential future users of video-based AAL technology for three dif-
ferent activities of daily living. Therefore, study participants were introduced to
safety-critical scenarios with a household activity, a social activity and an inti-
mate activity respectively. For each activity, technology acceptance, several con-
ditions of technology usage (e.g., on/off switching, controllability, video/audio
recordings), data access, and data storage location and duration were assessed.
The aim was to understand the least and most important aspects of technology
requirements and data handling (RQ1), to examine the influence of activity type
on the single evaluations (RQ2) and lastly, to investigate the relevance of these
preferences for the acceptance of video-based AAL (RQ3).

Concerning the evaluation of the requirements, controlling and checking the
technology and being able to switch it on and off resulted in the most important
prerequisites. These findings are completely in line with literature assessing AAL
in general (e.g., [37,45,46]). Previous studies report that older adults (i.e., AAL
users) consider it as part of autonomy preservation wanting to control technology
and deliberately switching devices on and off is one way of exercising this con-
trol [37,46]. Furthermore, there was no clear trend for or against monitoring all
activities, which underlines the importance of assessing requirements for single
activity types to obtain valuable information. Indeed, monitoring all household
activities is slightly accepted but not the recording of all social and intimate
activities. This reflects current literature about camera monitoring, reporting
more private rooms as less acceptable to be filmed [13,49] and intimate activi-
ties as more critical and uncomfortable to be captured [39,41,47,48]. Similarly,
evaluations for audio and video recordings did not reveal any overall positioning.
Clear patterns as well as significantly different positioning emerged when zoom-
ing into the specific activities. No video recordings were slightly favoured for
intimate activity but not for social and household activity. Only audio recording
was an acceptable option for intimate activity but not for social and household
activity. Considering these nuanced findings across activities, the low acceptance
rates for video-based monitoring in the own home documented in the literature
[13,40,49] may mostly refer to the monitoring of these intimate moments and
not towards the entire home.

Another important aspect for potential users of VAAL is the question of
who accesses the data. In the evaluation of data access, a clear pattern could be
observed that people with whom one can have a direct relationship and contact
are more likely to be granted access. In contrast, health insurance and companies
which are rather collective and anonymous identities with potential economical
interests are strictly rejected. This rejection did not differ across the three activi-
ties and is in line with previous findings (e.g., [27,38,50]). Besides access for one-
self, medical personnel is the most accepted person group, who have an interest
in one’s health and well-being. The fact that health matters independently from
activity, may be one reason why there is no significant difference for medical per-
sonnel among the activities assessed - health matters in any scenario equally. The
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willingness to share data with medical personnel is partly in line with [27,50].
However, for family members, as well as police and fire departments the data
access allowance was rated differently for the three activities. For the intimate
activity scenario, data access was least granted whereas providing family mem-
bers and police and fire corps access to data from the household activity was rather
accepted. This result suggests differing privacy and intimacy implications for each
activity being filmed which may explain these different evaluations among the sce-
narios. As already known from previous studies, the comfortableness and showing
of skin are highly sensitive and monitoring is critical or rejected [39,41]. Further-
more, the scenario of the household activity described a fire incident which may
have further impacted the decision to let police and fire corps access the data. Inde-
pendent from activity, local storage was strongly favoured whereas cloud/external
storage was slightly rejected. This may be partly explained by the main concerns
of VAAL which are fear of data hacking, data misuse and unauthorized data access
[10,11,35]. Naturally, the more public the storage location, the less control over it
and the higher the potential risk that these concerns become reality. In addition,
the preference for local storage is in line with previous investigations [38]. Inter-
estingly, regarding storage duration, participants did not decide with the same
logic - the longer the data exists, the more possibilities of hacking and misusing
it. Indeed, for household and social activity participants preferred relatively long
storage of one year the most. If looking at the relative proportion of the most
favoured storage duration of intimate activities the most selected one was unlim-
ited storage. At first sight, this might seem very disruptive but when consider-
ing the remaining evaluations, a relatively short duration of one-week storage was
the second most selected option and, different from the other two activities, some
participants even selected no storage at all for the data from the intimate activity.
The fact that the evaluation patterns for storage duration differed across activities
is further evidence that technical preferences for VAAL usage are strongly depen-
dent on what activity is monitored. The overall trend towards a rather long storage
duration suggests that participants may have considered the informational value
of past data to allow for a better understanding of their own health. Indeed, one
of the benefits of lifelogging and continuous monitoring and data storage is that it
enables the detection of abnormalities and deviations from normal behaviour and
usual routines [4,51].

Furthermore, as part of the third research question, relationships between
technological requirements, data handling and technology acceptance together
with benefits and barriers were looked at. As logical, benefits had a positive rela-
tionship with acceptance whereas barriers had a negative one, which just confirms
them as concepts. Technological requirements affect perceptions of benefits and
barriers but not directly the technology acceptance. It may be that several techno-
logical requirements or the lacking thereof may even be perceived as either benefits
or barriers respectively. Frequently framed under data handling, data access, stor-
age location, and storage duration are all connected with each other. When look-
ing at their relationships with VAAL acceptance and perceived benefits and bar-
riers, storage duration seems to be irrelevant and storage location is only slightly
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relevant for perceived benefits and to a lesser extent for acceptance. In turn, data
access was revealed to be the most relevant facet of data handling preferences
impacting perceptions of benefits and barriers as well as acceptance. Linear regres-
sion analysis further confirmed data access as the only facet of data handling which
serves as a predictor of acceptance of VAAL. This makes sense, considering that
people strongly protect themselves from the disclosure of harmful and/or sensi-
tive information about themselves to preserve privacy [33,34] and protecting data
is one of the most important factors for users of pervasive health-monitoring sys-
tems [45]. Related to the study result that among data handling only data access
predicts acceptance, this means that disclosure happens of course through data
access no matter where data is stored and how long it is stored there.

4.2 Managerial Recommendations, Limitations and Future Work

The insights of this study enable us to derive some recommendations and impli-
cations for future technology development and design in order to enable the
consideration of users’ needs and requirements.

Focusing on technical requirements, future users should be able to control the
technology at any time (e.g., switching on/off) as it represents a central prerequi-
site for sustainable usage and adoption. Further, access to recorded data should
be controlled by the users themselves. It is of utmost importance that data access
for third parties, such as companies and health insurance, serves as a “No Go”
and represents central obstacles to the acceptance and adoption of VAAL tech-
nologies in the everyday life. These recommendations are even more important
in case the technology is aimed to be used to record potentially intimate activ-
ities and thus sensitive information. The differences in evaluations between the
three activities highlight that there is not one customized technological solution.
One single user may want to customize each area in his or her home differ-
ently or different activities detected should be visualized differently and access
allowances should vary. These variances among one single (potential) user mean
that the system and the single devices should account for that and make this
detailed customization possible. Taking the storage options into account, local
storage is preferred, however, storage options played a minor role in perceptions
and acceptance of VAAL technology. Overall, it should be aimed at providing
transparent and comprehensible information about functions, requirements, and
data handling of using VAAL technology in order to enable a trustworthy and
sustainable usage of VAAL technology.

Besides novel insights and derived implications, there are also limitations of
this study that should be considered for future research enabling to derive some
ideas for future work in the field.

Starting with sample-related aspects, the sample of our study was compa-
rably small and not perfectly balanced regarding age, gender, and educational
level. In particular, future studies should try to reach larger samples, including
higher proportions of older people and people with lower educational levels. In
addition, it has to be mentioned that the participants from this study originated
from Germany and Bulgaria. Country- and culture-related comparisons were not
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part of this investigation, but should be focused on in future analyses. Beyond
that, more detailed country- and culture-specific analyses would be useful to
gain more insights into value- and culture-based differences in data handling
preferences, technology acceptance, and perception.

The applied methodological approach was useful to investigate whether activ-
ity types affect the preferences of requirements and data handling. However, only
three rather generic types of daily activities were considered disregarding specific
activities, such as care-related aspects or severe health situations, e.g., falls or
emergencies. Future studies should therefore also consider more specific activities
and situations to investigate potential changes within the evaluation patterns of
data handling and preferences. Beyond that, the conducted survey and analyses
enabled only absolute evaluations of the technical requirements and data han-
dling. For future research, it would be useful to analyze the relative importance
of the different aspects (e.g., by applying conjoint analysis approaches). As a
last idea for future research, future users’ knowledge, information, and mental
models can be decisive for the adoption of innovative technologies. Here, it would
be interesting to analyze and investigate potential influences of the users’ per-
ceived and real knowledge about the specific technology and data handling on
the evaluations of using VAAL technology in the everyday life.

5 Conclusion

The conducted quantitative study applied an online survey to identify potential
users’ most relevant requirements and data handling preferences for using VAAL
technology. The results revealed a rather generic evaluation of VAAL (being only
sporadically influenced by specific activity types) and identified data access to be
a relevant predictor for technology acceptance in addition to technology-related
perceived benefits and barriers. The insights are used to derive implications for
user-centred technology development and design by considering user-relevant
requirements and data handling preferences.
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Abstract. We present the findings of a study to determine which inter-
action technique (touch control, voice control, gesture control, or activ-
ity control) is preferred by the elderly to control smart home devices.
We conducted a workshop with eight senior citizens during which they
were introduced to smart home devices in a smart living laboratory and
learned how to control them. After experiencing the interaction tech-
niques, they were asked about their experience, what they liked and dis-
liked and which was their most and least favorite interaction technique
for a specific scenario. We compared the results to their previous opinion
gained from a postal survey conducted a year before the workshop to
validate our assumption that senior citizens, when asked about which
interaction technique they like most, will pick the technique they know
best, i.e. touch control, instead of what would actually be the easiest
and most intuitive way to control a smart home device. In the postal
survey, most participants selected touch control as their favorite interac-
tion technique. During the workshop it became apparent that many of
them would prefer voice control or gesture control as it is close to how
they would interact with a human being and they experienced it as a
very natural, thus intuitive, form of communication.

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

1 Introduction

Research has found that senior citizens can benefit from using smart home
devices to allow them to live a self-determined life at home instead of mov-
ing to a nursing home or assisted living facility. Such devices have to be easy
to use for the elderly, among other factors, in order to unfold their benefits. If
the devices require extensive training, senior citizens are often discouraged from
using them [5].

Therefore, we conducted a study to answer the following question: Which
interaction technique is preferred by the elderly when controlling smart home
c© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
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devices? The study was organized in the form of what we call a workshop. It
followed a postal survey [13] with 87 participants, that we conducted in 2021,
where we asked about experiences and knowledge about technical devices - espe-
cially smart home devices - and opinions about the four interaction techniques
touch control, voice control, free-hand gesture control, and activity control (rec-
ognizing activities to trigger actions respectively). In the follow-up study, we
invited eight of the senior citizens - four males and four females with an average
age of 77 years - who previously had participated in the postal survey, to our
smart living laboratory.

In the postal survey, many participants ranked touch control as their favorite
interaction technique. Our assumption is that they often pick what they know
best. Since touch control is readily available in many situations, e.g. in smart-
phones, tablet computers, cash points or ticket machines, it is an interaction
technique the elderly are familiar with and thus prefer to something they have
not experienced yet. We also believe that senior citizens can benefit from smart
home devices but are scared to use them. Intuitive and natural interaction tech-
niques could help lower the barriers and even enable senior citizens with impair-
ments or disabilities to use smart home devices.

2 Related Work

This work examines four different interaction techniques: touch control, voice
control, gesture control, and activity, all of which are common in recent research
for human-machine interaction.

Touch control means interacting with a technical device by touching the dis-
play with one or more fingers. Predefined graphical control elements or gestures
on the screen lead to distinct behavior. Touch control is very common in smart-
phones or tablet computers, but is also used for e.g. ticket machines. A lot of
research regarding human-computer interaction for the elderly has focused on
touch control. Kobayashi et al. [10] conducted studies to find common prob-
lems senior citizens face when interacting with touch devices. They conclude
that basic gestures (tapping, dragging, and pinching motions) are easy to use
for most of the elderly, but experience and training is needed for them to feel
comfortable. Bara et al. [4] also take into consideration that the elderly often
struggle with impairments, such as limitations in vision and motion. Those diffi-
culties can lead to a reduced acceptance of touch devices. Their research rather
focuses on how the user can be notified in case of an event instead of addressing
the special requirements of users with impairments. This is where our research
ties in.

The second interaction technique in our research is voice control. Voice con-
trol means interacting with a device by spoken commands, it is commonly used
in voice assistants like Siri, or smart speakers like Amazon Echo. Voice control is
also extensively researched in the scope of technical devices for the elderly. The
difficulties senior citizens may face when using touch devices, as stated above,
lead to over one third of the elderly who refuse to use touch devices [9]. Sahlab
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et al. [12] used this fact as the starting point for their research and suggest
using speech to interact with smart devices as it is more natural and familiar
for senior citizens. At the same time, they find that the elderly have reservations
about using voice-controlled devices, e.g. due to missing known benefit, safety
and security concerns, and insecurities how to use such devices, which is also
something we want to address in our study.

Gesture control means using freehand gestures to interact with a technical
device without direct physical contact. It is already used in cars to allow the
driver to interact with the infotainment system without being distracted by
locating a button or a graphical area on the screen, e.g. BMW Gesture Con-
trol [1]. Most research on gesture control for senior citizens focuses on the tech-
nical aspect. Vorwerg et al. [17] as well as Ayubi et al. [3] suggest an intuitive
gesture-controlled device to control smart home devices for senior citizens with
and without impairments in mobility. Another contribution of their work is the
proof that it is technically possible to develop technical devices with gesture
control interfaces for people with mobility impairments without a disadvantage
in the user experience. A similar result has been achieved by Wang et al. [18],
who present a gesture-controlled smart home system operable by senior citizens
with impairments in motion, hearing, or speaking.

The fourth interaction technique we used for our study is activity control,
which is a system that monitors daily living activities, classifies and predicts
them in order to be able to trigger actions accordingly. It could, for example,
turn the lights on if the resident is going to read, or lock the door if the resident is
going to sleep. Such a system is not yet available on the market, but still focused
on in research. The functionality can be compared to what is already available in
smartwatches, that are able to recognize and record activities, e.g. when the user
is sleeping or working out. Lentzas and Vrakas [11] showed that activity control
– also called human activity recognition or abnormal behavior detection – are
of increasing interest in the scientific community. Thakur and Han [16] propose
a system that can analyse and predict human behavior and thus can improve
the daily life of senior citizens by anticipating the users’ activities and assist
with everyday tasks without the need for the user to consciously interact with
the system. A major use case of activity control is fall detection for the elderly,
e.g. as presented by Alazrai et al. [2]. Sucerquia et al. [15] conducted real-life
validations of their system for effective fall detection for the elderly to provide
immediate support by alerting relatives or health care services in case of a fall.
Chernbumroong et al. [7] follow a different approach as their system constantly
monitors the users’ activity pattern to detect behavioral changes that can be an
early sign of long-term health detriment.

Our assumption that the elderly would rather prefer something they are
familiar with is based on the “Status Quo Bias” [19]. The same was noted by
Bejanaro et al. [6], who state that “as long as mobile devices are required [...],
they will continue to be the preferred interface by many users”. This is the
starting point for our research as we intend to prove this hypothesis to be correct
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and that senior citizens would rather adopt other forms of interaction if they were
broadly available.

3 Methodology

We conducted a study in the form of a workshop with eight participants in
our smart living laboratory to answer the research question mentioned before:
Which interaction technique is preferred by the elderly when controlling smart
home devices? The postal survey showed that many of the elderly did not seem to
completely understand all questions, especially not the ones regarding unfamiliar
interaction techniques such as gesture control or activity control. Therefore, we
developed a human-centered workshop format with distinct materials tailored
to the elderly to support them and minimize problems that occurred during the
postal survey.

Our assumption was that they would rather prefer something they are famil-
iar with (i.e. touch control) instead of something they have not tried before,
even if the new interaction technique might be easier to use and learn for the
senior citizens [19]. Therefore, we conducted a workshop in which all four inter-
action techniques were thoroughly introduced, the senior citizens were able to
control smart home devices with all four interaction techniques and thus expe-
rience them. Finally, we asked them to rank the interaction techniques from the
one they would prefer the most to the one they would rather not use. We then
compared those results with their answers from the postal survey a year ago
when they did not experience the smart home devices yet.

Fig. 1. Setting in our smart living laboratory: (a) living room area and (b) dining room
area.

The smart living laboratory is built to look like a small apartment. It consists
of a living room area (shown in Fig. 1a) and a dining room area (see Fig. 1b). It
is equipped with several smart home devices, such as smart lights, a smart door
lock, and a smart roller shutter, as well as multiple video cameras (360-degree
cameras) and a microphone.
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3.1 Participants

All participants of our workshop already participated in the preceding postal
survey [13]. During the questionnaire the respondents were asked whether or
not they would be interested to participate in continuative studies. Out of the
87 respondents, 61 showed their interest and all of these were invited to the
workshop.

We were only able to conduct workshops with a limited number of partici-
pants due to time and personnel restrictions. Therefore, we invited eight senior
citizens – four females and four males. The four males were aged between 71 and
83 years – with an average age of 76.8 years –, the four females were between
65 and 90 years old – with an average age of 76.3 years. Neither mentioned any
major impairments in their vision, hearing, or mobility, but some require glasses
or a hearing aid device.

In their postal survey, two of the participants mentioned they have not heard
of smart home before, three of them have heard about it but have not tried it
yet, two have already watched someone else using it, and one owns smart home
devices but barely uses them. This shows that the previous knowledge about
smart home devices differs a lot, which had to be addressed during the workshop
to ensure that all participants had the same knowledge base and were able to
understand their tasks.

Fig. 2. Screens from the explanatory videos that show a senior citizen amateur actress
in the smart living laboratory controlling the smart door look using the four interaction
techniques (a–d).
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3.2 Workshop Procedure

Each workshop was conducted with only one participant at a time – due to
Covid19 restrictions and to better compare the respondents’ opinions with their
answers during the postal survey. A moderator led the participant through the
workshop, answered questions, and made sure formal restrictions were followed.
Another member of our team fulfilled a “less formal” role (here called peer) by
acting as informal conversational partner for our participants. The workshop
consisted of five parts:

Fig. 3. Overview of how to control the three smart home devices using the four inter-
action techniques.

1. Welcome: The peer and the participant met in a separate area outside the
smart living laboratory and got to know each other. This allowed them to
build a foundation for the conversation that followed later in the workshop and
also allowed the participant to relax and accommodate to the new situation [8,
14].

2. Introduction: The moderator welcomed the participant into the smart living
laboratory. After completing formalities, the moderator showed a presentation
about smart home and the four interaction techniques in general. This served
to establish a comparable degree of knowledge among the group.
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3. Experimentation: In this part, the participant got to watch four didactic
explanatory videos (cf. Figure 2), one per interaction technique, that showed
a senior citizen amateur actress in the smart living laboratory controlling
the available smart home devices (smart door lock, smart lights, smart roller
shutter). Afterwards, the participants experimented how to control the smart
home devices in the smart living laboratory according to what they observed
in the videos.

4. Conversation: In this step, the peer joined the participant again. The mod-
erator gave both of them the task to talk about three scenarios (locking the
door, turning on the lights and lowering the roller shutters), how the four
interaction techniques can be used for each, and which would be best suited
in the specific situation.

5. Conclusion: Finally, the moderator asked the participant to rank the four
interaction techniques and rate each of them.

For this study, we used a minimalist application for the touch control sce-
nario. We also used easy to perform free-hand gestures as well as natural and
short voice commands. The activities needed for activity control followed the
scenarios introduced during part four of the workshop (Conversation). Figure 3
gives an overview of how to control the three smart home devices with each
interaction technique.

To help the participants remember all interaction techniques and how to
control the available smart home devices, they were given reminder cards as
shown in Figs. 4 (a) to (d) which they were able to use throughout the workshop,
especially during parts three (Experimentation) and four (Conversation).

4 Findings

It turned out that all eight participants learned how to correctly perform the
four interaction techniques within the short time frame, which proves that they
were easy enough to learn to be able to work in our workshop.

4.1 Touch Control

All participants mentioned that they are familiar with touch control as they
regularly use smartphones or tablet computers. Although the participants found
touch control to be easy to use and neither of them had problems controlling
the smart home devices with it, they criticized that the touch device has to
be close to them at all times to have the functionality available. This is seen
as inconvenient because they are looking for their smartphones often. Also, the
device has to be charged and turned on. They also would have to carry it around
which most of them are not willing to do and find rather inconvenient.

One participant also mentioned that some conditions that often come with
age make using a touch device more difficult, e.g. neuropathy. It was also men-
tioned that using a touch device can be difficult under certain circumstances,
e.g. trying to turn the light on when the room is dark, because it would require
the light to be turned on to locate the touch device.
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Fig. 4. Reminder cards that were given to the participants to help them remember
how to control the smart home devices.

4.2 Voice Control

Only one of the participants was familiar with voice assistants before our work-
shop. Regardless, all participants were able to control the smart home devices
by voice commands and found this to be a very intuitive form of interaction.
The fact that a voice assistant listens to all private conversations was reflected
on by the participants but did not seem to be a main concern. It was important
to most participants that the permitted voice commands are variable so they
can speak naturally as if talking to another human.

Voice control was found to be a very fast and practical solution since it does
not require the resident to carry a device with them at all times, it can be
performed fast and easily in almost all situations they could imagine, and they
deemed it to be a practical solution. However, it was mentioned that the voice
commands have to be short and concise and the system has to give some form
of feedback so that the user knows they were understood. Only one participant
mentioned that he felt “odd” talking to inanimate objects.
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4.3 Gesture Control

Although all participants were unfamiliar with gesture control, they quickly
learned to correctly perform the gestures. It required more cognitive effort for
them to learn and remember the correct gesture and was not as natural as voice
control. But, they agreed that after a short training period they would be able to
memorize the correct gestures and use them regularly. Some suggested it would
be helpful if they could choose their own gestures. One participant noted that
it did not feel natural to perform free-hand gestures at first and required to get
accustomed to it, although most others found it to be very intuitive and natural.

One of the elderly pointed out that they felt uneasy because they were aware
that it requires a camera to record everything they are doing to be able to
recognize gestures. Another feared that gestures they unknowingly performed
while talking to someone else or doing tasks would accidentally lead to actions
in their smart home they did not intend.

4.4 Activity Control

Activity control was too complex for most participants to understand its impli-
cations. They do not want to rely on a system that promises to learn their daily
living activities and to automatically control smart home devices accordingly.
They also do not believe that it is possible for a system to learn their daily
routines and adjust to each individual. Also, some participants mentioned an
alarming lack of privacy, because they understood that it requires multiple cam-
eras and other sensors to observe their daily living activities to control the smart
home accordingly.

Therefore, most participants agreed that if this actually works it would be
very easy to use since most would happen automatically according to their wishes
and there would be very little they would have to do themselves, however, they
would not feel comfortable with the amount of sensors and observation needed to
make this possible. And even then, one participant mentioned that life is never
the same and it cannot be possible to program and plan every contingency. Only
one participant was very enthusiastic about activity control.

4.5 Combination

To summarize, the participants suggested a combination of voice control and
gesture control, while using touch control to remotely control the smart home
devices when being away from home. Most participants want to keep manual
control (e.g. a light switch) in case of an emergency or for visitors.

They agreed that a combination of voice control and gesture control would
be best. That way they could select what suits the current situation, e.g. voice
commands when hands are not free to perform gestures and gesture control
when talking to someone, so there is no interruption in the conversation. The
participants want to be able to choose which interaction technique better fits the
current situation since they learned that every form of interaction has advantages
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and disadvantages. One participant also noted that needs and desires can change
as the senior citizens’ condition changes and it needs to be possible for the system
to adapt to these changes, e.g. if impairments in mobility occur. Another remark
was that if there is more than one resident being able to choose from more than
one interaction technique is even more important.

Most of them liked the idea of remotely accessing their smart home devices
when they are not at home, e.g. to check if the door is locked, and if not, correct
it via their smartphone.

Fig. 5. Comparison of the rankings of touch control, voice control, gesture control, and
activity control during the postal survey and the workshop.

4.6 Ranking

The participants had already ranked the four interaction techniques as part of
the postal survey and did it again after they had experienced the four interaction
techniques during the workshop. A comparison showed that touch control was
ranked first during the postal survey because the participants were familiar with
it and presumably did not fully understand the other interaction techniques.
Gesture control and voice control were ranked higher after the participants got
acquainted with them. As a major factor, we assume that they perceived how
intuitive and easy to use these forms of interaction are. Activity control was
ranked last in both studies, presumably because most participants agreed they
did not trust the system enough and they had privacy concerns. It also needs
to be taken into consideration that activity control could only be imitated since
such a system is not yet available and it also would require learning the users’
daily routines to function properly.

During the postal survey, the eight participants ranked touch control first
with an average rank of 1.38. After the workshop, the average rank dropped to
2.13. Voice control was ranked second with an average rank of 1.38. Afterward,
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it was ranked first with an average rank of 1.25. The average rank of gesture
control changed from 3.25 during the postal survey to 2.25. Activity control was
ranked last during the postal survey with an average rank of 3.4 and also again
after the workshop with an average rank of 3.63.

Figure 5 shows a comparison of the rankings during the postal survey and
the workshop.

Fig. 6. Ratings of touch control, voice control, gesture control, and activity control
in the three categories. Only 7 responses available, as one participant was not able to
conduct the rating due to time limitations.
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We also asked the participants to rate all four interaction techniques in three
categories:

– Was the interaction technique very pleasant, rather pleasant, neither pleas-
ant nor unpleasant, rather unpleasant, or very unpleasant to use?

– Was the interaction technique very apprehensible, rather apprehensible,
neither apprehensible nor complicated, rather complicated, or very compli-
cated?

– Was the interaction technique very helpful, rather helpful, neither helpful
nor disturbing, rather disturbing, or very disturbing?

Figure 6 shows how the participants have rated the interaction techniques at
the end of the workshop.

5 Conclusion and Future Work

To conclude, the workshop showed that our assumption that senior citizens would
rather pick a familiar interaction technique instead of something they have not
tried before, even if the new interaction technique is easier and more intuitive to
use, was correct. It turned out that touch control – which was the most preferred
form of interaction during the postal survey – actually holds many disadvantages,
e.g. the device has to be turned on and carried around at all times.

The participants noted that there is not the one perfect form of interaction.
However, they agreed that a combination of touch control, voice control, and
gesture control would be their preferred solution. That way, they can pick the
easiest and most intuitive form of control for the current situation. Also, when
there is more than one resident, everyone should be able to pick their own pre-
ferred form of interaction, especially when health conditions and impairments
lead to difficulties with one or more interaction techniques.

Future work should focus on how to design smart home devices that allow
multiple interaction techniques, as well as what kind of touch applications, voice
commands, and gestures (and combinations thereof) are suitable for senior citi-
zens, especially if they are affected by impairments or deteriorating health con-
ditions. Also, another interesting aspect is how to convey smart home devices
and their interaction techniques to senior citizens.

In general, we find that senior citizens are very interested in this topic and
are eager to participate in research projects that focus on how technical devices
can benefit the elderly. They have shown to ask critical questions, voice concerns,
and make valuable suggestion that can help researchers as well as developers of
such technical devices to adjust their product to a new, growing target group.
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Abstract. A challenge facing our rapidly aging population is the need to age
independently, preferably at home. Smart home technologies promise to provide
older adults with better health, safety, and peace of mind. However, their adoption
remains low, and identifying the potential barriers remains an open question. This
study investigated older adults’ opinions and attitudes toward various smart home
technologies and their integration in a connected environment. Seven older adults
participated in an in-lab study to interact with two types of simulated smart home
environments varying in degrees of task automation and technology integration.
Results suggest that older adults perceive smart home technologies to be beneficial
for supporting aging-in-place, and formaintaining health, safety, and convenience,
and are open to living in a connected and automated environment. Discussions also
took place around barriers and potential risks – including costs, privacy, reliability
and learning curve – as well as future design implications.

Keywords: Networked Home · Smart Home · Older Adults · Home
Automation · Aging in Place

1 Introduction

The longevity revolution is sweeping the globe, with some societies at the forefront
and others further along. In countries with the highest life expectancy, the likelihood of
living to 65 years old is more than 90% today (United Nations, 2019) . Consequently, the
number of persons aged 65 and older has been projected to increase from approximately
35 million in 2000 to an estimated 71 million in 2030, and the number of persons aged
80 years and older is expected to increase from 9.3 million in 2000 to 19.5 million in
2030 in the United States (Centers for Disease Control and Prevention [CDC], 2022).

The aging of the population is one of the most important policy issues facing the
United States today, with its consequences for health status, costs, and service provision.
Nearly 90% of seniors want to age in their own homes. “Aging in place” is “the abil-
ity to live in one’s own home and community safely, independently, and comfortably,
regardless of age, income, or ability level” (CDC, 2017) . However, decline in physi-
cal and cognitive health often makes it necessary for older adults to get assistance in
completing daily household tasks. Researchers have been investigating how equipping
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homes with smart home technologies can improve people’s lifestyles and reduce the
physical and cognitive burdens associated with aging. Home automation has the poten-
tial to improve a person’s quality of life, particularly when used in combination with
other forms of technology. For example, smart home technologies are being developed to
support home-based health management: medication management and remote monitor-
ing; facilitation of long-distance caregiving, including family caregiving coordination;
fighting loneliness; and home safety, including fall detection and security.

However, there are barriers to adoption of smart home technologies by older adults.
Accessibility, stigma, lack of perceived need, affordability and privacy are some of the
factors found by previous studies (Coughlin, D’Ambrosio, Reimer, Pratt, 2007; Demiris,
Oliver, Dickey, Skubic, Rantz, 2008; 2004; FakhrHosseini, Lee, Rudnik, Son, Lee, &
Coughlin, 2021; Pal, Funilkul, Vanijja, & Papasratorn, 2018). In order to overcome these
limitations, various studies have been conducted to come up with a set of principles and
recommendations that design professionals can use when designing home environments
(Ayala & Susana, 2019; Kim, Cho, & Jun, 2020). For example, FakhrHosseini et al.
(2021) suggested that newer and smarter devices should be able to facilitate remote
communication and cohabitation among residents. They also recommended that new
devices should be compatible with existing in-home devices and external services (out-
side of the home; e.g., safety departments, transportation, and energy management) and
be designed to facilitate a connected living space. Additional recommendations were
made for new devices to be able to support multiple tasks, and to have measures in place
to securely manage data and protect privacy.

Although the existing studies provide a great background and perspective on user
needs and design considerations of smart devices, little is known about the design of
a connected home, especially through the lens of older adults. The core focus of this
study is to design and validate a simulated study platform to gain insights regarding the
perception of connected home space among older adults. Therefore, a simulated smart
home space was built to generate rich insights through an exploratory approach to derive
design considerations of more connected homes for older adults.

2 Method

This section presents the study’s approaches to designing and building a simulated living
experience, recruiting participants, and evaluating the impacts of the experience.

2.1 Defining the Smart Home

For technology selection and simulation in the simulated smart home, there is a need for
a standardized framework (FakhrHosseini, Lee, Coughlin, 2019). In a recent effort, MIT
AgeLab (2022) suggested a taxonomy to explain various degrees of home automation
and different types of integrated and connected homes. Based on their definition, homes
with technologies that integrate user-programmed connected devices are called “Net-
worked Homes”. Similar to Sovacool &Del Rio’s (2020) descriptions “bundled” homes,
Networked Homes provide a richer connectivity among different devices, also known
a “connected” home (e.g., Bugeja, Jacobsson, & Davidsson, 2020). This connectivity
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is accomplished based on interoperability solutions supporting seamless primitive data
communications. Users in theseNetworkedHomes can set rules for their devices through
a central home gateway according to their needs (e.g., turn on lights upon arrival, turn
on coffee machine when waking up). As more devices are integrated, users can define
more sophisticated home automation logic. Networked Homes are characterized by the
degree of technological integration and task automation that is more advanced than most
devices and services currently available. However, while existing discussions focused
on smart home systems that are widely available, little is known about the role of user
and the design of Networked Homes, especially for older users.

Table 1. Demographic information of participants.

Participant Number

P1 P2 P3 P4 P5 P6 P7

Gender Female Female Female Male Female Female Female

Age 70 76 66 73 69 73 70

Occupation Retired Retired Employed
full-time

Retired Employed
full-time

Retired Employed
part-time

Self-rated
health

Excellent Excellent Good Average Good Excellent Excellent

Home type Condo,
townhouse,
or duplex

Condo,
townhouse,
or duplex

Single-family
home

Single-family
home

Single-family
home

Single-family
home

Single-family
home

Number of
years in
current
home

More than
10 years

More than
10 years

5 or more but
less than 10

2 or more but
less than 5

More than
10 years

More than
10 years

More than
10 years

Living with Spouse or
romantic
partner

Living
alone

Living alone Spouse or
romantic
partner

Spouse or
romantic
partner

Child(ren)
above 18

Living alone

Self-rated
technology
experience*

Somewhat
experienced

Somewhat
experienced

Quite
experienced

Somewhat
experienced

Somewhat
experienced

Somewhat
experienced

Quite
experienced

* Self-rated technology experience was asked with question “How would you rate your overall
level of experience with technology?”. Answer options included “Not experienced at all,” “A little
experienced,” “Somewhat experienced,” “Quite experienced,” and “Very experienced.”

In this study, a space was built to simulate key features and capabilities of Networked
Homes to provide study participants with examples of how higher levels of smart home
technology integration and automation may be experienced. The space also enabled a
simulation of a basic level home, “Traditional Home” (MIT AgeLab, 2022), in which
devices and appliances function without environmental awareness or inter-system con-
nections e.g., to better demonstrate the differences between these types of homes and
what types of technologies, and automations may be present.
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Table 2. Sample schedule and durations calculated to fit within reduced simulation time.

Start time End time Task Simulated duration

6:00 AM 10:00 AM Early morning routine: getting up, opening
blinds, drinking coffee, and checking vitals

4 min

10:00 AM 12:30 PM Late morning routine: adjusting blinds, reading,
working, browsing the internet or doing other
miscellaneous things

2.5 min

12:30 PM 1:30 PM Lunch 1 min

1:30 PM 2:30 PM Afternoon nap 2 min

2:30 PM 5:30 PM Afternoon routine: folding sheets, adjusting
blinds, reading, working, browsing the internet or
doing other miscellaneous things

3 min

5:30 PM 7:00 PM Dinner 1.5 min

7:00 PM 9:00 PM Evening routine: watching TV or doing other
leisurely activities

2 min

9:00 PM 10:00 PM Bedtime routine: closing blinds, setting an alarm,
adjusting temperature, and turning lights off

1 min

10:00 PM – Sleep –

2.2 Participants

Inclusion criteria for this study included older adults in the range of 65 to 76 years
old. Prospective participants were provided with descriptions about the study, including
its in-person nature. In this study, seven local participants were recruited from MIT
AgeLab volunteer database that includes people across the United States to represent a
range of demographic characteristics, living arrangements, and levels of experience with
technology. The participants ranged in age from 66 to 76 years. Four participants were
retired, twoworked full-time, and one worked part-time. As for living arrangements, five
lived in single-family homes, and two lived in condominium, townhouse, or duplex. All
participants had lived in their current homes for at least two years, and five had lived in
their current homes for at least ten years. Three participants were living with a spouse or
partner, three were living alone, and one lived with adult child(ren). Table 1 summarizes
demographic information of each participant.

2.3 Building the Simulation

Physical Foundation of the Simulated Living Space. As shown in Fig. 1, the simulated
living space was built in an existing demonstration room with 190 sq. Feet of space.
The space was modeled after a small studio apartment and contained furnishings and
decorations typical of a living space to evoke the feeling of being in one’s own home. To
make the most of the small space, some areas were designed to serve multiple purposes;
for example, the living room and bedroom areas were combined by having the couch
serve as both a bed and a seating area.
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Fig. 1. Renderings of layout and dimensions for space (left) and aerial photo of the space with
furnishings (right).

Conceptualizing the Simulation Experience. The goal of the simulation is to assess
how individuals might experience a typical day living in a Networked Home. In develop-
ing the simulation experience, three key factors were considered: temporal dimension,
a simulated schedule, and technology. Each of these factors play a role in understanding
participants’ actual home experience and, in turn, in designing an experience that enables
them to feel “at home” in the simulated environment.

Temporal dimension. Time is one of the key elements in replicating the experience
that an individual has in their home. Thus, to simulate the experience of living in a
smart home, an individual’s typical daily routine should be observed and replicated.
To enable the simulation of one’s daily routine, the time spent completing tasks in the
simulated environment should be representative of the actual tasks completed in the real-
time environment to maintain consistency across tasks. The estimated time required to
complete a real-time task is proportionately scaled to the simulated time scale:

Time for Real Day

Time for Simulated Day
= Time for Real Time Task

Time for Simulated Task

Simulated schedule. Since an average healthy adult spends roughly eight hours of the
day sleeping, the active routine is assumed to last only 16 h. To minimize participants’
time commitment and potential discomfort with an unfamiliar environment, those 16 h
were reduced to 16 min.

The simulated schedule serves to replicate the typical routine of an older adult.
Individuals are assumed to wake up and begin their morning ritual and eat breakfast
between 6:00AM and 7:30AM. Depending on individual preferences and personalities,
theymay engage in socialization, rest, volunteering, running errands, and other activities
during the day. After 5:00PM, before and after preparing an evening meal, they may
engage in some form of lounging and/or socialization. Lastly, they complete a sleep ritual
before their bedtime around 10:00PM. Table 2 depicts a mock schedule created based
on these four distinct stages and a broad idea of the activities older adults may include
in their daily routine (Bayar & Türkoglu, 2021). While this serves as an example for
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creation of simulated schedules, participants’ actual schedules were taken into account
when creating the actual schedules used. This serves as an approximation of a schedule
that an older person may follow.

Technology. The technology selection framework and degrees of home automation
were informed by the user needs analysis illustrated by FakhrHosseini et al. and the
smart home taxonomy by MIT AgeLab (2022), respectively. Based on an additional
review of literature (Alhafidh & Allen, 2018; Deschamps-Sonsino, 2018; El Jaouhari,
Palacios-Garcia, Anvari-Moghaddam, & Bouabdallah, 2019; Li, Yigitcanlar, Erol, &
Liu, 2021), four key themes and examples of associated devices were identified:

– Energy management: smart thermostat, lights, and smart plug
– Health and wellness: HR monitoring and medication
– Appliances: coffee machine, window blinds, and smart TV
– Safety and security: security alarm and door lock

Implementation. Each participant experienced two types of simulations – Traditional
Home and Networked Home – one after the other. Both experiences occurred in the
same space and follow the same “routine;” the same physical setup and routine/schedule
would be maintained across both levels. In general, the sole difference between the two
experiences was the incorporation of varied functionalities to represent the differences
in levels of automation, as described in Table 3.

Table 3. Participant actions and simulation implementation.

Task Traditional Home implementation Networked Home implementation

Early morning routine Participant opens blinds manually,
uses coffeemaker to make coffee,
uses oximeter to check and record
heart rate and blood oxygen level

Participant gets up and puts on
smart watch
Blinds open automatically as
participant wakes up, coffeemaker
starts running itself, vitals are
checked and recorded by smart
watch

Late morning routine Participant closes blinds halfway,
goes to the study/office area, turns
desk lamp on, uses computer to
pretend to do work, or reads
provided reading materials

Participant goes to the study/office
area, uses computer to pretend to
do work, or reads provided
reading materials
Blinds automatically adjust to
preferred setting, desk lamp turns
on as participant approaches the
area

Lunch Participant turns desk lamp off,
goes to the kitchen area, and
prepares “lunch” with provided
snack items

Participant goes to the kitchen
area, and prepares “lunch” with
provided snack items
Desk lamp automatically turns off

(continued)
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Table 3. (continued)

Task Traditional Home implementation Networked Home implementation

Afternoon nap Participant closes blinds manually,
then goes to the bedroom/couch
area to pretend to rest or nap

Participant goes to the
bedroom/couch area to pretend to
rest or nap
Blinds automatically close

Afternoon routine Participant folds blanket on
couch, opens blinds halfway, goes
to the study/office area, turns desk
lamp on, uses computer to pretend
to do work, or reads provided
reading materials

Participant folds blanket on couch,
goes to the study/office area, uses
computer to pretend to do work, or
reads provided reading materials
Blinds automatically adjust to
preferred setting, desk lamp turns
on as participant approaches the
area

Dinner Participant turns desk lamp off,
then goes to the kitchen area to
prepare “dinner” with provided
snack items

Participant goes to the kitchen are
to prepare “dinner” with provided
snack items
Desk lamp automatically turns off

Evening routine Participants goes to the living
room/couch area, turns living
room lights on, and turns TV on
using remote control

Participants goes to the living
room/couch area
Living room lights and TV turns
on automatically as participant
approaches the area

Bedtime routine Participant closes blinds, sets
alarm using provided clock,
adjusts room temperature using
knob control, and turns lights off

Participant rests or does other
miscellaneous activities
Blinds automatically close, alarm
is automatically set, and room
temperature automatically adjusts
to preferred setting

Sleep Participant goes to the
bedroom/couch area

Participant goes to the
bedroom/couch area
Lights turn off automatically

From an implementation perspective, some devices – specifically in the Networked
Home, were simulated with a “Wizard of Oz” method in which the supposed “automa-
tion” of the devices was emulated to create the perception of the Networked Home. The
devices whose automation was emulated using a smart home controller in the Networked
Home simulation were desk lamp, couch lamp, security camera, smart plug, and smart
assistant. Although their functionalities appeared to participants to be automated, these
devices were actually controlled with the input of the study conductor. Similarly, the
smart assistant prompts were prerecorded with some flexibility to modify and accom-
modate unforeseen circumstances during the study. Other devices in the smart home
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were linked to a custom dashboard and customized according to the routine provided to
the participants:

1. Time: Time was a simulated counter starting at 5:30 am displayed via an iPad as a
digital clock synced with the central dashboard.

2. Thermostat: Since changes in temperature would not be evident or immediate enough
for the brief simulation, the thermostatwas simulated using an iPadwith a touch screen
input to set the temperature. The feedback for the participant was visual wherein the
temperature starts to reach equilibrium with the target temperature by the participant
at the rate of 5°F per simulated hour. This thermostat was synced with the central
dashboard and enabled 2-way communication.

3. Smart band: The smart band data was simulated as well, with random fluctuations
within a normal range of HR and SpO2.

4. Coffee maker: The coffee maker was a one button push coffee maker with a button
pusher was attached to it and syncedwith the demo time and routine of the participant.

2.4 Procedure

Recruited participants were invited to the lab for the in-person study. At the beginning of
each session, before being introduced to the simulation room, participants were informed
about the study procedure and completed the consent forms, including an addendum
related to COVID-19. Each participant granted permission to record the duration of
their 120-min study session. Participants were then provided with the following general
and simple definition of smart home: “A smart home is a home in which devices are
connected to the internet and can be controlled and can be customized according to the
user’s needs. Some of the devices could be automated as well.” Based on this definition,
participants were asked to name any smart home devices that they owned and/or used
and to discuss their decision-making and purchase process for each device.

Participants were then introduced to the simulation room and the procedure for each
simulation. The moderator provided a tour of the layout and areas representing a living
room/bedroom, office, and kitchen (see Fig. 1). After familiarizing each participant with
the environment, moderators reviewed the two simulation scenarios and provided addi-
tional information where relevant. For example, participants learned how to interpret the
simulated time; they would be experiencing the simulation beginning at a simulated time
of 5:30 am and ending at a simulated time of 10:30 pm, with each minute representing
one hour of simulation time (for a total of 17 min for each simulation). In addition to this
comprehensive verbal overview, participants received a physical copy of the schedule
for reference throughout the simulation. They were reminded that there was no rush to
complete the tasks during each simulation, and that the study was not a test of their
abilities.

Participants were then left alone to complete the simulations according to the sched-
ule, beginning with the Traditional Home simulation. During each simulation, partici-
pants’ interactions with devices and punctuality (according to the simulated “time” and
schedule) were recorded and observed. Immediately following the completion of each
simulation, participants answered questions regarding their experience. These questions
were intended to understand variations in the user’s actual interactions versus those
physically observed by the researchers, as well as their perception of the Traditional and
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Networked Homes simulation. After completing both simulations, participants were
escorted to a separate room for a final interview regarding their overall experience, pref-
erence, and related attitudes. These provide insights on potential changes in preferences
regarding the specific devices and functionalities used during the simulation, as well
as understanding of how perceptions and attitudes regarding smart homes in general
(i.e., beyond the simulated home that they had experienced) may have been affected.
Questions covered in the study are shown in Table 4.

Table 4. Questions asked to gather initial feedback and to evaluate the simulation experience.

Question group Questions

Traditional Home How difficult/easy was it to follow the routine?

Which of these items in the home would you
describe as smart? It can be none as well

Which tasks did you think would have been better
if automated?

Networked Home What did you think of your experience? What
changes did you notice?

How difficult/easy was it to follow the routine?

Were the voice cues annoying or helpful? In what
ways?

How do you think these devices are suggesting you
with those commands?

Which of these automated tasks seemed helpful to
you?

Which of the two homes was closer to your current
home? Which one is easier? Which one do you
prefer? Which one is “smarter”? Why?

General questions after both simulations What do you see as potential benefits of having a
smart home? Follow-ups: Would this help you be
independent? Impacts on health and safety?
Convenience? Entertainment?

What do you see as potential barriers to having a
smart home?

Would you have any privacy concerns regarding a
smart home? Do you see any other possible risks
or issues?
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3 Results

3.1 Simulation Experience

During each simulation, participants’ experiences, including their interactions with the
technologies and adherence to the schedule, were observed and recorded by researchers.
Participants were also interviewed about their experiences once they had completed each
simulation.

Observations. Somedifferences related to participants’ adherence to the schedule and
completion of taskswere observed between the two simulations. In the Traditional Home
simulation, although all seven participants were frequently seen glancing at the clock,
nonewere able to follow the provided schedule punctually. During thework periods from
10AM-12:30PM and 2:30PM-5:30PM, six participants appeared to become distracted,
causing them to diverge from the schedule and complete their tasks late. Despite these
challenges with punctuality, six out of seven participants were able to complete all of
the tasks successfully at some point; the seventh participant opted to skip tasks in an
attempt to catch up with the schedule. In the Networked Home simulation, on the other
hand, less challenges were observed overall; six of the seven participants were able to
adhere closely to the schedule and completed all tasks on time.

During the Networked Home simulation, additional observations were made about
the ways in which participants interacted with the increased automation within their
environment. By the simulated time of 12:30 PM, five participants had stopped referring
their printed schedule, instead relying solely on the voice prompts to keep track of
their schedule and tasks. Two participants handled the coffee machine incorrectly and
removed the mug before dispensing, leading to a potential spillage which the system
averted by disabling the machine. Despite the voice prompts, participants did not appear
to fully understand how the machine would operate. During free time, three participants
explored the room, played with Legos, or checked their personal phones; two watched
news on the television. After hearing an alert from the voice assistant that the settings for
two devices (thermostat and coffee machine) had been updated, all seven participants
responded verbally in some way. One participant also checked these devices to verify
that they were functioning correctly following these updates.

Participant Descriptions and Perceptions. First, participants shared thoughts about
their experiences with the schedule. Despite the schedule-related challenges observed
during the Traditional Home simulation, six participants rated the schedule as easy to
follow for both simulations; however, they also clarified that it was easier to followduring
the Networked Home simulation. One participant experienced confusion with the voice
prompts in the Networked Home simulation, citing that it was difficult to decide whether
to follow the printed schedule or the voice prompts.

When asked to identify what types of smart devices they believed had been present
within each simulation, participants appeared to have a more accurate understanding of
those in the Networked Home simulation. For the Traditional Home simulation, partici-
pants identified the digital thermostat as smart (possibly due to its touch-based interface),
one incorrectly described the coffee machine to be smart (despite it being manually
operated), and one also incorrectly believed the oximeter to be smart. Two participants
mentioned that devices not connected to the internet could still be categorized as smart.



90 Y. Trivedi et al.

For theNetworkedHome simulation, all participants identified lights, thermostat, blinds,
voice assistant, and alarm clock as smart. Five participantsmentioned the coffeemachine
as smart. (For the other two participants, the coffee machine had needed to be stopped
remotely to prevent spillage of coffee during the simulation after they had incorrectly
handled the machine. Upon hearing an explanation of this spill prevention mechanism,
both participants remarked that the feature was “really useful.”).

Participants also discussed their thoughts around some of the automated features that
they had experienced during the Networked Home simulation, and many discussed the
voice assistant and notification features. Six participants had found the voice assistant
to be “helpful.” Five participants found the voice assistant non-intrusive and felt cared
for by a virtual entity. Two participants mentioned that they did not want AI “dictating”
their daily routine, preferring to input their preferences manually. Some participants
expressed hesitation surrounding voice notifications. Two noted their preferences for
a more subtle form of notification, such as vibration on a wearable. One reported that
they did not want any notifications in their daily life besides in emergency situations.
One thought that, although the notifications were during the simulation, they would be
annoying in real life.

As for perceptions of how the automated features worked in the Networked Home
simulation, five participants believed thatmost of the automationwas time-based and had
pre-set timings according to the schedule. Two participants perceived lights and some
alerts from the voice assistant to be proactive and adjust according to the participants’
real-time actions. Two participants identified the interconnectivity between wearable
and lights for turning the lights on and off depending on user movement.

3.2 Post-study Interview

Simulation Preference. As depicted in Fig. 2, nearly all participants considered the
home depicted in the Traditional Home simulation to be more similar to their current
homes. However, all participants considered the home depicted in the Networked Home
simulation to be smarter and easier to live in. The majority of the participants expressed
a preference to live in a Networked Home, with the exception of two participants; one
reported that they preferred a more “zen” lifestyle and would not want to disrupt their
current routine and lifestyle with technology, and the other reported that, although they
generally preferred a smarter home, they would prefer less automation to ensure they
are doing some physical movement (e.g., by manually completing household chores).

Anticipated smart home benefits. For all participants, the most important benefit
of smart homes was the ability to support independent living and aging in place. One
participant reported that “elder housing and living in a group freakme out” and that, after
living alone for 30 years, it was hard to imagine another living arrangement. Participants
also discussed benefits related to health, safety, convenience, and energy management:

Health. All participants emphasized the importance of smart home automation in the
context of their health and independence. Due to physical and cognitive decline, many
regularly require medical assistance and health monitoring. Medication reminders and
fall detection were the most common benefits discussed. Some participants who lived
alone shared personal stories of being in an emergency and not being able to receive
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Fig. 2. Simulation preferences

timely help due to a lack of monitoring. Interestingly, half of participants mentioned
their usage of some form of medical tracking device, some of which could be controlled
remotely by their doctors.

Safety. Four participants reported that their existing home security systems provide a
sense of safety to their loved ones and themselves. They conceptualized home security
systems as going beyond just a burglar alarm system to include features like passive
monitoring and alerts for environmental emergencies, such as gas leaks or fire hazards.
Two participants described near-disaster situations in which they accidentally left their
stoves on, and how these dangerous situations make them want a smart home to be
notified of such potential hazards.

Convenience. Six participants referenced tasks such as turning the lights on and off
and closing window blinds and said that they would benefit from automating these
“inconvenient” household tasks. They noted that this automationwould be convenient for
all, regardless of aging-related factors. The automation would increase their productivity
and creativity by saving time and effort for other, less mundane tasks. Participants also
recalled moments during which they had wished to have smart lights and thermostats,
particularly to avoid being interrupted fromothermore important tasks tomake necessary
adjustments.

Energy Management. While two participants already had government-installed energy
management devices in their homes, a few others alsomentioned the financial and energy
savings benefits from energy management systems. According to participants, these
systems could not only conserve energy, but also lead to significant financial savings.
Participants also mentioned smart solar panels and other forms of energy storage that
could help them to operate independently of the power grid.

3.3 Potential Barriers and Risks Regarding Smart Home Technologies

Participants also discussed why theymay be reluctant to adopt smart home technologies.
Commonly mentioned barriers included a steep learning curve, maintenance difficulties,
associated costs, and poor reliability.

All participants anticipated challenges in setting up smart devices in their homes.
One participant said “I have to either spend two hours on YouTube or call and pay
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$70 to a technician to set up my smart device.” Participants also discussed the learning
challenges that arise - and worsen as they age - when different brands of devices involve
different setup routines. Further, participants mentioned that, even after a successful
installation, maintenance often becomes an issue. Keeping up with updates and learning
new interfaces and features is difficult. One participant said “I used to be good with
technology, but lately I can’t figure out how to update myAdobe. I am an art director, and
I still use a five-year-old version for my work.” Furthermore, participants had concerns
around adjusting their smart homes to work with the routines and preferences of other
people with whom they live.

Participants anticipated challenges around the reliability and consistency of smart
home technologies. Many expressed concerns around their limited ability to trou-
bleshoot, and even simple issues would cause them discomfort if they were unable
to resolve them. In general, participants believed that technology is not mature enough
to be trusted to provide the levels of reliability and consistency that they would require
and expect. Some participants also expressed worries regarding consequences of tech-
nologies failing to perform, especially when systems support safety-critical tasks. These
concerns were particularly focused features such as alert systems for gas leaks, fire
hazards, and home security.

Cost was also identified as a possible barrier, as participants perceived current smart
home technology to be expensive. Beyond purchasing, costs associated with installa-
tion and maintenance was perceived as added financial burden, especially while retired
without stable income.

Some participants perceived risks around privacy and data security. One participant
remarked that “Internet is already a big experiment… someone out there can see and do
something.” During the simulation, multiple participants reacted to the voice prompts
with remarks such as “She listens.” Some participants also discussed privacy-related
concerns held by other residents in their homes such as their spouses. Similarly, par-
ticipants expressed concerns regarding storage of their financial and personal data. One
participant had existing concerns around usage of her data by established websites like
ancestry.com, and “monitoring” of in-home activities becomes even more concerning.

3.4 Differences Between Participants

While the study included a small group of older adults, some associations and trendswere
found between participants’ baseline characteristics and study responses. Participants
living alone seemed to be more interested in smart home technology and its potential to
help them age independently. They found the voice prompts to be comforting, feeling
cared for rather than monitored.

Participants closer to 65 years of age were more comfortable using technology as
compared to participants near 75 years of age. Based on observations of the simula-
tion experience, and participants’ interactions with the technology in particular, digital
literacy appeared to be higher in comparatively younger participants.

Participants whoworked either full-time or part-timeweremore tech-savvy andwere
more easily able to envision their lives with smart home technology. As observed in the
pre-study interview, working participants were more familiar with existing smart home
technology as compared to those who had retired.
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4 Conclusion and Future Work

Thepurpose of this studywas to understandolder adults’ perceptions and attitudes around
different levels of home automation by creating and presenting a simulated environment.
In this study, a small laboratory space was designed as a home-like environment, and
equipped with various devices and appliances needed for common everyday in-home
tasks. The study schedule and incorporated devices were programmed to simulate two
levels of automation: one in which devices had no situational awareness or automation
features, similar to most of today’s homes, or “Traditional Homes” as described in
(MIT AgeLab, 2022), and one in which devices were more interconnected and highly
automated based on environmental input or time of day (similarly to description of
“Networked Homes” in (MIT AgeLab, 2022). Seven older adults participated in the
study and experienced both simulations. All the participants were observed during their
interaction with the two levels of home automation and interviewed before and after the
study to explore future considerations and directions around designing smarter and more
automated homes for older adults.

4.1 Practical Implications

Few design considerations were extracted from the findings of this study. While partic-
ipants were able to mention some smart home devices known to them in the pre-study
interview, they were able to much more easily envision smart home devices that could
support their routines during the post-study interviews. Leveraging these findings, devel-
opers, retailers and distributors can benefit from creating a smart home experience or
immersive space. The physical experience can convey how the technologies can benefit
the lives and routines of older adults.

Furthermore, products should be bundled with installation support provided either
remotely or in-person.Added customer support for troubleshooting issueswould provide
older adults with a sense of relief, security, and trust when purchasing a product.

Trust can be built among users by designing products which are “private by design” –
in other words, which preserve the privacy of the users and do not export any identifiable
data outside of the home local ecosystem. Smart home technology companies could
adopt innovative methods to communicate to the users how their product works, and
why it does not invade the privacy of its users.

4.2 Limitations

This studywas limited to only seven participants, which is a relatively smaller participant
pool as compared to traditional studies with focus groups and user interviews. We were
able to provide a smart home experience for only Networked Homes as compared to the
five-level framework discussed earlier. Nearly 50% of the simulation was a “Wizard of
Oz” experiment and had some inconsistencies in terms of timely and accurate simulation
of a responsive Networked Home as compared to the actual experience envisioned with
a 100% automation. Due to the typical routine selected for the simulation, we would not
be able to collect insights on how the participants would interact with the technology in
their own home and their own routine.
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4.3 Future Work

For future work, additional simulations can be created to incorporate other types of
smart home implementation andmore varied levels of automation. Furthermore, a larger-
scale simulation with integration of the various technologies on a centralized platform
across multiple in-home spaces could enhance the validity of the study design and
findings. Additionally, the study setup and procedure can be improved by allowing
personalization to better fit participants’ actual routines. Lastly, gathering insights from
a larger pool of participants would improve the generalizability of the findings, and
utilizing a comparison group of younger participants could allow results and implications
to be more effectively discussed in association with age-related characteristics.
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Abstract. This study investigates how older adults ages 85 and older view data
privacy within smart home technologies and the impact of data privacy on their
technology adoption. Privacy has been an important concern among older adults,
and prior studies (Kang H.G. et al., 2010) have shown that it has a strong influ-
ence on whether they accept new technologies or not, hence it is important to
understand their attitudes toward the privacy policies and user agreements of such
smart technologies. This was a mixed methods study; our research included semi-
structured focus groups and a 32-question survey conducted with 24 older adults
85 years of age and older. Findings suggest that multiple factors contributed to
reluctance to adopt newer technologies, including ambiguity around data privacy,
low accessibility standards, and unawareness of the most advanced technologies.
In this study, we identified potential changes companies should be making around
their data privacy practices according to the interviewed older adults to ensure their
comfort using these devices and technologies. A privacy policy or user agreement
must follow accessibility guidelines not just in terms of visual appeal, but also to
allow comprehension, as the words and language used in these documents are hard
to understand and are mostly intended for legal professionals. Understanding the
content of these documents will make older adults feel more comfortable using
the technology and better in control of their own data.

Keywords: Older adults · accessibility · data privacy · voice assistants ·
technology adoption · aging-in-place

1 Introduction

Smart home technologies use artificial intelligence (including natural language pro-
cessing, deep learning, machine learning, etc.) to learn the user’s habits and provide
automated solutions. Some of the potential benefits of using smart home technology
include remote health monitoring and remote control of various tasks in the house. A
few tasks smart home technologies can do include automated opening and closing of
blinds, having personal emergency alarms that alert the emergency numbers in the event
of a fall, robots that remind a person to take their medications on time, remote control of
the temperature in the home through smart thermostats, allowing certain people access
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through codes with the help of smart locks, and automated vacuuming of a home with
the help of smart vacuum cleaners - to name a few. While certain serious conditions will
require older adults to move out of their homes and into assisted living or independent
living in communities, the technology available today can enable caregivers (family,
friends, or formal caregivers) to remotely monitor the health of the older adults and
allow them to age in place for as long as possible. Even though smart home technolo-
gies available today offer benefits as stated above, there are a few barriers to adoption
including poor and complicated communications regarding data privacy.

Privacy, security, and reliability have proven to be some of the main reasons for older
adults to shy away from adopting new and upcoming technologies. Within privacy there
is a lot of uncertainty about who has access to the data, where the data collected from
smart devices and technology is saved (Cahill et al., 2017), and whether the technology
will function when they need it the most (e.g., fall detectors not responding or not being
activated when and if an event occurs). Privacy policies and user agreements often make
use of so-called dark patterns in user experience design to ensure the user signs and agrees
to everything written in these documents. A dark pattern in user experience occurs when
designs push and encourage the users to do things that are of benefit to the company
rather than to the user (A. Narayanan et al. 2020).

In a previous study (T. Hui et al., 2017), seven key requirements were identified
for building smart homes using Internet of Things (IoT) technologies: heterogeneity,
self-configurability, extensibility, context awareness, usability, security and privacy pro-
tection, and intelligence. In smart homes, privacy and data security were chief concerns,
as users were not fully confident in new and upcoming technology (S. FakhrHosseini
et al., 2021). Studies focusing on technology adoption among older adults have not
been as popular as studies that focus on the adoption of technology across the general
population. Many people who design today’s technology are younger adults, and as a
result there are often some missing elements within technology that are designed and
developed that fail to meet what older adults need and require (J. F. Coughlin and L.
Yoquinto, 2018, B. Ostlund et al., 2020, Kim 2021, Köttl 2021).

The importance of privacy and ethics play in technology adoption among older adults
has been highlighted in prior studies, but current products in the market tend to focus
more on safety related concerns (Kang H. G. et al., 2010). Safety is equally important
but is not the sole deciding factor that will influence older adults to adopt a particular
technology. Our study attempts to look at how different companies making technology
in the smart home space handle users’ data and communicate with them about the ways
in which their data is stored and used.

Various factors that influence older adults’ adoption of technology have been exam-
ined in previous research (C. Lee, 2014). Lee concludes that there are multiple important
factors such as trust and independence, in addition to existing factors like usability, use-
fulness of a technology, and the cost associated with it, that affect technology adoption.
Another research study (C. Lee and J. Coughlin, 2015) discusses these various adop-
tion factors in-depth and the implications they have for current products that are in the
market.
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The current study explores similar factors - i.e., accessibility, technical support, and
support for independence, but through semi-structured interviews and survey questions
from the perspective of data privacy. This research also considers potential changes smart
home technology manufacturers could make to their data privacy practices supporting
older adults’ adoption of technology in an informed manner, and support continued use
by making them feel comfortable and in control of the data that is collected.

2 Methods

2.1 Participants

We recruited participants for this study from MIT AgeLab’s Lifestyle Leaders’ Panel.
The Lifestyle Leaders Panel is composed of older adults over the age of 85, some of
whom have adopted technologies such as smartphones and smart home devices, and
some of whom have not. This panel also has shown keen interest in contributing to
research for the aging population to make the world a better place for older adults. The
participants includemembers from the 85+ age groupwho are active in their community,
for example, one participant arranged a weekly meeting with the fellow members of the
care facility he lives in with an android expert who helps them all with any technology
questions they might have with their phones.

To recruit participants for the study, an email was sent to this panel of approximately
60–65 active members, mentioning the topic of the study; members were asked to fill
out a Google form if they were interested in participating. Twenty-nine older adults
responded to the study invitation where 86.2% (n = 25) of the participants confirmed
their participation in the study. The study invitation included three questions that helped
place the participants into appropriate discussion groups based on their technology usage
and concerns about data privacy.

For the in-person study, 5 participants over the age of 85 were contacted via phone
and asked if they would be willing to take part in this study, and each one of them
confirmed. They came to the MIT AgeLab in Cambridge, MA for 2 h to participate,
and they were served lunch. A survey regarding data policy and smart home technology
was sent to the Lifestyle Leaders’ Panel two days prior to the virtual study. 37 members
responded to the survey; and 94.59% of them volunteered to take the survey and 5.41%
of them opted to not proceed. Out of the participants that took the survey, 40% (n= 10)
lived in either senior independent living, an assisted living facility, or a nursing home.

Sample Demographics

Age: Theoldest participantwas 96years old,while the youngest participantwas 85years
old. There were 58.3% of the participants in the study were male (n= 14), while 41.7%
of them were female (n = 10).
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TechnologyExperience: Of all the participants that responded to the survey, 34.48%said
they did not own any smart home technology devices. 51.72% said they own some kind
of smart home technology, whereas 13.79% said they were unsure or didn’t know if they
did or did not own smart home technology. Out of the ones that were not sure, they were
given a list of smart home technology devices and asked if they owned any particular
ones from the list, where 21.43% of them said they did. Everyone who participated in
the survey said that they had some level of experience with technology. No information
related to their health was collected, however, in this questionnaire.

2.2 Data Collection

TheRSVP formwas constructed intentionally so that the questionswould help us stratify
participants into focus groups during the virtual discussion. (1) Do you own any smart
home technology devices? The ones who answered no or unsure to these questions
were assigned to one group. (2) Did you know that all users are required to sign user
agreements/terms and conditions/privacy policies in return to be able to use the service
a company provides? (3) Do you make a point to read the user agreement/terms and
conditions/privacy policies of products and services you use? The ones who said they
owned smart devices in the previous question and said that they were aware of signing
these documents but did not read them were assigned to one group. This was a big group
of around 10 participants, hence we split them into two groups with 5 in each for this
particular category. Finally, the people who mentioned owning smart devices as well as
said they read privacy policies and user agreements were assigned to one group.

We began the session with a 20-min presentation about data policy and smart home
technology to ensure everyone was using the same definitions for what we meant by
smart home technology, data, data privacy, user agreements, etc. (Table 1).

Table 1. The questionnaires used in this study

Questionnaire Items and variables

1. Pre-workshop Survey Key questions:
How would you rate the understandability of smart home devices’

privacy policies and terms and conditions agreements?
How creepy do you think voice assistants are? (For example:

Amazon Alexa, Google Assistant, Apple’s Siri, etc.)
How fair is it to trade off your privacy for technology that helps

you maintain your autonomy?
How comfortable are you with voice assistants (for example:

Amazon Alexa, Google Assistant, Apple’s Siri, etc.)?

(continued)
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Table 1. (continued)

Questionnaire Items and variables

2. Research questions
(focus group discussions
during the workshop

Experience with voice assistants:
What are your thoughts on voice assistants listening to your

conversations? Do you believe that they listen to everything you
might speak in your home?
Data privacy and fears:
Tell us more about any fears or concerns you might have about

smart technologies like voice assistants stealing your personal
information
What kind of information do you fear they will steal? In other

words, are you concerned that the company has access to details
like your wake-up time, medication time, etc. or do you fear them
having access to your credit card details that might allow the
assistant to make unauthorized purchases?
Could you tell us about a time you might have changed the

default privacy settings of a smart device you currently use or used
in the past, how was the experience? Did you face any hurdles?
We noticed through the RSVP form that you generally don’t read

the privacy policies and user agreements that come with the smart
devices. Could you elaborate on the reason why you chose not to
read these documents?
What would motivate you to read these documents before you

sign them?
Aging-in-place and technology adoption:
What are your thoughts on the capability of technology today to

allow you to live in your home for longer? In other words, do you
think technology that would delay the move to a care facility or
assisted living by allowing you to maintain the same level of
autonomy exists today?

3. In-person study
questions

Key questions:
What are your thoughts on the capability of technology today to

allow you to live in your home for longer? In other words, do you
think technology that would delay the move to a care facility or
assisted living by allowing you to maintain the same level of
autonomy exists today?
What would you consider if you were making a decision about

whether to continue to live in your home independently by
adopting additional smart home technology?
Do you generally read a physical printed paper that requires your

signature? What are your thoughts on digital vs physical signatures?
Has there been an instance where you read a privacy policy or

terms and conditions agreement and decided not to use that
particular smart home device?



Data Privacy and Smart Home Technology Adoption 101

3 Results

3.1 Belief that Privacy is a Myth

Lack of Knowledge about Changing Settings
Throughout the focus group discussions, multiple themes were brought up indicating
that participants did not believe privacy within smart home technology even existed.
Data collection and privacy settings and their manipulation on the devices they used
were very poorly understood by participants in the study. Smart home user agreements
and privacy policies cram a lot of information into them, which contributes to this lack
of knowledge as users don’t read these long and intense documents before signing them.

It did not even occur to me that I could change the privacy settings, and I don’t
know how I would do it (female older adult, smart phone user).

There was a strong sense of belief that voice assistants like Apple’s Siri that accom-
panied iPads and iPhones were always listening to the users and rather than getting
activated only when the wake word was heard. Siri and Alexa were very commonly used
among the older adults that participated in the study, and there was no clarity among
them about how the voice assistant could be deleted from the phone, and uncertainty
regarding this even being a possibility. Majority of the participants believed that if they
wanted to use any service provided by Apple, Siri would be present and remain activated
on their phone or devices by default.

Can we remove Siri from our iPhones or is she always there? Does anyone know
how to deactivate her? She is obviously always there (female older adult, smart
phone user).

Presentation of Privacy Policies
The length of the privacy policies and user agreements often contributed to why users
don’t end up reading the information present in these. Many participants highlighted
that the language used in the privacy policies was meant for legal professions to under-
stand, and not for older adults or anyone outside the legal space. If users decide to read
these documents, they would probably need to look up meanings of multiple words as
companies do not intend for regular people to read these and hence do not simplify the
language enough for comprehension.

I just can’t deal with it.With forms and those contracts with minute print and hours
of reading and interpretations, I have to look up some of the meanings (female
older adult, smart phone user).

Some companies that own a big share of the smart home devices today, have
extremely long privacy policies ranging from 9 pages (Amazon’s privacy policy) to 49
pages (Philips’ privacy policy). Some privacy policies have around 3505 words, while
some have close to 11,950 words.
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3.2 Concerns About Personal Information

There was a lot of uncertainty about when voice assistants wake up and start listening,
and many participants in the study referred to voice assistants in the house as ‘uninvited
guests’. Users are unable to make informed decisions about consenting to anything
involving their personal information due to the time it takes to read these documents
and the multiple readability problems that come with it. Consent fatigue is developed
due to the number of times a user is asked to make decisions regarding their personal
information. Even if these policies and agreements are made shorter, more accessible,
and easily comprehensible, the issue regarding the frequency to which a user needs
to give this consent is still high. During the study, participants raised concerns about
companies not making the intentions of collecting personal information clear, and the
various purposes their personal information would be used for beyond the reason for
which it was originally collected. In our study, older adults believed that they are being
left behind by current document formats, where they are expected to read thousands of
words before understanding how their personal information will be used.

Financial Information Being Leaked
Concerns over financial information being leakedwas higher than any other concernwith
regard to personal information. While some users completely avoided using financial
services online, some had a view that even if they end up paying an amount that they
did not intend to due to not paying attention and signing an agreement, they can always
dispute it with the bank and get their money back. A majority of users expressed that
they are not comfortable sharing any credit card details with technology providers.

Privacy and Misuse of Medical Information
Another big concern within personal information was personal medical information
being misused. Although most older adults in the study appreciated the benefits the
medical field has seen with the rise in technology through remote physician visits and
telehealth, some also raised concerns over medical information being misused and their
families having to pay for it.

I am concerned that some companies having access to my medical information
might end up affecting my children and their children’s insurance. Genetic infor-
mation being in the reach of certain insurance companies might lead to some
inference to be drawn (female older adult, smart phone user).

3.3 Eagerness to Learn About New Technologies

A majority of the participants in the group that did not use smart technology were
comfortable using a personal computer and/or iPads. Even though they had been averse
to using some technology due to data privacy concerns, they expressed keen interest in
knowing more about the potential benefits of these new and advanced technologies and
how their current ways of living might be enhanced if they adopted and started using
these devices. Most of them were of the opinion that they are restricted to the minimal
technology they use today only because it is enough for them, and that they are unaware
of the upcoming technology that exists out in the world.
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Am I missing something that could add value to my life and make this current
moment in time better? Even if I was open to some kind of technology, I don’t
even know if something like this exists (female older adult, Siri and smart phone
user).

Multiple participants expressed that technology education for older adults could be
beneficial to them, as they find it hard to keep up with the current technology inventions.
26.9% of older adults said it was easy for them to learn new technologies, whereas
42.3% older adults said it was extremely or somewhat difficult for them to learn new
technologies. Another 30.8% said it was neither easy nor difficult for them.

4 Discussion

Although participants (n= 24) in the study were divided into two groups based on their
ownership of any smart devices, everyone demonstrated a strong interest and eagerness
in learning more about the technology that is out there today that could better support
their needs. A majority of the participants were open to adopting technology that would
improve the quality of their life, and a primary reason that many had not yet done
this is just because they aren’t even aware that such technology exists. One participant
(P12) who has owned a robot since 2018 mentioned that he enjoyed interacting with it,
but it had stopped working for a year or so, and he had not found anyone to repair it.
Many such conversations highlighted the need to expand efforts, either through families
or companies, to help older adults maintain their technology (Trajkova and Martin-
Hammond, 2020). Among those whowere concerned about privacy and are not yet using
any smart home devices except a smartphone, therewas also a lot of emphasis throughout
the in-person as well as virtual focus groups on the accessibility of smart home devices’
privacy policies and user agreements. A lot of older adults expressed their frustration
about not being able to access these documents because of the low visual and cognitive
accessibility standards followed while presenting them. Technology companies having
clearer and easily understandable privacy policies about how they use and store collected
data will enable older adults to feel comfortable while using the devices without the fear
of compromising their personal data.

4.1 Implications

Need for Technology Education
This need was highlighted as part of a question that asked older adults to elaborate on
whether they see digital signatures and physical signatures differently.Many participants
commented and took part in this discussion and mentioned that they preferred physical
signatures, as people from their generation were more used to signing a document and
being held accountable for it by using a pen and paper. They also pointed out that this
might be the way their generation thinks, and these insights might be particular to the
85+ group, as a big percentage of them never really got acquainted with digital signature
technology that well. Participants also expressed the comfort with signing using a pen
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and paper, as there is a real person on the other end who asks for this signature, and any
or every doubt that is there in the signer’s mind can be clarified or discussed; often times
the person seeking the signatures even explains the document briefly before expecting a
signature - which is completely eliminated in digital signatures, particularly for privacy
policies and user agreements.

Discussions around how the notion of signing a document digitally could be made
similar to physically signing led to exploring if adding summaries of what the content
is all about in the beginning would help comprehension. A number of the participants
in the study owned a smartphone, specifically an iPhone, but did not use Siri (Apple’s
voice assistant) on it due to privacy concerns. Siri has its limitations, but at the same
time the voice assistant can be useful to older adults as it requires only voice commands
in order to operate. Statistics have shown that 20% of the seniors above the age of 85
suffer from permanent vision loss and other vision impairments like impaired acuity
and. These data suggest the important support voice assistants could play in the lives of
older adults in this age group, and hence if more older adults are comfortable with voice
assistants, their social life and interaction with others could see an increase. Adding
summaries that address concerns seniors might have and how these can be navigated
when decisions about enabling/disabling certain technology that you could use on their
existing devices will be valuable to help them make an informed decision.

Designing for Comprehension and Accessibility
The format of the documents as well as the language used to convey the material is
not designed for comprehension. The various companies designing the smart home
technologies could include older adults as one of their personas while designing the
product, as this will help to ensure that they are included as a potential primary user of
the device. Privacy guidelines that need to be signed digitally should also ensure that
there is a summary of what the document contains. Transparency will help all users
attempting to make a decision on whether or not to sign the policies and agreements,
not just older adults. Clearer and upfront information regarding changing the default
privacy settings of a device will also encourage users who currently don’t use smart
home devices due to privacy concerns to take a look and re-evaluate their decision by
helping them understand who controls the data and how these settings can be monitored
and changed (or not).

Need for Revamping the Current Presentation of Privacy Policies:
The above implications suggest that there is much information present in documents
like privacy policies and user agreements that is useful for the users to enable them to
manipulate privacy settings. If the users are able to change the privacy settings according
to their preferences, they will be comfortable while using the devices they own. Con-
senting to personal data being collected, stored, and used by technology companies is
mandatory these days if we want to use a particular service or product. A lingering ques-
tion in the minds of many participants was the possibility of revoking this consent if they
feel uncomfortable while using the service. Currently there is an absence of revoking
consent given to technology companies. Privacy policies do not allow for a user to agree
to or disagree with a select set of terms and conditions, all terms and conditions must be
agreed to or disagreed with. A research study (S. Egelman et al., 2009) has also shown
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that the timing and design of notices can influence how individuals respond to them in
regard to their privacy.

5 Conclusions

The overall understanding from the study was that older adults perceive the documents
published online that contain privacy related information are presented in a form that
only lawyers or an individual from the law field will be able to comprehend. These
documents are not designed for consumer understanding but rather for the companies to
protect themselves from lawsuits (if filed). A summary of what the documents mean at
the beginning will be very helpful in order to increase adoption of smart technology like
voice assistants that are not easy to navigate for novice users and often require the user
to decode what the perfect protocol of framing sentences and questions looks like. Even
though older adults showed eagerness to learn more about the technologies that exist
today, they need to overcome multiple hurdles like keeping up with the advancements in
the technology, successfully adopting it, as well as maintaining the technology or device.
Companies should try, for example, to adhere to accessibility standards published by the
Web Content Accessibility Guidelines (WCAG). For older adults to fully utilize smart
home technology, we need to make sure they are adopting it in an informed manner.
They may also be able to use it in a sustained manner once they see its value and feel
confident about being in control of their data collection and where it goes. It is important
that companies build their trust ethically, and to ensure that older adults are not required
to trade off their privacy for autonomy and security. Design of privacy policies plays
an important role and if companies designing smart products make it easier for the
older adult population to understand their privacy laws and make them feel comfortable
using their devices, it is estimated that the number of older adults using smart home
technologies will only increase.

6 Recommendations for Future Work

Future studies could focus on expanding the participant pool to get perspectives from
a more demographically diverse set of people with varied levels of education. 76% of
the participants came from highly educated backgrounds, with 70% of them having
completed a graduate degree; those who are not as highly educated and fall in this age
group of 85 and abovemight have different experiences and preferences.Another area for
future work is fundamentally understanding how older adults interact with technology
and interfaces is key, followed by developing design guidelines for privacy policies and
user agreements with the aim of comprehension and understandability, focusing on clear
communication. Further research studies could be conducted with older adults over the
age of 64 to compare the behaviors and have a set of recommendations that take them
into consideration as well.
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Abstract. The current aging situation and health needs in China are becoming
increasingly serious, but the attitudes and behaviors of the elderly towards health
apps are still not positive enough. For this reason, persuasion strategies are widely
used in health APP applications. However, the existing literature rarely investi-
gates the differences in the application of persuasion strategies in different types of
health apps. There are also few studies on the corresponding persuasion strategies
for health education APPs for older adults. Therefore, this paper first analyzes
the classification and problems of health education APPs at home and abroad.
Secondly, 59 health APPs were reviewed, the persuasion design strategies in them
were extracted, and the distribution of persuasion strategies in different categories
of health APPs was analyzed. Finally, suggestions of persuasion strategies for
designing health education APPs for the elderly were proposed based on the clas-
sification results. The study found that there are differences in the persuasion
strategies used in the development of different types of health apps. It is suggested
that the distribution of persuasion strategies in this type of health education APP
developed for the elderly should be taken into account in order to design a more
reasonable health education APP system.

Keywords: elderly · health education APP · persuasion strategy · persuasion
design

1 First Section

1.1 Status of Aging and Health Needs in China

In recent years, China has faced a serious problem of population aging, and an aging
population means that Chinese older adults face many health risks and a heavy medical
burden [1]. As people’s living conditions and life expectancy increase, the demand for
health, companionship, and care for the elderly is also growing. Today’s healthcare sys-
tem faces serious challenges, digital health delivery systems can change the way health
and care are delivered to elderly patients [2], andmobile healthmanagement applications
can provide solutions for various health risks of older adults [3]. For example, Meng
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et al. [4] found that health apps were beneficial in controlling blood pressure in older
patients with hypertension, improving self-efficacy and providing medication adherence
in older patients with hypertension. Thus, the use of mobile health management apps
can come to meet the challenges of an aging population.

1.2 Older Adults’ Attitudes and Behaviors Towards mHealth Education APP

Studies have shown that older adults use cell phones at amuchhigher rate than the Internet
[5]. The development ofmobile health education app services for older adults,who have a
heavy reliance on cell phones and high cell phone penetration, is an excellent opportunity.
Mobile health apps are considered beneficial for older adults because they can save
patients’ visit time and healthcare costs, provide personalized and customized health
information and services, and more efficient health service processes [6, 7]. However, in
China, the development of mHealth app services is still in its infancy, and the adoption
rate of such services among older adults remains relatively low [8]. Therefore, it is
important to investigate the attitudinal and behavioral factors of mobile health education
app adoption among older adults.

Guo et al. [9] studied the negative effects of e-health service use among older adults
in China, and they highlighted technology anxiety [10, 11] and dispositional resistance
to change [12] as the main factors influencing older users’ use of health services. The
reason for the predisposition to resist change among older adults was their perception
that these services were not useful. Similarly, in a study by Deng et al. [8], it was found
that although older adults had technology anxiety, most of them indicated that they were
willing and able to learn the services if they were taught how to use them, suggesting that
service providers should take steps to reduce and eliminate technology anxiety among
older users.

Fogg proposed persuasion techniques as techniques to change humanwill and behav-
ior using non-coercive methods [13]. Oinas Kukkonen and Harjumaa proposed 28 PSD
persuasion strategies applied to interactive systems in 2009 [14]. However, the existing
literature has rarely investigated the differences in the application of persuasion strategies
in different types of health APPs, and few studies have been conducted on the corre-
sponding persuasion strategies for health education APPs for older adults. Therefore,
to solve this problem, the research framework of this paper is to first analyze the clas-
sification and problems of health education APPs at home and abroad, secondly, count
the distribution of persuasion strategies applied in each type of health APP, and finally
propose suggestions for designing persuasion strategies for health education APPs for
the elderly based on the classification results.

2 Domestic and Foreign Health APP Analysis

2.1 Status and Distribution of Existing Health APPs in the Market

As the market demand continues to expand, the mobile health management application
market has developed and offered many applications to enhance healthcare services for
patients. According to the report [15], there are now more than 350,000 health-related
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mobile apps in the global app stores, and in a recent market report it was estimated that
the global mHealth market is worth more than USD 40 billion [16]. Market estimates
predict that the mobile health care app market will continue to grow in the coming years
and will reach $150 billion by 2028 [17]. Although mobile health apps can provide
users with low-cost, high-quality health management information, most of the health
information contained in these apps is not reviewed by regulatory agencies, which may
endanger the health of users [18]. Therefore, it is important for developers and healthcare
professionals to understand the existing health apps in both domestic and international
markets to drive change in mobile health apps.

2.2 Status of Foreign Health APP

Currently, the vast majority of mobile health apps in foreign markets are designed for
consumers [19]. Patients are the most affected population in mHealth apps today [20].
Apps are increasingly focused on health condition management rather than health man-
agement, with the former accounting for 47% of all apps in 2020 and almost half of apps
related to mental health, diabetes and cardiovascular disease [19].

The report shows that [15] the top two healthmanagement apps at are healthmanage-
ment (e.g., fitness, diet, stress, and sleep) and chronic disease management (predicting
and responding to periods of deterioration, detectingmedicationmanagement, maintain-
ing physician-patient contact, etc.). Other types of health apps include self-diagnosis,
medication reminders, and for healthcare providers. (See Fig. 1).

Fig. 1. Distribution of foreign health education APPs [15]

In addition, through the popular application of health education APPs abroad, the
mobile medical model of “online appointment+ online video diagnosis and treatment+
drugpurchase guidance+ long-termpatient datamanagement” has been initially formed.
Foreign health APPs can provide in-depth medical treatment and health monitoring for a
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single disease, which is still basically in a blank state in China [21]. Table 1 will analyze
the examples of foreign mobile health apps in various categories.

Table 1. Examples of foreign health APPs by category

Category Example applications Description and functions

Health Management
Class

Sports & Fitness MyFitnessPal fitness
management application
[22]

The app offers a weight loss
program for obese patients to help
them control their diet calories
-Provides food database and records
meals
-Personalized user calorie intake
goals
-Allows generation of real-time
reports showing personal user data
-Social networking features to
motivate users to progress

Wellness and Health Wysa Mental Health
Support Application

The application specializes in
treating patients with depression,
anxiety and other psychological
disorders
-Help manage users’ emotions and
use coaching tools to address users’
stressful emotions
-Using artificial intelligence to help
users deal with emotions
-Helping users relax through
positive thinking exercises

Medical class

Chronic Disease
Management

mySugr Diabetes
Management Application
[23]

The app provides a coaching
program for people with diabetes to
help them control their blood sugar
levels
-Can be entered manually or into
the application via a blood glucose
monitoring device
-Record meal and medication
activities
-Allows patients to share reports
with physicians

(continued)
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Table 1. (continued)

Category Example applications Description and functions

AsthmaMD Asthma
Management App [24]

The app allows asthma sufferers to
track their peak flow measurements
and symptoms and provides a plan
during asthma attacks
-Remind patients to use their
inhalers on time
-Allows patients to record periods
of use

Medication Reminder Medical safety drug
management (MSDM)
application [25]

The app reminds users to take their
medication and provides a range of
medication safety
-Medication reminders for users
-Measurement of physical condition
data
-Allows health reports to be shared
with physicians
-Allows one account to manage
family member health information

For Healthcare
Professionals

MyChart application [26] The application can record all
patient visits and hospitalizations
-The medical team can view patient
health information
-Allows patients to send messages
to the medical team regarding
resolution of symptoms

Women’s Health and
Pregnancy

Spot On Period Tracker
application

The application can record a
woman’s period time and remind
the user to take the pill
-Monitoring the user’s menstrual
cycle
-Medication reminders for users

Through example analysis, health management apps were found to have intervention
effects in diabetes, asthma, mental health, and weight management. Although mobile
health apps can facilitate health management, there are still some problems. Wang
et al. [27] found that one of the important problems faced by health apps is the lack
of penetration among older patients.

2.3 Status of Domestic Health APP

Amongdomestic products, patient-side health educationAPPsoccupymost of themarket
share.At present, the highest ranking of commonly used healthmedicalAPPs are the con-
sultation and advice category (e.g. online consultation, online advice, etc.) and medical
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information category (medication assistant, medical science, etc.) [28], while the chronic
disease management category (e.g. blood pressure monitoring, exercise reminder, etc.)
has relatively low download volume.

Currently, the health category in the domestic market can be divided into two cate-
gories based on the function of health management andmobile medical category, Table 2
shows the classification of domestic health APPs.

Table 2. Domestic health APP classification

Function classification APP type Function

Health Management Class Fitness Shape Up App Sports and fitness, fat loss and
shaping

Wellness Management App Diet records, nutrition science

Mobile Medical Class Online Medical App Appointment booking,
consultation, handheld pharmacy,
etc

Health Monitoring App Exercise tracking, sign monitoring,
medication reminders, etc

According to the data of the China APP Client Registration Center, as of 2014, there
have been 16,275medical and health-related apps in theApple Store, mainly focusing on
exercise and health care, consultation platforms, and registered appointments. According
to the report released by Ariadne Consulting, the registration and appointment category,
consultation and advisory category, and medical information APPs account for 28.5%,
24.9% and 17.9% respectively, but these APPs have limited large functions and serious
homogenization. Among them, the appointment registration APP is influenced by the
distribution of domestic medical resources and is too concentrated in tertiary hospitals,
which is only a platform to provide resources and lacks the ability to divert resources.
Most of the consultation and consulting APPs only stay at the preliminary consultation
stage due to the separation of online consultation and offline medical treatment, which
makes it difficult to provide effective medical services [29].

2.4 Problems and Conclusion

The above analysis shows that the development of health APPs varies at home and
abroad. In terms of health application types, health management and chronic disease
management APPs are dominant in foreign countries, while the common types of health
education APPs in China are mainly consultation and medical information APPs. The
usage rate of chronic disease management APPs in China is relatively low, which may
be due to the fact that chronic disease management APPs are in the initial exploration
stage in general, and compared with other types of mobile health APPs, the operation
process requires great effort and time, which is more difficult.

In addition, Zou et al. [30] study proved that using apps can provide health education.
For example, the use of a diet education app by elderly users can provide them with
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knowledge about proper diet and support them to form healthy eating habits and control
diseases such as hypertension. Although there have been some clinical trial papers on
mobile health APPs for older adults, the use of health education APPs for older adults
is still not popular in practice. Therefore, in addition to establishing standardized health
management guidelines, it is important to consider the diverse characteristics of the
population and to meet the actual needs of the elderly for mobile health education APPs,
such as rehabilitation guidance and supervision reminders for chronic diseases in the
elderly. Lee et al. [31] argue that simple intervention methods, such as directly telling
elderly userswhat they need to do, are not effective. Therefore, if persuasive strategies are
used in health educationAPPs to intervene in user behavior, is a valuable approach. In the
following, we will analyze the distribution of persuasion strategies in health education
APPs.

3 Analysis of Persuasion Strategies in Health Education APP

3.1 Introduction to the Experimental Procedure

To analyze the adoption of persuasion strategies in health education, we downloaded
mainstream health apps and counted the persuasion strategies used in them. We first
downloaded a sample app and used it for 10 days to ensure that no new strategies were
found during use. After that, we downloaded and independently reviewed 59 health
apps, including 59 Chinese versions. The list of extracted persuasion strategies was
used to statistically analyze the persuasion strategies employed in the health apps. (1)
Persuasion strategies were categorized according to the types of health management
problems targeted by the apps. (2) The persuasion strategies that appeared in the health
management APPs were extracted and statistically analyzed.

3.2 Review of the Mean Value of Persuasion Strategies Used in the Health
Management Class of Applications

Among the 59 health management apps screened, 21 apps were about a combination of
health management issues, 16 apps were about health and wellness issues, 27 apps were
about the online consultation category, 6 appswere about onlinemedicine buying, and 10
appswere about appointment registration. Therefore, the types of these appswere divided
into four categories: health and wellness, online consultation, online medicine buying,
and appointment registration. Figure 2 presents the sum of the persuasion strategies used
for each type of health management app. We found 26 persuasive strategies among the
health management apps reviewed. The number of persuasive strategies used by each
app varied and ranged from 1 to 16. As shown in Fig. 2, the persuasion strategies used in
the four categories of health management apps were counted, with the apps in the online
consultation category using the most persuasion strategies, with a total of 26 persuasion
strategies; the apps for health and wellness, online medicine buying, and appointment
booking used 20, 19, and 10 persuasion strategies, respectively.
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Fig. 2. Sum of persuasive strategies used by the health management apps reviewed

Fig. 3. Total number of occurrences of each persuasion strategy in the health management app

3.3 Statistics on the Application of Persuasion Strategies in Different Categories
of Health APPs

To obtain the most frequently used persuasion strategies in health management apps,
we counted the total number of occurrences of each persuasion strategy in the reviewed
health management apps and the statistics are shown in Fig. 3. Comparing the total
number of occurrences of each persuasion strategy in health management apps, the
persuasion strategieswith 10 ormore occurrenceswere considered as themost frequently



Health Education Mobile Applications: Evaluation of Persuasion Strategies 117

used persuasion strategies in health management apps. This resulted in the 18 most
frequently used persuasion strategies in health management apps.

Figure 4 shows the distribution of the 18most frequently used persuasion strategies in
healthmanagement apps and the total number of occurrences of each persuasion strategy
in all health management apps. The results show that the top five most commonly used
persuasion strategies across all health management apps are “reduce,” “personalize,”
“remind,” “interface credibility” and “tailoring”.

Fig. 4. Classification of persuasion strategies in the health management apps reviewed Distribu-
tion

3.4 Suggested Persuasion Strategies for Health Education APPs Designed
for Older Adults

According to the user needs research, the main needs of the elderly for health educa-
tion APPs are to get health and wellness information and online doctor consultation.
Therefore, the persuasion strategies used in “health and wellness” and “online doctor
consultation” should be used as a reference when choosing persuasion strategies. After
the data analysis, we got the statistical results of the average of the persuasion strategies
used by these two types of health apps (Fig. 5). Therefore, based on the ranking of the
persuasion strategies, we suggest that the top five recommended persuasion strategies
for health education app design for the elderly are as follows: reduce, cut, credibility,
reminders, and similar.
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Fig. 5. Distribution of persuasion strategies of health education APPs

4 Conclusion

In this paper, we study the application of persuasion strategies in different types of health
education APPs and suggest corresponding persuasion strategies for health education
APPs for the elderly. We first analyze the classification and problems of health APPs at
home and abroad. Secondly, we reviewed 59 Chinese health APPs, extracted the per-
suasion design strategies in them, and analyzed the distribution of persuasion strategies
in different categories of health apps. Finally, according to the statistical results of the
classification of health education APPs for the elderly, corresponding suggestions for
persuasion strategies were proposed. The study found that there are differences in the
persuasion strategies used in developing different types of health apps. The conclusion
of this paper is to suggest that the distribution of persuasion strategies in health education
APPs developed for older adults should be borrowed from this type, and the top five
ranked persuasion strategies (reduction, clipping, credibility, reminder, and similarity)
should be used in priority to design a more reasonable health education APP system.

The limitations of this paper are: in the process of screening health apps,wemeasured
the effectiveness of apps based on mainstream health app malls, and only studied health
apps in the Chinese category. In future work, we will expand the study to health apps
in the English category; and expand the sample size to study the perceptions of elderly
users on the persuasion strategies of health education apps in order to develop health
education apps that are more suitable for the elderly.
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Abstract. Aging limits the capacity of one’s workingmemory. Hence, in decision
contexts where especially older people have to evaluate too many alternatives put
a cognitive load on them, which impairs their decision-making process and their
trust in their decisions. This study examined the effects of intelligent decision
assistants on the perceived social support, perceived information load, and trust of
seniors while using the Medicare Plan Finder website. A national sample of 420
seniors from the Qualtrics panel participated in this study. It was found that using
an intelligent decision assistant on the Medicare Plan Finder website increased
seniors’ perceived social support, reduced their perceived information load, and
increased their trust in the Medicare Plan Finder website especially when they are
at the alternative evaluation stage ofMedicare plan decision-making. Implications
and suggestions for future research are discussed.

Keywords: Intelligent Decision Assistant · Decision-Making ·Medicare Plan
Finder

1 Introduction

The human brain can recall a maximum of seven to nine items of information at a given
time [1], and this makes it difficult for people to make an in-depth evaluation of all avail-
able alternatives especially while shopping online [2]. The number of alternatives and
attributes, attribute familiarity, the certainty of attribute values, and the number of shared
attributes have been identified as the four factors that determine the level of complexity
of consumers’ choices [1]. Hence, the consumer decision-making process is impaired as
decision options increase [3]. Cognitive functions such as attention, information process-
ing speed, and multi-tasking performance have been found to decline with the normal
aging process [4]. Therefore, older people will find it even more difficult to make the
best choice when overloaded with various options and attributes.
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Medicare is health insurance for seniors (65+ years old) in the U.S. Medicare Part
D provides seniors with access to prescription drugs. A regular search for a Part D
plan on Medicare Plan Finder (MPF), the official online Medicare marketplace run on
the Medicare.gov website [5], returns about 30 plan options with varying attributes,
suggesting a complex decision-making environment for any individual, especially for
older users. We set out to design a conversational agent with artificial intelligence (AI),
or an intelligent decision assistant (IDA), to assist older users of MPF with streamlining
their decision strategies to select the most optimal Medicare Part D plan that meets their
medication and financial needs.

Existing research found that IDAs effectively assist online shoppers in making effi-
cient decisions with little effort [2]. IDAs, designed with the ability to verbally assist
users in a specified decision context, have been used to assist with consumers’ purchase
decision-making both online [6, 8] and offline [9, 10]. Embedding IDAs that provide
transactional assistance in an e-commerce site was found to increase aging users’ per-
ceived social support, trust, and patronage intentions as their lack of Internet competency
often require significant assistance.Hence, a need exists for a broader integration of IDAs
into crucial websites for decision-making relevant to seniors, such as MPF.

Social, cognitive, and trust barriers often hinder seniors’ utilization ofMPF and other
e-healthcare tools [7]. Therefore, the purpose of this study is to examine the effects of an
IDA embedded in an MPF interface on older users’ perceived social support, perceived
information load, and trust in MPF and how these effects are moderated by the decision-
making stage (the need recognition stage vs. the alternative evaluation stage) in which
the IDA assists. This study is innovative as no study thus far has integrated IDAs inMPF.

2 Theoretical Framework

The social response theory asserts that people apply social rules to their interactions with
computers and hence treat computers as they would another human [11]. The computers
as social actors (CASA) paradigm posits that people mindlessly apply similar social
heuristics and expectations to computers because they bring to mind the social attributes
of humans [12]. The CASA literature has consistently reported in both natural and lab
settings that individuals exhibited anthropocentric reactions to computers [12]. Accord-
ing to CASA, the ability of computers to output words, interactivity, and performance
of traditionally human tasks trigger scripts for human-human interaction, which makes
people ignore the asocial nature of the computer [12]. Based on the CASA paradigm, we
can predict that seniors would treat their interaction with IDAs as they would a human
counselor and IDAs’ assistance as a source of social support. We, therefore, hypothesize
the following:

H1. Seniors perceive higher social support when the Medicare Part D decision-
making is done with (vs. without) an IDA.
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In a recent study [13], individuals’ perception of the social support they received
from an AI service agent positively influenced their trust in the agent. Specifically, it
was found that the higher the perceived social support (PSS), the higher the trust in
the agent. Similarly, another study [14] found that online shoppers’ perception of the
social support they received from a retailer positively influenced their trust in the retailer.
Hence, the following is hypothesized:

H2. The higher the social support seniors perceive during the Medicare Part D
decision-making using MPF, the higher their trust in MPF.

According to the cognitive load theory, the working memory which plays a pivotal
role in an individual’s learning has limited capacity, and is hence vulnerable to overload,
particularly in complex problems [15]. Intrinsic cognitive load, which is the mental
effort a task demands, or the inherent difficulty of a task, is governed by the number
of attributes that must be processed simultaneously [16]. Tasks with a larger number of
elements to be processed by an individual at a given time pose a higher intrinsic load
on the working memory, and the inherent complexity of the task cannot be changed
[16]. Presenting about 30 different Medicare part D plans, each with its own set of
attributes carries a high level of complexity for seniors, and this will increase the load on
their working memory. Having an IDA to assist them at different levels of the decision-
making process, therefore, will potentially reduce the complexity of the decision-making
process, freeing up cognitive resources to make an efficient decision. The following is,
hence, hypothesized:

H3. Seniors perceive a lower information loadwhen theMedicare Part D decision-
making is done with (vs. without) an IDA.

Irrespective of where it originates, cognitive load has a detrimental effect on all types
of tasks [17]. When under cognitive load, people are more likely to act impulsively
and less analytically [18]; they are more likely to omit available data [19], use decision
heuristics [20], and succumb to cognitive biases [21] under cognitive load.Cognitive load
also reduces self-control [22] as a result of fewer resources available for reflection on a
decision,making analytical processingmore difficult and resulting in the use of cognitive
shortcuts. Research has shown that cognitive load can have a significant negative impact
on trust [23–25]. For example, cognitive load significantly reduced trust in a leader
as well as individuals’ confidence in their own decisions [25]. Hence, the following is
hypothesized:

H4. The lower the information load seniors perceive during the Medicare Part D
decision-making using MPF, the higher their trust in MPF.

The construal level theory proposes that the level of abstraction with which an indi-
vidual conceptualizes a situation or event influences their decisions and behavior [26,
27]. Research has demonstrated that abstract or high-level construals can lead to more
goal-directed behavior and improved decision-making [26, 28]. For instance, studies
have shown that when individuals are presented with a problem at a more abstract level,
they are more likely to consider the long-term consequences of their choices [28] and
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those abstract or high-level construals are associated with more positive outcomes, such
as increased life satisfaction and reduced risk-taking behavior [27, 29]. Individuals who
adopt an abstract or high-level construal of a situation are more likely to make decisions
that are beneficial and lead to better outcomes in the long run [29]. Low-level construals,
on the other hand, are characterized by amore concrete and detailed focus [27]. Research
has found that low-level construals are associated with more present-oriented behavior,
increased focus on immediate outcomes, and heightened motivation [27, 30].

According to the construal level theory, when people process concrete (psycho-
logically close) objects, they pay attention to peripheral features; whereas when they
process abstract (distant) ones, they omit peripheral features [31]. Consumer purchase
decision-making usually begins with recognizing a need/problem, followed by evalu-
ating alternatives available in the market before they make a purchase decision [32].
Compared to the need recognition stage, seniors will engage in more concrete informa-
tion processing in the alternative evaluation stage where they have to make comparisons
of specificMedicare Part D plan alternatives across specific plan attributes. Hence, users
will experience a higher cognitive load in the alternative evaluation (vs. need recog-
nition) stage [15], leading them to appreciate the IDA’s support more. We, therefore,
hypothesize the following:

H5. The effect of the IDA’s assistance on perceived social support is stronger in
the alternative evaluation stage than in the need recognition stage.

H6. The effect of the IDA’s assistance on perceived information load is stronger
in the alternative evaluation stage than in the need recognition stage.

Fig. 1. Conceptual Model. NR = Need Recognition Stage. AE = Alternative Evaluation Stage



Designing Intelligent Decision Assistants to Assist Seniors with Medicare 125

3 Method

An online experiment was conducted with a 2 (IDA Assistance: present vs. absent)× 2
(Decision Stage: need recognition vs. alternative evaluation) between-subjects design.
The four conditions were manipulated by using simulation videos in which a male
senior was using MPF either to identify his decision criteria (i.e., need recognition) or to
compare different Medicare plans based on a set of criteria (i.e., alternative evaluation).
In the videos, themale senior was performing these tasks either with or without the IDA’s
assistance. A national sample of 420 seniors (65 – 95 years old,Mage = 72.45, SDage =
5.329, 210 men and 210 women) from the Qualtrics panel were randomly assigned to
one of the four conditions and watched their assigned video, imagining themselves as
the senior in the video. Following watching their assigned video, participants completed
manipulation check measures for each of the two experimental factors, followed by
dependent measures, including six items of perceived social support [33], four items for
trust in MPF [34], and four items of perceived information load [35]. Figure 1 presents
a screenshot of an MPF interface in the IDA present condition, while Table 1 presents
sample IDA-user dialog scripts for each of the need recognition and alternative evaluation
stages (Fig. 2).

Fig. 2. Screenshot of MPF with IDA appearing on the right upper corner
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Table 1. Sample IDA-User Dialog Scripts for AE and NR Stages

Sample IDA-user dialog script for the alternative evaluation stage

AIDA: Hi, I am AIDA, your virtual Medicare counselor. Would you like my assistance?
USER: Yes please!
AIDA: How may I help you today?
User: There are too many plans to compare. Can you help me narrow them down?
AIDA: Sure. At the right upper corner of the screen, I see that the plans are already sorted
according to drug + premium costs, so let’s keep it as is
USER: Okay
AIDA: Since the quality of the plan is also important, let’s screen out those plans with poor
quality ratings. At the left side of the screen right above the first plan, please click the "Star
Ratings" dropdown box by the text “Filter by.” Because most plans’ ratings fall between 3 and
4 stars, let’s choose "3 stars & up" and click "Apply."
AIDA: Now in the plan list, you see only the plans with at least 3 stars, listed from the lowest
to highest annual drug + premium costs. Do you have any specific dollar amount in your mind
for monthly costs?
USER: Yes. I need to keep them below $300

Sample IDA-user dialog script for the need recognition stage

AIDA: Hi, I am IDA, your virtual Medicare counselor. Would you like my assistance?
User: Yes, please
AIDA: How may I help you today?
User: I am not sure which information on this website is relevant to my plan selection. Very
confusing
AIDA: No problem. Most people think how much drugs and premiums would cost them
monthly and for the entire year, as well as customer care of the plan as important plan
attributes. Would you like to consider these attributes?
User: Yes. That sounds good!
AIDA: Great! Let’s talk about what you need for each of these plan attributes. Shall we talk
about the overall estimated annual costs first? These are how much you would pay the entire
year combining the premiums you pay every month and the drug costs based on the list of
prescriptions you entered when you searched for plans earlier. Do you have any specific
criteria for annual costs?
User: I just want annual costs to be as low as possible
AIDA: Okay. Let’s make sure your annual costs are as low as possible. This means we want a
plan with low deductible, low premium, and low drug cost. By the way, do you have any
specific dollar amount in your mind for monthly costs?
User: Yes. I need to keep it lower than $300 a month

4 Results and Discussion

The manipulation was successful; participants were able to indicate the decision stage
of the user in their respective videos and whether or not IDA was present to assist the
user in the video. Confirmatory factor analysis showed an acceptable model fit (CFI =
.96, RMSEA = .091) with convergent and discriminant validity (AVE > .50; AVE >

SVs) and internal consistency (α > .85) for all three dependent measures. Structural
equation modeling results (CFI = .945, RMSEA = .073) showed that the main effect
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of IDA assistance was significant and positive for perceived social support (γ = .20, p
< .001), supporting H1, but non-significant for perceived information load (γ = −.11,
p= .107), rejecting H3. The effect of IDA assistance in reducing perceived information
load was stronger for the alternative evaluation (vs. need recognition) stage, as indicated
by the negative IDA × Stage interaction effect (γ = −.35, p < .001), supporting H6;
whereas the IDA × Stage interaction effect on perceived social support (γ = .089, p =
.909) was non-significant, rejecting H5. The structural equation modeling results also
revealed that IDA assistance also had a significant indirect effect on MPF trust (IE =
.19), and this indirect effect was mediated by perceived social support (β = .64, p <

.001) and perceived information load (β = −.52, p < .001), supporting H2 and H4,
respectively.

The results from the analysis showed that seniors perceived higher support with the
assistance of the IDA than when the IDA was absent. This finding provides support for
the social response theory that people treat computers as they would other humans. In
this case, although the IDA was not human, being able to perform functions such as
verbally interacting with the user as if a human Medicare counselor would trigger the
perception of a human-human conversation [12]. This finding is again consistent with
the previous finding that the presence of conversational agents has a significant positive
effect on perceived social support [7].

On the other hand, the presence of IDAhaving no significantmain effect on perceived
information load suggests that seniors still felt overwhelmed with the information even
with the IDA’s assistance. However, this observation is qualified by the significant IDA
× Stage interaction effect which shows that IDA assistance reduces seniors’ cognitive
load, particularly in the more complex decision stage where concrete alternatives and
attributes have to be compared (i.e., alternative evaluation) although the IDA’s role may
be less prominent in a simpler and more abstract stage (i.e., need recognition). This
significant moderating effect of the decision stage found in this study provides support
for the construal level theory. Because the alternative evaluation stage is closer to the
final decision-making, a low (concrete) construal is engaged which then increases the
cognitive load. Hence, the assistance of the IDA at this is more impactful in reducing
the perceived information load than at the need recognition stage which elicits a high
construal level processing.

Yet, the decision stage did not moderate the effect of IDA assistance on perceived
social support. This result, combinedwith the significantmain effect of IDA assistance in
enhancing perceived social support, suggests that the IDA’s social presence is impactful
regardless of the differences in the construal levels or the level of complexity of the
decision stages.

Finally, the significant indirect effects found in this study imply that the IDA’s role
in increasing users’ perceptions of social support and reducing information load helps
older users form trust inMPF, which is likely to encourage them to reuseMPF, which is a
critical e-healthcare decision tool for seniors, for futureMedicare plan decision-making.
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5 Implications and Future Research

The findings show that implementing an IDA on the MPF website would be beneficial
to seniors by enhancing the social support they perceive and reducing the information
overload they experience, particularly for a decision-making stage closer to the final
decision where more cognitive load is required of the user. The findings further demon-
strate that the use of an IDA on the MPF website can help to increase the trust of seniors
in MPF and potentially, similar other e-healthcare decision tools. Our findings also pro-
vide empirical support for the theoretical reasonings (social response theory, cognitive
load theory, and construal level theory) put forth for this study. This study offers critical
recommendations for IDA designs that match the user’s decision stage or cognitive load.

Although this research offers relevant insights, it also has some limitations. Gener-
alizing the findings of this study to other demographics (particularly) younger people
and also in contexts outside of MPF must be done with caution. Seniors (65 years and
older) may have different characteristics and computer competencies from younger age
groups. Future research should use different age groups and contexts outside of choosing
Medicare plans, to compare the differences in outcomes.

Also, this study used scenarios based on simulation videos, rather than having partic-
ipants directly experience the IDA, to test the IDA effects. This afforded the researchers
better control over the consistency across participants’ experiences by eliminating the
possibility of participants randomly asking questions out of the role of the IDA,which can
introduce confounding effects depending on how well that non-contextual conversation
goes. However, the use of simulation videos may not attract participants’ engagement
as much as directly interacting with the AID would. Future research is recommended to
replicate the findings when allowing participants to interact with the IDA by themselves
in order to enhance the ecological validity of the findings.
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Abstract. This paper reports on research being conducted under the National
Research Council of Canada’s Aging in Place Program. The objective of this pro-
gram is to evaluate and assist in the adaptation of assistive technologies for older
adults living at home. The aims are to produce guidelines and prototypes needed to
design safe, usable, and affordable aging in place technology solutions for virtual
care. In preparation for this initiative, relevant findings are presented from a scop-
ing review of the literature. Additionally, we present the framework for surveying
older adults’ perspectives on their lived experiences with virtual care and digital
technologies during the COVID-19 pandemic, which drove uptake of virtual care,
particularly in critical areas such as cardiac rehabilitation. Here we discuss the
target population for surveillance and describe the survey design, validation, and
sampling approach that could achieve the widest range of perspectives; identify
gaps, barriers, and challenges. Additionally, we explore remote usability assess-
ment methods available for aging in place technology co-design and evaluation
efforts.

Keywords: Remote Patient Monitoring · Telecare · Usability · Qualitative
Research

1 Background

1.1 Virtual Care for Aging in Place

Considering the high prevalence of chronic disease among older Canadian adults [1],
virtual care is important in the context of aging in place: to support home-based medical
services, remote patient engagement or monitoring, digital integration with electronic
health/medical records, and virtual access to healthcare practitioners. Access to health-
care is a priority and a responsibility of government inCanada,with healthcare continuing
to be severely impacted by the COVID-19 pandemic due to associated physical distanc-
ing measures, moral injury to healthcare providers, burnout, and attenuated recruitment
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and retention to a healthcare system resistant to change and innovation. Adoption of
virtual care into routine care occurred rapidly in response to the pandemic in many juris-
dictions, including Canada [2, 3]. This was most needed in Canada to augment delivery
and access to virtual care in rural areas [4], with many senior adults living in rural areas
that could potentially benefit the most from increased access to virtual care.

As virtual care accelerates forward to be integrated andhybridizedwith pre-pandemic
practices, it is critical to include older Canadians as patient partners in the design and
evaluation of virtual care services. An article on virtual care for older adults in Canada
during COVID-19 pandemic [5] states that increased uptake of virtual care will be a
positive healthcare system legacy of COVID-19. Canada must expedite its efforts to
tackle equitable healthcare policies for older adults and learn from leading jurisdictions
in the virtual care arena. The authors stated that only throughpurposeful engagementwith
end users and additional stakeholders, can Canada develop virtual care frameworks that
embrace the needs of older adults, empower their engagement, and ultimately achieve
the goal to optimize healthcare outcomes, improve patients, caregivers, and provider
experience, and reduce or maintain costs.

Canada must improve how it translates pilot programs into standard of care practice
supporting patients’ access to virtual care in priority areas like cardiac rehabilitation and
home health monitoring for the cognitively impaired (e.g., stroke, early dementia) or
seniors living with a physical disability. There have been some demonstrated ongoing
development and implementation challenges [5–8], that show significant usability and
user experience problems with virtual care technologies, especially for older adults. Fre-
quently reported challenges include difficulties with setting up digital devices for home
health monitoring, not having full control of a device, problems with device synchro-
nization, issues with technology reliability and stability, and lack of immediate technical
support [9]. Additionally, older adults frequently express frustration in not having access
to technology training and manuals or in home support during the installation phases of
virtual care support systems.

1.2 Usability and User Acceptance Challenges

For older adult end users, barriers to adoption of virtual care systems may include a lack
of instructions and guidance, a lack of knowledge and confidence, as well as feelings of
inadequacy. Other barriers include age-related changes, such as vision and hearing loss
and fine motor difficulties which correlate with physical competencies required to make
full use of technologies within geriatric rehabilitation [10]. It has also been shown that
older adults are at increasing risk of being digitally marginalized due to lower familiarity
with technology, social isolation, and lack of resources, including peers who can provide
the needed input [11].

Incorporating peer-to-peer support systems with “snowball” enrollment by seniors
teaching seniors how to use technology can be a strategy that overcomes many of these
issues. As well, within healthcare, onboarding protocols and human resources needed
to plan for, remuneration policies adapted to virtual care and device prescribing should
be integrated into coverage plans for older adults to maximize the benefit of virtual care
utility and ensure good return on investment by government and insurers. This should
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be part of future discussions on policy-to-practice; role of bureaucracy and actuaries,
cost-benefit analyses, and innovation adoption and change management.

At the design level for a virtual care tool, the focus should be on the value, design,
and implementation process; not only addressing the older adults’ needs and desires, but
integrating with formal and informal caregivers’ needs that intersect in supporting the
older adult. More focus on caregivers’ needs and their participation in the user-centric
technology design process is needed. Empowering caregivers using virtual care systems
should include training them on using the technology, training trainers, and training
users; enabling active cooperative participation during virtual care conversations and the
design process itself; providing clinical educational tools and parallel support services
that augment caregiver efficiency and efficacy with reduced stress, and should include
remote monitoring features, digital therapeutics, or peripheral devices that augment
caregiver observations, treatment-to-effect, and health record keeping [5].

1.3 User Experience Perspective

There is a growing body of literature concerned with the design of technologies for
older users [12–14] with an increasing number of participatory and co-design studies
involving older adults as producers, rather than consumers of digital technologies [14].
Studies on digital technologies in healthcare have explored older users’ interactions with
different interfaces and their attitudes towards new technologies [15–18].

Ethnographic studies have been conducted to build a detailed picture of older par-
ticipants’ lives and lived experiences—including their illness experiences and use (or
non-use) of technologies [13]. Still, there is a lack of emphasis on the heterogeneity
of older adults as end users with diverse and unique needs, a gap between the current
generation of so-called assisted living technologies and what older end users actually
adopt and use (i.e., medical market-pull scenarios), as well as a lack of understanding
around the factors that contribute to inappropriate or non-use of telehealth and virtual
care [13].

HumanComputer Interaction (HCI) researchers are calling for human-centered com-
puting approaches in addressing the need for equal and equitable collaboration between
older adults and designers of digital technologies [15]. The topic of equal and equitable
design partnerships has been addressed in several studies with children, but very few
studies have explored the dynamics of collaborations between designers and older adults
[13, 15].

There is a need for frameworks that focus on life experiences, roles and ownership
from the perspective of older end users as factors that contribute to balanced or unbal-
anced interactions during co-design activities and prototype development [15]. Our app-
roach to co-designing prototypes for aging in place technologies in the context of virtual
care will include the user experience perspective and participation from relevant users,
in our case, patients, caregivers, and health professionals, in each stage of the design
process. This should help to reduce user experience challenges and increase acceptance,
leading to more effective digital health interventions. Core to addressing the current bar-
riers and challenges to age tech adoption is appropriate and focused engagement with
older adult end-user groups, caregivers, and health professionals.



134 I. Kondratova et al.

1.4 Population Demographics and Survey Study

In Canada, heart disease is the second leading cause of death [19] and an increase in
cardiovascular disease has been attributed to a rapidly aging population [20]. Population-
based evidence from administrative health data across seven Canadian provinces shows
that theAtlantic Provinces have the fastest aging population inCanada. The proportion of
people aged 65 years and older in New Brunswick currently surpasses Canada’s national
average and is expected to reach 30.5% by 2043 [21]. The incidence of cardiovascular
disease (CVD) in the province of New Brunswick (NB) is also above Canada’s national
average [1], and there is a lack of studies that explore regional variations in cardiovascular
disease, risk factors, and broader determinants of health (e.g., unemployment) [22].

During the COVID-19 pandemic, the delivery of cardiac rehabilitation (CR) was
impacted [3, 23] with programs closing completely or switching to fully virtual or
hybrid delivery [24]. Barriers and facilitators to attending different CR models have
been described in the literature [25–27], however, little is known about patients’ journey
through CR during the pandemic. We have designed a survey study to explore patients’
lived experience with various CR delivery models, i.e., in-person, virtual and hybrid,
the impact of the pandemic on CR completion, and changes in behaviors and habits
following CR.

Our survey study aims to fill an important gap in the research around sociodemo-
graphic and clinical characteristics of participantswhoenroll inCRand those participants
who successfully complete the program. Data from the New Brunswick Heart Centre
shows a high numbers of eligible cardiac rehabilitation (CR) patients but low enrollment
and participation rates. For example, 6,097 patients in New Brunswick were eligible for
cardiac rehabilitation (2005–2006 fiscal year) but only 12% of patients were admitted
to CR programs [28].

Furthermore, enrollment in CR programs varied from 0% to 20% in various health
regions with the majority occurring in urban versus rural areas. Our current survey
study targets patients who were eligible for CR between January 2020 and June 2022,
a period marked by the COVID-19 pandemic. Given the aging population and increase
in cardiovascular diseases, we expect that the number of eligible cardiac rehabilitation
patients in New Brunswick will continue to climb, thus New Brunswick could serve as
an ideal living laboratory to study and implement virtual or hybrid CR modalities for
national use.

2 Survey Design, Validation and Sampling Method

Apatient-centric survey is currently being designed by theAging in Place (AIP) research
project team, including clinical and translational medicine collaborators. Survey items
include sociodemographic questions, clinical characteristics of patients, participation
and experiences with CRmodels (i.e., in-person, virtual and hybrid), technology-related
questions, health-related questions, as well as questions that explore the impact of
COVID on CR participation and completion, and questions on long-term benefits such
as changes in behaviors and habits following CR. Items include multiple choice options,
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Likert-type scales, and open-ended response options with skip logic that allows for fur-
ther exploration based on how respondents answer a question. Table 1 presents survey
themes and sub-themes along with a description of the items.

Additional pilot testing and validation of questions are being conducted with experts
by experience, that is, older adults who have lived experience with CR programs as
cardiac care patients, and with subject-matter experts in cardiac rehabilitation and
experimental methods. Interested parties in collaborating on this initiative or providing
insightful input are welcome.

Table 1. Survey items by theme and sub-themes

Theme, sub-theme and number of items
(questions)

Description of items

Sociodemographic (9) Sex, gender, year of birth, ethnicity, province,
level of education, household income, marital
status, living arrangement

Clinical characteristics (9) Disability and health: chronic health
conditions, number of prescription
medications, disabilities (cognitive, hearing,
vision, mobility), current self-reported level of
health

Cardiac rehabilitation (CR) general
participation (2), Cardiac Support Groups (1),
and mechanics/processes (3)

CR and CR non-participation, by region,
referral, enrollment and intake experience,
assessments, access to educational sessions
and material

Models of CR delivery: in-person (2), virtual
(9), or hybrid

In-person: technologies, devices, challenges
and barriers
Virtual: technologies, devices, data sharing,
comfort level, challenges and barriers
Hybrid: technologies, devices, comfort level,
challenges and barriers

Preference for follow-up care, consultations,
and coverage (2)

Preferences and choices, modality (in-person,
virtual, or hybrid), confidence in accessing or
continuing CR

Personal experiences (4) All CR modalities (in-person, virtual, or
hybrid): relationship with cardiac care team,
CR instructors, comfort level,
communication/contact with family physician,
cardiologist or peers during CR program

Program completion (1), impact of COVID
(2), post CR assessments and follow-up (1)

Completed (graduated) from CR program,
Impact of COVID-19, Assessment and follow
up after 3 months, 6 months

Health-related: long-term behavior change
and benefits (4)

Change in behavior and habits: self-reporting
on recovery, risk factor improvement, quality
of life, overall satisfaction with CR program(s)
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Maximumvariation samplingwill be used to identify key dimensions of variation and
thewidest range of perspectives possible to explore current gaps, barriers, and challenges
experienced by older adults in adapting to virtual care delivery [29]. Sociodemographic
and clinical characteristics will allow us to explore important subgroups, including older
adults, women, and other higher risk and understudied groups [30–32]. Sex/gender
differences in CR enrollment and outcomes, as well socio-economic factors need to
be considered in more depth [25, 33–36] in order to inform efforts to produce guidelines
and prototypes for aging in place technology solutions in virtual care.

3 Collaborative Design and Remote Evaluations

Historically, medical devices and virtual care technology were primarily tested in the
laboratory and rarely tested in situ, e.g., in older adult homes [37, 38]. This testing
limitation frequently results in inadequate usability of virtual care technology, when
used at home by older adults and their caregivers, and results in poor user experience.
Reduced usability and user experience could subsequently lead to low adoption of virtual
care technology by older adults [11].

More research attention must be paid to deployment of appropriate design method-
ologies and remote usability tools to involve older adults in the collaborative design
process and to capture everyday user experience and feedback. Research demonstrates
that a deployment of a collaborative design process for aging in place technology that
includes older adults in the design process from the start can improve virtual technology’s
usability and provide a better user experience [17].

In preparation for technology design and evaluation phases of our project, we con-
ducted a literature review focusing on the limited number of studies conducted over the
past three years of the COVID-19 pandemic that involved remote collaborative design
and remote usability evaluation methodologies applied to assistive technologies and vir-
tual care for older adults. Here we examine published research studies that deployed
various remote design and usability evaluation methodologies to evaluate virtual care
technologies during the pandemic, and assessed the benefits and shortcomings of various
methodologies, and their potential fit for our project.

3.1 Literature Review

We targeted published research results about various aspects of remote usability eval-
uations for virtual care technology, including telehealth, although we did not limit the
technology application area to a particular healthcare domain or only to older adults.
We reviewed research papers published in scientific conferences and journals on the
topic of remote design and usability evaluations for virtual care, telehealth and smart
home technologies for aging in place, with publication dates from 2019 to 2022. The
keywords we used to identify papers for evaluation are listed in Table 2.We used Google
Scholar database to find research publications on topics such as collaborative design for
virtual care technologies, remote usability evaluation, virtual care, and aging in place
technology acceptance. The highlights of our findings are listed below.
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Table 2. Keywords for Google Scholar database

Virtual care; older adults; collaborative design; remote usability evaluation; technol-
ogy acceptance; usability; COVID-19. 
Filters: published in the last three years (2020-2023), English language.

3.2 Literature Review Findings

We reviewed 54 research papers on the topics of remote usability evaluation for medical
devices, smart home technologies, homemonitoring,mobile health, telehealth, and aging
in place, published between 2020 and 2023. Some papers we reviewed focused on virtual
care technology evaluations conducted within a general population, or with healthcare
professionals. While such papers were useful to inform our general understanding of the
research field of remote evaluations, we mostly focused our analysis on research papers
that targeted technology testing with older adults.

For example, a recent overview paper [2] presented a rapid literature review of
practical approaches and findings for remote usability testing with a focus on older
adults, although without a focus on virtual healthcare. The authors identified a current
lack of remote usability testing methods, tools, and strategies for older adults, despite
increased remote technology use and needs for older adults. They issued a call for the
research community to invest more efforts in research in the area of remote usability
evaluations [2].

Another in-depth research article on evaluating medical devices remotely [38]
reviewedmethods of remote evaluation for a wide range of medical devices, from testing
labels and instruction to usability testing and simulated use, but without a focus on older
adults aging in place. The authors developed a toolbox for evaluation of different remote
usability methods and their application for medical device testing. They presented exam-
ples of how published usability studies of medical devices could be moved to remote
data collection and suggested better ways to conduct targeted participant recruitment.

The authors of the review article on medical devices [38] concluded that while
remote testing brings new opportunities and challenges to the field of medical devices,
the majority of current remote usability methods are quite adequate for most purposes
when testing medical devices, with the exception of Class III devices that are considered
high risk, as they often sustain life, such as ventilators and pacemakers. We analyzed
results presented by [2, 38] and other relevant research papers to narrow down on the
most commonly used methods of remote usability testing in healthcare.

Synchronous Remote Usability Testing. A majority of research studies reviewed
focused on synchronous remote usability testing normally conducted as a remote in-
person testing that is supported by using video and audio transmissions, and remote
desktop access. In the paper by [2], it was found that while results of synchronous
remote testing are nearly identical to conventional in-person testing, some issues could
impair the quality of remote testing results. These complicating issues for synchronous
remote usability testing include things like missed indirect cues and context due to the
remote nature of testing; participant’s preference/familiarity for in-person testing that
could introduce biases; and technology and experiment management challenges (e.g.,
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network issues, remote troubleshooting, and set-up). It was also observed [2] that in
remote synchronous testing scenarios users could take longer to complete tasks than
during in-person testing, and users could make more errors than during in-person test-
ing. Other issues observed with remote synchronous usability evaluations are difficulty
with building trust with participants, and challenges with combating technological issues
[39].

Other researchers used crowdsourcing for remote usability testing and found that
crowdsourcing was a feasible and cost-effective solution to conduct synchronous remote
usability testing with the Thinking Aloud (TA) method [40]. Researchers compared
traditional TA protocol versus remote synchronous testing TA protocol and found that
concurrent TA is more effective than retrospective TA, and synchronous remote TA is as
effective as concurrent TA. Other researchers conducted synchronous Remote-Human
Robot Interaction (R-HRI) studies to evaluate usability of human robot interaction (HRI)
with older adults and found that remote synchronous studies could be a viable alternative
to traditional face-to-face HRI studies [41].

Research demonstrates that remote collaborative design could be used for virtual
technologies. For example, remote technology design sessions for the clinical virtual
checklists were successfully deployed as a participatory design workshop with users
using zoomvideo technology [39].During the collaborative designworkshop researchers
used the screen share feature on Zoom and presented the PowerPoint slides about the
checklist and past studies. Researchers observed some issues with user feedback via
the virtual modality, but found ways to overcome these issues. For example, instead of
having participants provide feedback about the checklist on Post-it notes, the researchers
asked the users to describe issues with the checklist over the call.

Another useful suggestion from this study [39] was to ask users to sketch out their
ideas for new checklist features and show them on video instead of using the traditional
cardboard cut-outs for the co-design activity. In addition to design workshops, four
remote near-live simulation sessions were deployed to evaluate potential new features
for the digital checklist. Researchers successfully used near-live simulations, which
imitate clinical workflows, with the users watching videos of actors simulating clinical
cases, while using systems to evaluate their usability and effectiveness [39].

Asynchronous Remote Usability Testing. In several studies researchers deployed
asynchronous remote testing to test usability of virtual care systems, where participants
conducted testing without research moderation, and filled out web-based questionnaires
as they completed tasks, or after the completion of tasks. For example [42] reported on
a study with older adults where the goal was to remotely deliver and conduct usability
testing for amobile health technology intervention for older adult participants enrolled in
a clinical trial of the technology. In this case, researchers developed a conceptual model
for remote operations that combined the general requirements for spaceflight operations
with agile project management processes to quickly respond to remote testing chal-
lenges. The study developed self-contained care packages that differed in their contents
based on participants’ needs. The packages were sent to study participants to deliver the
medication management app and assess its usability. Usability data were collected using
the System Usability Scale (SUS) along with a supplementary usability questionnaire to
collect more in-depth data. In addition to spaceflight packages, one of the suggestions to
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improve the ease of use for the asynchronous remote testing process was, in addition to
online instructions, to mail a printed copy of testing and set up instructions to the users,
conduct web-based training prior to remote testing sessions, and send reminders to the
participants [42].

For the asynchronous remote usability testing, some researchers utilized Amazon
Mechanical Turk (Amazon MT) crowdsourcing marketplace that helped to recruit a
large, heterogeneous population of participants [43]. In this study researchers concluded
that remote crowdsourced usability testing is an effective method to simulate patients’
real-life interaction with telehealth applications. However, others found that the quality
of the feedback collected via the crowdsourcing approach was lower than the one from
the laboratory sessions, since the participants were less focused in the remote testing
approach [40].

For the unmoderated asynchronous remote usability testing researchers frequently
deploy a System Usability Scale (SUS) post-questionnaire as a standardized method to
evaluate usability of the application [42–44]. However, some noticed that the unmod-
erated test with a System Usability Scale (SUS) post-questionnaire can be a complex
method to apply with older adults [44]. The SUS questionnaire could lead to mistakes
and misinterpretation, with contradictory results that could be related to its complexity
when deployed among older adults, and this could lead to a major negative impact on
overall SUS scores. Other reported disadvantages of SUS in remote usability testing
could surface when researchers apply negative and positive items in usability question-
naires which could lead to user confusion that cannot be rectified properly when using
non-moderated remote tests. Additionally, since it is more difficult to correct possible
mistakes participants could make in unmoderated testing, this could lead to a negative
impact on overall SUS scores [44].

Mixed Methods Approach. Several research studies used a mixed methods approach
to remote usability testing that combined several methods to improve usability testing
procedure or results [37, 45–48]. For example, in-person testing is simulated by using
video and audio transmissions at homewith a remotemoderator, plus in person studies in
the lab are performed [37]. In other studies, researchers deployed both, User Experience
Questionnaire (UEQ) after at home use, and laboratory usability testing via the Zoom
application [45]. In this study, when the participants were given a task, an experimenter
wouldwait until a participant completes a task and asked questions via Zoom [45].Others
successfully used the iterative convergent mixed methods design [46], that involved
simultaneous qualitative and quantitative data collection and analysis that continued
cyclically through rounds ofmixedmethods data collection and analysis, until themobile
health technology under evaluation was found to work to the agreed criteria.

Other researchers deployed a mixed-method approach to usability testing of
telemedicine provider websites that involved content analysis, and both remote and
empirical research such as traditional Think Aloud usability testing [47]. Remote usabil-
ity testing in this case was performed using a large sample population of representative
target users recruited via the Amazon MT online recruiting platform due to the rich
availability of participants that resemble the heterogeneous population needed for test-
ing the use case in the context of the USA. Researchers also utilized a survey designed
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to measure whether subjects were able to complete certain tasks and activities using the
website, with task completion success used as a metric of usability [47].

Another mixed methods study [48] focused on feasibility, usability, and acceptabil-
ity of a co-designed virtual reality exergame in community-dwelling older adults and
tested assessment protocols for a future large-scale trial. A mixed methods evaluation
included several weeks of technology use at home and post intervention focus groups,
interviews and analysis of informal notes and reports from all participants to assess the
feasibility of the study protocol. Importantly, researchers [48] developed a comprehen-
sive strategy to introduce participants to technology use, with each participant meeting
with the study staff for a remote introductory session via a videoconference platform.
At the face-to-face session staff demonstrated how to use the system by sharing a com-
puter screen. The participant could see instructor’s interactions, become familiar with
the visual information and the overall interaction with the system, learn about system
calibration, play the game, and ask the questions. The participants were encouraged to
interact with the system and try playing the game in the presence of the team member
and speaking aloud about what they are seeing and experiencing, so that they could be
guided if facing any difficulties.

The research team also made sure that the participants were able to contact the
study staff and trainees to troubleshoot the system via email, phone, SMS text message,
or video calls at any time as most appropriate for the situation and the participant’s
comfort. To facilitate troubleshooting video calls, the participants were offered screen-
sharing options to help with the explanation and a view from the frontal camera of the
computer to see how the team member is located and moving in the physical space [48].

Other Methods of Remote Usability Testing. Other methods of remote usability test-
ing include web-based questionnaires or surveys, post-use interviews, user filled diaries
and notes, and user-reported critical incidents [2]. Thesemethods are frequently included
as a part of the mixed methods evaluation strategies and have some shortcoming, such
as they could be more time consuming to the users; deliver lower overall usability rat-
ings than lab-based evaluations; identify less usability problems; and the validity of a
self-reported approach could be problematic. However, there are some reported advan-
tages in applying these methods, such as they could be more inclusive and beneficial for
people with disabilities, and allow for data collection from a broader variety of users. It
was also shown [2] that while quantitative data collected via remote usability testing are
comparable to in-person testing data, the qualitative data could be less rich compared
to in-person testing data, with in-person testing more suitable for formative testing, and
remote testing more suitable for a summative evaluation.

3.3 Takeaway Lessons

Some takeaway lessons and approaches for our future remote usability testing are based
on the current and the past literature reviews [9] related to remote usability monitoring,
and on the overall guidelines for conducting usability evaluations with older adults [2,
9], including using a simplified version of the SUS questionnaire for older adults [49].

Participant Recruitment. We plan to recruit older adults as participants in collabo-
ration with healthcare authorities, community support groups, and virtual care support
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programs, including cardiac rehabilitation. While social recruitment sites, like Amazon
MT, could supply a broad range of participants for the remote usability testing, most of
the Amazon MT workers do not fit into the category of older adults receiving virtual
care.We are also aware of some specific challenges in recruiting a representative sample,
especially among older adult populations that may be less comfortable with using digital
technology, may have lower literacy skills, or may be mistrustful of research and not
familiar with research studies [2, 9]. Additionally, some researchers observed problems
with the quality of the feedback collected via the crowdsourcing approach [40]. When
selecting usability testing participants, we will plan to strive for gender diversity, and
incorporate caregivers into the collaborative technology design and evaluation process
[50].

Methodology Choices. Our planned technology evaluation related to virtual care at
home will include older adults interacting with mobile devices, wearables, medical
devices, smart home technologies, and virtual care provider websites. Thus, it will be
beneficial to conductmixedmethods remote usability evaluations that involvemoderated
synchronous and asynchronous remote testing, post-use surveys and interviews, user
filled diaries and notes, and user-reported critical incidents. Special attention will be
paid to technology delivery, set-up and training for the study participants and caregivers,
incorporating lessons learned from creative and thorough remote testing approaches
such as remote spaceflight methodology [2, 42], and virtual reality exergame remote
evaluations with community living older adults [48, 50].

4 Conclusions and Future Work

The COVID-19 pandemic accelerated the deployment of digital technologies and their
use for healthcare, however recent research studies highlighted some important gaps,
barriers, and challenges still experienced by older adults, who in large part require the
majority of healthcare services but are having trouble adapting to virtual care delivery.
Amidst a rapidly aging population and high prevalence of chronic disease, the need for
digital technologies to enable people to remain healthy and live independent lives, and to
be able to age comfortably and safely at home, is urgent. Aging adults are the most likely
beneficiaries of virtual care innovations and so critically need to be central to ongoing
technology development and evaluation strategies.

Our survey study aims to shed light on current gaps, barriers, and challenges expe-
rienced by older adults in adapting to virtual care delivery, and on possible approaches
to co-designing aging in place technologies that are more usable and effective for older
adult populations, their caregivers, as well as their health care providers.

The review of the literature strongly suggests that more attention must be paid to the
deployment of appropriate design methodologies and remote usability tools to involve
older adults in the design and evaluation of aging in place technologies that they will
actually adopt and use, based on their unique needs and requirements. The literature
review also highlighted the need for the research community to invest more efforts in
research in the area of remote usability evaluations. In our future research, we plan to
conduct comparative evaluations of various approaches to remote usability testing with
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older adults including synchronous, asynchronous, and mixed methods remote usability
testing with aging at home technology users and caregivers.
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Abstract. This exploratory study examines older adults’ perceptions of privacy
within the Canadian healthcare system, a system that is increasingly reliant on
digital flows of information and mediated communication. We present the results
from in-depth interviews with ten older adults (aged 65–88) conducted in Canada
between December 2022 and January 2023. These interviews are centered on how
telehealth and the rapid digitization of healthcare have influenced their understand-
ings of privacy. Although asked about privacy concerns in relation to telehealth,
our findings indicate that these respondents conceive of privacy primarily outside
of the digital realm. Privacy was initially discussed in personal terms. Participants
conceived of privacy as relations of trust and intimacy with a small number of
medical professionals. When they discussed risk in the context of telehealth, par-
ticipants expressed concern in sharing specific information, such as credit card
numbers, over digital networks. In follow-up interviews with three participants,
where instances of the sharing of healthcare information were brought to their
attention, attitudes shifted, and privacy was then discussed in relation to informa-
tion flows. Drawing on Nissenbaum’s approach to privacy as contextual integrity,
we suggest that our older participants as “data subjects” have an understanding of
privacy that is underpinned by expectations of integrity of the current healthcare
system. Our findings also point to the need for more public discussion and debate
on the sharing of healthcare information in Canada.

Keywords: Telehealth · Privacy · Canada · Older adults · Contextual integrity

1 Introduction

The COVID-19 pandemic accelerated the implementation of telehealth in manyWestern
countries, including Canada [1]. Telehealth has been identified as a means to make
healthcare more affordable and effective, as a ‘solution’ for increasing health costs tied
to an aging population [2], and as a means of mitigating the challenges associated with
older adults’ mobility in providing them healthcare [3]. Even as statistics show a high
rate of uptake among older adults [1, 4], there remain concerns about how to create
conditions for building systems for engaging older adults in telehealth [3]. Concerns
over privacy have been found to be among the many factors that could impede the use of
telehealth for older adults [5–7]. Indeed, through the rapid implementation of telehealth,
the literature identifies the need to engage thoroughly with questions of privacy broadly
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[8], and in particular in relation to specific concerns thatmay be held by older populations
[5–7].

This exploratory study presents preliminary findings on how older adults (65+) per-
ceive privacy within a Canadian healthcare landscape that is increasingly reliant on
Information and Communications Technologies (ICTs) and networked communication.
We conducted in-depth interviewswith ten older adults who are users of digital technolo-
gies and who have recently become users of telehealth over the course of the COVID-19
pandemic. This engagement includes phone calls with doctors, consultations with med-
ical professionals using platforms such as Zoom, and the use of online surveys. We seek
to understand how the context of rapid digitization of healthcare has had an impact on
the ways in which these older adults understand privacy. We investigate the following
research question: How do Canadian older adults understand privacy in the context of
increasing telehealth and reliance on digital flows of information?

2 Theory and Literature Review

2.1 Privacy as Contextual Integrity

In her book,Privacy InContext: Technology,Policy, and the Integrity of Social Life,Helen
Nissenbaum explains that “a right to privacy is neither a right to secrecy nor a right to
control but a right to appropriate flow of personal information” [9], p. 68]. Nissenbaum’s
approach emphasizes “contextual integrity” as a means of examining and evaluating
appropriate patterns of data circulation. Contextual integrity entails an evaluation of
practices in terms of their effects on the interests and preferences of the parties implicated
in the exchange. Nissenbaum’s approach to privacy as contextual integrity broadens the
definition of privacy beyond personal relations of trust, encompassing an understanding
of how privacy norms and practices sustain ethical, political and societal principles and
values. Nissembaumhighlights the importance of privacy not only for individuals, but for
different social domains within a given culture. For instance, family, civil and political
spheres will have their own norms of contextual integrity, as will the domains of health,
finance and the marketplace. These informational norms are based on an analysis and
awareness of five factors including: the data subject, the sender, the recipient, information
type, and the mode of transmission. Norms established in a given context are based
on ethical and social concerns, and they shift over time. The evolution and alteration
of informational norms will also change in light of the affordances of sociotechnical
systems, which are in constant flux. Contextual integrity provides a way to understand
and evaluate privacy practices within a system that relies on the flow of information,
such as the healthcare sector, where information systems which allow the electronic
exchange of health data have intensified over the past decade [10].

2.2 Telehealth and Privacy

Several definitions for telehealth and telemedicine havebeenproposed.TheWorldHealth
Organization (WHO) identifies telemedicine as:
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“the delivery of healthcare services, where distance is a critical factor, by all
healthcare professionals using information and communication technologies for
the exchange of valid information for diagnosis, treatment and prevention of dis-
ease and injuries, research and evaluation, and for the continuing education of
healthcare providers, all in the interests of advancing the health of individuals and
their communities” [11, p. 10].

Although telemedicine and telehealth are often used interchangeably, telemedicine
relates specifically to care provided by a doctor, while telehealth refers, more broadly, to
all healthcare professions [8]. In the context of this paper, we favor the term telehealth to
refer to the broad systems and practices within healthcare that are supported and enabled
by ICTs. This includes, in Nissenbaum’s parlance, the systems that are implemented to
enable the digital capture, analysis and dissemination of information [9].

Research also has considered demographic differences in the disclosure and in per-
spectives on privacy. Although not specifically related to telehealth, a study of online dis-
closure found that “older adults made more rationally calculated decisions than younger
adults, whomade heuristic decisions based on app trust” [12, p. 1]. Older adults tended to
weigh the risks and benefits of disclosure. These findings, the authors note, run counter
to mainstream narratives suggesting older adults are less privacy-conscious than their
younger counterparts [12]. Caine et al.’s [13] research suggests that “younger adults
were less likely than older adults to intend to disclose sensitive information” while using
computerized systems in their doctor’s office [13, p. 1785], and that participants cited
trust in their doctor as a motivation to disclose information via digital technologies [13,
p. 1788]. Kang et al.’s research on the demographic factors associated with privacy
awareness and risks show that individuals with more specialized computer knowledge
had a better understanding of privacy risks associated with the Internet, even if they did
not necessarily put in place practices to mitigate them [14].

Concerns over privacy have been identified as a factor that prevents older adults from
“taking full advantage of the potential benefits of digital media” [15, p. 1089]. Similarly,
concerns over privacy [5, 6] or perceived security [16] have been identified among the
many factors that could impede the use of telehealth by older adults. This has included
concern about whether video conference applications are secure [17]. A 2020 US-based
national poll found that 24% of older adults (aged 50–80) were concerned about privacy
in the context of telehealth. This figure is notable, but it is still less than other concerns
about telehealth, such as the doctor’s inability to conduct physical exams (75%) or the
fear that older patients are receiving diminished care (63%) [18]. Research has identified
the need to foster user-friendly approaches that are transparent in terms of security to
allay concerns about privacy [19].

2.3 Context

Studies on telehealth and aging point to the importance of considering context, and not
just age as a factor influencing telehealth usage. For example, Pool and colleagues [5]
note that the realities for older adults living in their own dwellings using devices for
communicating with their doctor will differ from those of older adults living in heavily
monitored residences. In their review of the literature, they note that the most salient
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concerns when it comes to privacy and the care of older adults are related to telemonitor-
ing and surveillance in home telecare. Teleconference appointments, conversely, elicited
fewer concerns from older adults.

It also is worth outlining some contextual elements of the Canadian healthcare sys-
tem. While Canada has a commitment to a public healthcare system, health is a domain
of provincial and territorial governments. As such, thirteen decentralized provincial and
territorial systems provide care to some 39 million Canadians [20]. Across the country,
health systems are under pressure [21], and this includes a severe shortage of family
doctors nationwide [22]. Among the provinces, the situation is particularly dire in Que-
bec, where most of our research participants live, and where one in five individuals does
not have access to a family doctor [23].

Telehealth has greatly increased in the context of Quebec over the past three years.
A recent report shows that the number of older adults (65+) who made appointments
with doctors through online platforms grew from 18% in 2019 to 51% in 2022 in the
province of Quebec [1, p. 14]. Moreover, in 2022, 12% of older adults in Quebec had
carried out an online consultation with a health professional such as a doctor, pharmacist
or psychologist [1, p. 14]. These statistics indicate a rapid social shift towards telehealth
over the course of the pandemic, and the sorts of telehealth practices that have become
increasingly prevalent in the provision of care.

3 Methodology and Analytical Approach

We undertook ten semi-directed in-depth interviews with Canadian older adults, with
ages ranging from 67 to 88 in December 2022. The median range of our interviewees
was 78.5 years old. Our interviews were conducted in French (6) and English (4) with
individuals living in the Canadian provinces of Quebec (9) and Manitoba (1). We inter-
viewed five women and five men, living in both rural (3) and urban or suburban areas
(7). Most participants self-assessed their technology skills as moderate, wherein they
can use a computer, answer emails, and conduct Internet searches, but might need some
assistance to connect to a virtual meeting. Four participants attended university, while
six attended high school. While most participants (9) are middle class, one (1) identi-
fied themselves as upper middle class. All our participants live in their own dwellings
(renters or owners of houses or apartments). The bulk of their experience interacting
with digital or remote systems of care has included virtual or phone appointments with
their healthcare professionals.

We selected a purposive sampling approach, as our goal from the onset of the project
was to focus on “information rich” cases [24]. We undertook these interviews at the end
of December, as the Christmas holidays allowed us to hold many of our interviews in
person (eight in person, two on Zoom). We undertook follow up interviews with three
respondents in January 2023. As we discovered that our participants’ understanding of
privacy was narrower than we originally expected, we devised a strategy to further probe
their perspectives. Specifically, we selected a series of media cases that each discuss an
aspect of privacy in the context of digitized health system and used them as prompts for
our follow-up discussions.

The decision to undertake purposive sampling was motivated by three reasons. First,
the co-authors had pre-established relationships of trust through familial connections,
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which means that relations of trust were already in place, important when discussing
sensitive medical information and issues of privacy. Second, as Seymour has argued
[25], family interviews are useful for asking follow-up questions and providing prompts,
which may unearth valuable supplementary information. In this case our relationships
with the interviewees provided specific insight into their histories of engagement with
digital technologies and telehealth. In many cases, the co-authors had served as “warm
experts” [26] in the older adults’ acquisition of digital skills over the years. The co-
authors also played a supportive role in several of the interviewees’ use of telehealth
during the COVID-19 pandemic, including helping them set up and access telehealth
appointments with healthcare professionals. Third, this approach gives us a vantage
point to spot potential discrepancies between what participants said in interviews and
our own recollection of past events. As Nash, O’Malley and Patterson’s research on
family ethnography shows, working within this context provides researchers a unique
“ability to interrogate discrepancies between the two” [27] and reach a better mutual
understanding of “what happened”.

In terms of the analysis, the interviews were initially transcribed and coded by one
of the co-authors. Attention was paid not only to what each participant said in response
to each question, but which questions they did not answer, or where they did not identify
concerns. These initial coded responses were then discussed by all three authors, who
reviewed the transcripts and discussed emergent patterns. As many of the interviews
were done in French, the authors translated some of the quotes in order to include them
in English as part of this article.

4 Findings

4.1 Privacy and Disclosure in the Context of Telehealth

Our approach was designed to foreground the participants’ understanding of both tele-
health and privacy, to provide them with the space to define what they understood as
telehealth and to elaborate what they saw as related privacy concerns. We asked partic-
ipants to explain their concerns related to privacy in light of the expansion of the role
of telehealth in their lives, in relation to their use of different media for communication,
including the telephone, the computer or tablet, their engagement with online medi-
cal questionnaires, and their experiences with teleconferencing with medical personnel.
At this early stage of the interview, seven of the ten participants did not express any
overt unease or privacy concerns, with most individuals stating that they did not think
about privacy in this setting or that they did not believe that it was a concern. Frequent
comments were “I have no problem with it” (F-88, F-68), or “no problem” (M-88).

When digging deeper, it became clear that the lack of explicit concern about issues of
privacy among our participants was tied to the context of their encounters with the health
system. When participants were probed as to whether they would disclose health infor-
mation online, the majority of the participants expressed no overt concerns about sharing
personal information with healthcare providers. Some participants who expressed con-
cern with their privacy in the context of other uses of digital technologies let down their
guard when it came to telehealth. For instance, one participant explained at length his
worries about “cookies” in web browsing but had few concerns about his engagement
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with the medical system through telehealth (M-67). Another participant stated that she
was comfortable giving information online in the context of telehealth: “I like it, I’m in
favor of it” (F-68).

4.2 Privacy as Trust

Through our interviews, it became clear that even while disclosing few overt concerns
with privacy in a context of their experiences with telehealth, our interviewees had
nuanced and diverse perspectives on why, how and to whom they disclosed health infor-
mation. In their “privacy repertoires” [28], the language or terms used by participants to
discuss privacy, questions of trust in one’s doctor emerged as a key theme and contextual
factor. Most of the participants expressed that their trust in their doctor, in particular,
was enough to safeguard their privacy. “Obviously in the context where I’m with my
doctor or with a healthcare specialist like a nurse, there is no problem” (M-88).

By the same token, participants were only comfortable sharing information with a
limited number of individuals within the healthcare sector. Several participants men-
tioned that they would not share information and or their “boo boos” with their doctor’s
secretary, or with healthcare workers they do not know. One participant mentioned that
“there is no problem” in sharing personal information with their regular doctor but with
other healthcare providers “no” (F-78). Another explained: “if it’s my regular healthcare
professional, I don’t have a problem with that. (…) If there are a multitude of health-
care professionals, I’d begin to question it more around privacy of information” (M-67).
Along with this, there was an expectation that the doctor would treat the information
ethically and only share information as it was required, for the benefit of the patient. A
participant, who had a history of seeing multiple health professionals simultaneously in
treating a cancer, explained: “I don’t consider my health as much of a privacy issue (as
others might). If my doctor says that I have cancer, then she should disclose it to other
doctors (who are treating me). If my information is shared beyond that, then I would
doubt how ethical my doctor is. I find that sharing data like that can only be helpful”
(F-68).

When we asked about various forms of telehealth (like teleconference applications
and the telephone), many of our participants stressed the importance of knowing the
person “on the other end of the line”. This was particularly important for six of our
participants. In fact, having an established “real-world” connection with a medical pro-
fessional served as a means of mitigating feelings of stress or anxiety associated with
starting to use telehealth services. For eight of our participants, knowing the person or
the healthcare provider on the other end of the line was reassuring: “I don’t mind if I
know the person, (…). Someone I never met, (…) would be less comfortable, simply
because (…) there must be a kind of comfort level with the person” (M-72).

Compromises: When the Ends Justify the Means. Many of our interviewees have a
keen awareness of the lack of resources available in the healthcare sector, and several
have dealt first-hand with the aftermath of a system under acute pressure. For some, this
had an impact on the ways in which they feel they can assert agency in the disclosure of
information. In all, four of our participants explained that they were comfortable sharing
personal information over the phone without being familiar with the person on the other
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end of the line. In the case of some of our participants, the ends justify the means. As
one interviewee put it: “Well, anybody, like a nurse or a doctor or whoever, but someone
who’s a professional, I guess that would be okay if it’s going to help you in the end”
(F-84). Another one pointed out “I guess you have to go with the flow, you work with
what you work with, the tools you have” (M-67).

Even if some people were in situations where they had to disclose their personal
information for the sake of their health, it is notable that trust in doctors, as described
by our participants, is often contingent on having a previous relationship. This was
especially the case for participants with relationships with medical professionals from
before the pandemic andprior to the generalized onset of telehealth. Thosewhoexpressed
privacy in terms of trust in their doctor also had long periods of contact, including
face-to-face encounters throughout their lives, with their doctor.

The importance of this contextual factor of a prior long-term relationshipwas brought
home by one interviewee, who had no family doctor, amidst a nation-wide shortage of
family doctors in Canada [22] and Quebec [23]. This participant relied on appointments
with his local clinic for appointments with whichever doctor was available. When dis-
cussing a recent telephone appointment with a doctor, he explained the impact of the lack
of a family doctor for him: “I don’t have a very intimate relationship with him. There’s
no past understanding. He’s very mechanical. He’s very, you know, his computer is more
important than his fingers to figure out what’s wrong” (M-77). In this case, privacy is
not only related to trust, but to a perceived lack of intimacy in their relationship. As this
interviewee later added, given this lack of intimacy that the “experience by phone wasn’t
that different than the other experiences I’ve had with him” (M-77).

4.3 Privacy and Non-medical Information in the Context of Telehealth

As we noted above, seven of ten participants did not initially express concern with pri-
vacy in the context of telehealth. The three participants who initially expressed privacy
concerns specifically raised the point that they are uncomfortable sharing specific infor-
mation typically tied to financial fraud or identity theft in the context of telehealth: their
credit card information, their social insurance number, and their health insurance num-
ber. For these respondents, the reluctance to share such information virtually or over
the phone extended to the healthcare sphere. As one participant explained “I would not
share it (…) sharing your name, address and health insurance number, I would say no
because there is not enough trust in the digital systems” (M-72).

4.4 Probing Privacy Again: Considering Data-Sharing and Risk

Our initial interviews indicate that participants’ understanding of telehealth and privacy
focused primarily on the relationship between doctor and patient. Those who were most
concerned about privacy in the context of telehealth focused on the disclosure of official
documents and information that they surmised couldmost readily expose them to identity
and financial fraud: sharing a credit card number, social insurance number or a health
insurance number. Beyond these questions, our participants did not initially consider
other implications of privacy and telehealth, including questions as to how, when and
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with whom their health data was shared, or how sharing health data could have positive
or negative implications for them. In follow up interviews with three participants (M-67,
F-68, M-77), we were able to delve more deeply in the theme of privacy and telehealth
with three respondents.

In these conversations, we sought to understand the perspectives of participants
on privacy beyond the immediate relationship with the medical professional, and the
disclosure of information that could expose them to fraud and financial harm.We probed
the implications of telehealth in the emergent context of the systems-wide integration
of digital tools that includes an expansion of data-gathering and data-sharing practices.
To do this we presented our participants with three recent and localized media cases
that relate to some of the different ways in which health data circulates in society. This
included an article about “Clic Santé” a provincial digital tool used during the pandemic
that is being expanded into a broader health platform for making appointments and
accessing medical information [29]. We also presented a recent news story explaining
thatmedical professionals inQuebecwould need to disclose the identity of all individuals
with dementia to the provincial entity tasked with issuing drivers’ licenses in Quebec,
which would in turn automatically suspend their licenses [30]. This would replace the
current system wherein healthcare professionals, at their discretion, would trigger a
process where the individual would need to undertake a driving test. Finally, we shared
an article about a cyberattack that targeted a Montreal health authority in 2020 [31].

The Risk of Disclosure. After being presented with three specific examples from the
news, one of our participants expressed a more pointed concern about how his data
was being shared and the risks that could be involved with the disclosure of medical
information. This event prompted one participant to suggest that he might not share
information on his health status, even with his doctor. In his words, “Every time you
disclose something new there is a restriction elsewhere. (…) It just means that I’m going
to go to the doctor and lie (M-67)”.

When further prompted, he then disclosed that he had previously made decisions
based on such a calculation of risks when he had given blood: “I went to give blood,
and one of the questions was ‘do you have high blood pressure?’. I thought of it, and I
was going to say, ‘sometimes it’s a little high’. But it’s like ‘no, I don’t have high blood
pressure’. Because suddenly, you know what, it goes into your medical record that you
have high blood pressure. Then you want to go for more insurance, and you can’t. It’ll
cost more” (M- 67).

In other words, in this follow-up interview, when presentedwith these specific stories
of the implications of data sharing, this participant began to consider how data presented
in one context (health) might be used in another context (insurance). For this participant,
it was not clear if there was an established systematic informational flow between Héma-
Quebec (the NGO that collects blood in Quebec), the provincially governed healthcare
system and his private insurance provider. Yet the fear of how they may be connected –
now or in the future– impacted his decision to disclose. For this participant, the increased
privatization of healthcare and the relationship with private insurance caused another
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layer of concern in relation to information sharing, that he did not share during the first
interview.

Unclear Boundaries for Information Sharing. A second participant who was asked
about the sharing of personal data did not feel as strongly, at least initially. She noted that
she had never been in a positionwhere she did notwant to disclose information to a doctor
because of a fear that the information would be shared without her knowledge. “I’m not
that concerned about it,” she said (F-68). However, when the interviewer presented
with examples from the media about data being shared across sectors of society, her
perceptions on disclosure changed. These news stories–which were revelations about
the sharing of health data to this respondent–elicited a potential shift in perspective. The
participant explained that she had a doctor’s appointment that same day, and that what
she had learned about privacy through our discussion of these specific cases discussed
in the media would change the way she approached divulging information about mental
health: “It’s making me reconsider [disclosing the information]”.

The participants with whom we conducted follow-up interviews were startled by
news reports of data leaks in the healthcare sector and systematic information sharing
on older adults that had emerged in the news and expressed a desire to knowmore.When
presented with the same news stories, another participant immediately stated “I need to
research that” (M-77). Participants expressed renewed concern and uncertainty about
the way health information is being collected and shared, pointing to the importance of
the public discussions of these issues in the news.

Other insights on howmedical informationmight be shared emerged in these follow-
up interviews. One participant expressed concern that information sharing could expose
him to targeted advertising related to medical conditions or to new forms of discrim-
ination. Two participants expressed concern over how mistakes in medical diagnoses
and assessments by one medical professional could result in mistaken information about
their health being circulated widely. There was a sense that, at one time, if one doctor
made a mistake, it was possible to get a second opinion. The participants wondered if
the increased sharing of information meant that one doctor’s opinion–like a diagnosis of
dementia–would automatically trigger a series of processes they would have no control
over: “Shit could fall on your head because they interpreted the information a certain
way, then you lose control over how the information is shared, it’s out of your hands” (M-
67). These follow-up conversations, though exploratory, shed light on the importance of
media and news coverage of stories that discuss the implications of the opaque systems
of data sharing between different sectors. They also indicate that when presented with
specific examples of medical information sharing, participants became concerned with
the risks associated with information flow and began to relate them to prior experiences
with the healthcare system.

5 Discussion

5.1 Privacy Circumscribed by Human Relationships

In our initial round of interviews, there are two ways in which older adults discussed
privacy when probed about their privacy concerns in relation to telehealth. Firstly, and
present inmost of our interviewees, there exists an explicit trust inmedical professionals,
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most notably their doctor. This trust serves as a basis upon which they establish a belief
that their privacywill be safeguarded in the context of telehealth. Privacy, in this instance,
would be ensured by the individuals with whom they have an interpersonal intimate
contact, who are assumed to exert control over a patient’s health information. As one of
our participants pointed out, they count on the medical professionals’ sense of “ethics”
to safeguard their privacy.

Digging deeper into this issue, the trust that was bestowed on the telehealth system
was built through in-person relationships with individual medical professionals before
the start of the COVID-19 pandemic. If participants did not know medical professionals
well or if they have only become acquainted virtually over the course of the pandemic,
then participants did not feel the same trust towards their doctor and saw little difference
between an online consultation and an in-person visit. This begs the question on whether
and how new relationships of trust will be formed and nurtured for our participants as
more healthcare interactions become digitized or virtual.

Second, when individuals initially expressed concerns about their privacy, they often
referenced discourses on privacy tied to issues of identity theft and finances, and not
health in particular (e.g., credit card numbers or social insurance numbers). What is
feared in these circumstances is sharing sensitive information that could end up in the
wrong hands; specifically, those of bad actors who could cause deliberate harm. These
two conceptualizations of privacy, each in their own way, foreground that participants
tended to emphasize the role of individuals in safeguarding information. However, when
three participants were presented with specific news stories about the use of medical
information for other purposes, such as retaining one’s driver’s license, participants
expressed a concern of the privacy implications and risks of data flows from one sector
in society to another.

5.2 Understanding the Telehealth Context

To return to Nissenbaum’s approach, for these participants, privacy in digital systems is
underpinned by the expectations associated with the contextual integrity of the health-
care system. There was a general sense that information would be properly managed in
the current healthcare system because of the association of that system with a trusted
mediator: the doctor. It was only when confronted with specific instances of health infor-
mation being used for decision-making in other sectors, that our participants began to
engage in a discussion of how andwhen they had not fully disclosedmedical information
in their past, and to critically question information sharing between different contexts
or sectors. This brings us to wonder how the “data subjects” of these systems, including
our participants, understand and consent to the informational system within which they
participate. As norms of appropriateness shift quickly with the expansion of telehealth,
to what extent are patients –including older patients– keeping up with what is appropri-
ate for systems to share or not share. How are their perspectives being factored in the
establishment of norms, and what falls outside of their own privacy expectations in the
healthcare context, given the expansion of telehealth?

The systems of information flow throughwhich personal health information is shared
in digital records, including across sectors of society, remained largely outside of our
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participants’ initial framing of privacy until it was overtly presented to them. Our par-
ticipants initially did not express concerns with the information flow that takes place
within the healthcare context, and with who are the “senders”, the “receivers” beyond
the medical professionals they know.We found this to be evenmore pronounced in inter-
views with our participants with limited digital skills, a finding that is in line with the
literature on privacy and digital expertise [32]. However, when probing the issue more
deeply with participants and presenting themwithmedia cases about concrete data leaks,
privacy breaches and expanded medical data sharing across sectors in the participants’
own locales, they then expressed concerns with other facets of their privacy rights. The
interview itself became a way for participants to access new information about the work-
ings of healthcare context and the norms of information flow. It also transformed their
tacit knowledge and memories of prior experience with the disclosure or non-disclosure
of health information into discourse [33]. The use of these stories as means to elicit
conversation points to the usefulness of prompts in discussions of privacy with older
adults, and to the need for more public discussions and news stories on privacy matters.

While our participants recognized the benefits of data sharing in their own healthcare
trajectories, they also began to question the norms and the contextual integrity of the
healthcare system when presented with specific instances that would potentially impact
their lives. When speaking about these matters, they showed surprise and dismay, but
quickly pivoted to recognizing that the rapid expansion of datafication and digitization of
our health systems could impact them (and likely already had). This is when one of our
participants expressed fear about “losing control” of his data as he ages and encounters
more health issues. In a social context where older adults are frequently disempowered
and are concerned with a loss of agency, avoiding the disclosure of potentially vital
medical information like mental health wellness or high blood pressure emerged as the
only solution that our participants envisaged to mitigate harm to themselves.

6 Conclusion

In this paper, we have tried to answer the question of how our older participants under-
stand privacy in the context of telehealth. By conducting exploratory interviews with ten
older adults on the topic of telehealth and privacy, we found that participants tended to
equate privacy with a trust in their doctors, ignoring the scope of information flow that
takes place in an increasingly digital healthcare context. Privacy was initially understood
in interpersonal terms, as relationships of trust with a small number of medical profes-
sionals. The healthcare context was not initially defined as a sphere of concern, although
participants initially identified risks in the act of sharing information like credit card num-
bers, social insurance numbers or health insurance numbers over digital networks. This
changed when, in follow-up interviews, three participants were given specific examples
of how health information might be deployed in future public policy, including policies
that might automatically lead to revoking their driver’s license. Understanding the par-
ticipant responses in light of Nissenbaum’s approach to privacy as contextual integrity
highlights a broader concern in the present moment: participants did not have access to
the regulations and norms that govern what is appropriate data sharing in the healthcare
context. However, when presented with specific instances of data sharing that could
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affect other dimensions of their lives, they simultaneously became aware and concerned
with the implications of information flow between different sectors that they assumed
were distinct.

Older adults represent a segment of the population that is especially reliant on the
healthcare sector. By the same token, they are disproportionately rendered into the “data
subjects” of this system, whose health information gets collected, analyzed and dis-
seminated at an unprecedented rate. Health data about older adults can be mobilized to
make critical decisions about policy but also individual care pathways, including access
to services and long-term care. If health data is shared across contexts, it can have a
significant impact on other aspects of one’s life, from one’s ability to drive, to insurance
cost. Within this context, older adults have an important stake in defining and preserving
the contextual integrity of the boundaries of data sharing and privacy in the healthcare
system.

The digitization of health records, the aggregating and sharing of data across health-
care institutions and different bureaucratic sectors of society and the implementation of
automated decision-making through algorithms has been credited with improving effi-
ciency and patient care. In light of the unprecedented expansion of information flows,
researchers in the humanities and social sciences have pointed to the need to understand
how automated systems can amplify existing means of social discrimination and bias
or create new forms of inequality [34–36]. The digitization of health systems also has
made these systems an important target of hacks or data breaches in recent years [37, 38],
including in our home province of Quebec (e.g., [39, 40]). The circumstances around
such breaches can often be clouded in secrecy and its implications for individuals often
remain difficult to grasp. Our exploratory research suggests the need for greater public
awareness and discussion of these issues, which are quickly being integrated into society.

7 Limitations

This exploratory study has several limitations. Our sample size is small and only covers
two provinces. Further, even if their perspectives were varied, there are a number of
similarities among our participants that are likely to have a bearing on the results gleaned:
all but one live in the province of Quebec, most are middle-class, and all have a certain
degree of digital proficiency. All of them have French or English (both official languages
of Canada) as their first language and all are Caucasian. The general lack of diversity
in our sample certainly limits the sorts of experiences with telehealth that we were able
to capture in the context of this study. Further, we opted for a purposive sampling as a
method of recruitment and thus consulted a narrow group of individuals, with whom the
co-authors had pre-existing relationships. This was a means to build a conversation on
healthcare upon established relationships of trust, but it can be a source of bias, from the
perspective of the participants influencing what they opted to disclose, as well as from
the perspective of the co-authors in how they analyzed data. Finally, we were only able
to conduct follow-up interviews with three of our ten participants.
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Abstract. Health changes in general, but especially in older age, inevitably lead
interactions with different people and entities in the health care system. Partic-
ularly in the case of severe health decisions, trust in the healthcare system and
the people involved is essential. This raises the question of which factors can
promote or impede trust and how these can be influenced by individual or circum-
stantial parameters. Therefore, the current study aims to investigate how trust in
healthcare systems is built and maintained in severe health decisions. Understand-
ing trust-relevant factors in severe health decisions provides the basis for further
investigations of trust in assistive technologies for people of older age and in need
of care. Two semi-structured focus groups with each five participants were carried
out and recorded (N= 10). The results showed that severe health decisions repre-
sent situations in which fundamental aspects of life change so that life is no longer
comparable to what it was before. The analyses also identifiedmultiple factors rel-
evant in trust building and maintenance, e.g., competence, empathy, transparency,
communication, and financing. By contributing to a greater understanding of the
patients’ needs, with the results of this study, recommendations for amore targeted
and demand-oriented communication between the various stakeholders in health
care systems can be derived.

Keywords: Trust · Healthcare Systems · Severe Health Decisions

1 Introduction

In Germany, roughly 2/3 of the population report being in good health. In Germans aged
65 and older, 1/3 is affected by chronic diseases [1]. During the span of life, people
will come into contact with the healthcare system on multiple occasions. In individuals
with chronic diseases however, this number increases substantially and the relationship
with their primary care physician and the experiences in the healthcare system become
all the more relevant [2]. The relationships between patients and their physicians have
the potential to determine and affect the way patients decide [3–5], e.g., with regard to
a recommended usage of assisting technologies in older age [6–8]. These relationships
and interactions with physicians and other entities within the healthcare systems are
based on patients’ trust in specific stakeholders but also in the healthcare system itself.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
Q. Gao and J. Zhou (Eds.): HCII 2023, LNCS 14043, pp. 160–172, 2023.
https://doi.org/10.1007/978-3-031-34917-1_12

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-34917-1_12&domain=pdf
http://orcid.org/0000-0002-4027-5362
http://orcid.org/0000-0003-1870-2775
http://orcid.org/0000-0002-6105-4729
https://doi.org/10.1007/978-3-031-34917-1_12


Paving the Way: Trust in Healthcare Systems as a Prerequisite 161

Previous research has examined trust either for very specific phases (e.g., the
COVID19 pandemic [9]) or quite generically (e.g., [10, 11]) disregarding underlying
trust motives and factors being essential for paving the way to trust medical decisions
and recommendations in severe health situations or in older age.

The present study aimed at an explorative identification of relevant parameters for
trust in the healthcare system taking changing health conditions, i.e., severe health situ-
ations into account. For this purpose, a focus group study was conducted and the results
enable to derive recommendations taking into account the requirements and needs of
patients. In the following, an overview of previous research in the field of trust within
the healthcare system is provided. Following that, the empirical procedure is presented
and the results are described. Finally, the insights are discussed including the strengths
and weaknesses of the study as well as derived implications.

1.1 Relationships of Trust Within the Healthcare System

There are many ways in which relationships of trust are exercised. One of the most direct
and intuitive connection is the one between a patient and their treating physician. This
relationship has been focused on in diverse research fields. Bell et al. [2] found that when
patient’s expectations about their primary care physician, such as medical information,
new medications, medical tests, or a specialist referral, were not met, adherence to treat-
ment plans was significantly lower than for patients whose expectation were met in the
long run. Specifically in patients with chronic illnesses, patient-physician relationships
are predictive of treatment adherence, patient activation, and overall satisfaction with
their health plan [3–5].

While the patient-physician relationship is an important predictor for these variables,
the construct of trust underlies almost all interactions and not only those with direct
physician contact. In the bigger context of healthcare, this includes insurance companies,
health care staff, availability of health information, emergency care, and political bodies
functioning as sources of information. Studies have shown that trust in the healthcare
system is linked to political trust and general trust in the government, aswell as subjective
health outcomes and the likelihood of seeking medical help [9–13]. In a meta-analysis
by Birkhäuser et al. [10], the relationship of trust in healthcare professionals and health
outcomes was analysed where they found moderate correlations of trust and health
outcomes (r = .24). Moreover, they found a high correlation between trust and patient
satisfaction (r = .57). While the correlation of trust and objective health outcomes was
non-significant, it was significant for trust and subjective health outcomes (r = .30)
and since subjective outcomes are predictive of objective outcomes, trust might have
had an indirect effect [14]. The authors conclude that “patients’ trust in the health care
professional may best be conceptualized as a contextual factor of treatment effects” [10]
which indicates that trust may have both direct and indirect relationships with other
factors in the healthcare context.

Moreover, trust perceptions in the healthcare system differ across countries, with
Germany showing low trust levels in a patient-focused treatment at their health insti-
tution [15]. Therefore, it is crucial to investigate how trust in the health care system
is conceptualised in order to predict its underlying mechanism in the development and
maintenance. Even more than that, it is important to investigate how trust conditions
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change across different medical decisions ranging from light to severe. There is an
increasing shift from a paternalistic view (the healthcare provider being the sole decider
of treatment plans, etc.) toward shared decision making (patient and provider come to
a medical decision jointly) [16]. Research has shown that patient characteristics, such
as affective states and previous experience, are influential in how they make decisions
about their treatment plan, whether they adhere to medication, etc. [17]. This means that
patients are increasingly questioning the information and options provided while they
also have more options to choose from. At the same time, individual histories of patients,
including their trust perceptions, shape their medical future and can be decisive [18].

1.2 Previous Concepts of Trust

Within the literature, trust is most often considered a belief and expectancy and is by
definition an interdisciplinary concept, drawing from individual and social psychology,
economics, sociology, and other disciplines [19]. Overall, there are three emerging types
of trust, namely dispositional, structural, and interpersonal trust.Dispositional trust refers
to the general attitude towards trust and decisions requiring some level of trust. It is con-
sidered to be a low-level personality trait. Structural (or sometimes called institutional)
trust refers to the trust in situations and institutions, implying that there is a level of
consistency expected in certain establishments and circumstanced. The interpersonal
dimension refers to trust between two agents, a trustor and a trustee, and further divides
into perceptual, intentional, and behavioural facets of trust. There are many definitions
and conceptualisations focussing on different aspects, either from an agent perspective,
i.e., the trustor and trustee’s attributes, or from a context perspective, i.e., which sit-
uations elicit certain trust perceptions. Overall, there is no apparent consensus on the
definition nor the approach on how to map trust [19]. It is, however, always assessed
with a questionnaire when talking about quantitative approaches to the concept.

Within the context of healthcare, it becomes evident that all three distinctions of
trust are highly relevant and need to be considered together. There are two literature
reviews which capture the way trust has been operationalized in this field. Ozawa and
Sripad [20] found that of N = 45 studies, most used an interpersonal measurement of
trust (doctor/patient/nurse), and only some measured systems trust, i.e., institutional
trust. Studies that investigated interpersonal trust did not consider institutional trust in
their measurements whereas thosemeasuring institutional trust did consider this domain.
Moreover, they found that four domains, namely honesty, communication, confidence,
and competence were stable across measurements. In their evaluation, the researchers
also found that more than half of the studies employed one of more pre-study designs
in the form of interviews, focus groups, literature searchers, etc. This indicates the
importance of pre-testing the hypothesised questionnaire conceptualisation. LoCurto
and Berg [21] also reviewed the literature (N = 65) on trust and its conceptualisation
in the healthcare context. Similarly, the majority of studies investigated interpersonal
trust, in this case doctors. Only few others investigated institutional trust relating to
systems in healthcare. The researchers found as many as eight determinants of trust
in the healthcare system, i.e., honesty, confidentiality, dependability, communication,
competency, fiduciary responsibility, fidelity, and agency. On this basis, they recommend
a methodological protocol of developing a scale, namely a review of the literature,
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interviews or focus groups, a pilot study, and an initial survey of the study, followed
by a psychometric evaluation of the effectiveness of the scale. When comparing trust
in healthcare with the general operationalisation, there are similarities signalling an
underlying construct of trust with context-specific determinants of trust that needs to be
outlined and investigated.

1.3 Aim of the Present Study

Taking these approaches together, it becomes evident that more work needs to be done in
combining the conceptualisations of trust with regard to interpersonal and institutional
trust but also the link to dispositional trust. More studies have focused on the interper-
sonal domain and as established above; this relationship is highly predictive of health
behaviours. It does not however, capture the entirety of the healthcare system. In order
to understand how trust in the healthcare system is developed, maintained and predic-
tive of potential adherence to treatment plans, including the use of ambient assistive
systems, a patient/user-centric view is needed. Therefore, the present study focuses on
an explorative identification of motives and underlying parameters affecting trust in the
healthcare system in general. In a second step, the perceptions are deliberately sharpened
by defining severe health decisions and using them as an example to eventually adjust
previously expressed trust criteria.

2 Methods

In the following, the empirical concept of the present study is described, starting with the
procedure of the qualitative interview study. Subsequently, the conducted data analysis
and the characteristics of the sample are presented.

2.1 Procedure

Two semi-structured focus groups were conceptualized and conducted in order to
exploratively understand, examine and identify relevant factors for the formation and
maintenance of trust in severe health decisions.

Both focus groups were held in German, lasted about an hour and were transcribed
afterwards. Before beginning with the focus group process, the participants were wel-
comed and introduced to the intent of the focus group. Their rights were explained to
them and informed consent as well as permission to record was obtained. Participants
were firstly asked about demographic variables including age, gender, acute and chronic
illnesses, profession, level of education, technical affinity, and experience with medical
technology.

The focus group process consisted of two main parts: The first part focused on an
exploration of relevant conditions and prerequisites for trust in the healthcare system.
In more detail, the participants were asked to discuss several questions and form opin-
ions about the relevance of various trust-building factors in the healthcare system, e.g.,
“What is important for you to trust in the healthcare system?” and “What defines a good
functional/bad dysfunctional health care system for you?”.
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In the second part, the participants were asked to define what severe health decisions
mean to them: i.e., “What do you describe as a severe health decision for you person-
ally?”. This was meant to explore the boundaries of severe as opposed to “regular” or
less severe health decisions. Further, the participants were asked to outline and discuss
specific scenarios in which trust could be put to the test, i.e. “If you had to imagine a
specific situation in which a severe health decision had to be made and you had to trust
the health care system, what would that look like for you?”.

Lastly, and to combine the topics trust and severe health decisions, it was explored
how and whether considerations for decision making would differ if the severity of their
decisions differed: e.g., “When you think about these types of decisions, do you think
differently about the health care system and relevant factors for trust?”.

Finally, the participants were thanked for their participation, they were asked to
provide feedback on the focus group and on an optional basis there was time to discuss
about the topic and open questions in general.

2.2 Data Analysis

The focus groups were transcribed verbatim and in German language. The results were
analysed according to the guidelines of qualitative content analysis byMayring [22] with
the software MAXQDA 2018 and compared to existing factors in the literature combing
inductive and deductive analyses. The answers were also checked for group differences
and groupings that are similar in answer patterns. Within the results section, the findings
are structured following the main categories identified during data analysis.

2.3 Sample

Each focus group had five participants. Totally, five male and five female participants
with a mean age of 30.2 (SD = 12.39) and a range of 22 to 55 years took part. Based
on information about the sample, their evaluated technical affinity was rather good (M
= 4.6, SD = 1.48). The average level of education was vocational training, whereas
two participants were currently enrolled as students. The majority had experience with
medical technology. Some respondents stated to have chronic diseases, among others
ulcerative colitis, Hashimoto disease, and chronic pain.

3 Results

In this section, the results of the qualitative focus group study are presented, starting
with insights regarding relevant factors and conditions for trust in healthcare systems.
An overview can be found in Fig. 1. Further, it is showed how the participants defined and
discussed severe health decisions. In a last step, it is described if and how the relevance
of trust conditions changed in the context of severe health decisions.
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3.1 Trust Conditions in the Healthcare System

When discussing which aspects and factors are necessary for trusting the healthcare
system in their interaction with it, participants agreed on three categories, namelyCom-
petence &Efficiency,Cost Allocation& Fairness, andCommunication&Empathy.
The respective results are now presented depending on these three categories.

Competence & Efficiency. This factor entailed both a correct diagnosis and treatment
plan but also a good education of medical professionals in the first place.

“I would have no confidence in the system at all if I went to the doctor five times
and five times I was given the wrong diagnosis and five times I was given the wrong
treatment.” [male, 26 years]

Moreover, participants agreed on the importance of sticking to appointment sched-
ules, not being sent away as a patient, and also the guarantee the security of supply, i.e.,
that in an emergency, medical help was accessible. This point was heavily influenced by
perceptions of the healthcare system during the Covid-19 pandemic. In both groups, it
was unanimously agreed that this was the most important aspect for trust.

“Keeping promises, scheduling appointments, that when I say I need a referral
that I get it and don’t have to run after all the bureaucratic stuff in my already bad
shape.” [female, 24 years]

Cost Allocation & Fairness. This category was specific to the German healthcare
insurance which distinguishes between public and private insurance. While everyone is
provided with public insurance, some people can decide to switch to private insurance
which typically covers more treatment options and offers other (time-efficient) benefits.
Only relating to the aspect of cost allocation, participants agreed that nobody should
have to worry about covering medical costs. They compared the German system to other
countries, e.g., the US, and agreed that they would not trust or positively evaluate a
system in which everyone is responsible for their own coverage.

“I believe that you shouldn’t get into a process where you have to arrange some-
thing yourself, that all costs are covered [by the insurance company].” [male, 24
years]

In one focus group, they came to the conclusion that medical institutions, such as
hospitals should not be allowed to be privatised, as is the case in both Germany and other
countries. On that same note, they also would evaluate a hospital as less trustworthy if
they knew that they administered unnecessary procedures to patients to earnmoremoney.

“We also have many patients who stay much longer than they should. The treatment
alone, if they get something intravenously, we get much more money than if we
give it as tablets. I also have to wonder if I have to pump a 20-year-old full of
it all the time. Or for a 90-year-old granny who can manage without pain and is
always fiddling around with it, no. But it pays more money...” [female, 22 years]

With respect to the aspect of fairness, both groups agreed that they would define
the healthcare system as being fair if everyone received the medical help they required,
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regardless of any other characteristics like socio-economic status, gender, race or else.
Here, it was also relevant that where the funds go is transparently communicated to the
patients by both the institutions themselves but also the insurance companies.

“For me, fairness is relatively easy to define, and that is that everyone should have
access to the treatment options or the doctor they need for their condition.” [male,
26 years]

However, both fairness and cost allocations as factors were put together because par-
ticipant almost always referred to them in relation to one another. For them, being treated
fairly is mostly decided by the cost allocation of the healthcare insurance companies and
policies.

“It may be transparent what they are allowed to charge, but where a large part of
the money disappears is not transparent at all.” [male, 55 years]

Communication & Empathy. Participants described this category almost exclusively
in relation to patient-physician communications. They mentioned that above all, a
physician should have respect for the patient and a genuine interest to listen to them.

“Empathy [...] and that I am also taken seriously, so, also during the initial anam-
nesis, that the doctors do not dismiss me and take time to consider my concerns.”
[female, 24 years]

They also expected physician to consider the individual care plan of the patient
and adapt it according to their needs. All participants also agreed that doctors should be
taught how to deliver medical information in a way that is understandable and accessible
patients who are non-experts.

“For me, it’s the clarification, and sometimes you don’t feel properly informed by
the doctor and don’t know what to do now, or you’re sent to another doctor and
referred, who suggests a completely different treatment. But both doctors can’t
explain exactly why this treatment and another doctor says something else, so you
have to accept that, which I think is a shame because I want to know exactly why
something is being done. And I would like to have that for the trust.” [male, 26
years]

Above all, whether they perceived a physician to be transparent about why they chose
a particular treatment was also indicative of whether or not they would trust them. These
aspects were the second most important aspect for trust in the healthcare system and
both groups quickly agreed on their qualities.

“Yes, the doctor should definitely communicate with his patient in a way that they
understand. It’s no use for him to beat you over the head with something and say
everything will be fine, and then you don’t know what’s wrong with you.” [male,
55 years]
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Fig. 1. Overview of Categories

3.2 Definitions of Severe Health Decisions

The strongest criterion of whether participants judged a medical decision to be severe
or not was whether it would alter the course of their life. They agreed that when they
had the choice to decide between contradicting treatments whereby one would alter the
course of their life irreversibly, such as an amputation or a high-risk surgery to remove
cancerous tissue, they would classify it as a severe health decision.

“Exactly, life-changing. An amputation or something. Of course, this builds up to
a decision where it’s really a matter of life and death. ‘Do I do the surgery and live
another 5 years or do I not do it and die in 2 weeks?’. So a severe medical decision
for me starts when it really affects your life, where it will never be the same again
[…]. If from a medical point of view it will be like before, I will be as healthy as
before the illness or before the accident, whatever, it is not a difficult decision for
me, because then the doctors will do what is right for me, […] everything will be
fine. But as soon as it has an impact on my life, it becomes a difficult decision for
me.” [male, 24 years].

“I would rather say when it comes to an operation or treatment where the
consequences, depending on the outcome, are irreversible.” [male, 26 years].

Meanwhile, if they were in a situation where medical help was necessary but the
course of treatment would ensure them getting back to “normal”, such as a broken leg
that needed to be set straight in a cast, they agreed that this decision was hardly severe as
there were no consequences that would inevitably change their life. One participant also
mentioned that the simple decision of seeking medical help alone would be a severe one,
as this meant admitting that they needed help in the first place. This concern however,
was not shared by the majority of the group. For the most part, seeking help was not
much of an issue but dealing with the consequences of deciding on and undergoing
therapy was hard for them.
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3.3 Changes in Relevance of Trust Conditions in Severe Health Decisions

Participants were asked to reflect on their definitions of severe health decisions and
their previously discussed factors for trust in interaction with the healthcare system.
Subsequently, they were asked to combine their factors and outline any changes in the
importance of factors or even completely different trust conditions. To that end, no
one mentioned any novel conditions or factors needed for their trust in the healthcare
system. However, there was consensus among members of both focus groups that with
increasing severity and medical necessity, the importance of all facets of trust would rise
exponentially.

“…the importance of the criteria increases with the severity of the disease.”
[female, 24 years]

They also argued that thiswas because theywere forced to trust the system in a state of
medical emergency as they only had limited resources to help themselves. Collectively,
they agreed that if their health situation was not of critical status, they could spend more
time evaluating and considering their needs and wants. In turn, this would give them
more autonomy on the choice of medical help.

“If I had something serious, I think my trust would be greater, because I would
want everything to work smoothly. Then my trust would necessarily have to grow
because I would then voluntarily or involuntarily place myself in the care of other
people and from then on I would no longer have any control over myself.” [male,
26 years]

In both groups, there were two participants each that argued about the relevance
of empathy (of the treating physician) in relation to competence (of medical advice).
One of them would argue that in a medical emergency, competence would have to take
precedence over empathy, and they would renounce it if it added to the condition of
competence.

“Empathy then is no longer an issue for me. I wouldn’t care if he was empathic
or not, I would just like to know how I would be treated best.” [female, 26 years]

The other participants would then argue the especially in times of a medical emer-
gency, they would expect all the more empathy from their physician since they would
want to be educated, taken seriously, and have their worries considered. To them, that
was equally important when compared to the condition of competence.

“If I were to get a serious diagnosis and the doctor told me, but I don’t have time
now, I have to go to lunch, I think I would slap him in the face, that would make
my worries even worse, so empathy for me would be just as important.” [female,
24 years]

3.4 Group Differences in Answers

When comparing participants demographic characteristics, the most recognisable differ-
ence was that between participants working in the medical field and those not working in
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themedical field. In both groups, therewas one nurse and one health insurance employee,
respectively. Overall, they had a bleaker perception of the healthcare system, focusing
more on unfair insurance policies (specifically in relation to public and private insur-
ance), inefficient processes, monetary interest over patient interest, and an overworked
but under-appreciated system in general.

“I think that the healthcare system is not fundamentally bad, but it is simply far too
overloaded, so people are simply broken, whether it’s patients, doctors, or nurses.
I just think they can’ t cope anymore and it’s too much for everyone.” [female, 22
years – nurse]

“It’s really shocking to hear that from you [to the nurse], because as an outsider
I would say that everything is working quite well so far, because I don’t notice
anything bad about it.” [male, 26 years - engineer]

Participants that did not work in the medical field however, painted more optimistic
pictures, e.g., that the German healthcare system is generally satisfactory, the medical
treatment is very good, and the basis of it is fair and just towards every member of the
community. Another aspect that emerged was that male participants stated that, when
asked about what a severe medical decision meant to them, they had more issues with
seeking medical help in the first place. Female participants on the other hand, did not
share this concern but rather focused on the factual decision making outlined above.

“So for me, because I wouldn’t like to go to hospital, I wouldn’t like to admit to
myself that I have to go there, it’s the pride that makes it difficult for the decision.
So putting myself in the care of other people to get better, I would say that’s a bit
of a threshold.” [male, 26 years]

“If it’s a serious illness, then I’d be more concerned with the "what therapies can
you do". I’d find that more stressful than going to hospital or to a doctor at all.”
[female, 52 years]

4 Discussion

In this section, the findings of the focus group are discussed, startingwith the key insights
of the study. Afterwards, the strength and weaknesses of the approach are described and
implications are derived.

4.1 Key Findings

This study employed a qualitative focus group design with the purpose of defining severe
health decisions and establishing relevant trust conditions in such interactions with the
healthcare system. In that respect, participants agreed on severe health decisions as
life-altering, often irreversible choices of treatment. There were individual differences
about the perceptions of when a severe decision begins, ranging from the decision to
seek out medical help to actively making a decision to get a particular treatment which
were mediated by gender. Moreover, participants working in the medical field had an
overall worse impression of the current state of the healthcare system and met the trust
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conditions with more suspicion that participant that did not work in the medical field.
This suggests that (previous) experience with the medical system severely impacts.

Based on the answers and discussions in the focus groups, relevant trust criteria
included competence & efficiency, cost allocation & fairness, and communication &
empathy. These factors increased in significance when participants imagined having to
make a severe decision in the context of the healthcare system. While most participants
agreed that all factors remained equally relevant but only increased in necessity, some
argued about trading of empathy & communication for competence & efficiency. These
findings corroborate previous research on trust conditions in the healthcare system [20,
21]. While some studies may have come to different groupings of dimensions, there
are several common conditions, e.g., competence, empathy, communication, and trans-
parency. In essence, these criteria are in linewith the theoretical basis of trust with respect
to structural and interpersonal trust [19]. What this means is that participants construe
their trust heavily around the institutional and situational expectations and their inter-
personal contact with medical personnel and most prominently, their treating physician.
Connecting this back to the use of assistive technology, it becomes clear that trust is
embedded in all of these situations and whether patients trust their healthcare provider,
both on a macro- and micro-level, is essential for the integration of any such technology.
The results also show that there are individual differences and trade-offs when it comes
to the relevance of these factors.

4.2 Strengths and Weaknesses

As with any study, there are several strengths and weaknesses. First of all, the broad
identification of relevant trust parameters in healthcare focusing not on specific entities
or specific contexts (e.g., pandemic) can be considered helpful. It builds a basis for
deepening and elaborating on the trust parameters needed in decision situations in the
healthcare system. The results also show changes in the identified trust criteria: it relates
and compares criteria within different situations of (severe) health decisions. These
things serve as a first step that enables consecutive quantifications and experimental
analyses.

However, subsequent (quantitative) studies are necessary to validate the findings
while the influence of specific contexts and individual situations could be investigated in
more detail. With regard to the sample, it is worth noting that it was relatively balanced
with regard to gender and diverse professional backgrounds but still comparatively small
and young. Therefore, perceptions of older people (aged 65 years and above) should
be considered in future studies as they represent. Lastly, the sample was conducted
in Germany on German participants which limits the generalisability of the definition
of what the healthcare system constitutes. While some aspects can be interpreted as
universal (e.g., communication & empathy), there are grave (inter)national differences
in how the healthcare system is conceptualised. Adding to cultural implications, this
needs to be taken into account and compared with other healthcare systems in other
countries to derive robust results and trust criteria.
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4.3 Implications and Conclusion

Although these findings are in linewith existing literature on trust in general, they provide
new insights into trust-relevant and trust-building factors related to severe health deci-
sions. Moreover, looking at this topic from different perspectives, such as professional
experience, has strong implications of the various requirements needed for different
groups of people. The qualitative identification of relevant factors for trust in healthcare
systems in severe health decisions opens up the possibility of validating the findings in
subsequent quantitative studies. Furthermore, these results broaden the understanding
of people’s requirements for trust in healthcare within severe health decisions, paving
the way for investigations of trust-relevant factors of using assisting technology in such
severe health situations. In future studies, this interplay of variables should be broad-
ened and other influences, such as health literacy and knowledge and expectations about
the working of the medical system, could be taken into account as well. Globally, this
study enables the identification of crucial requirements for patients to trust their respec-
tive healthcare provider. Moreover and by contributing to a greater understanding of
the patients’ needs, with the results of this study, recommendations for a more targeted
and demand-oriented communication between the various stakeholders in health care
systems can be derived.
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Abstract. The aim of the study is to explore trust in health information among
Icelanders´ who have reached the age of 56 years and older. In particular, it will
examine their perceptions of factors that impact the evaluation of the quality of
health information and their experience of false- and misinformation, as well as
their media and information literacy in connection to it. The following research
questionswere asked: (1)What are older adults experience of false information and
misinformation in relation to health? (2) How do they perceive their capabilities
of critically evaluating and selecting quality health information? The data was
gathered in April to June 2022 by a telephone survey and an internet survey
from random samples of 214 people aged 56 years and older. Both datasets were
merged, allowing answers from all individuals belonging to each set of data. The
total response ratewas 45%. Themain findings are that the participants were rather
confident about their ability to detect false- or misinformation about health and
were not troubled by it. Information from health professionals was considered
most reliable, and health information in social media the least. Nevertheless, it
seems that during COVID-19 older adults have become more skeptical of health
professionals. Furthermore, the findings indicate that the participants are more
familiar with printed sources and that they find it easier to critically judge the
quality of information in it rather than in digital sources. Thus, health information
sources that they are more accustomed to use still seem to hold a higher value for
them than digital sources.

Keywords: False information ·Misinformation · Older adults · Trust in health
information

1 Introduction

The study investigates older Icelanders´ trust in health information. In particular, it will
examine older adult´s perceptions of factors that impact the evaluation of the quality
of health information and their experience of false- or misinformation, as well as their
media and information literacy in connection to it. False information is defined as infor-
mation which is deliberately published or presented for the purpose of deception, while
misinformation is not put forward with the intention to deceive the receiver although it
is not in accordance with what the scientific world considers correct [1–3].
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The COVID-19 pandemic has drawn attention to the significance of quality health
information and the serious harm that can be caused by the spread of false- or misin-
formation. Access to trustworthy health information, and the ability to select and use it,
is of great value for people’s health and wellbeing. The importance of making the right
behavioral choices for maintaining health has been described as a joint responsibility of
individuals and society [4, 5]. The society has an obligation to provide people with the
means to obtain quality health information and individuals need to respond by taking
advantage of it.

UNESCO and IFLA have put forward a joint definition of media and information
literacy, recognizing it as a crucial factor for lifelong learning. Beingmedia and informa-
tion literate allows individuals ability to “…knowwhen and what information is needed;
where and how to obtain that information; how to evaluate it critically and organise
it once it is found; and how to use it in an ethical way” [6]. At the core of it, and a
prerequisite for people to be able to benefit from health information, is critical thinking
and the capacity to use it to evaluate information quality. Furthermore, more research
into how people evaluate digital health information is being called for [7].

Information and communication technology has rapidly transformed the possibilities
to produce, disseminate, and access information, a progress that can be expected to
continue in the coming years. Although older adults´ lag behind those who are younger
there has been a substantial growth in their use of digital sources. This includes the use
of the internet, as well as mobile technology such as smartphones and tablet computers
[8–11], and the same goes for the use of social media [12]. Alongwith advances in digital
technology and the growing amount of digital health information, new possibilities have
beenbrought for people tomanage their ownhealth, practice better self-care, and improve
their health behaviour [13]. For this to happen it is necessary that older people find the
technology easy to use [14, 15], have confidence in the information sources and believe
that they can trust the information found in them.

There are indications that health informationon the internet is regarded as less reliable
than information from other sources or channels [16–20] and that older adults prefer to
rely on health professionals to guide them to reliable information [21]. Nevertheless,
there are signs that trust in health scientists has decreased since the outbreak of COVID-
19 [22]. In addition, it has been noted that older adults can find the amount of online
health information to be confusing and difficult to choose from [23], and that it, together
with lack of awareness about the sources providing the information, could explain their
mistrust in online health information [24]. However, there are also indications that the
perceived importance of online health information has been growing, particularly in
countries that had high Internet usage [18, 25].

In particular, it has beenwarned that false- andmisinformation is being spreadwidely
on social media [26, 27]. A report from Iceland shows that the general public has very
limited trust in socialmedia as a sources of information aboutCOVID-19 – [28].Analysis
of user profile characteristics revealed that thosewith the lowest and highest levels of user
and membership levels were the most responsible for publishing misinformation [29].
Furthermore, it has been reported that although older adults were more confident than
those who are younger that they can identify media sources that do original reporting
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they, nevertheless, were more uncertain when it came to distinguishing the origin of
media news than younger people [30, 31].

People can obtain a wealth of health information in various forms and through
different information channels, whether it is online or offline. However, this has also
created a challenge, as to knowing what information is reliable, how to interpret it,
and realizing how it can be used for maintaining health. The increase in false- and
misinformation about health has been described as a complex issue that may create
serious health risk. False- and misinformation is, however, not a novelty. For example,
discussions about the possible side effects and even harmful effects of vaccines, with
false- and misinformation being widely used, has regularly appeared over the years [32–
35], and during the first years of theHIV epidemic false- andmisinformationwere spread
which caused seriously harmful effects on people’s lives [27]. It has been reported that
people believe that false- or misleading information about COVID-19 have exacerbated
problems in relation to the epidemic [36]. International organizations have warned that
false- and misinformation, recently termed as “Infodemic”, can cause serious harm
during an international epidemic such as COVID-19 [37]. Furthermore, an identification
ofways to counteract the situation has emphasized the importance of supporting people’s
media and information literacy [38].

In an ever more complex information landscape, the resources required to assess the
contents and functions of health information have become increasingly more important.
Howpeople are able to handle the amount of health information byfiltering accurate facts
and come autonomously to their own conclusions is of great significance. Thus, there is
an important societal demand in terms of empovering the people to think critically when
they form an opinion on what health information is reliable, if it has been produced in a
meaningfulmanner, and howhealth information can be utilized. This, however, cannot be
achieved without knowledge about how people are able to evaluate the trustworthiness
of health information. Leveraging media and information literacy skills could be of
great value to help mitigate the harmful effects of false- or misinformation. Yet, studies
assessing media and information literacy and trust in health information among older
adults are scarce internationally [39], and in Iceland there is a great need to build up
more knowledge about the topic.

Aim and Research Questions. The aim of the study is to explore trust in health infor-
mation among older Iceland. The start of a retirement age is sometimes used to define
“elderly” in Western countries [40]. Retirement age varies, however, between countries,
it starts for example at 58 years in Lithuania, while in Iceland people can retire at the age
of 65 [41, 42]. Thus, defining older age by retirement age is rather arbitrary. Considering
that there is no clearly defined age when people become older adults it was decided to
examine people who have reached the age of 56 years and older. In particular, it will
examine their perceptions of factors that impact the evaluation of the quality of health
information and their experience of false- andmisinformation, as well as their media and
information literacy in connection to it. The following research questions were asked: (1)
What are older adults experience of false information and misinformation in relation to
health? (2) How do they perceive their capabilities of critically evaluating and selecting
quality health information? The project has both theoretical and applied value. It will
address a gap in the existing literature both internationally and in Iceland and produce
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more knowledge on the matter. In addition, a better understanding of the factors that
relate to older adults’ media- and information literacy can have implications for health
promotional activities and may be used to improve the outcome of health education.

2 Methods

2.1 Data Collection

Because the intention is to be able to generalize the results of the study to people aged
18 years and older in Iceland, a survey method was chosen. Data were gathered in from
April to July 2022 from two samples using an internet and a telephone survey. The
total sample for the survey consisted of 1.200 hundred people, 18 years and older. For
the telephone survey, a sample of 300 people aged 60 years and older from the whole
country, randomly selected from the National Register of Persons in Iceland, was used.
For the internet survey a random sample of 900 people at the age of 18 to 59 years, from
the Social Science Research Institute at the University of Iceland net panel, was used.
The net panel is based on a random sample from the National Register of Persons in
Iceland and consists of people aged 18 years or older from the whole country who has
agreed to participate in online surveys organized by the organization. Both datasets were
merged, allowing answers from all individuals belonging to each set of data. The total
response rate was 45%.

Because of the response rate in the study, the data were weighted by gender (male,
female), age in six categories, residence (within or outside the capital area) and education
(primary, secondary, university) of participants so that they so that it correspondswith the
distribution in the population. Reference figures for age, gender and place of residence
were obtained from the National Registry of Iceland and for level of education from
Statistics Iceland.

The current paper, however, focuses on a total of 214 participants who have reached
the age of 56 years and older.

2.2 Measurements and Data Analysis

The measurements consisted of two sets of questions that are presented in Tables 1 and
2. Four questions examined the experience of false- and misinformation about health
issues (e.g. about COVID-19 or any other health-related issue), see Table 1.

Six questions explored the participants beliefs about their ability to select reliable
health information that they can trust, see Table 2.

The analysis of the data is descriptive. All analysis is based on weighed data.
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Table 1. Experience of false information or misinformation

Questions Response scale

How concerned are you about
receiving false information or
misinformation?

Five-point scale: very concerned – very small concern

How easy or difficult do you find it to
recognize false information or
misinformation?

Five-point scale: very difficult – very easy

Have you come across false
information or misinformation about
health (e.g. about Covid 19 or any
other issue related to health)?

Two-point scale: yes – no

How often or selvdom have you come
across false information or
misinformation about health in the
following places? A total of eight
places were listed (see Fig. 2)

Five-point scale: very often – very selvdom

Table 2. Beliefs in ability to select reliable health information.

Questions Responce scale

It is easy to select quality information that
I can trust

Five-point scale: strongly disagree – strongly agree

If information is from sources whose
background I do not know, it is difficult to
know if it is reliable

Five-point scale: strongly disagree – strongly agree

It is easy to recognize reliable
information on the Internet

Five-point scale: strongly disagree – strongly agree

The amount of nformation on the Internet
makes it difficult to decide what is reliable

Five-point scale: strongly disagree – strongly agree

I always trust information from health
professionals

Five-point scale: strongly disagree – strongly agree

Health experts don’t always agree on
what is best so I don’t know what
information I can trust

Five-point scale: strongly disagree – strongly agree

3 Results

The chapter starts by introducing results about the participants experience of false- and
misinformation. After that, results about their perception of the ability to judge the
quality of health information is presented.
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Fig. 1. Concern about false- or misinformation and ability to recognizing it

As can be seen in Fig. 1, the participants claimed not to be particularly worried about
false- or misinformation. A total of 63% replied that they did not have concerns about
receiving it. In addition, they had, in general, belief in their own information literacy, as
45%of them considered it either very or rather easy to recognise false- ormisinformation
while 22% found it difficult.

When asked if they had ever come across false- or misinformation the majority, or
69%, replied that they had not come across it, while 31% claimed that they had. However,
when they were asked how often or selvdom they had come across the information in
eight different sources, the results indicate that this is more common than so (see Fig. 2).

Figure 2 shows that social media was considered by far to be the most likely place
for false- or misinformation. A total of 60% claimed that they had come across it very
or rather often in social media and in addition to this 33% replied sometimes. After that
come websites from others than health authorities, with 37% claiming to have come
across it very or rather often and a further 37% sometimes. In addition, close to half of
the respondents had sometimes come across this type of information in the media (47%),
through conversations with relatives, friends or acquaintances (45%) or others (44%).
The least likely sources for false- or misinformation were brochures and websites from
the health system with 78% and 62%, rescpectively, claiming that they had never come
across it there.

Resuts about the participants perception of their ability to judge the quality of health
information is presented in Figs. 3, 4 and 5.
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Fig. 2. Coming across false- or misinformation in different sources

As can be seen in Fig. 3. More than half of the participants consider it easy to select
information that are trustworthy. Furthermore, the greatmajority of them is of the opinion
that judging the reliability of information that come from unknown sources is difficult.

The results in Fig. 4. Show that there is a tendency to view the Internet as a rather
dubious source of information. The percentage of those who disagree that it is easy to
realize whether information on the Internet is reliable is only slightly higher than those
who agree. However, when this is put into context with the amount of information that
can be found on the internet more than half of the participants agree that it is difficult to
decide what information is reliable.
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As can be seen in Fig. 5., the participants expressed a lot of confidence in information
from health professionals. The great majority claimed that they always trust information
from them. However, when asked more specifically, almost half of them agreed that they
did not know what information could be trusted if health specialists themselves do not
agree on what is best for health protection.



Trust in Health Information Among Older Adults 181

77% 

48% 

9% 

25% 

14% 

27% 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

I always trust information from health
professionals

Health professionals don't always agree on
what is best so I don't know what

information I can trust
Very/rather agree Neither/nor Very/rather disagree

Fig. 5. Trust in information from health professionals

4 Discussion

Trust plays a central role in health information behaviour and can influence it in many
ways. It can for example have impact on people’s health information seeking, the sharing
of it, as well as the acceptance of health information. The current study investigated
factors that can connect to the evaluation of health information among people in Iceland
who are 56 years and older in relation to their media and information literacy.

The study shows that the participants were not particularly concerned about false- or
misinformation about health. Furthermore, they had in general belief in their own ability
to recognise it, as well as being able to select quality health information. When asked
where they had come across false- or misinformation, social media stood out as the most
likely source and they expressed great mistrust towards health information found there.
This corresponds with previous reports [26–28], as well as warnings that the features of
social media mean that false- and misinformation is being spread faster and further than
with other sources [29, 38]. Thus, it seems that the participants showed caution in relation
to social media. Mistrust of information on social media can also be viewed in relation
to attitudes towards health information in other internet sources. The participants were
rather inclined to consider the internet as a suspicious source and believed that it is not
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easy to realize which information is reliable. Particularly, when considering the amount
of health information that needs to be filtered through, which agrees with what was noted
by Chung et al. [23]. In addition, they were wary of unknown sources. The great majority
(82%) believed that it is difficult to assess information in sources whose background they
do not know. They, furthermore, claimed websites from others than health authorities to
be the second most likely source of false- or misinformation, whereas the possibility of
finding it in brouchures from outside of the healthcare systemswas deemed considerably
lower.

Brochures and websites from the health system, on the other hand, were considered
the least likely sources for false- or misinformation by an overwhelming majority (92%
and 84% respectively). In fact, a lot of confidence was expressed in information from
health professionals as the majority claimed to always trust it. However, when asked in
more detail, it became clear that this is not unconditional and that there may be cases
when people do not fully trust information from them. Almost half (48%) of replied
that because health professionals do not always agree on what is best to do for health
protection, they did not know what information could be trusted. This is a considerably
higher rate than when the same question was asked in 2019, when 26% was of this
opinion [13]. This is, furthermore, in line with other findings about decline in trust
towards the medical system [22]. Moreover, it was interesting to notice that websites
were considered somewhat less trustworthy than brochures, even when both came from
the health system. Thus, there seems to be a tendency to have more faith in information
on print than digital, although those who provide it are the same.

5 Conclusion, Limitations and Policy Implications

The study explore older adults´ trust in health information by examining their experience
of false- and misinformation, as well as their perceptions of factors that impact the
evaluation of the quality of health information. Answers were sought to two research
questions. The first one asked about older adults experience of false information and
misinformation in relation to health. The findings showed that the participants were
not troubled by false- or misinformation about health and they seemed to be rather
confident about their ability to detect it. Social media was considered to be most likely
to spread false- or misinformation while health professionals were believed to be least
likely to do so. The second question asked how they perceived their capabilities of
critically evaluating and selecting quality health information? The findings indicate that
the participants had faith in their ability to select quality health information. Although
information fromhealth professionalswere regarded as trustworthy it nevertheless seems
that during COVID-19 older adults have become more skeptical of health professionals,
as trust in information from them has declined since 2019. Furthermore, the findings
indicate that the partipants are more familiar with printed sources and that they find it
easier to critically judge the quality of information in it rather than in digital sources.
Thus, health information sources that they are more accustomed to use still seem to hold
a higher value for them than digital sources.

The overall study is limited by a total response rate of 45%.Although hismay be con-
sidered satisfactory in a survey it raises the question whether or not those who answered
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the survey are giving a biased picture of those who did not respond. To compensate for
this bias, the data were weighed by sex, age, place of residence and education, so that
it corresponds with the distribution in the population. Thus, the findings may provide
valuable information.

There is an important societal demand in terms of empovering the general public
to think critically when they form an opinion about the quality of health information.
Without knowledge about how people evaluate the trustworthiness of health information
this cannot be achieved. The policy implications of the study findings are that health
authorities and professionals together need to findways to enhance older adults’ capacity
to evaluate health information sources in different forms and sources.
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Abstract. In this paper, we present the preliminary results of a pilot study with
older adult patients in the design and conceptualisation of a gamified medication
education. The study aimed to assess patients’ level of understanding of their
health conditions, prescribed medications and gather their feedback for the game
design named ‘Tamamon’. Interviews were conducted with 10 older adult patients
aged between 53– 76 (M= 64.3, SD= 6.77). A range of proposed Tamamon game
concepts and mini games were used to elicit ideas. They allowed participants to
contribute their feedback and comments so that the research team could gain a
deeper understanding of older adult patients’ desire to play. We gathered older
adults’ feedback/comments on the proposed game mock-up, and their preferences
on the look-and-feel, game mechanism. Preliminary findings show older adults’
interests in gamified solutions for medication education. The paper concludes
with a discussion on recommendations to revise the game mock-up before further
development.

Keywords: gamification · medication education · medication adherence ·
mobile game

1 Introduction

The term “medication adherence” refers to patients consuming their prescribed medi-
cation at the proper time and in accurate dosages. According to the World Health Orga-
nization (WHO) [1], poor medication adherence among patients is a costly problem
in many countries. Non-adherence to medications can lead to readmissions and higher
use of healthcare resources. Patients in the recovery phase have been reported to feel
vulnerable and have the lack of motivation which leads to medication non-adherence
slowing the recovery process [2]. Even within developed countries, the WHO reported
that medication adherence among chronically ill patients averages only 50% with even
lower rates in developing countries [1]. Lack of medication adherence remains the pri-
mary cause of unnecessary disease progression, complications, reduced ability, lower
quality of life, and even avoidable mortality [3].
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Reasons for non-adherence tomedicationmay arise from lack of sufficient education
about their medical conditions and medications, fears about potential and actual side
effects of medications and polypharmacy. More education should be given to patients to
address underlying reasons for potential non-adherence to medications, but healthcare
workers are limited bymanpower constraints and highworkload.Medication counselling
is often only given to patients on the day of discharge, which often leads to cognitive
overload and insufficient information may be given to patients on what they can do if
they experience problems with their medications.

In our Patient Alert Care Education (PACE) framework [4], we addressedmedication
adherence for patients with chronic conditions (tuberculosis) and provided theoretical
underpinnings for the practice of holistic patient care in healthcare settings [4, 5]. PACE
focuses on 3 areas (i) personalised communication support; (ii) patient generated media;
and (iii) education [6].

In this study, we leveraged on the PACE framework in designing a gamified solution
for medication education in older adult patients. Our solution was to provide a gamified
educational platform that allowed patients to learn more about their medications during
their hospital stay at their own time. This might in turn improve awareness of health
conditions and medications.

2 Literature Review

2.1 Gamification

Gamification is defined as the application of typical elements of game playing (e.g., point
scoring, competition with others, rules of play) to other areas of activity, typically as
an online marketing technique to encourage engagement. According to a study done by
Singapore General Hospital (SGH), it was found that 60% of older people surveyed did
not take their medications as prescribed by their doctors, which is higher than the average
50% in international studies [7]. With the growth in elderly population in Singapore, the
prevalence and predictor of medication non-adherence among older adult with at least
one age-related chronic disease has been investigated [8], which is why non-medication
adherence is a pertinent problem that contributes to the health issues of elderly. In
this review, we examined the effectiveness of using gamification to improve medication
adherence and the factors in improving the adherence to the games itself, which thereafter
improved the adherence to mediation and information provided by the gameplay.

2.2 Adherence Motivation

One common theme seen across all studies is the importance of keeping motivation and
enjoyment in games for older adults to adhere, therefore improving their medication
adherence. Boot et al. (2016) agree that when designing digital game-based interven-
tions, these games should not only be fun and enjoyable, but also allow for learning
and furthering of the user’s abilities [9]. Intrinsic motivation is an important factor in
influencing people’s learning performance and technology anxiety [10]. With increased
motivations to continue utilising the games, there is retention thus habits and adherence
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towards the game. One of the most important functions of gamification is to offer older
adults the experience of playing game, while subconsciously absorbing the learning
points. In games, players’ intrinsic motivation, such as doing an activity for its inherent
satisfaction and pleasure rather than for some separable consequences, plays an impor-
tant role in explaining players’ engagement [10]. It is crucial for games to be challenging
yet enjoyable for users to be both motivated yet learning when playing the games.

2.3 Effectiveness of Gamification Towards Medication Adherence

A study conducted by the National University of Singapore found that gamification is
effective in increasing users’ attention when engaging in mobile health applications and
encouraging both healthy and unhealthy people to maintain their health status [11]. A
review done by Pérez-Jover et al. in [12] also showed the rate of missed medications
was lowered by 28% among app users who completed at least three “7 Day Challenges”.
This finding demonstrated a potential of such mobile solutions to improve medication
adherence in the early postoperative period when patients may be at highest risk for
medication non-adherence. A study done by Lurchenko in [13] has found a direct cor-
relation between missed doses and level achieved in the game system. Overall, it shows
a positive influence of the game element of the proposed solution to the medication
adherence of the transplant patients.

Multiple sources have agreed that social interaction element in games allow the
enhancement of well-being in older adults. Age-related visual decline, manual dexterity
and usability issues of interface designs need to be considered carefully at the consider-
ation for the older adults [14]. Studies have also found that social companions in gaming
can keep users motivated in habitually utilising the games. With the addition of social
interaction aspect, motivation in using the games by the users will increase. Not only
that, research from Badawy in [15] also agrees that habit strength is strongly correlated
with medication adherence, with stronger habit being associated with higher medication
adherence rates. By collaborating habit to gamification, games can be designed for play-
ers to develop a habit in regularly playing the games, such as storylines and daily quest
and rewards. With such formed habits, players are more familiar with the medication
information taught in the game and thus increase the rate of medication adherence.

Though there are limited studies on the improvement of medication adherence
through gamification, there may be a positive correlation that needs to be furthered
observed and studied on how the habitual use of gamification is able to improve the
rate of medication adherence. With the rising trends of older adults’ non-adherence
to medication in Singapore, it is crucial for interventions to not only be functional
but also meaningful to ensure long-term application of gamification as well as overall
improvement in medication adherence and quality of life.

3 Tamamon Application

Tamamon is a Tamagotchi-like mobile gamified solution designed to teach older adult
patients about medical conditions, ways they can understand their medications, side
effects, and tips on how to stay healthy.
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Taking into consideration patients’ gender and language barriers, the application
includes a gender-specific (Male or Female) layout and a function to toggle between
languages (English or Chinese). Notably, there will be no differences in content and
customizations.

Players have a collection of Tamamon eggs (Egg Dex). The objective of the game is
to take care of the Tamamon eggs, hatch them and evolve them. At the start, players will
require to play mini games to fill up their hatching bar so that the Tamamon will hatch.
Once hatched, players may continue playing mini games to fill up their Tamamon EXP
(experience) bar to evolve them. Tamamon and their subsequent evolutions are diverse,
and each represents a drug class for the treatment of diabetes and hypertension. Infor-
mation related to the medication will be regularly displayed throughout the gameplay.
Figures 1, 2, and 3 show examples of mock-ups of the Tamamon application.

To aid in knowledge transfer from the gameplay to real life, various authentic aspects
of a patient’s life were integrated into the gameplay. As an example, the application
features a collection of mini games as shown in Fig. 4. These mini-games were designed
to be educational, representative, and fun. In the case of “Puzzle Sliding” (mini game),
the game aimed to provide tips on maintaining a normal blood glucose level. With the
previously mentioned elements in mind, the game related to the patient by showcasing
commonly eaten food and making the tips salient and easy to understand.

Fig. 1. Tamamon Gameplay Workflow.

Fig. 2. Tamamon Index.
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Fig. 3. Example of Mini Games.

Fig. 4. Collection of Mini Games.

4 Methodology

Older adult patients were recruited from Integrated Care Hub (ICH), Tan Tock Seng
Hospital, a national hospital in Singapore, for an in-depth interview. The patient par-
ticipants were recruited via convenience sampling where the team obtained assistance
pharmacist from Tan Tock Seng Hospital to engage patients that fit the study criteria.

The study was conducted both quantitatively and qualitatively, via an online survey
and semi-structured interviews. The process took approximately 1 h. Both online survey
and interview were anonymous, and pseudonyms were used during the interview to
protect the identity of the participants. The interview was audio recorded and recording
transcribed for the purpose of analysis. The following data was collected: i) Patients’
Belief about Medication (BMQ); ii) How patients manage medication; iii) Patients’
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health, and health progression; and iv) How patients look for information. The interview
also consisted of open-ended questions that were crafted specially to draw out a wide
range of responses about participants’ management and understanding of their medical
conditions and general attitude towards gamification of medicine education were asked.
Table 1 lists the questions used in the interview. Papermock-ups of the Tamamon concept
and minigames were presented to the participants to aid in the visualization of the
application.

Table 1. Questions used for interview.

Section Questions

How they manage their medications and
understanding about their medical conditions

Q1. Do you know what medical conditions
you have? If patient is unsure, prompt them
about high blood pressure and/or diabetes
a. Do you know what you need to do to control
these conditions?
b. Do you know what will happen if these
conditions are not well controlled? If unsure,
prompt about heart attack, stroke, kidney
damage, eye damage, poor healing wounds
c. Would knowing these complications
motivate you to have better control of your
conditions?

How they look for information Q2.Where do you usually find answers to
your health-related questions?
a. For example, if you feel unwell after taking
a particular medication, what would you do?
E.g., giddiness with blood pressure medication

Acceptability of a mobile game to educate the
participants on their medications and medical
conditions

Q3. Do you usually play games online or on
your mobile devices? What kind of games do
you play?
a. Do you think adults can learn from games
like how children can learn from the games
that they play?

Q4.What other things do you usually use your
mobile phone to do? or what are the apps that
you usually use? E.g., WhatsApp, online
shopping, watch YouTube, internet banking

Perception and feedback on a mock-up
version of the mobile game to be designed

Q5. If you were given a game that looks like
this (referring to the mock up), would you be
interested to play this game?
a. Why are you interested or not interested?
b. If not interested, what would interest you to
try?

Note. Feedback includes how the participant will interact with the mobile game, ease of use and
improvements required in the design.
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The interviews were individually conducted in person. User information was
anonymised and pseudonyms were used to protect the identity of the participants. The
interview was audio recorded and recording transcribed for the purpose of analysis.
The responses were extracted from the interviews, then coded and analysed using the-
matic analysis to get insights into patients’ existing level of understanding of his/her
health conditions and medications prescribed during ICH inpatient stay, on discharge,
and post-discharge (i.e. pre- and post- interventions) as well as their attitudes towards
the application.

A paper mock-up version of the mobile application was used. Participants were
shown screenshots of the game to aid in their feedback on the interface design. For
example, the factors that would interest participants to download the game to play.
The paper mock-up version (see above) includes the gameplay (see Fig. 1), Tamamon
Collection (see Fig. 2), and Mini Games (see Fig. 3).

5 Results and Findings

We recruited 10 older adult patients aged between 53–76 from Integrated Care Hub
(ICH),TanTockSengHospital, a national hospital in Singapore, for an in-depth interview
(5 males and 5 females) (M= 64.3, SD= 6.77). The participants were labelled as M1 to
M5 for male participants, and F1 to F5 for female participants. A summary and findings
of the main issues raised from the data collected are discussed in three main aspects: (i)
Health awareness and Lifestyle habits; (ii) Perception on games; and (iii) Response to
the mock-up game. Health Awareness and Lifestyle Habits.

Majority of participant patients, seven out of ten, had an understanding of what medi-
cal conditions they had. There is also a high level of understanding among the respondent
on the consequences of not controlling their conditions well. 40% of respondents were
not aware of the importance of having a healthy diet and medication adherence prior to
being admitted. M1 mentioned his tendency to forget his medication on weekends as he
left them on his office desk.

Respondents have also admitted that they did not exercise as much as they should
be. Only 30% of respondents do physical activities often, be it intentional exercise or
doing housework.

When respondents were asked on the resources most frequently used to find answers
on health-related doubts, four male participants (M1, M3, M4 and M5) and one female
participant (F1) (50%) mentioned the use of a search engine, specifically Google to
clarify any of their doubts, while two male participants (M2, M4) and four female
participants (F1, F2, F3 and F5) mentioned the consultation of doctors if they had any
doubts to clarify, with also some (M1, M5) mentioned the consultation in friends and
family.

5.1 Perception on Games

Majority of respondents, 60%, played some forms of games, whether it was on mobile
devices and/or board games. Threemale participants (M1,M2&M3)weremore frequent
phone gamers, while the rest did not partake for various reasons. F1 and F5 mentioned
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the fear of phone gaming addiction while F3 and M5 commented a lack of interest,
considering it as ‘waste of time’. Overall, majority of the respondents agreed that games
could be a possible way for adults to acquire medication knowledge..

5.2 Response to Mock-Up Game

Design and Graphics Feedback
Two male respondents (M1, M3) felt that the graphics were too child-like and suggested
a more mature design that would appeal to them better. M1 preferred a less “cartoon-
ish* design and noted that the design would appeal to a younger generation. M5 also
mentioned his preference in having graphics that evoke nostalgia. 5 (M2, F1, F3, F4 &
F5) out of 10 respondents, however, were receptive to the designs, mentioning that they
were in favour of the eye-catching graphics and cute expressions, and approved of the
idea of collecting different characters after hatching the egg. It is noted that among the
6 respondents who viewed the graphics positively, four were females (F1, F3, F4 & F5).

Minigames Feedback
Respondents had also pointed out on the importance for the games to be interesting and
relatable for them to ensure continuous engagement. While F1, F2, F4 and M2 were
more receptive and found most games quite interesting., F3 felt that she might not have
the patience to complete the game, especially if it got too repetitive and time-consuming
and reiterated the need to for the game to serve a purpose. M4 had also continuously
voiced his disinterest in some of the games as it was not the type of game he would play,
but rather his grandkids would.

Inclusion of Additional Features
Respondents mentioned the need to include additional aids in the game to improve
positive experiences for users. M1 and F4 noted that the educational mini games needed
to be designed simple enough to be easily understood, such as using simple layman’s
terms. F1 and F2 pointed out the importance of having a gameplay tutorial to ease players
into the game. M3 also preferred less words in the information provided; suggested a
more infographic style of presenting the information.

Respondents mentioned the need to cater to patients with varying disabilities as
to allow inclusivity when playing the game. Respondents suggested less fast-moving
graphics as F2 mentioned the issue of dizziness when playing phone games, while M1
andM2 replied they were not keen in fast-moving games. F3 and F4 also stated the need
for text to be made available in larger fonts sizes for differing eyesight problems.

6 Discussion

Based on our findings, we recommend the following elements to be included in the future
development of Tamamon:

a. Customisation. The heterogeneity of older adults must be considered as individu-
als have distinct personal preferences. This includes varying inclinations to different
types of games, graphics, and difficulty levels. Gendered differences in preferences
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for the game graphics were found. Varying designs can be made available, including
futuristic or endearing themes or styles to appeal to different likings. More age-
appropriate designs, as well as brighter colours and motifs may be applied. Operating
the games in ‘Easy,’ ‘Moderate’ and ‘Challenging’ mode is suggested to accommo-
date players of differing skill levels. Games with the ability to be played in fast and
slow tempo will be beneficial to cater to those who enjoy high and low pace respec-
tively. Therefore, players should be given the option of adjusting settings such as
choosing their preferred graphics, difficulty levels and speed. Nostalgic elements can
be integrated for relatability. This may come in the form of game features that allow
players to relate to past experiences such as their previous occupations and encoun-
ters. Game components that can be tailored according to players’ various wants and
needs will successfully drive-up adoption, retention and satisfaction.

b. Competition, progression, and incentives. Older adults were driven by winning,
high scores and levelling up. By infusing multi-player functions and leadership
boards, Tamamon becomes more appealing as these game elements create a sense of
satisfaction and achievement in players when they improve or achieve victory, moti-
vating them to utilise the app more A daily or weekly quests system allows player
retention in the game. Quests provide players with a task and an accompanying prize
that acts as a motivator for them to advance in the game. Gamification reward pro-
vision stimulates positive reinforcement with the completion of quests. Examples of
rewards include points, upgrades and unlocking of further content. Visualisation of
the game progress as a path was also a feature that older adults were receptive to.
However, while challenges enthuse them, at the same time, the games must be simple
enough to get a hang of easily. In short, there should not be overly complicated rules.
A balance of challenging and easy aspects must be achieved.

c. Accessibility. Although the games can help older adults with coordination, the phys-
ical constraints of players must be considered as some may have reduced function
on one hand. Thus, the games should ideally be single-hand play. To further enhance
inclusivity, games may be modified to accommodate those with other disabilities
such as deafness by incorporating more visuals rather than audio. There should be
the option of adjusting font size for those with sight issues to be able to see and nav-
igate the app better. Information must be condensed to make it easier for older adults
to read and understand. This includes using less words and utilising an infographic
style of presenting the information (blend of images and text) as some people may
not prefer to read heavy chunks of text. By improving accessibility of the gameplay
elements, it would lower the barrier to play for the older adults and encourages them
to continue using the games.

d. General concerns: Information in Tamamon ought to be backed by credible sources
to allay older adults’ anxiety. For those concerned about game addiction, there can be
duration limits to set. To address the limited time due to personal commitments, the
option of pausing the game and allowing players to resume later may be implemented.

Previous research focuses on the links between gamification and motivating users
to engage in behavioural change. However, there is a research gap between motivation
and behaviour change - providing users the capability to change in the first place. This
study is in line with previous research on elements that enhances motivation in game
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[14, 15]. The results provide a better understanding of the age-appropriate elements that
can be incorporated into mobile application targeted at increasing medical adherence in
older adults. Specifically, customisation, competition, progression and incentives, and
accessibility were identified as elements that would increase older adults’ intention to
use the mobile application in the future. Furthermore, implications related to providing
older adults the capability and opportunity to engage in behavioural change can be
drawn. Using gamification, crucial healthcare knowledge is presented in an easy-to-
understand and attention-capturing way. The mobile application also plays the role of
an all-in-one healthcare resource; making it easily accessible and a reminder for older
adults to take their medication. Hence, this study is the first to provide insights into
how gamified behavioural change solutions on the mobile application can be used as an
education tool. The implication of this solution extends beyond behavioural change per
se, to broader questions of how such technology can be used to make healthcare simple
and approachable to older adults.
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Abstract. In the age of the Internet, a large number of animated films are being
used to disseminate information globally. The development of China’s “Internet
+ Aging” model has shown us that the elderly will increasingly use animation to
access medical and health information. As a group that is not noticed by the dom-
inant animation producers, the acceptance of animation by the elderly audience
and the essence and influence of the age factor are issues that the producers need to
understand. Based on a rhetorical framework, this paper compares the acceptance
of animated short films that convey serious information by older audiences over
the age of 60 and younger audiences under the age of 40 through a one-on-one
interview. The study summarizes the characteristics of older audiences’ reception
of serious information animation, points out the problem of unbalanced rhetorical
stance among short films, authors and audiences, dissects the past experience fac-
tor as the essential of the age factor, highlights the shift in core values of animation
creation and suggests creative suggestions.

Keywords: Animation · Rhetorical Stance · Age Factor

1 Introduction

China started to implement the “Internet+” strategy in 2015, combining traditional indus-
tries and Internet platforms into a new industrial ecosystem.With the rapid development
of China’s aging society, the “Internet+ Nursing” model has become an important way
to solve the imbalance between supply and demand of nursing care resources, which
includes personal health data visualization,medical knowledge popularization andhealth
guide services. China’s “Internet+ Aging” strategy is a microcosm of the global digital
trend overlaid with the issue of aging - the lives of the over-60s are inevitably being inte-
grated into the Internet and digital wave. Their difficulties in accepting digital products
are also becoming increasingly evident. Scholars refer to the “digital divide” as a barrier
to Internet awareness and adoption caused by the “old age” factor [2].

Animation is an important medium for presenting digital content on the Internet.
Animation is increasingly used to convey serious information, such as knowledge, and
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guidelines, and we call such animated short films Serious Information Animation (SIA).
Serious information animation can help viewers to get information, knowledge, and
make the right decisions and improve their lives. The demand for medical and health
information among the elderly is increasing daily. Much healthcare information is dis-
seminated through online SIAs to the elder viewers. As a result, older people, who were
not part of the target group of the animation film industry, have become the target audi-
ence for SIA. Therefrom I wonder whether there is a “digital divide” between the elderly
audience and SIA.What factors affect the effectiveness of serious informative animation
for the elderly audience? What are the individual factors behind age? The answers to
these questions can help producers understand the characteristics of older audiences,
guide the production of SIA and improve its effectiveness, and inspire the production of
SIA for different groups.

Since 2020, the Covid-19 epidemic has swept the world. This unfamiliar and highly
contagious disease has, on the one hand, created an urgent need for people to learn about
it and, on the other hand, accelerated the digitization of people’s lives and work in a
short period of time, giving rise to online meetings, online consultations, etc. While
medical expertise literature is difficult to understand, animation can explain disease
principles and protection knowledge to a general audience in a visual and easy-to-
understand way. Audience watch the Covid-19 films to gain knowledge, form a scientific
understanding of the disease, and use it as a basis for taking effective protectivemeasures.
Younger audience forward online Covid-19 SIAs to older family members, and older
audience receive such animated videos via mobile Internet devices. Studies targeting
older audiences in relation to Covid-19 animations can help us reveal the influence of
age factors on the acceptance of SIA.

In a previous study, we analyzed the literature on animation research in the field of
Healthcare Service Science and found that SIA animation is essentially a tool for the
creator to persuade the audience to make them understand and accept the subject matter
and form a motivation for further action [3]. Reaching the audience’s acceptance is the
foundation of effective persuasion and the basis for effective SIA. Research on audience
acceptance has been covered in studies of other subjects, such as studies of fan culture
and studies of the aesthetics of film.However, the association between animation, serious
information, and acceptance has not been studied systematically.

Rhetoric is the doctrine of the art of persuasion, exploring the relationship between
the author (the producer of the animation), the argument (the subject of the SIA) and the
audience (the user of the serious information). This structure provides a comprehensive
perspective by shifting the focus from an author-centered text production process to an
audience-centered acceptance process.

Based on the above, the research question is defined: Is there a barrier to the accep-
tance of SIA by older audiences? How does the age factor affect the acceptance of SIA?
The research begins by explaining the terms: Serious InformationAnimation andAccep-
tance, and clarifying the difference between Artistic Animation and Useful Animation.
The study designs a questionnaire with the help of NewRhetoric as the theoretical frame-
work. A comparative analysis of young and older viewers’ experiences of watching SIA
is conducted in terms of Logos, Ethos, and Pathos to (1) explore whether there are bar-
riers to accepting SIA by older people, (2) explore the association between acceptance
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and the age factor, (3) dissect the personal experience factor behind the age factor, and
(4) reflect on the shift of the attributes of the audience of animated films to users.

Thus, the researcher conducted one-on-one interviews with two groups of viewers,
older and younger, to collect their states after watching the case animations and analyze
them against each other in a rhetorical framework.

2 Terminology Clarification

2.1 Serious Information Animation (SIA)

Serious Information Animation (SIA) refers to the creation of short films that use virtual
images produced by animation technology as a medium to express rational information
such as knowledge (e.g., scientific knowledge), information (e.g., news), regulations
(e.g., laws), guidance (e.g., safety guidelines, medication instructions), etc. SIA is dif-
ferent from dramatic art animation films that aim to entertain; SIA aims to effectively,
efficiently and accurately communicate rational information to its target audience. With
the development of digital devices, the production of SIA animation is increasing. For
example, an animation introducing the probability of colorectal cancer screening used
to establish an effective risk information communication strategy [5], and an animation
introducing information of dementia grief and the supporting social networks used to
raise awareness of the carers and encourage them to access grief support [6], are all SIA.

In this paper, the short film [4] chosen for the experiment shows how the vaccine
works in the human body through a microscopic view in order to persuade the audience
to receive theCovid-19 vaccination (“Get vaccinated!”), whose content is a serious infor-
mation. The film is well made, and the comments on the webpage show that the audience
found the film “informative”, “helpful”, “great animation to understand”, which can be
regarded as a SIA case with good animation skills and clear information expression.
Such a case can ensure that the audience reflect their own acceptance problems due to
their own factors rather than the animation itself being difficult to understand.

2.2 Distinguish Between Artistic Animation and Useful Animation

The objective of SIA production is clear: to convey an argument to the audience so that
the audience, with an accurate understanding, will form a point of view that agrees with
the producer/communicator andwill be guided by this point of view to take further action.
The production of animated short films with the goal of conveying serious information
is intended to achieve persuasion of the audience, so the audience’s acceptance is the
criterion for evaluating the success or failure of the creation, and therefore SIA are
audience-centered. Animation as a tool of persuasion is not only expressible, it is useful
animation.

In this respect, SIA distinguishes itself from the artistic animation. Artistic anima-
tion aims at expressiveness and intends to evoke diverse thinking. Artistic animation
encourages unanimous, critical and opposing opinions, which is precisely the value of a
work of art. Dramatical art are author-centered, attaching importance to the study of the
production process of the image text and tending to place the audience in the position of
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passive viewing. Most of the animated movies, animated shorts and animated TV series
that we are familiar with belong to the category of dramatic art animation, in addition,
there are some experimental animations that emphasize visual art expression.

2.3 Acceptance

Acceptance means that the audience believes and forms an opinion that is consistent
with the theme of the film based on a full understanding of the message conveyed in the
film; Acceptance means not only the formation of the audience’s perception, but also
the motivation for subsequent action. The acceptance process of SIA begins when the
audience watches the animated image and continues to act on the audience’s thoughts
and behaviors after the animated image has been shown. When audiences accept an
animated film, it means they are persuaded. In digital production, the achievement of
audience acceptance is the basis for the function of SIA.

Murray et al. showed that, computer animation can encourage physical activity
among asthma patients, which lead to the conclusion that visual interventions (con-
vinced with animation) is effective and acceptable [7]. The study by Meppelink et al.
noted that animation combined with spoken message can significantly improve infor-
mation recall and attitudes of low health literacy people [8]. These cases present the
performance of the SIA audience’s acceptance.

Some of the comments on the web page where the film case was selected questioned
the scientific validity of the argument to encourage covid vaccination because the idea
contradicted their prior knowledge [4]. Although the animation completes the informa-
tion conveyed (the information is understood before it is questioned), the audience does
not form an opinion that is consistent with the film’s argument. This shows the opposite
side of acceptance, where the failure of reaching acceptance leads to failure of persua-
sion. It precisely illustrates the complex personal factors of the audience that influence
their acceptance of serious information.

3 Related Work

From the existing studies we can find that SIA is essentially a communication tool.
Sometimes SIA applies creative methods of film and television art, such as story-based
narrative [16], and sometimes animation is emphasized as part of a multimedia product,
which is visual and interactive [13]. SIA can be viewed individually by audiences/users
[14], e.g. used in self-administered mobile apps or web-based science videos; it can
also be involved in communication between professionals and audience, e.g. used as
a training tool. The animations have shown good acceptability [13] and good Cross-
cultural validity [21]. Although animation is often studied as a part of digital products,
it has been observed to be independently effective, for example, interviewees felt that
‘animation was effective’ [14], easy and comfortable to understand and learn [22], or
animation videos are ‘eye catching’ [15], implying that the animation medium itself has
good functional potential, such as a more visual representation.

Not only can animation be effective in improving knowledge, but also animation is
effective when used as an emotional intervention for viewers, such as alleviating fear
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[20]. Kayler and Majumder et al. showed that patients felt easy and comfortable when
watching animated films related to their condition and treatment [22]. Baris’s study
showed that animation can increase the satisfaction of the viewers [23]. In Andraka’s
study, it is mentioned that an abstract visual style of animation can ‘represent a range
of students’ [24], while Krieger’s study reveals that animated virtual characters help
to increase the willingness of audiences (seriously ill patients) to communicate with
their doctors [25]. It is thus clear that when animation is rationally designed, it can
provide positive emotional value to the audience while communicating information,
thus providing some inclination for the audience’s future actions.

The goal of SIA production is often to address issues that are closely related to the
interests of the audience. The topics of SIA include personal health, safety-related issues
such as discharge education that is used to improve self-management of post-surgery
patients to reduce postoperative complications [15], promoting behavioral intentions to
reduce sugar intake [16], educate older adults about unsafe medication harm [17], etc. It
also includes the efficient reaching of information communication, such as information
campaigns for the public [18], education [19], etc. Because of this, SIAhas clear audience
groups, defined by the application scenarios in which it is used, such as patient groups
in healthcare scenarios, students in educational scenarios, passengers in public travel
scenarios, etc.

The ability of SIA to deliver the desired effect depends on whether it is properly
designed. The animation medium itself differs from other media only in terms of its
properties and has no natural superiority. For example, in the experiments of Ghavami’s
study, there was no difference in the effectiveness of the animated model and the real
model in presenting content [26], and in Shqaidef’s experiments, no difference was
shown in the effectiveness of animation versus booklets and textual media in conveying
knowledge to patients [27]. And inappropriate design can lead to SIAs failing and the
target audiencenot accepting specific arguments.ResearchbyEssop states that animation
can lead to high cognitive load, hindering deep learning [28]. This poses a challenge
to the authors of SIAs, which are perhaps a co-creative group of professionals and
animation artists. Not only that, but since the audience plays a decisive role in the author’s
decisions, the audience are in fact indirectly involved in the creation. Experiments have
demonstrated that when members of the audience group are directly involved in the
authoring, they perceive that their position is taken into account and are therefore more
likely to accept SIA [29].

The above studies reveal that animation, when used for the communication of serious
information, can not only perform a good function of conveying information, but also the
beautiful image design can bring a pleasant viewing experience. In addition to sensory
ease and comfort, animation, through virtual characters and storytelling, can also evoke
emotional experiences in audiences, generating such things as trust and intimacy, all of
which have a positive impact on viewers’ acceptance of the content conveyed bySIA.The
study reflects that the authorship of SIAs often includes traditional animation creators,
the professionals who provide the serious information, and most importantly and easily
overlooked, the target audience who are also directly involved or indirectly influence the
creation - all three together constitute the authorship of SIAs. This places new demands
on our understanding of the integrity of SIA’s authorship. The self-interest of SIA’s
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audience is closely related to the serious information, as shown in the above-mentioned
studies. This correlation makes the acceptance of SIA’s content by this audience group
a more complex criterion, with significant influence of psychological factors. The influ-
ence of the characteristics of SIA’s target audience group on the acceptance determines
the direction of creation. The target audience group of SIA is clearly delineated and
distinguished from the irrelevant people.

As reflected in the above studies, the association between the media characteristics
of animation and usability has been observed in some studies but has not been analyzed
in depth and systematically. As a result, all the tests can only correspond to the product
under test, and there is a lack of summary of universal patterns. The barriers of the
discipline have led to the fact that the study of pragmatic animation - that is, SIA - has
always been initiated by the producers of serious information, and animation artists have
always lacked dominance. The research in this paper attempts to explore the influence of
individual factors behind the age of the audience on the acceptance of SIA, examining
group characteristics on the one hand, and universal influences on the other.

4 Conceptual Framework and Experiment Design

4.1 The Conceptual Framework

The New Rhetoric
Aristotle’s theory of rhetoric explains the art of persuasion, the skill of phrasing to
make the listener agree with the speaker. Rhetoric was originally applied to the “speech
situation” based on verbal language [9]. In the middle of the last century, rhetoricians
revised the immorality of traditional rhetoric, which was “sophistry” without regard
to truth, and proposed the New Rhetoric. According to the new rhetoricians, rhetoric
is present in a wide range of human production, be it visual products, architecture,
industrial design, etc. [10]. Richard Buchanan states that “Products are arguments about
how we should lead our lives” [11]. In the new rhetorical perspective, artifacts can be
seen as persuasive through their usability, suitable to the user, and unifying the user to
identify the author [11]. According to the previous section, we believe that acceptance is
the basis of successful persuasion, and therefore the theory of rhetoric provides us with
the conditions for understanding the acceptance of the audience of SIA.

The Elements of Persuasion
In rhetoric, what influences persuasion is the result of three elements working together:
Logos (the logical argument set out in the text), Ethos (the trustworthy character of the
speaker), and Pathos (the emotional effect created by the speaker and text on the audience
or reader) [9]. The questionnaire will be designed from the three aspects.

The Rhetorical Stance
Corresponding to the three effective elements of persuasion, Wayne Booth suggests that
admirablewriting relies on the balance status among the available argument, the (trustful)
implied character of the speaker, and the interests and peculiarities of the audience. The
three aspects constitute the rhetorical stance. Whether the rhetorical stance is balanced



The Age Factor and the Acceptance 203

or not will be used as a criterion to evaluate the current status between SIA and the older
audiences. Richard Buchanan proposed that Logos, Pathos and Ethos are translated
into the attributes of useful, usable and desirable of products in the design field [11].
Therefore, in the analysis of the questionnaire, we argue that it is a balanced state of
rhetorical stance when older viewers consider SIA useful, suable and desirable.

4.2 Questionnaire Design

The questionnaire (Table 1) first asks viewers about their overall impression of the film
and their acceptance of the ideas. Question 1 begins with a scale of 1–5 for ease of
understanding, enjoyment, trust, agreement, and willingness to take follow-up action,
while Questions 2 ask the audience about the most memorable moments of the film.
Question3 asks the audience about the state of being persuaded.

Question 4-Question12 asks the viewers about their post-viewing experience of
the film in terms of logos, ethos and pathos, which are the elements that influence
persuasiveness.

Logos is “the intelligent, rational argument of speech or a discourse”, “technological
reasoning or the intelligent structure of the subject” of design [11]. It means that the
SIA provides reliable, logical reasoning for the argument that enables the audience to
understand the knowledge. Question4 - Question7 asks how well the SIA argues for the
argument (proposal).

Ethos, refers to the spiritual quality of the speaker in rhetoric, “leading to a special
relationship with members of the intended audience”. It creates identification between
the manufacturer and the user via the products [11]. The authorship of SIA means the
origin of serious informatio. The reliability and rigor of the author is closely related to
the immediate interest and safety of the audience. Question 8-Quesetion10 asks about
the characteristics of a trustworthy author for the audience.

Pathos, in rhetoric, refers to the fit of an argument with the audience’s emotions and
the audience’s social environment. It is the affordance and suitability of a product to
user community [11]. SIA’s Pathos means that the film is adapted to a specific audience
group. Question11-Question13 Ask about the association between acceptance and the
audience’s own characteristics.

Finally, the questionnaire set up questions for summative reflection.

4.3 Experiment Process

The study took the form of one-on-one interviews with 13 audience members over
60 years of age (aged 60–71 years) and 12 audience members under 40 years of age
(aged 26–36 years). Among them, the pre-retirement occupations of the viewers in
the 60 + group included newspaper retirees, financial officers, management staff, tax
office leaders, workers, and clerks. The occupations of the audience in the under-40
group contained animators, comic book practitioners, teachers of drawing, psychology
students, computer researchers, and doctoral students in engineering. Each interviewwas
conducted individually,without any contact or communication between the interviewees.

First, a sample of the animated science video was transmitted to the interviewees
via WeChat; subsequently, the researcher asked the designed questions one by one
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Table 1. The rhetorical structure and design of the interview questions

Overall Impression

1. What difficulties did you experience while watching it?

2. What impressed you most in the film? Why?

3. How did your willingness to get the Covid-19 vaccine change after watching the
film? If not, why?

The Logos

4. Do you think the content expressed in the film is clear and easy to understand?

5. Imagine that the content in this animated film is represented by text, static images,
and live-action image. Which do you prefer? Why? What do you think are the
advantages and disadvantages of animation?

6. Do you think the cartoon shows real human cell tissue? What makes you think
that what it shows is real/false?

7. Do you think this is a useful short film? If so, how was it useful to you?

The Ethos

8. This film was produced by the Hungarian Academy of Sciences. Do you think
that the identity of the author (not only the producer of the animation, but also the
provider of the information) influences you to understand, believe, and agree with
the content and views of the work?

9. After watching this film, have you become interested in other works by the author
of this short film (Hungarian Academy of Sciences)? Do you approve of the author’s
work and would recommend this film to others?

10. If you had the opportunity to appoint the author of the short film (not only the
producer of the animation, but also the provider of the information), who do you
think you would prefer to have as the author of the proposal on vaccination? What
qualities would your trusted author need to have?

The Pathos

11. How does the animation relate to you personally? Is your goal in watching this
film to get pleasure or to get useful information?

12. Did the animation stir up emotions in you? For example, joy, fear, sadness, etc.?
Why were you triggered/not triggered emotionally? Did these emotions make it
easier/more difficult for you to accept the suggestions made in the clip?

13. What associations with real life did the animation evoke in you? Did these
associations make you understand and agree more with the suggestions in the clip or
vice versa?

(continued)
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Table 1. (continued)

Summarizing Reflections

14. By watching this film, which of the following points do you think would most
convince you to adopt the suggestions in a serious information animation for a
animated film that disseminates serious information: A the clear explanation of the
message, B the authority of the author’s identity, C the fit of the work with your
personal characteristics (such as habits, memories, occupation, life circumstances,
social relationships, etc.) (multiple choices possible)?

15. How do you think this short film could be improved to be more convincing to
you?

through recorded telephone interviews, with appropriate follow-up questions based on
their responses. Each interview lasted from 15–30 min. Interview recordings were con-
verted into text for further analysis using the Xun Fei Ting Jian platform at the end of the
interviews. The results of the questionnaire for both groups were analyzed, compared
and summarized.

The case clips were selected by the researcher after a lot of comparisons, and the
Covid-19 vaccine knowledge science video produced by the Hungarian Academy of
Sciences was finally selected [4]. Because the interviewees were Chinese, the researcher
used Deepl translation software to translate the subtitles of the original video into Chi-
nese,withChinese narration and subtitles. TheEnglish narration andmusic in the original
video were used as background sound with reduced volume and without disturbing the
clarity of the Chinese narration. According to the feedback from several interviewees
with good English skills, the Chinese part was accurate and fluent, with only one word
translated differently from the Chinese idiom, but it did not affect comprehension.

5 Results

Overall Impression
When first asked what difficulties they encountered during viewing, the 60+ group
expressed more “no difficulties”, while an absolute majority of the under-40 group
explicitly cited difficulties in understanding terminology. However, an overview of the
entire interview process shows that difficulties in understanding the terminology in the
Covid-19 vaccination video were repeatedly mentioned by respondents in both groups.
Thus, the difficulty in understanding the terminology was the main difficulty faced by
viewers in both groups.

Regarding the impressive segments, each interviewee gave different answers. Some
were impressed by the fragment of the protective function of the vaccine, some were
impressed by the introduction of the immune mechanism (e.g., antibodies wrapping
the virus, the process by which infected cells are killed and repaired2 people, immune
memory, etc.), some remembered new information (e.g., spike protein, the difference
betweenmRNA vaccines and conventional vaccines), etc., and some said “(impressions)
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are pretty much the same “. In both groups, respectively, someone mentioned the color
information in the film (“little blue feet”, “the good side could be pink, the bad side
could be green”).

Several respondents over 60 years of age reported that they “do not have a habit
of watching cartoons,” indicating that the technological development stage of their era
influenced their daily use of digital devices (Internet, digital TV, etc.). Compared to
the under-40 group, more people in the over-60 group showed that when watching
the sample animation, they focused on what they saw and heard (“shots”, “cells were
killed”, “immune memory”, etc.), and did not focus on the effects on the animation.
etc.). They did not show observations that focused on the properties of the medium and
design ideas (e.g., use of color), etc. For this, respondents in the under-40 group who
had a background in art and design had concerns about color (e.g., the perception that
green represents evil, the intent of the blue-green hues of the film’s design confused her,
etc.), shape (the unfamiliar shape of human tissue perhaps derived from real cellular
structures), etc.

In response to the advice conveyed in the short film about getting the Covid-19
vaccine, most of the respondents in both groups said that their willingness to get the
vaccine did not change as a result of watching the film. Only a few respondents indicated
that their understanding of how the vaccine works had made them feel safer and more
willing to get the vaccine. This shows that the persuasive effect of this film was limited
and did not create significant acceptance or motivation to act on the part of the audience.

Logos
Most of the respondents in the 60+ group indicated that they found the content expressed
in the sample films clear and easy to understand, and that it had the advantage of being
intuitive and easy to watch (“I don’t want to read text when I am older” and “it is much
clearer than reading words”). It is clear that for viewers over 60 years old, animation is an
easy and intuitive medium in comparison because it helps them to reduce the difficulty
of reading due to their physical functions (difficulty in reading text).

Half of the respondents under the age of 40 thought that the content of the film was
“not clear enough” and “not easy to understand”, mainly because the film did not explain
the professional information sufficiently (“say it once with professional terms The main
reason is that the film does not explain the professional information sufficiently (“say
it once with professional terms, then explain it in easy-to-understand language”). The
design of the colors caused some confusion. This group of viewers has more experience
watching films (based on the average viewing time), is physically able to watch without
burden, and has a relevant professional background themselves. They showed higher
demands on the professionalism of animation production and more refined evaluations
(e.g., suggesting that text and images match each other, or that using still images is more
convenient for repeated viewing, etc.).

Among respondents over 60 and under 40 years old, animated images were com-
monly mentioned as being good for visualizing evolutionary processes and microscopic
scenes, but lacking in detail and realism. For example, “real cells are not in this shape and
color”, “after watching it, I feel that the jostling is not realistic”, and suggested “using
real cell microscopic images with animation to enhance understanding”.
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Both groups of interviewees jointly mentioned that the forced, uninterrupted playing
of the animation compressed their time to understand the information, e.g., “I want to
read it again, I’ll have to go through this again from the beginning…… it’s fixed there,
you might not be in as much of a hurry in terms of mood”.

Amajority of respondents in eachof the twogroups said that theywouldnot recognize
the content in the animated images as real information when their own knowledge was
insufficient. The vast majority of viewers in both groups (12/13, 10/12) felt that the short
films had improved their understanding of how vaccines work or added new knowledge
to some extent, and thus the films were useful to them.

Pathos
When asked about the relevance of the animation to themselves, respondents said that
the content of the film was related to their own health and safety during the epidemic,
and they formed thoughts such as “not taking it lightly,” “telling friends and relatives,”
and being concerned about future outbreaks and new vaccines. One respondent recalled
a middle school lesson that had “intellectual resonance,” and another was reminded of
preventive and control measures during an epidemic. Most of the respondents said that
the main purpose of watching the cases was to obtain information, and the purpose of
having fun was secondary.

Most respondents said they were “relatively calm” and “not emotionally aroused”
when watching the case films because the films were mainly rational messages. One
respondent under the age of 40 said they were initially “turned off” by the preachy
content of such videos. A small number of respondents expressed their joy at getting the
information. One respondent felt that the video evoked her feelings of sadness about the
panic and sadness that occurred during the outbreak.

When asked about the real-life associations with the film, most of the respondents
first said “not much”, but then named some objects that were related to the content of
the film, such as another infectious disease (smallpox), the large number of deaths in the
real epidemic and thus raised doubts about the content of the film, as well as some short-
comings in the film’s narrative (“…… There is no later data to support what happened
with the vaccine…… it still (only) talks about the principle of the vaccine……”).

The responses to this part of the question showed no significant differences between
the respondents of the two groups. The responses shared by the groups show that the
rational thinking of SIA’s audience was always in the dominant position. They may have
been touched by some associations with themselves and their life situations, but these
associations were random and non-dominant.

Ethos
The majority of respondents said that authorship affects their trust in the content of
the film. A film produced by an authoritative institution would increase their trust in
the content. For the Hungarian Academy of Sciences, the producer of the sample film,
some respondents said that although they did not know it, they would compare it to the
Chinese Academy of Sciences, and thus would like to believe that they represent a high
level of research capability at the national level; some respondents thought that although
they did not know Hungary, it might represent a developed medical condition in Europe,
and thus their trustworthiness was increased. Respondents mentioned that during the
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outbreak in the country, some of the information published by experts was proven to
be false, leading to skepticism of subsequent statements made by the group of authors
involved. Thus, while the identity and position of the author play an important role in
the viewer’s belief in the SIA, the author’s own credibility has a decisive influence on
the viewer’s trust.

While the vast majority of respondents agreed that the identity of the author affects
their trust in the content of the film, there were also dissenting voices. One interviewee
over 60 said, “It doesn’t matter who the author is, it’s acceptable if what he says makes
sense”; another interviewee over 60 said that he needs to be provided withmore informa-
tion about the author (HungarianAcademy of Sciences) to be able to build understanding
and trust in the author; and one interviewee under 40 said “I cannot say that because he
is an authority, he is right.” From this, the spirit of using one’s own knowledge base as
an evaluation criterion and independent evidence-seeking is reflected. It is evident that
the credibility of authors needs to be based on authentic credibility, professionalism, and
facts.

As to whether they would search for the author’s other works after seeing the sample
film, some respondents expressed interest in whether the author has other health-related
works. About half of the respondents said they were “not interested” in the author’s
other works because they were “too academic” and “less interesting to watch”. About
half of the respondents said they would not actively share the video. When asked what
qualities they thought were needed in a person who makes “vaccination” recommenda-
tions, respondents cited professionalism (front-line scientific expert), a position similar
to that of the interviewee (a doctor in their own family, not a vaccine manufacturer), and
official certification (Academy of Sciences).

In terms of trust in authors, the respondents’ opinions did not reflect significant
differences due to the age factor.

Summarizing Reflections
In the overall reflection on the factors influencing acceptance, a clear explanation of the
information was most often chosen as the most persuasive element, with the authority
of authorship coming second and only a few respondents citing the work’s fit with their
personal characteristics as the main influencing factor in the film’s persuasiveness.

Respondents’ suggestions for improving the film to achieve effective acceptance
included increasing the comprehensiveness, detail, and supporting evidence of the infor-
mation presented, such as “adding explanations and descriptions of terms,” “incorpo-
rating some real information about today’s global epidemic,” “explaining the positive
and negative effects,” “proof of clinical trials,” and “indicating the source of the data,”
among others.

In addition, in terms of audio-visual presentation, the suggestion also includes “using
easy-to-understand language”; one interviewee over 60 years old suggested that she
would like the animation design “not to make those children (as characters), at least
close to our age group (as characters)……”, upon further questioning, this suggestion
meant that it would be easier to understand if animation characters and elements were
used that were similar to the age and lifestyle of older viewers. “The tone is too flat,
suggest more rhythm”, “There could be some metaphors or more humorous written
expressions”, “More people (characters) like in the cartoon”, etc. These suggestions for
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the expression itself reflect the viewer’s expectation that the presentation techniques in
film and animation be applied to add interest to the film.

6 Discussion

Returning to the question posed at the beginning of this paper: Is there a barrier to the
acceptance of SIA by older audiences, and what is the nature of the age factor and how
does it affect the acceptance of SIA?

6.1 The Rhetorical Stance

In this study of older animation viewers over 60 years old, I found that despite the
fact that the sample animated film was well produced and released by an authoritative
organization, most viewers, including the older and younger groups, were skeptical of
it. According to the Rhetorical Stance theory proposed by Wayne Booth [12], a work is
well accepted when there is a state of balance between the author, the audience, and the
point of view. It can be seen that the balance between the case animated short film and
the older audience was not reached. According to the analysis above, the imbalance is
reflected in:

(1) The audience’s rustiness with the animation medium makes it difficult for them to
interpret the animated images, which creates an imbalance between the audience’s
understanding and the animated representation.

(2) When the audience viewed the sample animated clips based on their own knowledge
base and logical reasoning ability, they found that the content of the clips did not
adequately provide persuasive arguments, thus creating an imbalance between the
audience’s reasoning and the arguments provided by the clips.

(3) A discrepancy between the creator’s intention (e.g., application of color) and the
audience’s understanding of the image (e.g., interpretation of color), resulting in an
imbalance between creation (encoding) and interpretation (decoding).

(4) Since serious information is closely related to audiences’ personal interests, audi-
ences have strict requirements for the reliability of the information providers, i.e. the
sources, in short films. When the credibility of the information source is not enough
to meet the audience’s requirements, the rhetorical stance between the two is out of
balance.

As seen by comparing the older group with the younger group, of the above unbal-
anced relationships between the sample films and the respondents, only the first one is
characteristic of the older group and the remaining three are not related to the age factor.

6.2 The Essential of Age Factor

The older group did have some differences from the younger group in their responses
after viewing the sample animation, such as whether theywere accustomed to and skilled
in the medium, but the way and conditions of understanding, judging, and accepting
rational information were largely the same.
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The common age-related characteristics reflected in the interviews stem from the
influence of the external environment in which this group has lived for a long time. The
external environment in which people live contains common education, technological
conditions, values, social institutions, etc. These factors make the audience of a certain
age have similar life experiences and show some discomfort in understanding and using
new things. There are also differences and diversity within the 60+ group. This suggests
that dividing audiences by age is only partially representative of their characteristics, and
that dividing target groups purely by age will bury the diversity within this age group.

It can be seen that the essence of the age factor that influences the acceptance of SIA
is the factor of life experience. The real factor that affects the acceptance of animation
is actually the past experience of the audience. The audience group of SIA should be
divided by the similarity of life experience, which can be more accurate than simply
dividing by age.

Animation designdealswith theminds of the audience, and the diverse characteristics
of the mind are far richer than the physiological characteristics that the body exhibits
at different ages. When we are used to using age as a yardstick to delineate a group of
users (just like the age-appropriate design of transportation, digital devices, etc.), we
must remember that in these designs, the way the design object interacts with the user’s
human body needs to address the decline of physiological functions brought about by
increasing age, which is completely different from the way animation interacts with the
viewer’s mind.

The factor of the age of digital SIA audience obviously does not originate from
the degeneration of physiological functions. The differences exhibited by older and
younger viewers in viewing and evaluating serious information stemmore from personal
experience (e.g., work experience, lifestyle habits, knowledge base, etc.). The differences
brought by age are essentially personal experiences created by the social environment
of different historical periods (e.g., the experience of watching TV cartoons, or the
experience of living in a time when mobile Internet devices were not developed, etc.).

Respondents over 60 years old “watched it again to understand it” and “watched
it three times to understand it” tell us that we can be influenced by the accumulation
of experience. In other words, we can improve the audience’s familiarity with anima-
tion by increasing their experience in watching animation films, and thus improve their
effectiveness and efficiency in receiving SIA.

This provided guidance for the creation of the SIA:

(1) The audience’s life experience is used as a basis for understanding and classifying
audience groups;

(2) The experience of the audience can be used as a basis for design decisions in SIA;
(3) Influence audience acceptance by cultivating the audience’s experience, for example,

by adding preparatory viewing processes before using SIA to disseminate content
so that audiences become familiar with the viewing object and increase acceptance.

6.3 Integration of Animation, Drama Art and Design

When the truth and rigor of the information conflicts with the emotional experience and
fun of viewing, ensuring truth and rigor should come first. sia is rational. The interviews
showed that the overall viewing experience of the audience was calm, even bland and
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boring. Only a few respondents reported gaining a sense of joy in acquiring knowledge.
This invariably limits the audience’s interest in the animation of serious information and
limits the dissemination of information.

The audience’s comments for improvement reflect their desire for more interesting
elements of animated films, animated characters, etc. to appear in the film. This reflects
that animated films resulting from the combination of the animation medium and dra-
matic art have a strong appeal to the audience and therefore have good potential for
application.

Authors producing engaging SIAs that can be effectively received by audiences still
need to employ the narrative devices of the dramatic arts, but the expression is constrained
by audience factors. SIA embodies the value of human-centeredness, which is the value
of design. Thus, SIA is a product of theatrical art techniques being used in the field of
design, requiring animation creators to break the original mindset of artistic expression
and create with the mindset of design.

7 Limitations and Future Work

The SIA sample selected in this paper represents only one type of narrative form. In
fact, animation has a variety of narrative forms. In my future research, I will further
explore the impact of different narrative forms of animation on the audience’s reception
of serious information and gain a more comprehensive understanding of the association
between SIA and audience reception.

The limited sample size of this study only tentatively established the association
between individual audience factors and SIA, but the sample size could not cover the
diversity of older audience groups, so I speculate that there may be more relation-
ships between individual audience characteristics and acceptance that have not yet been
revealed. In future studies, a wider range of audience groups can be studied to improve
the system of individual audience characteristics related to SIA acceptance.

8 Conclusion

Using rhetoric as a theoretical framework, this paper first collects the post-viewing
states of older and younger audiences of Covid-19 science animation shorts through
one-on-one interviews. Their characteristics are obtained by comparison and induction,
including the high rationality of audience, the high demand for authorial reliability and
the coexistence of strengths and limitations in animation presentation. Subsequently,
several sets of unbalanced relationships in the rhetorical stance between the author, the
animation, and the audience are summarized, revealing the problems that affect older
audiences accept the SIA. By comparing the older group with the younger group of
audiences, it is found that the usual design idea of delineating users on the scale of
age does not work for the design of SIA, because it is the audience’s mind rather than
their body that interacts with SIA. The audience’s acceptance of SIA is influenced by
factors originating from experience such as knowledge base and mindset, so it is more
reasonable to divide the audience group of SIA by the similarity of experience than to
divide the group based on age. The creation of SIA still relies on themediumof animation
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and theatrical expression techniques, but its core value has shifted from expression to
human-centeredness; SIA is a usable design object that requires the creator of animation
to break the original mindset of artistic expression and create with a design mindset.
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Abstract. Personas are fictional but realistic representations of user groups of a
product or service that focus on their goals, needs, behavior, and other characteris-
tics that may impact the design of the product. Using personas in the early phases
of the design process can help identify product features, and demonstrate how
these features address user needs and challenges. Despite being used in research
for over a decade, there is a lack of standardized methodology on the development
of personas and how they are used in the design process. The objective of this
paper is to develop a systematic approach to the persona development process
and show its effectiveness through a case study where we followed the proposed
methodology in the early design phase of a diabetes management smartphone
application (app) targeted at older and younger users. The study was conducted
in United States from January to June 2020. The findings of our study provided
an empirical examination of the effectiveness and efficiency of the design process
using personas.

Keywords: Persona Development · User-centered Design · User-experience
Driven Innovations · Proto-Personas · User Personas · Older and Younger Users ·
Smartphone App

1 Introduction

One of the core aspects of user-centered design is understanding user needs and wants.
Technologies that are developed keeping user needs and wants into consideration are
often proven to be successful. Despite its importance, many organizations fail to start
their design process with empathy building. This results in either inability of the product
to reach its target users [1], or the product not being used the way it was intended. One
way this challenge can be addressed is through developing personas. The persona devel-
opment process captures users’ mental model including their challenges, expectations,
and anticipated behavior [2]. Users’ goals, needs, behavior, and other characteristics
that may impact the design of the product are then represented through personas, which
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refer to fictional but realistic representations of user groups of a product or service
[3]. Using personas can be very beneficial to organizations. Personas can help improve
communication within an organization by building consensus about user needs among
senior leadership and help them to work effectively together to address opportunities for
innovation and other strategic goals [4].

Using personas in the early phases of the design process can help identify product
features and demonstrate how these features address user needs and challenges [5],
leading to the development of successful products. Robert et al. argued that 40% of the
usability of applications depends on the visual aspects and user interaction (how the
product looks and feels), whereas 60% depends on the product’s ability to address user
needs and challenges [6]. Personas add value by conveying crucial information about
a user’s expectations and usage scenarios to designers, thereby allowing them to make
centric choices around user needs [7].

Different studies have used different methods for creating personas. Kneale et al.
developed personas of homebound older adults, their caregivers, and their nursing staff
by conducting a literature review of related case studies [8]. Bhattacharyya et al. devel-
oped personas of frail elderly and people with multiple chronic conditions and their
caregivers from in-depth patient interviews [9]. Molen et al. developed personas of
diabetic patients using patient interviews and a literature search [10]. LeRouge et al.
developed personas of the aging population with multiple chronic diseases using data
gathered from observation, survey data, and informal interviews [2]. Ekström & Loos
developed personas from demographic data of older population to understand the pro-
cess of becoming a third age eHealth consumer. They used the concept of cultural age,
which refers to the way a person experiences her or his age, to develop personas of third
age eHealth consumers [11].

Personas have been used in research on human-computer interaction for more than a
decade [12]. Despite the progress in the use of personas in research, there is still no fixed
methodology for creating them. Salminen et al. argued that there is a lack of standardized
methods for creating personas, and provided persona guidelines on creatin data-driven
personas from numerical data such as online user data [13]. However, to the best of our
knowledge, there is a lack of standardized methodology for creating personas and how
to use them in the early design phases of product development.

The objective of this paper is to develop a systematic approach to the persona devel-
opment process. To assess the effectiveness of the process, we explored the following
question: Is our proposed persona development methodology effective in guiding the
early design phase of a diabetes management smartphone application (app) targeted at
older and younger users?

2 Proposed Methodology for Developing Personas

Our proposedmethodology consists of developing two types of personas; proto-personas
anduser personas. Proto personas are assumption-basedpersonas that are created through
indirect interaction with the users [4]. They are created by subject matter experts, such
as members of an organization who possess immense knowledge about their customers.
Developing proto-personas has multiple benefits. First, the proto-persona development
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process is relatively quick and cost-effective since it does not involve direct interaction
with the users. Second, it creates consensus between different teams or members of
an organization, such as senior leadership and product designers, which is extremely
important for developing successful products [4]. User personas are the most accurate
representation of the users as they provide a rich set of first-hand information from actual
users. However, since they involve direct interaction with the users, their development
typically requires more resources and takes longer. The organizational cost for devel-
oping user personas can be reduced by using the information gathered through proto
personas development (reference Jain et. Paper). Hence, proto personas make a great
starting point for understanding users and designing solutions as they make the entire
design process more effective and efficient.

2.1 Proto Persona Development

For creating proto personas, the following major steps can be utilized: (1) identification
of key user attributes that impact the product design, (2) user data collection from subject
matter experts, and (3) analysis of the data collected from subject matter experts and
creation of proto personas (Fig. 1). The outcome of this process will be proto personas
that can then be used to gather requirements for designing a solution.

1. 
Identification 
of Key User 
Attributes

2. Data 
Collection 

from Subject 
Matter 
Experts

3. Data 
Synthesis

Outcome: 
Proto 

Personas 

4. Design 
Solution 
Mockups

Fig. 1. Proto persona development process.

Key User Attribute Identification. Proto persona development should start with the
identification of and shared understanding about key user attributes that may impact
the design of the product. These attributes are non-binary user characteristics that pro-
vide meaningful differentiation between personas and have a direct or indirect impact
on the design and usage of the product. For example, a user’s level of comfort with
smartphone usage can impact the design of a smartphone application, therefore, smart-
phone savviness can serve as a suitable and relevant attribute for designing smartphone
applications.

There are multiple ways of identifying these attributes. The first way is utilizing
subject matter experts’ knowledge about the users. Asking organization members or
project stakeholders about key user attributes and requirements of the product is gener-
ally a quick way of identifying these attributes. The second way is through a literature
search. Searching literature and validated constructs about certain user attributes that
lead to the successful adoption of similar products can serve as a good start as well.
For example, for health management products or services, constructs such as Patient
Activation Measure (PAM), a validated survey instrument that was developed to assess
an individual’s knowledge, skill, and confidence for self-management [14], can be used
to identify relevant key user attributes for self-management health applications.
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Once a set of key attributes are identified, the next step is to make sure that those who
participate in proto-persona development process have the same understanding about
what these attributes mean. Facilitating such shared understanding can be accomplished
by asking the subject matter experts to come to an agreement about the list of the key
user attributes and their definitions. For example, the subject matter experts can be
asked to review them and make suggestions or modify the items or their definitions,
and/or add any additional attribute that they may find important. All modifications are
finalized via face-to-face or virtual discussions to make sure all participants agree on the
list of identified attributes and their meaning. This step is crucial in creating a shared
understanding between the subject matter experts and the designers as well as a shared
language for communicating and sharing design ideas.

Data Collection from Subject Matter Experts. Once the key user attributes are iden-
tified, the second major step is to collect data about potential users from the subject
matter experts. Since proto-personas are assumption-based, it is imperative to collect
data from the people who have an accurate picture of the user base, otherwise getting
the wrong information can lead to myopia [4].

Data can be collected through individual interviews or a workshop with the subject
matter experts. Both methods follow a similar procedure. The interviews and the work-
shop can be started by giving an overview of what personas are to familiarize the experts
with the concept. Next, the list of attributes and their definitions should be shared with
the experts again to make sure they are all on the same page and agree with the defini-
tions. This step is followed by the persona development activity, during which experts
are asked to come upwith as many personas as they can think of by completing a persona
worksheet for each persona. Figure 2 provides an example of a persona worksheet.

Fig. 2. Example of a persona worksheet.

If data collection is done through individual interviews, it is recommended that
each expert is asked to complete a certain number of worksheets within a specified
time duration. The number of worksheets to be completed depends on the total number
of interviewees and the time allotted to the interviewees. Generally, for a one-hour
interview, two worksheets per interviewee is a reasonable number to be expected to be
completed.
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If data is collected through a workshop, the attendees of the workshop should be
divided into groups of three to five and asked to complete as many worksheets as they
can in a specified amount of time.

Once the worksheets are completed, the experts should be asked to rate their devel-
oped personas on different spectrums for each of the attributes (Fig. 3). For example,
smartphone savviness (defined as the degree to which a user feels comfortable with using
new apps) can be rated on a scale of low to high. With the completion of this step, the
interview or the workshop can be wrapped up.

Fig. 3. Attribute ratings on different spectrums.

Data Synthesis. After data collection, the attribute ratings should be used to organize
the completed worksheets into a smaller set of major persona groups with similar char-
acteristics. Depending on available resources and expertise, this can be done in several
ways. It can be done qualitatively or using both quantitative and qualitative methods. To
make the process more efficient, we suggest using quantitative methods like Hierarchi-
cal Cluster Analysis (HCA) using the attribute ratings to form the initial set of clusters.
The clusters formed through HCA or any clustering method should be then qualitatively
analyzed to verify the similarities between the clusters and identify emerging themes.

After verification of the clusters, this iterative consolidation process will result in
major clusters, each representing a distinct persona. These personas are then visualized
using persona cards [4] which can be labeled either based on their characteristics or
given a name to humanize them even further. While persona cards can be modified as
needed to better match the project needs, the same format should be used for all persona
cards within the same project.

Designing Solution Mockups. Developing personas help in identifying user needs and
requirements that are unique to each persona or are shared by all the personas. The design
efforts can be prioritized based on the organization’s goals or the project objectives. If
the solution is targeted at a particular persona, then the needs of that persona can be
prioritized. If the solution is aimed at multiple personas, then the common needs among
all personas can be identified and personalization options can be provided to cater to
the needs of individual personas. The needs and requirements identified can be used to
develop a set of design mockups that can be tested in the subsequent steps.
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2.2 User Persona Development

The user persona development process starts by preparing interview questions for in-
depth user interviews. The goal of user interviews is two-fold. First, these user interviews
will help in understanding user needs and goals by refining the proto-personas and
identifying any gaps for opportunities in the proto-personas and actual user base. Second,
these user interviews can be used to gather feedback about the initial design mockups
or prototypes developed using the information from proto personas.

For the first goal of the user interviews, interview questions should be related to
persona verification, such as users’ lifestyles and their needs, challenges, and goals (See
persona development worksheet in Fig. 2). For the second goal, the design mockups
or prototypes can be demonstrated to the interviewees to gather their feedback about
their preferences, likes, and dislikes on the design choices, and how the designs can help
address their needs. These user interviews should then be analyzed to identify any new
emerging user patterns and group similar users together based on their needs and wants
and expectations of the product. While the objective of mockups is to get user feedback
on design, they often help to engage users in storytelling, which in turn can help gain a
deeper understanding of user needs.

The final step in our proposed process is to compare the differences between the proto
personas and the user personas to identify opportunities for extending and/or refining
proto-personas.

The persona development process should be an ongoing process as persona needs
keep on evolving. Before making any major design updates, the entire process should
be repeated to stay up to date on the persona’s needs and challenges. This process will
allow organizations to assess and update their knowledge of their target market.

3 Case Study: Designing a Diabetes Management Application
for Older and Younger Patients Using Persona Development

We implemented the process for developing a diabetes management smartphone app
for older and younger patients with a diabetes management company. The study was
conducted inUnited States from January to June 2020. For this study,we developed proto
personas and user personas to understand patient needs and challenges and to develop
low-fidelity design mockups of a diabetes management smartphone application.

3.1 Developing Proto Personas

Materials and Methodology. For developing proto personas, we conducted a work-
shop with eight members of an organization that specializes in diabetes management.
These members included top management executives, clinical directors, and software
and product designers.

We started the process by identifying and developing a set of 9 user attributes that
could impact the design of the smartphone app (Table 1). These attributes were mostly
derived from the Patient ActivationMeasure (PAM).We shared these attributes and their
definitions with the workshop attendees prior to the workshop via email and asked them
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to add to the list if they can think of additional attributes. Along with the list of attributes,
we also asked the workshop attendees some questions regarding their knowledge of their
patients.

Table 1. Key user attributes and their definitions.

Key User Attribute Definition

1. Physical health status Level of physical wellness

2. Attitude toward a healthy lifestyle Proactive vs. reactive attitude towards health

3. Smartphone savviness Comfort level in using smartphones

4. Affordability Patient’s ability to afford the necessary treatment

5. Behavioral health status Level of mental wellness

6. Access to Care Degree of access to care

7. Involvement in
decision-making

Level of patient activation (how much they know, how
much they believe they can do), control, and
involvement in decision making

8. Disease knowledge Knowledge/awareness about one’s health

9. Patient schedule Patient’s schedule: tight/busy, or flexible with plenty of
free time

We started the workshop by reviewing the user attributes to clarify and verify their
definitions. We also asked workshop attendees to make suggestions about removing
and/or revising the items or their definitions. Based on this discission the set of attributes
to be used was finalized (Table 1).

Next, we divided the workshop attendees into 3 groups and asked them to complete
as many persona worksheets as they can in 40 min. The worksheet required respondents
to provide information about demographics, daily routines, challenges, feelings, goals,
wants, and needs of a persona (Fig. 4).

After completing the worksheets, we asked the workshop attendees to identify where
their developed persona fell on the spectrums for each of the 9 attributes (Fig. 5).

Results. During the workshop, a total of 14 worksheets were completed. Using the
attribute ratings, we first consolidated the worksheets into major clusters using Hier-
archical Cluster Analysis. This resulted in 4 major persona groups. We then manually
inspected the clusters to look for emerging themes and characteristics of the clusters
(Fig. 6). The manual inspection revealed that two of the clusters had similar charac-
teristics, therefore, we merged them. This left us with a set of 3 final proto personas
(Fig. 7).

We used the information from the proto personas to gather user requirements and
created a set of low-fidelity design mockups of the app based on the needs identified. To
measure the effectiveness of the persona development process, we also used two other
low-fidelity app mockups that were developed prior to the workshop without using the
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Fig. 4. Persona worksheet used in the workshop.

Fig. 5. User attributes used for persona clustering.

Fig. 6. Hierarchical Cluster Analysis (left) and manual inspection of worksheets (right).

information revealed in the proto personas (Fig. 8). These mockups were used in user
persona interviews to compare the designs and get feedback about patient preferences.
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• Active Abbey: 
o Mostly belong to upper-middle-class socio-economic background. Either 

they are diagnosed with diabetes or have a kid with diabetes. They are very 
career-oriented, which leads to a very busy lifestyle. They are very 
smartphone savvy. They have a very proactive attitude towards life and 
take their health very seriously. They have very high disease knowledge. 

• Hopeless Heather:
o Mostly belong to lower-middle-class socio-economic background. They 

experience multiple comorbidities and have limited access to healthcare. 
They have limited knowledge about their health issues and depend on oth-
ers. They have low motivation in managing their health. They are not very 
smartphone savvy. 

• Dallying Dani:
o Mostly belong to middle-class socio-economic background. They have ir-

regular schedules most days. They have a reactive attitude towards health. 
They think they possess higher knowledge about their physical health than 
they actually do. They are avid smartphone users. 

Fig. 7. Key user attributes and their definitions.

Fig. 8. Low-fidelity design mockups of the smartphone app.

3.2 Developing User Personas

Materials and Methodology. For user persona development, we conducted individ-
ual video conference interviews with participants. The goal of our user interviews was
twofold. The first goal was to verify the results of our proto-persona development work-
shop. For this purpose,weprepared interviewquestions related to the personas’ lifestyles,
their current diabetes management routine, and their needs and challenges. The second
goal of these interviews was to gather feedback about the app design mockups that we
developed in the prior steps. For this purpose, we prepared a set of slides with screen-
shots of the designs created using the proto-persona information. We also showed the
participants the designs that were created without the proto-persona information so that
we could compare the feedback received on the design mockups.

Participants were invited to participate in the study via mass email to the organiza-
tion’s mailing list and social media flyers. Our inclusion criteria included participants
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who were either patients or caregivers of patients diagnosed with either Type 1 or Type
2 diabetes, ages 18 and above, and could speak, read and write English. We excluded
any participants who were diagnosed with moderate to severe intellectual disabilities.

We categorized participants between the ages of 18 and 46 as younger users and
any participant above the age of 46 years as older users. We used relative terms such
as “younger” and “older” for patient groups to highlight the comparative nature of age
categorization in our study [15]. Our final set of participants included 21 diabetic patients
(7 older patients with ages above 46 years, and 14 younger patients with ages between 18
and 46 years). Sixteen participants were female and five were male. Since the interviews
were conducted via video conference calls, we recruited participants from all over the
United States.

Results. We conducted user interviews to (1) verify the proto personas, and (2) get
feedback about the app design mockups. The results of the interviews not only in the
verification of the proto-personas but also revealed that patients belonging to the same
persona group can have differences in their needs and challenges. For this reason, we
created major persona groups and within these major groups, we identified persona
subgroups (Fig. 9).We labeled the firstmajor persona group identified as “ActiveAbbey”
(n= 18). This persona is diagnosed with Type 1 diabetes, belongs to upper-middle class
socio-economic status, has a very busy schedule due to their jobs, are outgoing, and has a
proactive attitude towards health and life. Within this personas group, the first subgroup
we identified is Younger Abbey (n = 9), who belongs to the 21–35 years age group, is
either single or married without kids, faces challenges in managing their diabetes as they
do not feel comfortablewearing or showing their glucosemonitors in public settings. The
second subgroup of the Active Abbey persona group is Abbey (n = 4), who belongs to
the 36–46 years age group, ismarriedwith kids, and findsmanaging diabetes challenging
with kids and jobs. The third subgroup is labeled as Older Abbey (n = 5), who belongs
to the age group of 46 + years, have multiple chronic health issues, and find managing
diabetes challenging along with other health conditions. We labeled the second persona
group as “Heather” (n= 2). This persona group is diagnosed with diabetes Type 2, are 56
+ years old, belong to middle-class socio-economic background, are either unemployed
or work part-time. We identified two subgroups within this persona group, (1) Hopeless
Heather (n = 1), who is physically inactive due to laziness, does not give priority to
their health, has no health insurance, and follows an unhealthy lifestyle, and (2) Hopeful
Heather (n= 1), who is physically active, have a proactive attitude towards health, have
multiple chronic issues but still are motivated to self-manage their diabetes. The third
persona group we identified is “Dani” (n = 1). This persona is diagnosed with Latent
Autoimmune Diabetes in Adults, belongs to the 36–46 years age group, belong to lower
socio-economic background, has multiple comorbidities, and has limited ability to make
their own health decisions. We did not identify any subgroups within this persona group
since one participant belonged to this persona.

The second goal of the user interviewswas to get feedback about the app design ideas.
For the second goal too, we had two subgoals. First was to assess the effectiveness of
proto personas in the design process, and second to compare the feedback (preferences,
approvals, and disapprovals) of younger and older users on the app designs.
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Fig. 9. Major personas and their subgroups.

Design A, the app design that was created using the information from the proto
personas, was the most popular first choice among all participants (Fig. 10). Design A
was the most preferred choice among younger user groups (Younger Abbey, Abbey, and
Dani).Most of the younger participants liked themotivational quote on the Homepage of
DesignA. They said that themotivational quotemade embarks a positive feeling in them.
They also liked the colors, design, and layout of information in Design A. According
to them, the layout of information made it easier to locate important information with
minimal effort. One participant mentioned, “I like Design A. It’s simple yet very effective.
Design B looks boring, and Design C looks very busy and overwhelming.”

Fig. 10. Design preferences of each persona.
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Within the older user groups, Design A was the most preferred choice in Hopeless
Heather and Hopeful Heather personas, but in the Older Abbey persona group, Designs
A and B had a tie. Older users who preferred Design A liked certain features such as
the dashboard providing a summary of body vitals and the number of footsteps on the
home screen. They found the information in the dashboard helpful and easily accessible
According to one participant from Older Abbey persona, “In Design A I like the easy
thing at the top that says your heart rate, body temp. I really like that”. They also
found the minimalistic design of Design A to be more useful and easier to use. One
participant said, “I really like Design A. It’s clean, simple, and straightforward.” Most
common recommendation was using contrasting colors to present important information
and have the option of adjusting the font size according to their preferences.

Older users from the Older Abbey persona who preferred Design B specifically
liked the different colored text frames. According to them, the different colored text
boxes made the information in them more prominent. One participant mentioned, “One
thing I like is the coloring, and how each box has a different color associated with it,
distinguishing the information from one another.”

Both older and younger users showed similar preferences toward different app
designs. Even though both groups preferred Design A, the reasons for choosing the
design were vastly different. When asked about their preferences, older user groups pre-
ferred contrasting colors, bigger font sizes, and bigger and more prominent button sizes.
This is because physical and cognitive abilities change with age, leading to declining
in visual and motor capabilities in older adults [16]. On the other hand, younger users
preferred Design A because its simplicity and visual appeal made the design look more
user-friendly and efficient.

4 Discussion

Our results showed that our proposed process was successful in achieving its goals.
Proto persona development process helped in identifying user needs and challenges and
making the design process more effective and efficient. Based on the needs identified
through proto personas, our team was able to create a low-fidelity design mockup that
catered to the needs of all personas. Thiswas reflected in the results of the user interviews.
The user interviews revealed that despite being in different stages of life with varying
needs and challenges, the design created using proto personas satisfied the needs of both
the younger and older user groups. Design A seemed to satisfy the needs of different user
groups, compared to the other designs, hence, proving the effectiveness of our proposed
process.

Our user persona development process also proved to be more efficient as in the
same interviews, we were able to refine our personas as well as gain valuable feedback
from the users about the design choices.

5 Conclusion, Limitations and Implications for Future Research

The objective of this paper was to develop a systematic approach to the persona devel-
opment process. To assess the effectiveness of the process, we explored the following
question: Is our proposed persona development methodology effective in guiding the
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early design phase of a diabetes management smartphone application (app) targeted at
older and younger users? Our study results provided evidence of effectiveness and effi-
ciency of our proposed persona development methodology in early design process of the
smartphone app. Developing proto-personas helped in eliciting user requirements for the
diabetes management app, keeping user needs and wants into consideration. User per-
sonas helped in verifying the needs and wants of the patients as well as getting feedback
on the app design mockups created using the information from proto-personas.

Our study, however, did have some limitations. We tested our proposed method on
a small sample size of only 21 participants. A bigger sample size could result in better
generalizability of the results. Moreover, we conducted our interviews via video confer-
encing, which is why we were able to attract participants who were already comfortable
with technology use and had familiarity with different application types. Expanding our
sample size to users who are not smartphone savvy can help identify different types
of needs and challenges. Overall, our results are encouraging and can be replicated on
different types of digital solutions catering to the needs of different populations. Our
paper provides a systematic approach to the persona development process. For future
research, we recommend using the persona development methodology proposed in this
paper to increase the efficiency and effectiveness of the early design process.
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Abstract. Theworld’s population is currently aging significantly, and older adults
have a significant need for health information while having a low level of eHealth
literacy. With the implementation of the health China strategy, the construction of
the health science popularization platform has been put on the agenda. However,
it is unknown how digital technology will affect senior users. We looked into the
particular impacts that the kinds of digital empowerment that the health science
popularization platform has made available to older adults have on them. In this
study, we also developed, from the perspective of digital empowerment, the mech-
anism model of the health science popularization platform on the eHealth literacy
of older adults. This study employed a questionnaire survey approach to gathering
data, primarily using an online platform to ask older persons with prior experience
using a platform for the popularization of health science to fill out. 248 participants
aged over 50 took part in the study and finished the survey up to standard. The
SmartPLS4.0 programwas used to analyze the data using the PLS-SEM approach.
According to the findings, the health science popularization platform significantly
affects older adults’ capacity to look for and use health information, and as a
result, older adults’ self-efficacy and ease of use support their eHealth literacy. By
enhancing information push, simplifying function operation, and other measures
during the future development of the health science popularization platform, we
may assist older adults in adjusting to digital technology and thereby advance
eHealth literacy, finally help bridge the digital divide.

Keywords: EHealth literacy · Health science popularization platform ·
PLS-SEM · Older adults

1 Introduction

With the serious problem of global population aging, how to help older adults bridge
the digital divide has become an important issue to enjoy their old age and adapt to the
digital era. The Internet plays an important role in terms of the dissemination of health
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knowledge, with over 72% of Internet users in America seek health information online
[1]. Even though there is broad agreement that online interactions should complement
(but not substitute) traditional face-to-face encounters, for some people health science
popularization platforms such as health forums represent the primary way of accessing
medical information for convenience or financial reasons [2]. With the implementation
of Health China 2030, a large number of health science popularization platforms have
been under construction, and much barrier-free transformation has been carried out for
older adults to help them improve digital literacy. Older adults are facing problems
using digital technology, including privacy infringement, distortion of health informa-
tion, unskilled operation, and fear of difficulty. During the COVID-19 pandemic, due to
restrictions on offline activities, they begin to seekmedical help and health science popu-
larization online. Large amounts of older adults start learning to use health applications
to obtain health information and conduct online communication in health communi-
ties. The changes in eHealth literacy in the process of older adults’ exposure to digital
technology, such as health science popularization platforms, are unknown and worth
studying.

2 Literature Review

2.1 Health Science Popularization

The canonical understanding of popularization involves a one-way transmission or dis-
semination model of communication, whereby expert, esoteric knowledge is translated
into language understandable by the public [3]. Popularization is a social process com-
prised of a wide variety of discursive-semiotic practices, such as mass media, books,
the Internet, exhibitions and other communicative events, designed to spread scientific
knowledge, opinions and ideologies of scholars among the public [4].

The popularization of medical information and medical technology can lead to
improved health equity and digital health equity. The digital divide and disparities in
healthcare access can create differences in the quality of care and treatment between
different population groups [5]. Jisan Lee et al. reviewed the domestic and international
use status, acceptance rates, and use cases for various types of medical information.
This study concluded that healthcare providers should continually strive to popularize
medical information and foster health equity and digital health equity [6]. P. ANESA &
A. FAGE-BUTLER characterized the online health forum as a Web 2.0-style popu-
larization tool, and investigated which explanatory tools (such as definitions, analogies,
exemplifications, and generalizations) could help experts to explain complex or technical
information [2].

At present, health popularization platforms in China are mainly of the following
types: a)health columns on comprehensive websites, such as Baidu Doctor under Baidu
and the health column under Sohu; b)specialized health websites, such as Tencent Medi-
cal Dictionary and 39 Health Network; c)platforms based on social software, such as the
health official accounts onWeChat andWeibo. Recently, the short video social platform
of Tiktok has attracted numerous health science popularization organizations. However,
there is still relatively little research done into health science popularization platforms
and the behaviors of senior users.
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2.2 Digital Empowerment

In the field of management, the concept of “empowerment” was initially proposed by
Follett in the 1920s to enhance organizational power through empowering individuals
[7]. With the popularization and development of digital technology, the concept of dig-
ital empowerment has emerged, which is defined as a new phenomenon with enhanced
digital capability [8]. From different perspectives, scholars have studied digital empow-
erment. Sociologists view digital empowerment as not only the result of individual use
of technology, but also the ability to make society more inclusive through technology
[9]. In addition, digital empowerment gives individuals new ways to solve problems and
enables people to become capable subjects, who can take control of their lives and envi-
ronment [10]. In the field of management, Lenka et al. put forth three core components
of digital empowerment from the perspective of corporate value co-creation: intelligence
ability, connectivity ability, and analysis ability. They explained the mechanism through
which these three components and customers can jointly create value [11]. In general,
digital empowerment can be divided into two categories based on the empowerment
tools - resource empowerment [12] and structural empowerment [13] - as well as two
categories based on actor relationships - platform empowerment [14] and ecological
empowerment [15].

Although scholars have explored the connotation of digital empowerment from dif-
ferent perspectives, all definitions cover the following two aspects: a) The application of
digital technology, which can help individuals gain more information and professional
skills to innovate and adapt to digital society [16]. b) The improvement of the ability
of the empowerment object, emphasizing knowledge literacy and increased innovation
ability. To date, little attention has been paid to the health science popularization plat-
form and its potential to help older adults bridge the digital divide. Digital empowerment
can help them learn new skills, improve eHealth literacy, and ultimately use resources
on health science popularization platforms to access, manage, process, and disseminate
health information.

2.3 EHealth Literacy

EHealth literacy, which involves the ability to find, understand and evaluate online health
information through electronic media, and make relevant decisions to solve their own
health problems [17], has been investigated in the youth population [18] and the group of
patients with chronic diseases [19]. However, research on the electronic health literacy
of the older population is relatively scarce. Currently, studies on the eHealth literacy of
older adults focus on the current situation, specific applications [20], and influencing
factors [21]. Consequently, the use of health science popularization platforms can help
to improve the eHealth literacy of older adults, which will play an important role in
bridging the digital gap.

3 Theoratical Background and Research Hypothesis

3.1 Theoratical Background

Motivation-Opportunity-Ability (MOA) Theory. MOA theory believes that con-
sumers’ handling of marketing communication depends on three aspects: motivation,
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opportunity and ability. The effectiveness of marketing information can be achieved by
developing a person’s motivation, opportunity and ability level [22]. The MOA theory
has a wide range of applications and is often used to explain the motivation of other
information behaviors, including the use of social media [23], online gamer communi-
cation [24] and other fields. In this study, digital empowerment provided by the health
science popularization platform has given older adults more opportunities to access and
use health information and digital technology. The help and confidence of older adults
themselves achieve have become their motivation for continuous use, and the ability
improvement is reflected in the improvement of their eHealth literacy.

Technology Acceptance Model (TAM). The TAM model, proposed by American
scholar David, aims to evaluate the perceived usefulness and ease of use of external
variables, such as user characteristics, system design, organizational structure, and pol-
icy impact. These two variables will then affect the user’s attitude towards the system
and finally the behavior [25]. This model has been widely used in the field of informa-
tion systems to research the user’s use intention and service evaluation mechanism. In
this study, to understand the impact of the health science popularization platform on the
eHealth literacy of older users, we combine the TAMmodel and the MOA theory to cre-
ate a conceptual model. This model will illustrate the digital empowerment mechanism
of the health science popularization platform for senior users.

3.2 Perspectives of Health Science Popularization Platform

Health Information Seeking (HIS). Health InformationSeeking is defined as the user’s
behavior of searching for information about the disease, health, and risk in specific situa-
tions [26]. The health science popularization platform has broken through the limitations
of time and region and is increasingly favored by users. Through digital empowerment
of the health science popularization platform, older adults can search for the health
information they need, satisfy their health information requirements, and improve their
sense of efficacy in the process. Because older adults are usually not proficient in digital
technology, the information search function provided by platforms can also make them
feel more receptive to digital empowerment. Based on the above analysis, this study
proposes the following hypothesizes:

H1: The health information seeking ability empowered older adults by the health science
popularization platform has a positive impact on their perceived usefulness.
H2: The health information seeking ability empowered older adults by the health science
popularization platform has a positive impact on their perceived ease of use.
H3: The health information seeking ability empowered older adults by the health science
popularization platform has a positive impact on their self-efficacy.

Personalization (PER). In the era of algorithm, personalization in the field of e-
commerce focuses on how to mine valuable information and patterns from the mass
data of consumers through big data, to better predict the requirements and preferences
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of consumers and provide them with more valuable products and services [27]. The per-
sonalized service of the health science popularization platform is based on the particu-
larity of older adults and provides corresponding health information services according
to their needs and preferences. Accurate personalized services and information push
services help older adults have a better user experience and feel the usefulness and con-
venience of the platform’s digital empowerment. Based on the above analysis, this study
proposes the following hypothesizes:

H4: The personalized services provided by the health science popularization platform
are positively affecting the perceived usefulness of older adults.
H5: The personalized services provided by the health science popularization platform
are positively affecting the perceived ease of use of older adults.
H6: The personalized services provided by the health science popularization platform
are positively affecting the self-efficacy of older adults.

Health Information Usage (HIU). In the study of users’ incidental health information
use behavior, researchers found that there was a positive correlation with users’ mastery
of health knowledge [28]. Thehealth sciencepopularizationplatformenables older adults
to access health information and medical knowledge that are difficult to obtain before so
that they can improve doctor-patient communication and guide daily health care. Digital
technology reduces the threshold for older adults to apply health information and obtain
health guidance, enabling them to feel the value of the health science popularization
platform, reduce the resistance to digital technology, and improve their internal sense of
efficacy in using health information. Based on the above analysis, this study proposes
the following hypothesizes:

H7: The health information usage ability empowered older adults by the health science
popularization platform has a positive impact on their perceived usefulness.
H8: The health information usage ability empowered older adults by the health science
popularization platform has a positive impact on their perceived ease of use.
H9: The health information usage ability empowered older adults by the health science
popularization platform has a positive impact on their self-efficacy.

3.3 Perspectives of Older Adults

Perceived Usefulness (PU). Perceived usefulness refers to the useful information of
goods or services obtained by users in the environment, and is the effective information
screeningbefore generating behavioral intention [29].Whenusers can obtainmore useful
information from the platform, their perceived trust will be significantly enhanced, and
their willingness to purchase and usewill also be stronger [30]. If older adults feel that the
information and services obtained from the health science popularization platform are
useful, they will tend to continue to use the platform and apply their health advice, which
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will ultimately improve their electronic health literacy. Based on the above analysis, this
study proposes the following hypothesis:

H10: The perceived usefulness of older adults using the health science popularization
platform has a positive impact on their eHealth literacy.

Perceived Ease of Use (PEU). Perceived ease of use can positively affect users’ accep-
tance of information systems and promote their continuous use [31]. For older adults,
the ease of using the information system is of great significance for their sustainable
use. If older adults feel relaxed and convenient in the process of using the health science
popularization platform, and will be willing to use more digital technology and access
more health information, to improve their electronic health literacy. Based on the above
analysis, this study proposes the following hypothesis:

H11: The perceived ease of use of older adults using the health science popularization
platform has a positive impact on their eHealth literacy.

Self-efficacy (SE). Self-efficacy refers to the self-evaluation of the individual’s ability to
organize and implement a series of actions to achieve the set goals [32]. Previous studies
have shown that self-efficacy can promote users’ willingness to invest in purchasing,
learning, and using certain information systems [33]. The improvement of self-efficacy
experienced by older adults while using the health science popularization platform will
further promote their use of the platform, learn more health knowledge, and practice
digital technology operation, thus promoting their eHealth literacy. Based on the above
analysis, this study proposes the following hypothesis (Fig. 1 and Table 1):

H12: The self-efficacy of older adults using the health science popularization platform
has a positive impact on their eHealth literacy.

Fig. 1. Conceptual model of the impact mechanism of the health science popularization platform
on older adults’ eHealth literacy from the perspective of digital empowerment
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Table 1. Measurement indicators and reliability of each variable

Variable Item Reference

HIS HIS1: I have sought out health information on the health science
popularization platform

[34]

HIS2: I have looked to different online sources to obtain health
information

HIS3: I have paid close attention to health information on the health
science popularization platform

HIS4: I have actively searched on health science popularization platform
for health information

PER PER1: The health science popularization platform offers personalized
services based on my health situation

[35]

PER2: The health science popularization platform offers personalized
services based on my preferences

PER3: Based on my preferences and health situation, the health scicence
popularization platform can provide me the kind of information or
service that I might like

HIU HIU1: I will recommend others to seek health information through
doctors in the health science popularization platform

[36]

HIU2: I will make a health or medicine-related decision according to the
information I sought in the health science popularization platform

HIU3: I will recommend others to use the health information from the
health science popularization platform

PU PU1: The health science popularization platform can provide me with
professional knowledge

[37]

PU2: The health science popularization platform is helpful to answer my
doubts

PU3: The health science popularization platform is valuable to me

PEU PEU1: Learning to operate health science popularization platform would
be easy for me

[31]

PEU2: I would find it easy to get the health science popularization
platform to do what I want it to do

PEU3: My interaction with the health science popularization platform
would be clear and understandable

PEU4: I would find the health science popularization platform to be
flexible to interact with

PEU5: It would be easy for me to become skillful at using the health
science popularization platform

PEU6: I would find the health science popularization platform easy to use

(continued)
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Table 1. (continued)

Variable Item Reference

SE SE1: I can always manage to solve difficult problems if I try hard enough [38]

SE2: If someone opposes me, I can find means and ways to get what I
want

SE3: It is easy for me to stick to my aims and accomplish my goals

SE4: I am confident that I could deal efficiently with unexpected events

SE5: Thanks to my resourcefulness, I know how to handle unforeseen
situations

SE6: I can solve most problems if I invest the necessary effort

SE7: I can remain calm when facing difficulties because I can rely on my
coping abilities

SE8: When I am cofronted with a problem, I can usually find several
solutions

SE9: If I am in a bind, I can usually think of something to do

SE10: No matter what comes my way, I’m usually able to handle it

EHL EHL1: I know how to find helpful resources on the Internet [39]

EHL2: I know how to use the Internet to answer my health questions

EHL3: I know what health resources are available on the Internet

EHL4: I know where to find helpful health resources on the Internet

EHL5: I know how to use the health information I find on the Internet to
help me

EHL6: I have the skills I need to evaluate the health resoures on the
Internet

EHL7: I can tell high quality from low quality health resources on the
Internet

EHL8: I feel confident in using information from the Internet to make
health decisions

4 Research Methodology

4.1 Research Design

In this study, the questionnaire surveymethodwas used to collect data, and the PLS-SEM
method was used for data analysis. Firstly, considering the particularity of older adults,
the questionnaire distribution plan was conducted online and offline at the same time.
Secondly, structural equation model method was used because PLS-SEM is the most
simple but accurate to determine the dependency between multiple variables [40]. In
the multiple linear regression analysis, the eHealth literacy of older adults was taken as
the dependent variable, and the empowerment dimensions health science popularization
platformprovides to older adultswere taken as the independent variables. The influencing
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factor model of the health science popularization platform on the eHealth literacy of
older adults from the perspective of digital empowerment was established. Finally, the
statistical analysis software program SmartPLS4.0 were used to collect, process, and
analyze the data. Theoretical and practical discussions were conducted based on the
data analysis results.

4.2 Data Collection

This study took older adults with experience in using the health science popularization
platform as the research object, and set screening questions to ensure the accuracy of
the object. We have distributed the questionnaire online for data collection through the
Tencent questionnaire older adults’ group, which is a special aging research service and
has accumulated more than 500,000 older user resources.

This questionnairemainly includes two parts. The first part is demographic variables,
including gender, age, and education. The second part is about the investigation of the
influencing factors of older adults’ eHealth literacy, including 7 latent variables such
as health information seeking and usage, et al. In terms of scale design, the measure-
ment indicators in this paper were based on or adapted from previous studies, and were
scenarioized based on the actual situation of older adults in China, using Likert 5-level
scale. After several rounds of collection, a total of 289 complete questionnaires were
finally obtained, and 248 valid questionnaires were obtained after eliminating invalid
questionnaires such as age group inconformity (under 50).

5 Empirical Testing and Analysis

5.1 Participant Characteristics

The survey results show that there are slightly more males than females among the older
adults interviewed; The age is concentrated in the age range of 55 to 65 years old, with
55 to 60 years old accounting for the largest proportion, and most of them have retired.
The education level of the older adults interviewed is mainly high school education,
followed by primary and middle school education, which indicates that the education
level of older adults in China is still not ideal. Few older people have received graduate
education (Table 2).

Table 2. Participant characteristics

Demographic variables Frequency percentage (%)

Gender Male 138 55.6

Female 110 44.4

Age 50–55 37 14.9

55–60 141 56.9

60–65 61 24.6

65–70 5 2

over 70 4 1.6

(continued)
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Table 2. (continued)

Demographic variables Frequency percentage (%)

Working Status Unretired 98 39.5

Retired 130 52.4

Reemployment after Retirement 20 8.1

Education primary and middle school 56 22.6

senior high school 80 32.3

junior college 51 20.6

undergraduate course 50 20.2

Postgraduate course (master,PHD) 11 4.4

5.2 Reliability and Validity Analysis

The results show that Cronbach’s α of all values are greater than 0.7, the standard load
of each item factor corresponding to the latent variable of the model is greater than 0.7,
and the combined reliability(CR) value is also greater than 0.7, indicating that there is
high consistency and good reliability among the items. The average extraction variance
of each variable is greater than 0.5, and the square root of the AVE value of each variable
is greater than the correlation coefficient between this variable and other variables. The
aggregate validity and differential validity of this paper are good. In addition, the VIF
of each variable is less than 10, so there is no multicollinearity among the variables of
this model (Table 3 and Table 4).

Table 3. Outer loadings, Cronbach’ α, CR value and AVE value

Variable Item Outer loading VIF Cronbach’s α CR AVE

Health Information
Seeking(HIS)

HIS1 0.898 3.000 0.911 0.912 0.790

HIS2 0.853 2.330

HIS3 0.897 3.281

HIS4 0.905 3.265

Health Information
Usage(HIU)

HIU1 0.895 2.832 0.860 0.861 0.782

HIU2 0.848 1.718

HIU3 0.908 2.981

Personalization(PER) PER1 0.921 3.146 0.917 0.917 0.857

PER2 0.930 3.379

PER3 0.927 3.239

Perceived
Usefulness(PU)

PU1 0.923 3.156 0.938 0.939 0.765

PU2 0.919 3.025

PU3 0.908 2.665

(continued)
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Table 3. (continued)

Variable Item Outer loading VIF Cronbach’s α CR AVE

Perceived Ease of
Use(PEU)

PEU1 0.834 2.609 0.905 0.905 0.840

PEU2 0.896 3.589

PEU3 0.911 4.268

PEU4 0.847 3.01

PEU5 0.864 3.202

PEU6 0.895 3.793

Self-efficacy(SE) SE1 0.768 2.421 0.950 0.950 0.690

SE2 0.879 2.358

SE3 0.779 3.403

SE4 0.849 4.224

SE5 0.872 3.207

SE6 0.832 2.665

SE7 0.803 2.463

SE8 0.787 3.113

SE9 0.846 5.477

SE10 0.881 5.544

eHealth literacy(EHL) EHL1 0.835 3.009 0.937 0.938 0.693

EHL2 0.824 2.902

EHL3 0.847 3.566

EHL4 0.869 3.619

EHL5 0.81 2.713

EHL6 0.825 3.01

EHL7 0.833 4.764

EHL8 0.817 4.814

Table 4. Discriminate validity test results

Variables EHL HIS HIU PER PEU PU SE

EHL 0.833

HIS 0.696 0.889

HIU 0.644 0.694 0.884

PER 0.648 0.819 0.785 0.926

PEU 0.803 0.783 0.745 0.776 0.875

PU 0.675 0.756 0.767 0.801 0.789 0.917

SE 0.811 0.629 0.659 0.627 0.804 0.656 0.831
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5.3 Path Coefficients and Hypothesis Testing

In this paper, Smart PLS4.0 is used to estimate the path parameters of the researchmodel,
and the BootstrApplying repeated sampling method is used to test the significance of
the path coefficients, with a sampling number of 5000 times. The results show that the
positive effects of health information search and health information use on the perceived
usefulness, perceived ease of use, and self-efficacy of older adults are established, and the
personalized characteristics have a significant positive impact on perceived usefulness,
while the hypothesizes of its impact on perceived ease of use and self-efficacy are not
supported by data in this paper. The perceived ease of use and self-efficacy of older
adults using the health science popularization platform have significant positive effects
on their eHealth literacy, while the impact of perceived usefulness is unclear (Table 5
and Fig. 2).

Table 5. Results of Hypothesis Test

Hypothesis Relationship coefficient(β) T-value P-value result

H1 HIS -> PU 0.253 2.905 0.004**
√

H2 HIS -> PEU 0.401 3.092 0.002**
√

H3 HIS -> SE 0.287 2.208 0.027*
√

H4 HIU -> PU 0.325 4.509 0.000***
√

H5 HIU -> PEU 0.301 3.309 0.001**
√

H6 HIU -> SE 0.396 3.161 0.002**
√

H7 PER -> PU 0.338 3.867 0.000***
√

H8 PER -> PEU 0.212 1.751 0.080

H9 PER -> SE 0.081 0.537 0.591

H10 PU -> EHL 0.084 1.116 0.265

H11 PEU -> EHL 0.365 3.481 0.001**
√

H12 SE -> EHL 0.463 6.664 0.000***
√

*** P < 0.001, ** P < 0.05, * P < 0.01
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Fig. 2. Model path coefficient

6 Conclusions and Suggestions

6.1 Digital Empowerment of Health Science Popularization Platform

Significant Impacts of Health Information Seeking. Firstly, Health information seek-
ing behavior significantly affects older adults’ perceived usefulness. With such digital
technology, they could search for health information arbitrarily and satisfy their multi-
ple health information requirements on their own, which could make them agree with
the value of the platform. Secondly, health information seeking behavior significantly
positively affects older adults’ perceived ease of use.

Significant Impacts of Health Information Usage. The ability of older adults to truly
contact, use and disseminate health information is an important segment in the digital
empowerment of the health science popularization platform, which is of great signifi-
cance for them to integrate into the digital society and bridge the digital divide. Com-
pared with passively accepting a massive volumn of health information, older adults
can actively accept health information services and practice them in life, so that they
can truly feel the importance of health science popularization platforms and realize the
convenience of digital technology operations. Constant contact and practice help older
adults build up confidence in their use of information technology so that they feel able
to adapt to the digital era and improve their internal efficacy.

The Impact of Personalization is Inconspicuous. On the one hand, accurate recom-
mendations of health information based on the individual needs and preferences of older
adults can provide more help and improve the perceived usefulness of older users. On
the other hand, large amounts of personalized health information may cause older adults
to suffer from health information overload and affect their usage of the health science
popularization platform. Previous studies have shown that information overload can
cause anxiety and even confusion in users’ behavior [41]. As older adults themselves
are physically and psychologically weak, facing large numbers of health information
pushes could easily generate negative emotions and generate doubts about their health
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status. Also, too complex health services will make older adults confused in terms of
functions, and feel that the operation of the health science popularization platform is too
complex to use, which will reduce their confidence in operating and result in insufficient
self-efficacy.

6.2 Improvement of Older Adults’ eHealth Literacy

PEU & Self-efficacy Have Significant Positive Impact on eHealth Literacy. Older
adults’ perceived ease of use could promote their eHealth literacy, as previous studies
have shown that e-health literacy is related to the use of health care [42]. On the one hand,
the operation of the health science popularization platform is simple, practical and easy
to operate. The page design is easy to understand, in simple terms, and rich, and practical
in content. The health suggestions put forward, such as diet, Chinese patent medicine,
massage, and acupuncture, are operable, which is more conducive to the learning and
practice of health knowledge for older adults. On the other hand, older adults feel that the
health science popularization platform is easy to operate, which helps them overcome
their fear of unfamiliar digital technology, and is willing to get in touch with other health
information platforms, and finally achieve the improvement of electronic health literacy.
Older adults’ self-efficacy could also significantly promote their digital literacy. As older
adults’ self-confidence and sense of efficacy in the face of digital technology improve,
they will reduce their previous fear of emerging technologies and massive information,
and face the digital era with a more open attitude. Starting from the digital empowerment
of the health science popularization platform, older adults will have the confidence to
search for health information and obtain health services from more larger platforms,
improve their electronic health literacy and even digital literacy, and successfully bridge
the digital divide.

Perceived Usefulness Has No Significant Impact on eHealth Literacy. This issue can
be explained from three aspects: in terms of health information, the information provided
by the health science popularization platform is massive and of uneven quality for older
adults. Health information overload reduces older adults’ ability to judge the authen-
ticity and practicality of information and does not play a substantive role in improving
their eHealth literacy. In terms of platforms, for older adults in modern society, there
are many other online and offline channels to obtain useful health services in addition
to the health science popularization platform. While recognizing the value of the health
science popularization platform, they may still choose traditional ways to obtain health
information services, such as seeking help from family doctors, because of unadaptabil-
ity, psychological resistance, and other reasons. From the perspective of older adults
themselves, realizing the value of the health science popularization platform will also
bring practical difficulties due to their own digital technology deficiencies. In particular,
the family older adults group lacks the assistance of peer exchange of health informa-
tion in social relations to promote eHealth literacy [43], which hinders the learning and
practice of health knowledge.
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6.3 Suggestions

For The Health Science Popularization Platform. On the one hand, strengthen the
information and service quality of the health science popularization platform, and pro-
vide more practical and effective health advice for the elderly. Platforms should expand
the communication and dissemination channels of health knowledge, help older adults
to quickly find scientific and professional information content from themassive complex
health information, promote their awareness and understanding of health information,
and ultimately improve eHealth literacy. On the other hand, health science popular-
ization platforms should simplify the operation and take more consideration of the
requirements of older adults in design and function, to reduce their use burden. The
personalized recommendation information for older adults should also be more simpli-
fied to avoid the pressure and anxiety caused by excessive health information push. The
health science popularization platform can also use AIGC technology (robot, virtual
reality, etc.) to assist the science popularization activities for older adults, enhance their
sense of presence and perceived ease of use, finally make them more receptive to digital
technology.

For Social Environment Construction. It is far from enough for the health science
popularization platform to empower older adults with digital technology because older
adults often lack the belief and ability to use the acquired authority, and it needs the joint
efforts of all sectors of society to help older adults improve their digital literacy and use
digital technology with the facility. For older adults with the social endowment, more
actions could be taken to strengthen the publicity of the health science popularization
platform, provide the tutorial and guidance of digital technology to promote older adults
learninghealth knowledge, use online health communities, andfinally improve electronic
health literacy. In the case of older adults supported in the family, full use of close
contact and full communication in the family environment should be made to promote
intergenerational communication and teaching, so that older adults could fully immerse
themselves in the environment of using digital technology to obtain health services, and
improve their eHealth literacy.

For Older Adults Themselves. Older adults should also maintain an open mind to
accept the fact that the digital era is coming and build confidence in the use of digital
technology. In daily life,more online health service providers including thehealth science
popularization platform should be used to obtain the required health information, practice
the operationof digital technology, and apply thehealth knowledge learned todaily health
care. The exchange of digital technology experience and health information through
peer and intergenerational communications will also help older adults skillfully use
information technology, judge distorted health information, improve their self-efficacy,
and ultimately help them improve their eHealth literacy.
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7 Contribution and Limitation

7.1 Contribution

Theoretically, this study can expand the research scope of digital empowerment and
explore the aspects and effects of health science popularization on digital empower-
ment of older adults. It can also build an influential mechanism between health science
platforms and older adults, which could help understand the relationship between these
factors. Practically, this study can provide suggestions for the improvement of the health
science popularization platform, help older adults to better access health information
through the platform, and ultimately improve eHealth literacy. The aging of population
is a distinctive global feature of the present era. More concrete measures should be
taken to support older adults in the face of rising pension and medical costs. Improve-
ment of health science popularization, and eHealth literacy of older adults, can help all
generations equally benefit from improved health and education conditions.

7.2 Limitation

In terms of research objects, this study is mainly aimed at older adults in the Chinese
Mainland, therefore the applicability to older adults in other regions is limited, and older
people with experience in using the health science popularization platform may have
a higher educational background, so the impact on other older adults’ eHealth literacy
is still unknown. In terms of the research scope, it is difficult to accurately measure
the changes in eHealth literacy of older adults before and after using the health science
popularization platform. Future research can be carried out longitudinally to track the
behavior of older adults using the health science popularization platform and record the
changes in their eHealth literacy. The control variable experiment method can also be
used for scientific comparative analysis.

Future research can also explore the mechanism of digital empowerment in other
situations, such as the impact on employees’ innovation behavior and innovation per-
formance. The relationship between different digital empowerment methods and the
empowerment effects is worth exploring, and whether digital empowerment will cause
negative effects such as excessive cognitive load on older adults is also an important
issue.
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Abstract. This paper discusses the specific factors that influence the decision-
making shift of homebound older people towards online consultation from offline
to internet hospitals. By combining the Theory of Planned Behaviour (TPB) and
push-pull theory, this paper proposes a model of the behavioral intention of home-
bound older people to choose an Internet hospital for online consultation. The
model is analyzed from two perspectives: the offline hospital (push factors) and
the Internet hospital (pull factors). The model assumes that the shift in older peo-
ple’s decision-making at home results from the combined control of push and
pull factors. The model applies not only to consultation services but also to other
healthcare-related services and has good adaptability. The model provides full-
cycle decision support for the development of the Internet hospital by looking at
the problem from the perspective of the elderly at home. The ultimate goal of
this paper is to promote the development of Internet hospitals and to build a new
medical service model that integrates digital healthcare “online + offline”.

Keywords: Behavioral intentions · Internet hospitals · Older People · Home ·
Behaviour

1 Introduction

With the advent of healthy China and the era of digital governance, a new medical
service model that integrates digital medical services, “online + offline”, is replacing
the traditional offline hospital service model [1]. The development of Internet hospitals
is one of the most important ways to address the lack of demand for medical resources
[2]. The number of Internet hospitals in China increased dramatically during the 2019
coronavirus disease pandemic and played an essential role in preventing and controlling
the outbreak [3]. Policy interventions by the Chinese government have also strongly
contributed to the development of Internet hospitals [4]. Community-based home care is
still the choice of most older people today, and the community-based home care model
is one of the primary forms of elderly care [5]. However, as the population ages, the
traditional home care model can no longer meet the growing needs of the elderly, and
how to promote the elderly in a digital society has become a widely discussed issue [6].
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The use of online healthcare-related services in Internet hospitals by older people in the
home care model has positive implications for all three parties: offline hospitals, older
people, and online hospitals.

Although Internet hospitals have brought convenience to society, there are still many
difficulties for older people to use online products and services such as Internet hospitals
[7]. From the perspective of the elderly, their poor adaptability to digital technology and
low acceptance of digital products is one of the primary reasons for the low usage rate of
Internet hospitals [8]. From other perspectives, the product design of Internet hospitals
also needs more age-appropriateness and complex pages [9]. Factors such as brilliant
elderly assistance activities and the digital learning atmosphere of the elderly community
also affect the use of Internet hospitals by the elderly.

Based on the Theory of Planned Behaviour (TPB) and push-pull theory, this paper
constructs a model of online consultation behavioral intention that influences the
decision-making shift of homebound older people from offline hospitals to internet hos-
pitals. By building this model, an abstract representation of the decision-making shift of
older people in the home care model is presented. Using this model, we can understand
the reasons influencing the change in decision-making from offline to offline consulta-
tions and the use of internet healthcare-related services. The model will help to increase
the use of Internet hospitals by older people, thus promoting the development of Internet
hospitals and bringing convenience to the lives of older people.

2 Literature Review

The public’s intention to seekmedical treatment includes the public’s choice of hospitals
and doctors. The choice of public medical treatment behavior intention is affected by the
resource conditions of medical institutions, the public’s conditions, and the surrounding
social environment. Many scholars have researched the public’s choice of intention to
see a doctor.

Summarize from the perspective of public selection of offline hospitals, Tengilimoǧlu
et al. [10] pointed out that the behavior and attitude of personnel, as a public relations
activity supporting the hospital’s reputation in public, is an essential factor in determining
the choice of hospitals by consumers. He et al. [11] pointed out that the long waiting time
in public hospitals is critical for patients to choose emergency rooms in private hospitals.
In contrast, the high cost of emergency rooms in private hospitals is essential for patients
to select emergency rooms in public hospitals. Gil et al. [12] developed a framework
based on the Andersen Behavioural Model covering need, support, and personal factors
to explain why outpatient service users choose state and public (rather than private)
hospitals. Byamfo et al. [13] identified increased hospital reputation and type of illness
as determinants of the public choice of hospital. Andaleb [14] pointed out that service
quality perception and demographic characteristics can also predict patients’ choice
between public and private hospitals. Barnea et al. [15] identified patient trust, patient
focus, and commitment of healthcare professionals as factors that serve as patients’
choice of hospital.

Based on research at the Internet hospital level, Liu et al. [16] examined patients’
choice of willingness to use different types of sponsored Internet hospitals and showed
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that gender, education, and consumer type were the main factors influencing patients’
use of different supported types of Internet hospitals. Li et al. [17] pointed out that
perceived behavioral control and perceived severity of illness were the most critical
factors determining patients’ use of online consultation services at Internet hospitals, the
essential elements in determiningpatients’willingness to use online hospital consultation
services.

The existing literature provides a detailed analysis of the factors influencing the
public’s behavioral choice to attend medical appointments, but they still need help with
the following problems.

1. The elderly as a particular group, the existing literature lacks research on the
behavioral intention to visit the elderly at home.

2. As a new type of online hospital, the existing literature needs more research on the
behavioral choice of online services in Internet hospitals.

3. Although the existing model applies to most of the population, it does not reflect the
particular characteristics of the elderly group.

3 Theory Development

This paper aims to develop a model of the behavioral intentions of homebound older
people to visit a doctor online to reveal the shifts in decision-making regarding their
choice of healthcare services. In the process of selecting a theoretical basis, the analysis
and comparison of different theories on individual behavior generation led to the decision
to choose the theory of planned behavior as the theoretical basis for the model and to
combine the push and pull theory related tomotivation and decision shifts with the theory
of planned behavior model.

The Theory of Planned Behaviour (TPB) is one of the most influential theories about
individual behavior. Other theories that we can use to explain individuals’ behavioral
intentions are the Technology Acceptance Model (TAM) [20], the Integrated Technol-
ogy Acceptance Model (UTAUT) [20] developed based on the Technology Acceptance
Model (TAM), the Theory of Rational Behaviour (TRA) [18], the Motivation Model
(MM) [21], the Technology Acceptance Model and Planned Behaviour Theory Inte-
gration Model (C-TAM-TPB) [22], the Computer Utilization Theory (MPCU) [23],
the Innovation Diffusion Theory (IDT) [24], the Social Cognitive Theory (SCT) [19],
etc. We finally selected the Theory of Planned Behaviour (TPB) due to factors such as
the complexity of research on older people’s behavioral intentions and the mismatch
between other models and this study. The Theory of Planned Behaviour was proposed
by Icek Ajzen (1988, 1991). The theory was developed from the Theory of Ratio-
nal Behaviour (TRA) to complement the Theory of Rational Behaviour. The Theory
of Planned Behaviour considers behavioral attitudes, subjective norms, and perceived
behavioral control as the three main variables that determine behavioral intentions. The
Theory of PlannedBehaviour (TPB) argues that an individual’swill is influenced not only
by behavioral purposes but also by the individual’s abilities, opportunities, resources,
environment, and other conditions of practical control [19].

The push-pull theory is essential for studying the causes of population mobility. The
American scholar E.S. Lee proposed the push-pull theory. Push-pull theory suggests
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that the movement of people, i.e., the change from the place of migration to the place of
migration, is influenced by both push and pull factors. Factors conducive to improving
living conditions become pull factors, and factors not conducive to improving living
conditions become push factors [25]. Population mobility is the result of a forward pull
and a backward push. In this study, the shift in the decision-making of older people for
some healthcare services from offline hospitals to internet hospitals can be considered
as a migration from the place of migration to the place of migration. Therefore, the push
and pull factors of the push-pull theory were selected to be combined with the theory of
planned behavior in this model.

4 The Proposed Model

Based on the theory of planned behavior and push-pull theory, this paper constructs a
model of the behavioral intention of the elderly at home to choose online consultation
at an Internet hospital. Based on the push-pull theory, this paper treats the shift in the
choice of healthcare services from offline hospitals to Internet hospitals as a change from
a “moving-out place” to a “moving-in place”. As shown in Fig. 1, the model discusses
the influence and mechanism of older people’s behavioral intention to choose online
medical services in Internet hospitals in terms of both push and pull factors.

Fig. 1. Behavioral intentionmodel for online consultation at Internet hospitals amongolder people
at home.

4.1 Push Factors

In push-pull theory, push factors are often used as negative factors and are one of the
main reasons people move out of the ‘move-out’ area [25]. Our model considers pushing
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factors as the main reason why homebound older people abandon offline hospitals.
Among the push factors, we selected four main aspects for discussion and explanation:
offline consultation experience, transport conditions, the risk of epidemic infection, and
accompanying needs. Perceived feasibility refers to the degree to which an individual
expects to feel in control or control of a particular behavior when in it. Subjective attitude
refers to the positive or negative evaluation of an individual’s performance of a specific
behavior.

Offline Consultation Experience. The offline consultation experience refers to the
psychological feelings that patients build up during their offline hospital visits. The
consultation experience has become a crucial part of evaluating the quality of health-
care services [26]. In the model, offline consultation experience is essential for offline
hospitals. A poorer experience at an offline hospital can directly affect the patient’s
subjective attitude toward the hospital. Improving the overall patient experience can
be done by intervening from the perspective of patient emotion and dignity [27]. How
older people feel about their offline hospital experience is one factor driving a shift in
decision-making.

Transport Conditions. In this model, transport conditions refer to considerations,
including the distance between home and hospital, accessibility, and older people’s abil-
ity to travel. Transport conditions affect the perceived feasibility of offline hospitals for
older people. As a particular group, older people are more efficient andmore challenging
to travel with than younger people. Poorer access to transport can mean that older people
have limited access to timely medical resources. The solution to this problem is to learn
about the use of internet hospitals.

Risk of Epidemic Infection. The risk of epidemic infection is the potential for an
individual to be infected by the virus in their social environment. Older people have
reduced resistance due to aging. They are more likely to develop severe symptoms
after infection than younger people [28]. The risk of epidemic infection is considered a
secondary variable in this model.

Accompanying Needs. Accompanying needs refers to the need for a second person to
help the individual psychologically or physically while performing a particular behavior
or action. Older people need companionship more during medical appointments, and
offline clinics have limited access to resources and services [29]. For older people with
escort needs, the need for an escort can affect the perceived viability of the offline
hospital.

As a negative factor in the model, the strength of the push factor will make the
elderly at home feel less controllable about the offline hospital. That is, the perceived
feasibility of the offline hospital will weaken, thus creating the psychology of avoiding
going to the offline hospital as much as possible. This psychological change is the main
reason for the old people at home to move out of the “emigration place”. At the same
time, the enhancement of the thrust factor will make the impression and attitude of the
elderly at home to the offline hospital worse, thus making a negative evaluation, that
is, the subjective attitude of the elderly at home to the offline hospital weakened. When
the personal attitude and feasibility perception of the elderly to the offline hospital are
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diluted to a certain extent, the behavioral intention of the elderly at home to the offline
hospital will be reduced, thus deciding to “move out” of the offline hospital.

Today’s Internet hospitals cannot wholly replace offline hospitals, and offline hos-
pitals still maintain their irreplaceable role in society [30]. We expand the scope of
application of the model from consultation services to medically related services and
divide the medically related services into two categories: medical-related services that
Internet hospitals and medical-related services can replace that Internet hospitals cannot
return. For the irreplaceable medical-related services of Internet hospitals, offline hos-
pitals are still the only choice for the public. Therefore, enhancing the thrust factor is
different from what we should do. On the contrary, weakening the thrust factor, improv-
ing the patient’s medical experience, deepening the digital reform of offline hospitals,
and promoting the integration of “online + offline” services are what today’s offline
hospitals should do.

4.2 Pull Factors

In the push-pull theory, the pull factor, as a positive factor, is one of the main reasons the
“destination” attracts people to move in. In the model, we regard the pull factor as the
main reason for the older adults at home to choose Internet hospitals actively. Among the
pull factors, this model mainly explains and discusses the four aspects of the intelligent
aging initiative, family conditions support, age-friendly design, and service diversity.
Social norms refer to the cognition of social pressure individuals feel when they take a
specific behavior.

Intelligent Aging Initiative. Intelligent aging initiatives are social activities that help
the elderly use digital products and help them connect with digital life. The development
of intelligent activities to help the elderly is not only to meet the objective needs of the
aging society but also to love and help the elderly. It will become the shared responsibility
of the whole society in the future. An exemplary implementation of intelligent elderly
care activities in a region can form an excellent digital learning atmosphere, thus forming
a social norm.

Family Conditions Support. He family conditions support in this model refers to
the family’s material conditions and spiritual support to help the elderly use digital
products and services. It includes the intelligent equipment supplied for the elderly and
the family’s help in using digital products for the elderly.

Age-FriendlyDesign. Age-friendly design refers to the correspondingplan that entirely
considers the physical function and action characteristics of the elderly. The aging design
of Internet hospitals includes a friendly interface design style for the elderly, functional
design to meet the actual needs of the elderly, etc. [31]. The method, in line with the
characteristics and conditions of the elderly, can make the elderly feel friendly, thus
improving their perception and evaluation of the feasibility of Internet hospitals.

Service Diversity. The service diversity in this model is for Internet hospitals. Although
offline hospitals play an irreplaceable role, Internet hospitals also have unique advantages
as a part of the Internet. Based on the online scene of Internet hospitals, we can conceive
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and create more innovative and practical services. For example, “cloud accompanying
service” can meet the needs of elderly people who need to be accompanied.

As a positive factor in themodel, the strength of the pull factorwill lead to amigration
behavior of the social environment from offline hospitals to Internet hospitals, thus
strengthening the social norms of the elderly for Internet hospitals, leading to the active or
forced choice of Internet hospitals by the elderly at home.At the same time, strengthening
the pull factor will also show the elderly at home to positively evaluate Internet hospitals.
When the social norms and subjective attitudes of Internet hospitals are strengthened to
a certain extent, the behavioral intention of the elderly at home to “move into” Internet
hospitals will increase, thus making the “move in” decision.

From the perspective of the relationship between supply and demand, the pull factor
in the enhancement model is actually to expand the beneficiary group of Internet hospi-
tals, which leads to an increase in the market for medical services of Internet hospitals.
And with the deepening of aging, this demand will also expand further. On the other
hand, the increase in demand will also stimulate the supply, thus promoting Internet
hospitals to provide more creative and practical medical-related services. In the long
run, increasing the pull factor in the model will help the elderly to bridge the “digital
divide”, bring convenience to their lives, and make Internet hospitals develop healthily
and prosperously.

5 Fullcycle Support

Both the Internet hospitals established by well-known enterprises and those found by
local hospitals serve the local need to connect with the local medical resources. There-
fore, although Internet hospitals are offline services, they have regional differences. The
elderly group is of great significance and value for the future development of Internet
hospitals. Due to the guiding role of the elderly group in the development of Internet
hospitals, we can regard the entire migration cycle of some medical-related services
from offline hospitals to Internet hospitals for the elderly at home in a particular region
as the development cycle of Internet hospitals in that region from initial establishment to
prosperity. Based on this, this model can not only be used to study the behavior intention
of the elderly at home for online consultation in Internet hospitals or their intention to use
medical-related services but also be used to study the development of Internet hospitals
at a particular time point, a certain period and even the entire cycle.

From the perspective of the development cycle of Internet hospitals, there are many
problems in the early stage of the development of Internet hospitals, such as few types of
services, weak social promotion, and impaired functions, which are not enough to attract
the elderly and even the public. According to the model, we can promote the migration
process by enhancing the pull factor. We should note that the impact of the thrust factor
on the young group is far less than that of the elderly group, and the effect of the model
on the young group is far less than that of the elderly group. Moreover, in the model,
the thrust factor only plays an auxiliary role, which is not an issue that Internet hospitals
need to pay attention to.

For some medical services that Internet hospitals cannot replace, offline hospitals
are the only choice for the public. Therefore, from the perspective of offline hospitals, it
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is the best choice to reduce the thrust factor, strengthen its connection with local Internet
hospitals, and build an online and offline integrated medical service model.

6 Conclusion

Based on the theory of planned behavior and push-pull theory, this paper proposes a
model of the behavioral intentions of homebound older people toward choosing an inter-
net hospital for online consultation. We can analyze the model from two perspectives:
the perspective of the offline hospital (push factor) and the perspective of the Internet
hospital (pull factor). The combined effect of the push and pull factors drives a shift in
decision-making among homebound older people. This paper explains these variables’
role in older people’s home decision-making process by describing the specific compo-
nents of push and pulls factors. At the same time, themodel applies to online consultation
services and other health-related services. We can categorize healthcare-related services
into those that are substitutable by internet hospitals and those that are not substitutable
by internet hospitals. For those healthcare-related services that are substitutable by inter-
net hospitals, we analyze them from the perspective of internet hospitals. This is where
the pull factor is the main propelling factor, and the push factor only plays a supporting
role. For those medical-related services that are not substitutable by internet hospitals,
we can analyze them from the perspective of offline hospitals. This is where the push
factor plays a significant role, and the pull factor plays a secondary role.

In the context of society’s vigorous promotion of Internet hospitals, the attitude of
the elderly community towards Internet hospitals and their use is an issue that cannot
be ignored in the development of Internet hospitals. It can be said that the elderly group
determines the future of the development of Internet hospitals. Therefore, the model also
applies to the study of Internet hospitals’ current situation and development cycle and
provides full-cycle support.

Existingmodels of behavioral intention to visit a hospital do not cover all influencing
factors and lack a unique design for homebound older people. There needs to be more
research on the behavioral choices of Internet hospital-related services. The home care
model is most older people’s primary mode of care. The model in this paper can help
internet hospitals to analyze the behavioral intentions of the elderly population, which
will help society to pay more attention to the elderly population. This model enriches the
research on the behavioral intentions of home-based older people and the quantitative
analysis on the use of Internet hospitals. The model also combines the theory of planned
behavior and the push-pull theory, extending the scope of service to the scenarios of
medical consultation behavioral intention and internet hospital application.

In summary, this model aims to build a new healthcare service model that integrates
digital healthcare “online + offline”. The model fills a research gap in this field and is a
reference for developing Internet hospitals. This model’s application also helps solve the
real-life problems of social equity and the distribution of social and medical resources,
which has vital practical and realistic significance. Using the model can also help older
people cross the digital divide and access and use digital products, thus enriching and
facilitating their lives.

Based on the existing literature and data and using an experimental research method,
this paper proposes a behavioral intentional choicemodel based on theTheory of Planned
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Behaviour for homebound older people to visit an internet hospital online. In the sub-
sequent research, this paper will focus on data collection and analysis, validation, and
modification of the model to provide better decision support for internet hospitals.
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Abstract. In order to reduce the burden on family caregivers, machine-
assisted estimation of situations (called “caregiving contexts”) necessary
for the care of elderly people at home is becoming increasingly impor-
tant. Older adults at home usually express their feelings through non-
verbal information such as facial expressions, movements, and postures,
except in daily conversation. This study aims to examine a method for
estimating the caregiving context based on extracting nonverbal infor-
mation from older adults at home. Our key idea is to input real-time
image data captured by a USB camera into a pre-trained model that can
be run in an edge environment and subject the results to analysis that
aggregates a set of features for each location in the home. We expect that
the results of this research will allow us to build a classifier of caregiving
contexts unique to each household and to analyze better and infer the
caregiving needs of the elderly.

Keywords: Caregiving contexts · Images · Nonverbal information ·
Smart healthcare · Web application

1 Introduction

The most severe problem in caring for the elderly at home is the heavy burden
on family members. Family members have to stay with the elderly for extended
periods because it is difficult for them to grasp the real needs and timing of the
elderly. So far, home monitoring systems using engineering technology have taken
human movements from sensor devices [15] or acquired human physiological
data from wearable devices [1]. However, it is difficult for machines to estimate
the “mental” thoughts of the elderly. Many existing technologies are limited to
simply notifying family members of abnormal values (e.g., leaving the bed or a
slight change in heart rate).
c© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
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Our research group has developed a computer-programmed robot with a
character (called Mei-chan) that interacts with elderly people at home. It uses
“voice” to automatically ask them about their daily living conditions (e.g., Have
you eaten? How are you feeling today?) automatically. In addition, through con-
versation with Mei-chan, the elderly can conveniently use microservices such
as video viewing and information retrieval through voice control [12]. Further-
more, the biometric information of an older adult conceived of a wearable device
is linked to Mei-chan [13]. The system automatically asks Mei-chan about the
causes of changes in the older adult’s physical health that cannot be captured in
words (i.e., there is no subjective sensation from the older adult) and performs
an integrated analysis of different types of data [5]. In addition, Mei-chan can
be reproduced by various devices as a virtual caregiver, and a video telephone
function is also included [3].

However, except for voluntary conversation between the elderly and the
robot, the elderly often expresses their emotional thoughts using nonverbal infor-
mation such as facial expressions, movements, and hand postures. Examples
include body movements when the older adult wants to go to the restroom,
distressed facial expressions when the older adult forgets something, and hand
postures when the older adult wants to pick up an item. It is impractical to
output all of this nonverbal information in a conversation. Our interest is to
introduce live images taken from a USB fixed-point camera into a web browser to
extract nonverbal information. Further and estimate the necessary looking after
situation (called the caregiving context) for caregiving. In recent years, analysis
platforms such as TensorFlow have emerged, and many pre-trained models have
been migrated from the cloud to local environments. In the edge environment of
the home, techniques such as face recognition [4], skeleton estimation [11], and
hand posture tracking [17] can be executed from a web browser. We consider
that it is promising to use these technologies to extract nonverbal information
about elderly people at home.

The purpose of this study is to investigate a method for estimating the
caregiving context based on extracting nonverbal information from homebound
elderly persons. Figure 1 shows the overall architecture of the proposed method.
Our key idea is to create groups of nonverbal information for each human loca-
tion in the image and build an estimation model using Python analysis. The
approach is first to introduce live images taken from a USB fixed-point camera
into the pre-trained TensorFlow.js. Next, for each human location in the output
image, nonverbal information (e.g., 2D coordinates of feature points on the face,
skeleton, and hands) is manually compiled. The set of nonverbal information for
each location is then manually labeled. The labeled data is then used as train-
ing data. Together with the training data acquired commonly, it is applied to
a multi-class neural network algorithm to construct and evaluate an estimation
model. As a preliminary experiment, we set up a single subject to extract non-
verbal information from live images of actual in-home care. We label the care
context data and build and evaluate an individual-adaptive estimation model.
Then, we evaluate the estimation performance for each care context label using
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Fig. 1. Overall architecture of the proposed method.

a confusion matrix. In future work, we will use the results of these experiments
as a reference to modify the model construction method when dealing with other
elderly people. This study is expected to elucidate the effectiveness of caregiv-
ing context estimation for elderly people at home and to be helpful in sensing
behavioral intentions associated with daily living activities.

2 Preliminaries

2.1 Aging Society and Assistive Technology

In recent years, societies around the world have been aging. Population, society,
and disease structures are changing, and the number of people requiring nursing
care is increasing yearly. In Japan, in particular, there is a chronic shortage of
medical and welfare facilities and personnel, and the government calls for a shift
from institutional care to home care. A serious problem is the significant mental
and physical burden on family caregivers when older adults are cared for at
home, where they are accustomed to being. In particular, when an older adult
needs serious nursing care, the family caregiver must provide care 24 h a day.
When so-called elderly couples mutually care for each other, the burden falls
heavily on both the caregiver and the cared-for person.

In the field of support for home care using engineering technology, repre-
sentative research is a system for monitoring older adult who requiring nursing
care using Information and Communication Technology (ICT) and Internet of
Things (IoT). Machines take over the manual observation of the caregiver’s con-
dition and ask the caregiver for assistance only when necessary. In this way, it
dramatically reduces the burden on caregivers.
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Fig. 2. Example of home context recognition using image-based cognitive API.

2.2 Previous Study: Image-Based Home Context Recognition [8]

Our previous study proposed an image-based fine-grained home context recog-
nition technique [6]. Home context recognition mainly includes two types of
context: residents’ daily activities (e.g., eating, sleeping, cleaning, reading, etc.)
and home environmental conditions (e.g., unoccupied, lights off, low tempera-
ture, high humidity, etc.). For each household, a user-defined home context is
recognized through images [7]. In the proposed method, first, tags are extracted
from images as features using the cognitive Application Programing Interface
(API). Example of home context recognition using image-based cognition API is
shown in Fig. 2. Next, we build a classifier combining cognitive API and analysis.
Finally, an ensemble of features is trained using several different cognitive APIs
[10]. By doing so, we achieved a recognition accuracy of 0.98 for user-defined
in-home contexts.

2.3 Technical Challenges

We consider that the limitations of conventional elderly monitoring systems
include the following two aspects. First, there is the issue of system installation
and operation costs and the inability to respond to the different circumstances
of each household. There are various challenges to the diffusion of the system
to ordinary households, and it is not easy to spread widely in the home care
field. It is difficult for the system to penetrate the home care field widely. On the
other hand, the second issue is that the support is limited to simply detecting
the subject with sensors and notifying the user. It is difficult to understand what
the subject is seeking, and it is difficult to observe the “intentions” and “minds”
of the caregiver and the subject.
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2.4 Estimating Caregiving Contexts

Figure 3 shows an example of human pose estimation using cloud services. In
recognizing the context of an older adult requiring care at home, it is essential
to use nonverbal information to determine whether care is needed. For example,
(S1) lying down, (S2) standing, (S3) sitting, (S4) walking, (S5) looking around,
and so on. For this, more detailed human pose estimation is required. In addition,
to estimate the intention of an older adult requiring care at home, we estimate
the intention from the time series of the state. For example, if S3→S2→S5 is
repeated, there is a possibility that the caregiver is looking for someone. Stream
data analysis and processing in real-time is required. However, there is a per-
formance limitation of the cognitive API. Although the accuracy of posture
recognition is high, the communication overhead to the cloud is too significant
for constant real-time use. Hence, a more Python image feature recognition tech-
nology is essential for recognizing the context of persons requiring care at home.

In recent years, PoseNet models have emerged that take advantage of edge
computing technology [9]. It is a machine-trained posture estimation model that
uses Google’s TensorFlow.js library. It can recognize human posture in real-time
on a web browser using a USB camera as input image data. On the other hand,
the output results are from the web browser console, including the coordinates
of 17 human body parts and the value of each score. The posture estimation
model can also be executed in the local environment and adjusted from one or
two-person mode. The Web browser can depict skeleton-only images without
including the natural environment. In addition, pre-trained models in computer
vision include face recognition, hand recognition [18], and object recognition
[14]. In face recognition [4], 2D coordinates of human facial feature points can
be extracted from images to estimate age, gender, and emotion. In this study,
we aim to use these techniques to estimate the care context from nonverbal
information of a person in need of care at home.
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2.5 Proposed Method

The purpose of this study is to investigate a method for estimating the care sit-
uation of older adults at home based on the extraction of nonverbal information.
Our key idea is to create a set of nonverbal information for each person’s loca-
tion in the image and build an estimation model using Python analysis. Figure 4
shows the overall architecture of the proposed method. For the nonverbal infor-
mation set, we use a pre-trained model that can be run in an edge environment
to aggregate the 2D coordinates of feature points on the human face, skeleton,
and fingers and label the data set for each location. Furthermore, we separate the
training data from the test data and use a Python analysis algorithm to build
a classifier that can estimate the location and situation from a set of nonverbal
information about a person. This allows us to determine where the older adult
at home has always been and what kind of caregiving context he/she has often
had. It is also expected to reduce the burden on family caregivers based on the
pre-estimated caregiving context.
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3 Experimental Evaluation

Table 1. Environment and application settings

Target space Single-room (4 m × 5 m)

Experimental period One day (2 July 2022)

Evaluated subject An aged man (65s)

Shooting device USB camera (Logitech OEM B500)

Shooting position In a corner of the room

Shooting interval 1 s

Computer browser Chrome (Version 84.0.4147.125)

Image resolution 320 × 240

Application device Raspberry Pi 3 Model B [2]

Pre-trained model PoseNet model

Estimation type Single-person mode

Model architecture ResNet50 [16]

Estimation threshold 0.5

Number of defined parameters 2

Environment and application settings are shown in Table 1. In this experiment,
we use a human pose estimation model and focus mainly on the physical changes
of older adults during the day. Figure 5 and Figure 6 shows the time series of
changes in the body feature coordinates in this experiment. The visualized results
of this experiment show that the subjects’ head movements were mainly from
6:00 to 7:00 a.m., from 2:00 to 5:00 p.m., and around 6:00 p.m. The subjects’
hand movements were also higher than the head movements. Conversely, from
the results of shoulder and hand movements, etc., it can be inferred that there
were few changes in coordinates between 8:00 a.m. and 1:00 p.m. and between
5:00 p.m. and 6:00 p.m., indicating a situation that would require nursing care. In
addition, the values of 0 are mainly concentrated around 7:30 a.m. and between
2:30 p.m. and 5:00 p.m., and the subjects consider that they need special watchful
waiting during these hours. However, even though we could guess whether the
older adult was walking or not, it was still unclear what the older adult was
doing. In the future, it will be essential to link the spoken dialogue agent with
changes in the physical feature coordinates and to ask timely questions from the
agent.
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Fig. 5. Changes in physical features on the time series of this experiment: (a) Change
in head features. (b) Change in shoulder features.

Fig. 6. Changes in physical features on the time series of this experiment: (a) Change
in hand features. (b) Change in lower half of body features.
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4 Conclusion

In this paper, we focus on older adults who need care at home and investigate a
method for estimating the care context to reduce the burden on family caregivers.
The proposed method uses a USB camera to input real-time image data to a pre-
trained model that can be executed in an edge environment. The 2D coordinate
data of human faces, fingers, and skeletons in the images are considered non-
verbal information, and caregiving contexts are labeled for each location in the
home. Finally, we separate the training data from the test data and build a
classifier that can estimate the caregiving context for each location in the home.
We conducted preliminary experiments using the proposed method. We analyzed
nonverbal information from continuous image data of an older adult and applied
Python analysis to construct a classifier of caregiving context. In the future,
we plan to use multiple USB cameras to collect and reuse richer analysis results
from multiple image data. We are also deeply interested in discovering individual
adaptive factors of the elderly and assigning to the training data the factors of
where and when they needed more care, such as always being prone to falls.
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Abstract. Caregivers have an array of informational needs in order to accomplish
tasks, solve problems, obtain peace-of-mind, and make sense of their caregiving
situation, which spurs them toward the activity of information seeking. Techno-
logically enabled information sources, especially the internet, play an important
role in caregiver information seeking. An online survey was conducted to explore
the information sources that family caregivers rely on and what qualities of infor-
mation sources are most important to caregivers, with particular attention paid to
online sources such as websites, social media, video apps, podcasts, and virtual
assistants. The surveywas completed by 324 peoplewhobelong to a research panel
of caregivers. Results indicate that the internet is the most commonly used infor-
mation source among caregivers, as well as among the top-three most preferred
sources. However, despite receiving high marks for ease of use and helpfulness,
internet-based sources tended to score poorly on metrics of trustworthiness and
reliability. The biggest difficulty that caregivers experience when seeking infor-
mation is having insufficient time in the day to search for information, which may
contribute to their reliance on the internet as a source despite its shortcomings
in certain key dimensions. The internet may also have value as an information
source for caregivers beyond purely practical concerns – including as a way to
satisfy curiosity. For these reasons, among others, the internet stands as an essen-
tial informational resource for many unpaid family caregivers, alongside medical
professionals and family and friends.

Keywords: caregivers · family caregiving · information seeking · information
sources · technology · internet

1 Introduction

Family caregivers manage a wide array of responsibilities, which can encompass the
domains of finance, medicine, law, technology adoption and use, personal care, house-
keeping, and many others. Accompanying this range of responsibilities is a variety
of informational needs that caregivers may have to accomplish tasks, solve problems,
obtain peace-of-mind, or make sense of their care-giving situation. Kernisan et al. (2010)
identified a wide range of different topics on which caregivers may seek information,
including health information, practical information on how to perform caregiving tasks,
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legal and financial matters, help with addressing behavioral and psychological issues,
emotional support, information about housing, and information about older adults and
driving.

Information seeking among caregiversmay be performed for practical purposes, such
as to acquire knowhow, solve problems, or to discern between possible options when
making a decision. Kernisan et al. identified two primary themes that described the rea-
sons for caregiver in-formation-seeking in a study of online information-seeking behav-
ior: first, a desire for assistance with practical skills, and second, help for interpreting
and planning for symptoms, behaviors, and interpersonal situations. Information-seeking
may be proactive—that is, aimed toward preparing oneself for future situations—or reac-
tive, to deal with existing problems or to address an ongoing crisis (Stajduhar, Funk, and
Outcalt, 2013).

Information-seeking may also be done for psychological reasons, such as to satisfy a
curiosity or to cope with emotions like anxiety and loneliness. Information-seeking may
both be driven by emotions and may produce emotions, such as worry, relief, confu-
sion, anger, helplessness, dis-appointment, or hopefulness (Savoleinen, 2014; Kuhlthau,
1990). In a study of online health in-formation seeking, Rupert et al. (2016) observed
that caregivers sought information on their care recipient’s illness or medical situation
to relieve stress and to feel less lonely. Information-seeking may have psychological
benefits as well by increasing feelings of control and self-efficacy (Wil-liams, Morrison,
and Robinson, 2016).

Sources of information that caregivers may use include professionals such as health-
care workers, financial professionals, lawyers, or social workers. Or they may take
recourse to their peers, such as friends, family, or other caregivers. They may refer
to companies and organizations such as health insurance providers, national advocacy
organizations, or government entities. They may read books or magazines. Finally, they
may turn to the vast compendium of formal and informal informational resources that
can be found on the internet, using search engines, social media, or specific websites.

The use of the internet as an information source has grown drastically in the last
twenty-five years, expanding the academic study of information seeking from the orga-
nization and user experience of libraries toward the investigation of information seeking
performed online. As of 2016, for example, sixty percent of U.S. adults seek health infor-
mation online (Rupert et al. 2016), and many obtained information from peer networks
such as online forums and social media.

While the internet may be a predominant source of information for many people, it
is often used as a supplement to more formal sources of information, such as medical
professionals or other experts, rather than a replacement for those sources (Chio et al.
2008, Rupert et al. 2016). An information-seeker may value different aspects of a source
of information, such as trustworthiness, convenience, usability, the capacity for empathy
and understanding, and reliability, depending on the information-seeking task at hand
and the resources available to the information-seeker.

This paper explores caregivers’ use of various sources in the information seeking
process, with particular attention paid to sources that are enabled by digital and comput-
ing technology, chiefly the internet. The qualities—both positive and negative—of these
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technologically enabled sources are highlighted by comparisonswith caregivers’ percep-
tions of other information sources. The reasons that caregivers turn to these technologi-
cally enabled sources, what benefits these sources offer, and their perceived limitations
are also explored.

2 Study Design

2.1 Questionnaire Design

A questionnaire was developed to query unpaid family caregivers about the sources that
they use to find information. The survey asked about what sources caregivers use most
frequently, as well as the sources theymost prefer to use. Respondents were also asked to
evaluate the sources of information that they use across various dimensions. The survey
also included items about the reasons that led respondents to seek information, feelings
and emotions that respondents experienced when using different sources, and difficulties
in searching for and finding information.

To develop the list of information sources that the questionnaire asked about, a pilot
survey was administered to a group of adults who identified as former caregivers. The
pilot survey included lists of topics and sources that were derived from a review of the
literature, which were expanded by the inclusion of responses from the pilot survey
respondents.

RelevantSurveyQuestions. Respondentswere asked, “Thinkinggenerally aboutwhen
you look for information related to caregiving, how easy or difficult is each of the
following for you?” The following items were provided for respondents to answer:
“Finding a source of information that I can trust;” “finding the information I need when
I need it;” “knowing where to go to find the information I need;” and “finding time in
my day to search for the information I need.” Response options comprised a five-item
Likert-style scale as follows: Very easy, Easy, Neither easy nor difficult, Difficult, Very
difficult.

Respondents were asked about the frequency with which they used information
sources to find information related to providing care. Response options included Never,
Rarely, Sometimes, and Often. The list of information sources that respondents were
asked about can be found in Table 3. Of the information channels and sources that
respondents reported using rarely, sometimes, or often, they were asked to selected up
to three of their most preferred channels or sources.

Of the information sources that respondents reported using rarely, sometimes, or
often, they were asked about how easy it was for them to use the selected sources, how
helpful the selected sources were for them in finding information related to providing
care, how reliable the selected channels or sources were in finding information related
to providing care, how trustworthy they felt the caregiving-related information from the
selected channels or sources was, how satisfied they were with the selected channels
or sources in finding information related to providing care, and how much they felt the
selected sources and channels understood their situation as a caregiver. Response options
for each of these items comprised a five-item Likert-style scale (e.g., Not at all easy, A
little easy, Somewhat easy, Quite easy, Extremely easy).
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A battery of questions also asked respondents about the internet in particular as an
information source.

For those respondents who reported using the internet as an information source, they
were asked how often they started their information searches on the internet using a
search engine versus going to a specific website. They were also asked which apps or
websites that they used when they consulted the internet for caregiving-related infor-
mation: Facebook, Twitter, YouTube, Instagram, Wikipedia, medical advice websites, a
health insurer website, national organization or advocacywebsites, government websites
such as medicare.gov, caregiver support forums, or some other site or app.

A question asked respondents about qualities they observed and prioritized in
internet-based sources: “When thinking about seeking information related to caregiving,
how common is it that internet websites or apps have the following characteristics?” Six
characteristics were listed: trustworthiness, reliability, ease of use, convenience, sym-
pathy and understanding, and specificity and depth of information. The same question
was asked about the importance of these six characteristics of internet websites or apps
for respondents when seeking information related for caregiving.

Respondents were asked about the reasons that they used websites or apps to seek
information related to caregiving, with the following response options: “I needed to solve
a problem,” “I wanted to learn how to do something,” “I needed to understand something
better,” “Iwas just curious about something,” “Iwasworried about something,” “Iwanted
to feel less alone,” “I was looking for something to make me feel hopeful,” “I wanted to
feelmore confident aboutmy caregiving,” and an “other” option that allowed respondents
to provide a reason not listed.

Respondents were also asked about the feelings or emotions they have experienced
in relation to using the internet to seek information related to caregiving. A large set of
response options was provided: frustration, compassion, love, determination, empower-
ment, gratitude, patience, helplessness, loneliness, stress, relief, fear, joy, anger, curios-
ity, confusion, anxiety, excitement, strength, hope, guilt or shame, disappointment, and
sadness or depression, as well as the option to select “None of the above.”

2.2 Survey Administration

An approximately 20-min online surveywas conducted with family caregivers whowere
members of an ongoing caregiver research panel organized by the MIT AgeLab. A total
of 324 participants residing in the US responded to the survey. The survey was fielded
from June 29 to July 15, 2021.

Demographic information about the sample is included in Table 5 in the Appendix.
Notably, 84 percent of respondents identified as women. 88 percent identified as white.
42.9 percent reported possessing a postgraduate degree. 55.7 percent of respondents
reported that their care recipient was a parent.
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3 Results

3.1 Difficulties in Seeking Information

The survey asked respondents about the level of difficulty of four features of the
information-seeking process: finding time in the day to search for information, knowing
where to go to find information, finding the information one needs when one needs it,
and finding a trustworthy source of information.

Caregivers reported the greatest difficulty with finding time in their day to search for
the information they need, as reported in Table 1. Reported difficulty in one feature was
often associated with reported difficulty in the other features.

Table 1. Difficulty of the information-seeking process.

Difficulty of… Mean (N = 324)

Finding time in my day to search for the information I need 3.15

Knowing where to go to find the information I need 2.89

Finding the information I need when I need it 2.88

Finding a resource of source of information that I can trust 2.85

Notes: 1=Very easy, 2= Somewhat easy, 3=Neither easy nor difficult, 4= Somewhat difficult,
5 = Very difficult

3.2 Use of Information Sources

Respondents were shown a list of 27 information sources and were asked to indicate
the frequency with which they used each source. Of those sources that respondents
did not report “never” using, respondents were also asked to select their three most
preferred information sources. While presumably not exhaustive, the list of sources was
intended to capture a wide range of plausible sources of caregiving-related information.
Respondents’ most frequently used and most preferred information sources are listed in
Tables 6 and 7, respectively, in the Appendix.

In general, respondents consulted a relatively wide range of sources for caregiv-
ing information. On average, caregivers reported having used 15 of the 27 provided
information sources.

The most frequently used source from the list was internet/web search, followed
by the care recipient’s doctor or other healthcare provider, and family or friend(s)
who are/were caregivers. While these were also the top three most preferred chan-
nels/sources that emerged, the order shifted, with human sources—family or friend(s)
who are/were caregivers, and the care recipient’s doctor—rising significantly above inter-
net/web search in preference. Notably, those two most preferred sources were among
the top three for over half of respondents.

Other technologically enabled information sources asked about in the survey were
virtual assistants such as Siri and Alexa, online communities and social media, and video
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apps such as YouTube and TikTok. Among these sources, online communities and social
media was the fifth-most frequently used information source among respondents; video
apps were the 11th-most used; and virtual assistants were the second-least-used source.

3.3 Evaluating Positive Attributes of Information Sources

To better understand caregivers’ attitudes toward the sources of information that they
used, those who used each given source were asked to evaluate it along six different
dimensions: ease of useof the source in finding information about caregiving; helpfulness
of the source in finding information; reliability of the source; trustworthiness of infor-
mation from the source; satisfaction with the source; and the extent to which the source
was understanding of the respondent’s situation as a caregiver. Each was rated on a five-
point scale (1 = not at all; 2 = a little; 3 = somewhat; 4 = quite; and 5 = extremely).
Respondent’ mean attribute scores for each information source are reported in Table 8 in
the Appendix.

Within each individual source, dimensions were highly correlated, with Cronbach’s
alpha scores for each of the 27 sources ranging between .862 (internet/web search) and
.941 (hospice care provider or staff). Exploratory factor analyses within each source also
consistently revealed all six of the dimensions for each source loading on a single factor,
suggesting that caregivers tended to evaluate a given source relatively consistently across
dimensions.

Across dimensions, caregivers on average rated the helpfulness of these informa-
tion sources as relatively lower and the trustworthiness of these sources as relatively
higher. There was greater variation in caregivers’ ratings of how well different sources
understood them as caregivers and less variation in assessment of the helpfulness and
reliability of and satisfaction with these information sources.

Ease ofUse. The internet/web searchwas rated highest in terms of ease of use of sources
to find information related to caregiving, joined in the top 10 easiest-to-use sources
by other widely and publicly available media: books, newspapers, or magazine/journal
articles; videowebsites or apps; andpodcasts.Online communities and socialmediawere
also rated among the easiest sources to use, as were national organizations or advocacy
groups for particular disease conditions and national organizations or advocacy groups
for caregiving more generally, which may also be accessed online. Family and friends
who were caregivers rated seventh overall in terms of ease of use, and the top 10 were
closed out by pharmacists, the care recipient’s doctor, and digital assistants/AI devices.
Among the top ten sources for ease of use, only two professional sources emerged:
pharmacists and the care recipient’s doctor or other healthcare provider.

Despite the high correlations of the different source attributes with each other, ease
of use of the information source appeared a little more distinctive than the other dimen-
sions. Except for digital assistants, all the media channels included in the list of sources
(internet/web search, books, newspapers, magazine/journal articles, video websites or
apps, and podcasts) appeared among the top ten highest-rated sources for ease of use.
In fact, two of the channels—podcasts and digital assistants, both of which are newer
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among these technology-enabled sources—ranked among the lowest ten sources for all
of the dimensions except for ease of use.

Helpfulness of the Source in Finding Information Related to Caregiving. The
sources rated highest in terms of helpfulness generally tended to be other people with
caregiving experience and healthcare professionals. Family and friends who were care-
givers, online communities and social media, and national organizations and advocacy
groups for a particular disease condition and those for aging/caregiving more generally
all ranked among the ten highest-rated sources on helpfulness. Professional sources in
the top ten included ones that are more likely to have regular contact with the care
recipient and address his or her medical needs, notably the care recipient’s doctor or
other healthcare provider, hospice care providers or staff, and home health aides. Media
channels—internet/web search, books, newspapers, magazines and journals, and video
websites and apps—rounded out the ten highest-rated sources on helpfulness.

In contrast, a number of different professionals ranked comparatively lower on help-
fulness, notably lawyers and eldercare attorneys, financial professionals, hospital staff,
and hospital social workers. Podcasts were not particularly helpful to caregivers as a
source of information for caregiving, nor were digital assistants/AI virtual assistants.
Family and friends who were not caregivers were also lower on helpfulness, as were
religious leaders. Health insurance providers for the care recipient and the caregiver
ranked second-to-last and last on helpfulness, respectively.

Reliability of the Source in Finding Information
Related to Caregiving. Professionals—notably healthcare professionals—tended to
be among the highest-rated sources of information in terms of reliability. Among the
top ten sources in terms of reliability were the care recipient’s doctor or other healthcare
provider, hospice care providers or staff, the caregiver’s doctor or healthcare provider,
visiting nurses, and pharmacists. Other professionals in the top ten were lawyers and
eldercare attorneys. Rounding out the top ten were national organizations or advocacy
groups for particular disease conditions and for general aging or caregiving, family and
friends who were caregivers, and books, newspapers, and magazine/journal articles.

Sources rated among the least reliable reflected a mix of different types, including
financial professionals and religious leaders. Among media channels, video websites or
apps, podcasts and digital assistants/AI were rated relatively low on reliability; online
communities and social media were also among the lower-rated.

Trustworthiness of the Source for Information Related to Caregiving. Healthcare
professionals dominatedmost of the top tenmost trustworthy information sources. Care-
givers rated their care recipient’s doctor, their owndoctor, family therapists or counselors,
pharmacists, hospice care providers, visiting nurses and hospital staff more highly. Fam-
ily and friends who were caregivers also appeared among the highest-rated sources in
terms of trustworthiness, as did lawyers and eldercare attorneys. National organizations
for particular conditions and for aging or caregiving more generally were also more
highly rated.

In contrast to the ease-of-use dimension, media channels rated lower on trustworthi-
ness. Books, newspapers, magazines and journals, internet and web searches, podcasts,
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video websites or apps, and digital assistants/AI were all among the ten lowest rated
sources on trustworthiness. Family and friends who were not caregivers and online
communities or social media were also ranked lower.

Understand you as a Caregiver. Caregivers rated other family and friends who were
also caregivers highest in terms of serving as a source of information who understood
their situation as a caregiver. Healthcare professionals, notably family therapists, hospice
care providers, the care recipient’s doctor, home health aides, visiting nurses, and the
caregiver’s doctor, were also relatively highly rated on this attribute compared with other
sources. National organizations and advocacy groups for particular conditions and for
aging or caregiver generally were relatively highly rated as understanding the caregiver’s
situation, as were geriatric care managers.

Faring less well in terms of overall rank in understanding the caregiver’s situa-
tion were media channels: books, newspapers, magazine and journal articles; podcasts;
internet and web searches; video websites and apps; and digital assistants. Several pro-
fessionals also ranked lower on this dimension, notably religious leaders and financial
professionals. Family and friends who were not caregivers and health insurers for both
the care recipient and the caregiver were also among the lowest ranked sources.

Satisfaction with the Source for Information for Caregiving. As with trustworthi-
ness, healthcare professionals dominated most of the top ten highest-rated sources in
terms of satisfaction for information related to caregiving. Caregivers rated their care
recipient’s doctor highest on average, but also among the top ten were pharmacists,
family therapists or counselors, the caregiver’s own doctor, hospice care providers and
visiting nurses. Family and friends who were caregivers also ranked among the highest
in terms of satisfaction—second only to the care recipient’s doctor—as did national
organizations or advocacy groups for particular disease conditions and then for aging or
caregiving more generally. Internet and web searches were also rated among the top ten
for information source satisfaction.

Caregivers rated video websites or apps, podcasts, and digital assistant/AI channels
relatively lower on satisfaction. Hospital social workers, religious leaders, online com-
munity and social media, and family and friends who were not caregivers also were
among the lowest ranked on satisfaction, as were area agencies on aging and health
insurers for both the care recipient and the caregiver.

3.4 The Internet as Caregiving Information Source

The survey included a more in-depth battery of questions about caregivers’ use of and
attitudes toward the internet as an information source.

The survey asked those respondents who used the internet as an information source
how they used the internet to find information—whether they turned to a specific website
or started with a search engine—and what websites they most consulted for caregiving
information. When using the internet for information seeking, starting with a search
engine was typically utilized by most caregivers. Most caregivers said they “almost
always” (60.2%) or “most of the time” (25.8%) start with a search engine as opposed to
going a particular website.
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The most-used websites or apps were medical advice websites, followed by national
organization or advocacy websites and government websites—all three of which were
utilized by over half of the sample. Generally speaking, social media websites/apps were
the least commonly used, as shown in Table 2.

Table 2. Using websites to find information: frequency of use

Websites used Frequency (N = 256)

Medical advice website 74.6% (n = 191)

National organization or advocacy website 59.0% (n = 151)

Government website 54.7% (n = 140)

Caregiver support forum 33.2% (n = 85)

Health insurer website 23.4% (n = 60)

YouTube 18.8% (n = 48)

Wikipedia 18.4% (n = 47)

Facebook 18.0% (n = 46)

Instagram 3.9% (n = 10)

Twitter 3.5% (n = 9)

Other 13.3% (n = 34)

Frequency of use and higher ratings of positive qualities of the internet were sig-
nificantly and positively correlated with one another, though some variation in these
measures did occur. The same top three most important characteristics that emerged
for internet websites/apps were trustworthiness, reliability, and specificity and depth of
information. Notably, these did not align with the most common characteristics of the
internet, which included convenience, ease of use, and reliability, as shown in Table 3.

Further, importance and prevalence were significantly and positively correlated—
though only weakly—for reliability (r = .150, p < .05), ease of use (r = .220, p <

.01), convenience (r = .276, p < .01), and sympathy and understanding (r = .267, p <

.01), but were not significantly correlated for trustworthiness or specificity and depth of
information. These findings suggest a discrepancy between the most important attributes
of internet sources for caregivers and the attributes that aremost prevalent in such sources.

Caregivers most often reported using the internet for information-seeking because
they “needed to understand something better” (87.0%), though some caregivers did select
each of the given reasons, as shown in Table 4.

Caregivers also selected a variety of feelings and emotions that they have experienced
in relation to using the internet to seek information related to caregiving; the top three
were curiosity, frustration, and stress. The emotions that caregivers reported experiencing
when using the internet as an information source are reported in Table 9 in the Appendix.
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Table 3. Using websites to find information: importance and prevalence of positive attributes

Attributes Mean importance (N = 253) Mean prevalence (N = 251)

Trustworthiness 4.65 3.27

Reliability 4.59 3.37

Specificity and depth of
information

4.43 3.23

Ease of use 4.09 3.43

Convenience 3.93 3.47

Sympathy and
understanding

3.34 2.83

Notes: For both importance and prevalence, 1=Not at all, 2=A little, 3= Somewhat, 4=Quite,
5 = Extremely

Table 4. Using websites to find information: reasons for using

Reasons for using Internet Websites/apps Percent (N = 253)

I needed to understand something better 87.0%

I needed to solve a problem 64.0%

I wanted to learn how to do something 57.3%

I was worried about something 57.3%

I was just curious about something 47.4%

I wanted to feel more confident about my caregiving 37.5%

I was looking for something to make me feel hopeful 19.8%

I wanted to feel less alone 17.4%

Other 7.9%

4 Discussion

Caregivers may seek information from a wide variety of sources, with respondents
selecting 15 of 27 of the sources listed in the survey on average. However, a few sources
received a relatively outsized amount of use by the respondents, suggesting a core set of
information sources that many caregivers rely on. The top two most-preferred sources—
the care recipient’s doctor and friends and family who were caregivers—were chosen
by over half the sample. The internet is the source of information that caregivers most
frequently turn to, followed by the care recipient’s doctor and family and friends who
were also caregivers.

While the internet is the most frequently used source of information among care-
givers, it may not be the most preferred source under every circumstance—the internet
appeared among the top three most preferred sources for just over a third of the sample.
While the internet ranked among the top 10 information sources when the six surveyed
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attributes (trustworthiness, reliability, satisfaction, helpfulness, convenience, and ease
of use) were scaled together, medical professionals such as doctors, pharmacists, and
counselors and sources of specialist knowledge such as disease advocacy groups scored
higher—and family and friends who were caregivers were the top source. Additionally,
the internet ranked poorly in terms of trustworthiness, an attribute that the respondents
valued highly both in general and specifically for internet-based sources.

The discrepancy between the frequency of use of the internet by caregivers and its
shortcomings in certain key attributes might be explained by its extremely high ratings
for convenience and ease of use.When ease of usewas removed from the scale of positive
attributes, the internet fell significantly in the ranking of sources, suggesting that this is
the key attribute for its appeal among caregivers. The appeal and occasional necessity
of ease and convenience in the information seeking process may result in caregivers
frequently consulting convenient information sources even if they are lacking in other
valued attributes.

This privileging of ease and convenience in their actual use of information sources—
if not in their evaluation of the most important aspects of those sources—is likely asso-
ciated with challenges that caregivers experience related to time management. Having
time in the day to search for information was the most difficult aspect of information-
seeking among the respondents. For caregivers who are often short of time, convenience
and ease of use may be essential attributes of a useful source of information, even if they
are not the most valued.

Given the high prevalence of use of the internet as an information source, providing
technology support to caregivers and designing easier-to-use technological platforms
may significantly reduce barriers to finding information. For organizations seeking to act
as sources of information for caregivers, recognizing caregivers’ needs for convenience
as well as their preference for trustworthy sources—and attending to both needs—may
be the best way to meet their information seeking needs. Online sources that are able
to connect caregivers with validated expertise—or caregiving peers—may be optimal if
not comprehensive.

The internet may also satisfy other information-seeking needs for caregivers that
other sources cannot as easily fulfill. One of the top three reasons for using the internet
as a source of information among caregivers was to satisfy a curiosity. Additionally,
curiosity was one of the top three emotions that respondents reported feeling when
using the internet to search for information. No other source was strongly associated
with curiosity as a reason for use or as an associated emotion. The enormous variety of
information across different domains on the internet and its easy accessibility may make
it uniquely suited for satisfying curiosity. The internet’s capacity to satisfy curiosity may
further contribute to its high levels of usage as an information source among caregivers.

Acknowledgments. We would like to acknowledge the sponsors of the MIT AgeLab CareHive
consortium for their support of this research, and the CareHive Caregiver Panel members for their
invaluable insights.
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Appendix

Table 5. Sample characteristics (N = 324)

Caregiver characteristics Count %

Age Silent Generation and older (born
1945 or earlier)

20 6.3%

Older Boomers (born 1946~1954) 85 26.6%

Younger Boomers (born 1955~1964) 113 35.3%

Generation X (born 1965~1980) 86 26.9%

Millennials and younger (born 1981
or after)

16 5.0%

Gender Male 51 15.7%

Female 272 84.0%

Prefer not to say 1 0.3%

Household
income

Less than $25,000 22 6.8%

$25,000~$49,999 35 10.8%

$50,000~$74,999 47 14.5%

$75,000~$99,999 47 14.5%

$100,000~$149,999 55 17.0%

$150,000~$199,999 22 6.8%

$200,000 or more 31 9.6%

Prefer not to answer 65 20.1%

Ethnicity White 285 88.0%

Black or African American 10 3.1%

Hispanic or Latino 6 1.9%

Asian or Asian American 20 6.2%

Native American 1 0.3%

Hawaiian or Pacific Islander 2 0.6%

Other 7 2.2%

Highest level of education
completed

High school diploma 4 1.2%

Some college 41 12.7%

Trade/technical/vocational school or
associate’s degree

21 6.5%

College degree 82 25.3%

Some post-graduate work 37 11.4%

Post-graduate degree 139 42.9%

(continued)
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Table 5. (continued)

Caregiver characteristics Count %

Employment status Employed full-time 111 34.3%

Employed part-time 43 133%

Self-employed 31 9.6%

Not employed 32 9.9%

Homemaker 20 6.2%

Student 6 1.9%

Retired 99 30.6%

Other 27 8.3%

Care recipient’s relationship to
caregiver

Spouse or partner 78 24.1%

Parent 180 55.7%

Parent-in-law 14 4.3%

Grandparent 4 1.2%

Aunt or uncle 8 2.5%

Sibling 9 2.8%

Child 16 5.0%

Other 14 4.3%

Length of time caregiving Less than 6 months 10 3.1%

6 months or more but less than 1 year 20 6.2%

1 year or more but less than 5 years 136 42.1%

5 years or more but less than 10 years 89 27.6%

10 years or more 68 21.1%

Total number of care recipients One 248 76.8%

Two 69 21.4%

Three or more 6 1.9%

Care recipient’s condition(s) Long-term physical condition 28 73.5%

Short-term physical condition 22 6.8%

Memory problem 193 59.6%

Emotional/mental health problem 85 26.2%

Behavioral issue 32 9.9%

Developmental/intellectual disorder 21 6.5%

Other 45 13.9%

(continued)
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Table 5. (continued)

Caregiver characteristics Count %

Living arrangement between
caregiver and care recipient

Living together 161 49.7%

Within walking distance of each
other

24 7.4%

Short driving distance from each
other (less than 1 hr drive)

88 27.2%

Longer distance (drive of 1 hr or
more but less than 2 hrs)

22 6.8%

Far distance from each other (drive
of 2 hrs or more but less than 8 hrs)

10 3.1%

Very long distance from each other
(drive of 8 hrs or more)

19 5.9%

Caregiver responsibilities
sharing

I am the only caregiver for my care
recipient

113 35.0%

I share some of the responsibilities
with another
family member

92 28.5%

I share some of the responsibilities
with a paid
caregiver

37 11.5%

I share some of the responsibilities
with a family member and a paid
caregiver

51 15.8%

Other 30 9.3%

Table 6. Frequency of using different information channels/sources

Channels/sources Mean frequency (N = 319)

Internet/web search 3.37

My care recipient’s doctor or other healthcare provider for
him/her

3.04

Family or friend(s) who are/were caregivers 2.82

Books, newspapers, or magazine/journal articles 2.78

Family or friend(s) who are/were not caregivers 2.50

Online community or social media 2.30

My doctor or other healthcare provider for me 2.21

(continued)
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Table 6. (continued)

Channels/sources Mean frequency (N = 319)

National organization or advocacy group for caregiving or aging 2.15

National organization or advocacy group for a particular disease
or condition (e.g., Alzheimer’s Association, American Cancer
Society, etc.)

2.13

Hospital staff (e.g., nurses, doctors in hospital) 2.09

Video website or app (e.g., YouTube, Tiktok) 2.06

Pharmacist 1.98

Area agency on aging 1.97

A financial professional 1.96

Local aging agency 1.95

Care recipient’s health insurance provider 1.90

Home health aide 1.89

Lawyer or eldercare attorney 1.86

Visiting nurse 1.77

Family therapist or counselor 1.69

Social worker from hospital 1.64

Podcast 1.61

My health insurance provider 1.53

A religious leader 1.45

Digital assistant/AI virtual assistant 1.44

Geriatric care manager (paid for out of pocket) 1.40

Hospice care provider or staff 1.36

Notes: 1 = Never, 2 = Rarely, 3 = Sometimes, 4 = Often

Table 7. Most preferred information channels/sources

Channels/sources Percent placing in
top 3

Family or friend(s) who are/were caregivers 59.1%

My care recipient’s doctor or other healthcare provider for him/her 55.6%

Internet/web search 34.2%

Geriatric care manager (paid for out of pocket) 27.4%

Hospice care provider or staff 26.9%

(continued)
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Table 7. (continued)

Channels/sources Percent placing in
top 3

National organization or advocacy group for a particular disease or
condition (e.g., Alzheimer’s Association, American Cancer Society, etc.)

22.2%

Visiting nurse 19.8%

Family therapist or counselor 19.1%

Home health aide 15.6%

Lawyer or eldercare attorney 15.4%

My doctor or other healthcare provider for me 14.6%

Area agency on aging 14.3%

Books, newspapers, or magazine/journal articles 13.9%

Family or friend(s) who are/were not caregivers 13.5%

Social worker from hospital 13.5%

Online community or social media 13.2%

National organization or advocacy group for caregiving or aging 13.1%

Local aging agency 11.7%

A financial professional 11.5%

Hospital staff (e.g., nurses, doctors in hospital) 9.2%

Pharmacist 8.8%

A religious leader 7.1%

Care recipient’s health insurance provider 5.5%

Video website or app (e.g., YouTube, Tiktok) 4.2%

My health insurance provider 3.4%

Podcast 2.9%

Digital assistant/AI virtual assistant (e.g., Siri, Amazon Echo) 2.8%

Table 8. Mean attribute scores for each information source

Source Ease Helpfulness Reliability Trustworthiness Satisfaction Understand you N of cases

1 Family or
friend(s)
who are/were
caregivers

3.44 3.46 3.48 3.79 3.52 3.8 227–271

2 Family or
friend(s)
who
are/were not
caregivers

3.04 2.62 2.69 3.09 2.77 2.71 220–262

(continued)
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Table 8. (continued)

Source Ease Helpfulness Reliability Trustworthiness Satisfaction Understand you N of cases

3 A financial
professional

3.06 2.78 3.11 3.38 3.16 2.9 144–178

4 Lawyer or
eldercare
attorney

2.7 2.89 3.4 3.68 3.21 3.17 152–180

5 Geriatric
care manager
(paid for out
of
pocket)

2.86 3 3.16 3.43 3.09 3.27 62–78

6 A religious
leader

2.93 2.57 2.99 3.41 2.87 2.99 84–98

7 My doctor
or other
healthcare
provider
for me

3.19 3.08 3.46 3.84 3.4 3.36 169–202

8 My care
recipient’s
doctor or
other
healthcare
provider
for him/her

3.27 3.35 3.68 3.91 3.54 3.48 246–292

9 Hospital
staff (e.g.,
nurses,
doctors in
hospital)

2.57 2.76 3.18 3.54 3.09 3.11 168–205

10 Home
health aide

3.06 3.18 3.11 3.3 3.16 3.44 126–158

11 Visiting
nurse

2.96 3.01 3.43 3.54 3.25 3.41 119–148

12 Hospice
care provider
or staff

3.15 3.26 3.5 3.64 3.25 3.51 49–65

13 Social
worker from
hospital

2.58 2.73 2.99 3.38 3.04 3.08 108–133

14
Pharmacist

3.29 3.1 3.42 3.72 3.48 3.24 154–190

15 My health
insurance
provider

2.63 2.44 2.74 3.01 2.9 2.53 88–109

16 Care
recipient’s
health
insurance
provider

2.62 2.52 2.83 3.01 2.7 2.41 143–
173
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Table 9. Using websites to find information: related emotions

Emotions – Internet Percent (N = 252)

Curiosity 52.0%

Frustration 51.6%

Stress 46.0%

Anxiety 37.7%

Relief 36.5%

Empowerment 34.5%

Determination 33.7%

Confusion 29.8%

Disappointment 29.8%

Hope 27.0%

Sadness or depression 20.2%

Compassion 19.4%

Gratitude 19.4%

Helplessness 18.7%

Patience 17.9%

Strength 17.5%

Fear 14.7%

Anger 11.9%

Loneliness 6.7%

Excitement 6.7%

Love 6.3%

Guilt or shame 6.3%

Joy 2.0%

None of the above 6.7%
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Abstract. Due to an aging population, stressed caregivers within a stressed care
sector as well as the wish of aging at home, there is an urgent need to provide
solutions to cope with these challenges today and in the future. Finding technolog-
ical, i.e., robotic, solutions is an interesting approach and is a highly frequented
research topic. However, engineering social assistance robots (SARs) to a sat-
isfying degree of usability and technology acceptance is challenging, because
fulfilling user’s expectations – especially with older adults as key user group –
means to implement naturally-feeling robotic behaviour which leads to emulate
a semi-human-like task execution behaviour. Within our work, we addressed the
scheduling of robotic activities based on aspects such as parallelisability for multi-
task execution, user- and system-triggered commands, as well as task priorities
to allow interruption or stopping of running activities or dismissing incoming
commands. We assessed user’s expectations within a survey-based requirements
analysis and derived a decision-making concept for scheduling incoming activ-
ities. We implemented the concept within a small app to evaluate the schema
according to the acceptance of the resulting robotic behaviour. With this concept,
we set a starting point to engineering well-accepted SARs from a behavioural per-
spective next to the finally implemented use cases and specific situations to use a
SAR in the environment of older adults. This is crucial to move towards accepted
technological solutions to the social challenges mentioned above that arise with
an aging population.

Keywords: Human-Robot Interaction · Social Assistance Robots · Older
Adults · Robot Behaviour · Activity Scheduling

1 Introduction

Assistance robots for use cases in the environment of older adults and care situations is
a lively research field for a good reason: This research field addresses an increasingly
urgent challenge of today’s society and upcoming trends following future predictions
regarding demographic changes and the development of the healthcare and caregiving
sector. The United Nations predict that, globally, the number of older adults relative
to the whole demography will double within the next three decades [1]. This increase
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will lead to a rising demand for care services which is supposed to be overwhelming
due to a shortage in caregivers [2]. For instance, the WHO already quantified the global
lack of caregivers in 2013 to 7 million and predicted this number to increase to 13
million in 2035 [3]. For sure, this lack cannot only addressed by making more people
want to become caregivers but by finding solutions to reduce the demand of caregivers,
for instance, by developing concepts to allow people to age at home (for as long as
possible) instead of care facilities. Therefore, providing technological solutions in the
form of assistive technology can be promising [4]. Those assistive technologies can be
of different shape, for instance, ambient assisted living (AAL) is an umbrella term to
describe home-embedded electronic devices and services to provide support in everyday-
life situations (so called activities of daily living, ADLs).While research within the AAL
field primarily focusses on health-related issues such as monitoring the physiological
condition of older adults or detecting emergency situations like falls, the development
of embodied assistive agents (i.e., assistance robots) that provide support and cognitive
stimulus is still in its infancy but a very motivating vision to cope with challenges such as
social isolation, loneliness, depression, or even symptoms ofmild cognitive impairments
and early-stage dementia, that arise alongside the major trend of aging population [5, 6].

Tomove towards engineering feasible assistance robots for older adults, the design of
a usable and accepted user interface to accommodate a fruitful human-robot interaction
(HRI) is crucial besides the more specific and use-case-related functional robotic assets.
While industrial robots in production environments in most cases only must fulfil a well-
defined sequence of tasks or activities, the robotic activities of assistance robots or social
assistance robots (SARs = agent-based user interface within assistance robots to, e.g.,
emulate a social entity) are invoked by triggers coming from users or the environment.
Those triggers lead to a non-predictable sequence of robot activities and, thus, derives
conflicting situations between multiple triggers as well as between triggered events and
currently running activities. Furthermore, Feil-Seifer et al. [7] describe the requirement
to design an HRI user interface in a way that it offers a responsive design based on
the specific needs and preferences of older adults. More specifically, the robot should
be easy to use, self-explanatory and controllable, and there should not be the need for
an expert operator or a lengthy training. Especially the aspects of controllability and
self-explanatory design highlights the need for a fitted mechanism to solve the described
scheduling conflicts within the activity execution order. For instance, listening to a users’
command is an activity that needs to be executed at almost any moment in time, even
when the robot is busy with another task. Or, for instance, fetching an object, keys or
similar, from another room and give information on something the robot is asked for,
the weather for example. Moving to a room, looking for the object to fetch and talk
simultaneously should be feasible, because it is not a problem for a human being, but a
task scheduling challenge for robots.
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To develop such a smart and fittedmechanism to solve occurring scheduling conflicts
of robot activities, we address the following research question within this paper:

RQ. How can a first concept of a strategy for a task queue processing sequence with
potentially parallelisable tasks for an assistance robot for older adults to ensure good
usability and technology acceptance look like?

To move towards an answer to that question, we started to examine the actual need
for parallelisation in HRI, focussing on older adults as key target user group, following
a user-centred design approach [8, 9]. We did that by means of a short survey among
older adults and people involved in different care situations based on their experiences
related to support requirements during typical ADLs. We analysed the identified scenar-
ios regarding their potential to cause scheduling conflicts anyway to elaborate the aspects
regarding parallelisation and prioritisation of assistance activities that need to be consid-
ered when designing a feasible scheduling mechanism.With the important requirements
being known, we proposed a concept in form of a schedulingmodel to provide a decision
mechanism to select a feasible execution order for incoming new activities/tasks for the
robot. To evaluate the model regarding technology acceptance [10] and to match users’
expectations, we implemented the model within a tiny Android app prototype to run a
quick evaluation to validate the matching to the initially considered requirements.

2 Background and Related Work

The user-centred design (UCD) process is crucial for designing interactive systems that
meet the needs and preferences of their target user group. This is especially true for ser-
vice robots, as the characteristics and requirements of the users can vary greatly between
different groups. For example, the interaction between service robots and children is dif-
ferent from that between robots and older adults, with various factors such as the user’s
perception and evaluation of the interaction, their emotional connection, and the robot’s
adaptive behaviour playing a role as highlighted by Maitreyee et al. [11]. In addition,
the applications and purposes of service robots are different between children and older
adults with special needs. While the primary focus for service robots with children is
to support inclusive education for those with disabilities, the focus for older adults is
to assist with their limitations and provide support to both the older adults and their
caregivers within a caregiving context.

The use of robots in caring for the elderly is a promising and growing field [12]
that offers new opportunities within an ambient assisted living (AAL) environment.
Fortunately, the acceptance of companion robots has increased in recent years [13],
which drives the desire for interaction with these robots.

AAL focuses on providing technical assistance to older adults in their homes through
smart home devices integrated into their homes and furniture. The goal of AAL products
and services is to allow older adults to remain at home rather than moving to a care
facility. However, the majority of AAL solutions focus on medical needs [14], such as
emergency and fall detection and tracking daily habits and activities (ADLs), which can
provide insight into behaviour changes for individuals with dementia.

Robots have the potential to enhance the AAL setup and the recognition of daily
habits and activities by adding features such as activation and cognitive stimulation. An
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embodied user agent in the form of a robot may be an effective tool for this purpose
[15]. Sauzéon et al. [16] have demonstrated a human-centred AAL platform that can
incorporate assistive technology tailored to the individual user’s needs and preferences,
including those with dementia, cognitive impairments, and visual impairments using
virtual reality technology.

In addition to activation and cognitive stimulation, other potential applications for
robots include: a) using robots as agents in cognitive behavioural therapy to address
issues such as anxiety, social stress, depression, and loneliness, which are becoming
increasingly prevalent among older adults [17]; b) supporting people with early-stage
dementia in performing daily activities [18–20]; and c) providing social assistance during
the COVID-19 pandemic [21].

Humanoid robots or those with a human-like appearance typically use voice interac-
tion as themainmodeof communication.This is due to the ease of usingnatural language-
based interaction, which has greatly improved in recent years with the widespread use
of voice assistants like Siri and Alexa on smartphones and smart speakers. Studies have
found that older adults are highly motivated to use voice-controlled robots in their daily
lives [22, 23] (addressing technology acceptance). There is a growing focus on designing
user-friendly voice user interfaces (VUIs) for these robots in the elderly care sector [24,
25] (addressing usability and user experience). In addition to voice interaction, there
is interest in incorporating other forms of interaction, such as sentiment recognition,
facial expressions, and gestures [26, 27], or using virtual, augmented, or mixed reality
environments [28, 29]. However, to effectively address the specific needs and limitations
of older adults, there is a need for user-centred design and collaboration with this target
group [30, 31]. This will help to create effective and accessible robotic solutions for our
aging society and relieve the stress on the elderly care sector.

The above-mentioned scenarios and use cases emphasise the importance of offering
helpful features for older adults through social assistance robots (SARs). It’s important
to note that the needs and preferences of different groups of users vary, which highlights
the significance of adopting a user-centred design (UCD) process when designing user
interfaces for SARs [8, 9]. Despite a lot of research being done on robots for older adults,
particularly in Asia, it is still unclear how to design a multi-purpose social assistance
robot that acts as a general assistant and companion (similar to a personal butler) and
what behaviour users want [32]. One challenge that needs to be addressed is how the
robot should handle multiple commands. This paper aims to provide a starting point for
designing solutions for this specific issue.

3 Requirements for Scheduling Triggered Activities

In advance to developing a feasible scheduling scheme for robot activities for SARs with
older adults as key target user group, we need to identify the requirements which need
to be considered and can be used to derive the actual decisions the concept should be
able to make.
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To retrieve information on user’s expectations, we designed a survey among older
adults and people with caring experiences. The survey comprises a questionnaire with
the following structure:

1. User demographics (age, gender, role in elderly care and duration of being in that
role)

2. Questions to assess expectations for an assistance robot based on statements related
to specific and direct robot behaviour and activities. Participants evaluate on a 5-point
Likert scale.

3. For the statements the participants agreed on: How should robotic support look like?
A selection of activities is given, and participants are asked to evaluate the desirability
of receiving support by means of an assistance robot. The desirability is evaluated on
a 5-point Likert scale and an open question is added to describe that support in detail.

4. Open question to describe concerns related to SARs in care situations for older adults.
5. Open question to describe wished related to SARs in care situations for older adults.

The questionnaire has been presented among 19 participants. Slightly more than half
of the participants are part of the target user group of older adults of age 65 and above
(10 participants). The remaining 9 participants are younger but do have experience in
the care sector. Form a gender perspective, the study involved 12 female and 5 male
participants. Running this survey, we identified resulting statements as that we used
to derive requirements for a decision-making schema for SAR activities (requirements
analysis as part of the UCD process), cf. Table 1.

Table 1. Results or the requirements analysis for scheduling triggered robot activities

Statement Resulting Requirement

The participants stated that following user
expectations and keep controllability is an
important factor of trustworthiness. In detail,
they demand a predictable behaviour of the
robot and before executing a task, the robot
should ask for permission first

Ask users whenever necessary. Avoid
potentially surprising behaviour

The availability of multitasking capabilities
has not been deemed as very important

Parallelisability of tasks is not critical

(a) There was no obvious trend for or against
the availability of self-initiated activities. (b) In
terms of self-initiated activities, most of the
participants preferred to keep communicating
with the user and ask for permission (i.e., allow
to stop activities or influence the robot’s
decisions and behaviour) instead of making
decisions for itself

Provide proactive behaviour only when
necessary. Ask for permission when possible

(continued)
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Table 1. (continued)

Statement Resulting Requirement

Since SARs offer an agent-based user interface
to interact with the robot, we asked the
participants for their perspective onto the robot
itself. Thus, would they perceive the robot
rather as a tool and utility or rather as a
colleague. The answer was clear: All
participants would perceive the robot as a tool
and not as a colleague

Avoid chatting. The robot shall not mimic a
friend

To sum up the concerns related to assistance
through robots given by the participants, there
is hesitation regarding data privacy-related
issues (privacy concerns), regarding the level
of human likeness in interaction (interaction
concerns), and regarding the occurrence of
dangerous situations caused by the robot in
case of system failure (safety concerns)

Avoid threatening situations concerning
privacy and safety

Apart from the mentioned concerns, the
participants stated wishes towards the
application of robots in care situations.
Especially, they formulated the wish for
meaningful support and interaction. Hence, the
provided functionality should go beyond
reminders or providing weather information
and telling the news. Providing real cognitive
stimulation or offering useful support during
difficult ADLs or emergency situations is
desired. Furthermore, the participants stated
the demand for technical refinement related to
HRI usability as well as the specific robot
behaviour

Usefulness is the most important criterion

4 Parallel Execution of Tasks

The presented survey revealed that actual concurrency in executing tasks or activities is
not a crucial capability of an SAR. Nevertheless, as stated above, it should be possible to
combinemultiple activities in situations that seemobviously reasonable and feasible such
as thementioned example of fetching an object from another room (movement and object
recognition task) and answering a question (voice assistance task) at the same time. This
drills down the technical challenge of task concurrency to the level of identifying and
reacting on resource conflicts with resources being hardware components that cannot
be accessed and controlled simultaneously. In case there is a conflict recognised, the
competing activities cannot be executed concurrently, and, thus, need to be scheduled
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by means of the later presented schema. But in case there is no resource conflict, the two
activities can be executed simultaneously.

Identifying resource conflicts prior to activity execution is the implementation chal-
lenge that we will only cover on a superficial level as implementation mechanisms may
vary among different robots and depend on the software architecture to run activities
and the implementation of hardware access (e.g., based on service bindings or using
hidden access structures within abstraction frameworks). The crucial component that
needs to be implemented and is part of the realisation strategy of the scheduling schema
presented in this paper, is the resource conflict identification unit that compares the set
of required resources for each activity and permits the concurrent task execution in case
there is an empty intersection set for a pair-wise comparison of the given sets. If the
intersection is not empty, the scheduling schema leads to a decision-making process
as described below. To identify the required resources and build the named sets, the
resources can either be stated directly within the programming code as (static) arrays for
abstract classes for each activity. Or the resources can be derived from the implementa-
tion by, for instance, identifying service binding calls which reveals the used resources
that cannot be accessed simultaneously as service bindings need to be unbound before
another activity is allowed to set a new service binding for the same resource.

In case the parallel execution of activities is of no further relevance for the specific use
cases and scenarios, especially since this criterion is of lower priority for the users, this
step of identifying resource conflicts to allowmulti-tasking can be skipped in the process
and the task execution can proceed within the scheduling schema to – always – identify
a (serialised) sequence of activity execution.

5 Handling Incoming Activities or Tasks

SARs are, in opposition to industrial and production robots, faced with incoming new
commands in an unpredictable and unsorted timing. Furthermore, incoming commands
cannot be handled as first-in-first-out FIFOqueue, because commandsmayhave different
sources (coming from a user in front of the robot, coming from external triggers, or
caused by pre-scheduled events) and varying priority (receiving weather information is
less important than getting help in an event of emergency). And lastly, not all commands
trigger activities that can be processed in parallel as seen above. Hence, we need to define
a scheduling schema, that considers all mentioned aspects and lead to a robot behaviour
that is a) feasible, b) makes sense related to the activity that needs to be scheduled (e.g.,
a postponed ringtone for an incoming call is obsolete), and c) is perceived as usable and
accepted by the SAR’s user(s).

A key distinguishment of incoming commands or triggers we make is whether an
activity is triggered by an explicit user command or by an event that leads to proactive
behaviour of the robot. Without looking at specific exceptions, explicitly formulated
user commands always have a high priority compared to incoming triggers from external
events. Furthermore, some participants of our requirements analysis studywere sceptical
towards proactive self-initiated robot activities, such that turning off those latter actions
should be possible while user-initiated activities should not be affected here.
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Optionally, in case specific proactively triggered activities should not be executed
automatically, only for those non-user-triggered commands there could be a mechanism
to ask the user for permission to execute the task in advance.

While, until now, we distinguished user-initiated and externally triggered events,
assuming that those external triggers are based on sensory data or timers, we shall
not forget that in a caring environment, next to the older adults, caregivers might be
stakeholders or even users as well. Although when we use the term users, we primarily
consider older adults, caregivers could as well perform configuration tasks with the robot
that might lead to, for instance, reminding activities which, in the event of reminding,
are perceived as self-initiated or proactive activities. Or in other words: proactive tasks
can be originally caused by other people as well and are not actually proactive.

That is one side of non-user-triggered behaviour. On the other side, there are events
triggered by theSAR’s sensors observing the environment (e.g., fall detection) or external
triggers, such as incoming calls (although a call is usually triggered by another human,
we do not consider him or her to be a user or stakeholder of the robot).

As a result, we categorise the triggers as follows: There are (1) user commands that
will (mostly) be executed directly, and (2) proactive tasks that need to be scheduled
separately, whereas we have (2.1) indirect user commands, such as timer functions (user
command: set timer; leads to trigger at a given time; leads to proactive behaviour at
that given time), (2.2) sensory triggers, such as recognised falls or a room temperature
decrease and (2.3) external triggers such as incoming calls.

5.1 User-Triggered Activities

Now, we focus on scheduling incoming commands in case another task or activity is
already running, and the new incoming task cannot be executed in parallel. At first, we
look at incoming commands that are triggered by the user, for instance, by asking directly
to provide a weather forecast or ask for help finding an umbrella before going outdoors.
One key requirement that needs to be considered throughout the whole process is that
the user must always be able to stop all activities to ensure controllability.

Figure 1 illustrates the decision-making process (as flowchart from top to bottom)
we propose for handling incoming user commands. The process handles incoming user
commands as follows:

We assume to have two competing tasks A and B with A being the already executing
activity (no matter if A has been triggered by a user or by an event) and B being the new
incoming activity that has been triggered explicitly by the user.

The first conditional construct embeds the mechanism to check for parallelisability
of the given tasks as described above. We already described that in case A and B are
parallelisable, they can be executed concurrently, and if not, we follow the scheduling
mechanism further down below.

We propose to distinguish between short and not necessarily short tasks regarding
their duration to finish the activity. A threshold of when to categorise a task as short
could be defined by the user or as a result of a requirements analysis for the specific
SAR and application context, but we propose to consider short tasks to be activities that
only briefly give some information, such as telling the time or providing calendar-based
information for a daily schedule. In case the incoming task B is such as short task, there is
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a chance to briefly interrupt the running task A for executing B and resumeA afterwards.
We propose this behaviour if A is not an as “short” categorised task. In case A and B are
both short tasks, the robot should wait for A to finish and execute B directly afterwards.

Commands that trigger tasks that are not categorised as “short” shall ask for per-
mission to interrupt a currently running activity. Thus, the user should be notified that
the upcoming activity could take a moment and leads to the interruption of a current
activity. Given the user declines the request to execute B, A can continue running while
B will be dismissed. We propose to not move B onto a queue, because the moment A is
finished, and B takes over the robot’s focus could be perceived as surprising behaviour.
We recommend that the user then triggers B manually.

Given the user agrees to interrupt A in favour to execute B, we introduce one waiting
slot for memorising a paused activity and that waiting slot needs to be empty at first.
We do not recommend introducing a queue with multiple slots here as it is unlikely that
users remember a sequence of paused activities rather than one which would otherwise
cause unexpected behaviour as well. But there is one special case: If the duration of B is
undefined and could be infinitely long (e.g., playing radio music), it would be pointless
to let A wait for B to finish and resume with A then. Hence, in case of an open task B, we
propose A to be stopped and dismissed. If B is not an open task, A will be paused and
moved to the waiting slot while B can be executed. As soon as B is finished, resuming A
should be notified to the user. So, we propose to ask the user for permission to continue
running A.

The described mechanism distinguishes multiple types of tasks depending on their
execution duration and decides, based on this information and a thoughtful selection
of user involvement points to avoid unpredictable behaviour, which execution order is
feasible, reasonable, and foreseeable.

While task A is being
executed a new user 
command to execute

task B comes in

Check if A and B 
are parallelisable

Execute A and B at
the same time.

Yes

Is B a short task?

No

Is A a short task?

Execute B, then
auto resume A

Wait for A to finish,
then execute B 

immediately.

Yes

No

Yes

Ask user if A should
be interrupted

No

Resume A, Forget
B

No

Clear the waiting
slot.

Yes

Is B an open-
ended task? Execute B, Forget A

Put A in the waiting
slot.

Execute B

Task is finished

Waiting slot
empty?

Wait for next
command.

Ask user if task 
from waiting slot

should be resumed.

Resume waiting
task?

Execute waiting
task.

Yes

No

Yes

No

Yes

No

Fig. 1. Proposed decision-making process to handle conflicting incoming user tasks
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5.2 System-Triggered (Proactively Executed) Activities

There are various reasons why an assistance robot might start to do something without
being triggered by a user command. For instance, if it is possible to do video calls using
the SAR, an incoming call needs to cause a notification for the user; or recognising
emergency situations such as a fall should lead to calling help. Depending on what event
triggered an action, the scheduling schema needs to decide when to interrupt running
activities,when to append the incoming task to a queue (and ontowhich position) orwhen
to dismiss incoming tasks. The resulting robot’s behaviour should still be predictable
and avoid surprising situations and – most importantly – any interruption must happen
safely without any information loss or physical harm.

To generate a feasible behaviour, system-triggered tasks need to be categorised. We
propose the following five categories with different priorities as described further down
below in this section: We distinguish (a) emergency tasks such as calling help when a
call is detected, (b) activities with high priority such as incoming calls, (c) tasks with
medium priority such as alarms or timers, (d) tasks with low priority such as reminders
or notifications, and (e) circumstantial activities that are not time critical at all.

Further, we introduce a queue that we call proactive queue. This queue should be
sorted by category/priority first (emergency is the highest priority and circumstantial the
lowest) and by time of adding an item (FIFO). Hence, whenever there we put a new task
onto that proactive queue, we ensure to rearrange the items following this sorting.

The following Fig. 2 visualises the first of two parts of the scheduling process for
system-triggered tasks. This first part focusses on the filling process for the mentioned
proactive queue. The following procedure is shown: Firstly, we assume an event occurred
and there now is a trigger to execute a new task. The incoming task enters the diagram
from the top. If there is no other task already running, the robotmay execute the incoming
task right away. In case there is already a task running, we check for possible concurrency
to execute both tasks simultaneously if supported. If that is not the case, we need to get
into the scheduling mechanism based on priorities.

At first, we want to catch tasks with a low, non-time-critical priority. Thus, if the
task is labelled as circumstantial, we propose to ask the user how to proceed. The user
can choose between three options: he or she can skip the task to dismiss it, choose to
reschedule the task to postpone execution or choose to execute the task which means to
put the task onto the proactive queue. For any other task category, we directly forward
the task onto the proactive queue, because we assume a certain time-critical activity
which should not be dismissed or postponed. Whenever a new task is appended to the
proactive queue, we ensure that all items in that queue are sorted based on priority (first)
and time of appending (second) as described above.

Figure 3 continues the scheduling schema. We now have a sorted queue with tasks
to execute one after another, beginning with the most important tasks and if there are
multiple tasks of the same priority given, we select the longest-awaiting task first (FIFO).
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Fig. 2. Proposed decision-making process for system-triggered tasks. This figure comprises the
first part of this process describing the filling and sorting process of the proactive queue.
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Fig. 3. Proposed decision-making process for system-triggered tasks. This figure comprises the
second part of this process describing the FIFO and scheduling mechanism to empty the proactive
queue.

If the currently running task is of lower priority than the task we select from the
queue, we interrupt the running task in favour of the new, more important task. That
step is required to ensure forwarding of incoming high-priority tasks such as emergency
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activities. In any other case, as the queue is already sorted, we always pick the most
important tasks first, such that usually there is no less important task already being
executed.

The next step forces the task execution to await finishing of the current, higher-
prioritised task first. As soon as there is no higher-prioritised task still running, we check
for medium-categorised tasks. If our task is of category medium, the activity shall be
executed and is allowed to interrupt any other already running task (we already know
that any task that could still be running is not of higher priority and we allow medium
tasks to interrupt other medium tasks).

Ifwedidnot catch amedium task,weonly see circumstantial, low, high, or emergency
tasks here. If another task with the same priority is already running, we await that activity
to be finished.

If the task to be executed is an emergency-rated activity, we propose to briefly check
if the activity is still relevant (dismiss the task if the answer is no), clear the whole task
queue and execute the activity right away (and interrupt any potentially running task,
even user-triggered activities).

If the task to be executed a high-priority-rated activity, we proceed identical to the
emergency case but without deleting the queue. Clearing the queue is only there to ensure
no other activity could block very time-critical actions or the necessary steps to cope
with the challenging situation of an emergency. High-categorised tasks are time-critical
as well but do not handle dangerous situations.

As medium-rated tasks are already being handled, the next category is class of low-
rated activities. They still are time-related although their slightly delayed execution is
considered acceptable. Thus, now they can be executed after all more important tasks
are done.

Finally, there are the non-time-critical circumstantial tasks. We assume that there
has been a filled queue to process, and a reasonable amount of time passed by until we,
finally, see the circumstantial task to be executed again. That is why we propose to ask
the user again to process that activity now. The user has the same three options as before
(execution now, postpone the task or dismiss the command).

With the described scheduling schema, we dealt with all upcoming situations of
incoming tasks: based on user commands or external triggers (sensory data or scheduled
events) and generated an execution order that is predictable from a user’s perspective,
involves the user in selected situations and ensures time-critical and important events to
fast-forward within this flowchart.

6 Evaluation

Testing the feasibility of the presented scheduling schema means to identify logical
issues which lead to unexpected behaviour. With that in mind, we implemented this
schema within an activity simulation prototype within an Android app that can easily
be tested by evaluation participants even during the pandemic-related limitations. This
app can run on any Android-based smartphone and offers an abstract and simplified user
interface that allows to directly trigger events with the press of a button and as a result,
the app shows currently running activities to evaluate the simulated robotic behaviour.
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Our small prototype that incorporated the scheduling schema should be sufficient to
answer the rather abstract question of how users feel about the implemented workflow
and behaviour as proposed in this paper. Therefore, we asked the participants to trigger
certain events and answer some questions related to their experience using the prototype.
We addressed the following two questions:

1. Does the concept make sense to the users, are there any system actions that are
surprising or confusing, will they understand the robot’s actions?

2. Do users accept the concept as is or do they wish some things would have been done
differently?

Weconducted an evaluation basedon aqualitative studydesign basedon theThinking
Aloud methodology. The participants were invited to articulate thoughts right during
using the prototype. The tasks the users should fulfil are given verbally. For this brief
evaluation, we invited 5 participants (of different age and gender) to take part. For the
sake of testing the schema, we assume a pilot study to be sufficient. A study design with
more participants and with special attention to the target user group is reasonable for
final implementations of that scheduling schema within a specific SAR with a defined
context.

The first set of tasks are related to the user commands. Our study design incorporated
the following scenarios and specific tasks:

Scenarios:

• Short task interrupts already running task → interrupted task is automatically
continued

• A finite task interrupts an already running task → when finished, ask if interrupted
task should be continued

• A task that can be executed concurrently to an already running task → optional
resource

• Two parallel running tasks are interrupted by a task that interrupts them both.
• Two parallel running tasks are interrupted by a task that interrupts one of them.

Tasks:

• Play music, then ask for the time and temperature
• Ask for the weather forecast, during the execution of that task request to see the map.
• Show the map while playing music. Then start the recipe activity.
• Show the map while playing music.

The second set of tasks are related to the proactive activities of the robot. Our study
design incorporated the following scenarios and specific tasks:

Scenarios:

• Emergency blocks everything, even other emergency



What to Do Next? An Activity Scheduling Schema 301

• A circumstantial task appears → A dialog pops up, asking if the user wants the robot
to execute, reschedule or skip the task

• Tasks accumulate in the sorted queue while a high priority task is being executed
• Low or circumstantial priority task waits for another task of the same priority
• A medium priority task interrupts another same priority task

Tasks:

• Alarm clock → Fire → Patient fell
• Call → News → New email → alarm clock
• Email → Reminder: take medication
• Alarm clock → Timer

After the Thinking-aloud phase, we asked a subset of the SUS questionnaire (with
5-point Likert scale) to get a rough evaluation of the overall usability impression.
We reduced this set of questions, because the presented prototype is only an abstract
representation of an SAR. The following questions were asked:

1. Did you feel like the robot actions were predictable or surprising? Did you like that?
2. Were there any system actions that were confusing or was the system easy to

understand?
3. Did you observe a pattern in the robot’s behaviour, or did you feel the robot behaved

inconsistently?
4. Did you always feel like you were in control?
5. Would you accept a robot behaving in that way?
6. What things do you wish should be handled differently?

Both Table 2 and 3 summarise the results of our pilot study. The first table addresses
the first set of tasks (user commands) while the second table addresses the second set of
tasks (proactive behaviour). Each table contains the answers of our five test users (#1 to
5).

The test usersmostly agreedwith the presented concept and stated general acceptance
towards an actual SAR with the described behaviour. The most notable complaint was
related to the questions the robot is asking questions, i.e., to confirm a choice before
interrupting another task. This contradicts the results of our requirements analysis study.
The requirements analysis revealed a demand for control and being asked for permission
in some situations. As the interaction modality with the prototypical app surely differs
from the interaction with an actual SAR (for instance, a SAR could be controlled via
voice instead of GUI buttons), the perception of confirmation questions and checks of the
robot might be different as well. Overall, we did not identify logical or feasibility-related
issues with the presented scheduling schema.
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Table 2. Comparing the answers for the final questions for the user command prototype

Question #1 #2 #3 #4 #5

Predictable or
surprising

predictable Mostly
predictable

predictable Somewhat
surprising

Predictable

Confusing or
easy to
understand

Easy to
understand

Easy to
understand

Easy to
understand

Easy to
understand

Easy to
understand

Pattern
observed or
inconsistent
behaviour

pattern inconsistent Somewhat
inconsistent

Partly a pattern
observed

Pattern

Feeling of
control

yes yes yes yes Yes

Accept the
behaviour

yes yes yes No, because the
robot asks too
many questions

yes

Wishes none More
consistency
regarding
when the
robot checks
back

Change rules
for when to
ask for
confirmation
for task
interruption

Fewer
questions

none

Table 3. Comparing the answers for the final questions for the proactive tasks prototype

Question #1 #2 #3 #4 #5

Predictable
or surprising

predictable both Mostly
predictable

Mostly
predictable

predictable

Confusing or
easy to
understand

Easy to
understand

Rather easy to
understand

Easy to
understand

Easy to
understand

Easy to
understand

Pattern
observed or
inconsistent
behaviour

pattern Slightly
inconsistent

pattern pattern pattern

Feeling of
control

yes yes yes No, because the
robot made all
decisions

yes

Accept the
behaviour

yes Probably yes yes yes Yes

Wishes none Change
priorities

Change some
priorities, more
personalisation

More
personalisation

none
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7 Discussion

As subject to be discussed, we want to address three aspects: the opposing results of the
requirements analysis and the prototype evaluation, the aspect of individualisation and
customisability next to the fixed scheduling mechanism, and the open question of adding
further types of tasks which might lead to additional task categories to distinguish.

Firstly, the opposing results of the requirements analysis and the prototype evaluation
are surprising. Before designing the scheduling schema, we considered the need for
re-prompts and checking questions to be plausible as it correlates with the demand
for keeping full control of the robot’s behaviour, especially to avoid surprising and
unexpected situations.We clearly accept that toomanyquestions of how to proceedmight
be disturbing at some point but identifying the sweet spot of right dose of questions is
subject to further evaluation of specific SARs that implement our schedulingmechanism.
Probably, the number of re-prompts can be reduced by changing system settings to, for
instance, always allow (or reject) the execution of circumstantial activities.

This leads to the second discussion point of customisability within the scheduling
schema. Next to the number of checks and re-prompts, the perception of the robot’s
behaviour might vary individually as well. We did not pay attention on keeping the
schema extendable but there are ideas of how to customise the flowchart to incorporate
an individualised behaviour of the robot. For instance, the robot could store prior made
decisions related to the execution of circumstantial tasks, such that asking again for the
same type of task might be avoidable. Another variation-point for extending the model
is by adding a queue (probably with a fixed number of slots) instead of the one waiting
slot for the user-commands-related model. Based on the cognitive abilities of the user,
it might be desired to give a list of commands at once that the SAR should execute one
after another.

Finally, it is an open question how to extend the model in case further priority levels
or duration classifications shall be introduced. Our assumption is that less categories
are favourable to reduce unnecessary complexity within the scheduling mechanism.
Thus, we identified typical scenarios and ADLs that could be relevant to engineering
SARs and derived different kinds of robotic activities from these ADLs, which we
then categorised as presented (distinguishment between short, not-necessarily short,
and potentially infinitely long-lasting tasks; plus, the five priorities from circumstantial
to emergency events). There is no obvious solution of where to add further branching
within the flowcharts to incorporate further categories. Thus, manual re-engineering of
the schema and a new evaluation of feasibility is required then.

8 Conclusion and Outlook

The initial research question referred to the feasibility of a scheduling mechanism for
activities of an SAR that leads to an acceptable behaviour. This acceptable behaviour
is given for those strategies that avoid unpredictable and surprising situations and by
ensuring that controllability is always given. Based on our requirements analysis, the
designed scheduling strategy, and the positive feedback from our prototype evaluation,
we provided a feasible structure to implement the complex task execution methodology
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that is required for robots that interact with real users. How this schema performs under
real-world conditions within a specific SAR is still an open question and needs further
implementation and evaluation. Especially the need for concurrency heavily depends on
the specific use cases of an SAR.

Regarding the usability evaluation, the provided user feedback was mostly posi-
tive, and most participants said that they would accept a robot behaving as described in
the concept. However, some users expressed disagreement with some of the task pri-
oritisations or the robot’s ongoing questions to confirm their choice to execute a task.
Nevertheless, the goal of our research was to develop a first concept with an acceptable
user evaluation and met user expectations which is fulfilled as the feasibility is shown by
means of the prototype and the agreement with the behaviour is given by the participants.

Future research should focus on the implementation of the given schema in real-word
application scenarios to put the scheduling under test. That helps to spot the aspects
for improvement within the model or reveal missing cases that we did not identify by
means of our requirements analysis. That implementation within a SAR can as well be
evaluatedwith the actual target user group to investigate the implications on usability and
technology acceptance related to the scheduling mechanism and task fulfilment strategy
of the robot.

Those implementations in actual SARs lead to specific models for those SARs.
It would be advantageous to merge improvements to the scheduling scheme into the
abstract flowcharts presented within this paper, hence, to offer a generalised approach
to implement robotic behaviour with a high degree of user acceptance.
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Abstract. Many technology-enabled products and services have the potential to
support family caregivers. There is limited understanding, however, of how and
why caregivers adopt and use technologies. An online survey explored family
caregivers’ attitudes toward and use of technology both for themselves and in
their role as a caregiver, as well as how the use of technology has impacted care-
givers’ lives. This paper reports on responses from 339 caregivers who belong to
an ongoing research panel and are currently involved in providing care to an adult
family member. Results indicated that caregivers were generally active users of
technology for themselves for general purposes not specific to caregiving, but that
their use of technologies to support care lagged behind. Caregivers who used tech-
nology for caregiving reported generally positive experiences and were satisfied
overall with what they used, rating technologies as useful, and found them easy to
use and to incorporate into care arrangements. A causal analysis found that ease
of use and ease of integrating technologies into the care context were significant
predictors of overall satisfaction with technologies for caregiving. Study results
point to a need to ensure greater access to general platform technologies – notably
smartphones and laptops – and to explore further issues around costs associated
with using technologies.

Keywords: Caregiving · Family Caregivers · Informal Care · Technology
Adoption

1 Introduction

An aging population, coupledwith declining birth rates, is challenging the current supply
of professional and informal care. Today, more than one in five Americans provide care
to a loved one [1], and current demographic trends predict that an increasing number
of adults will face caregiving demands [2]. Family caregivers are responsible for a
wide range of tasks, encompassing domains including health care, transportation, meal
preparation, home maintenance, housework, service coordination, personal hygiene,
financial management, and keeping company. The demands of caregiving, often coupled
with responsibilities like work and childcare, require caregivers’ expenditure of financial
resources, physical energy, emotional bandwidth, and time.
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Technologically advanced consumer products and services – including smart home
products, internet-enabled services, communication technologies, and personal comput-
ers – have altered how many people carry out their day-to-day tasks. Many technologies
and services developed to make life easier for the general population also have the
potential to assist older adults and those who provide care to them.

Recent studies have explored the potential role that technology-enabled products and
servicesmay play in supporting family caregivers.A report based on an expert roundtable
organized by the National Alliance for Caregiving emphasized that technology-based
solutions may help caregivers to coordinate tasks and address complexities, leading
to reduced burdens with caregiving [3]. Similarly, existing and emerging technology
solutions can help ease caregiving burdens and make life better for caregivers [4]. A
review study on intervention strategies to support caregivers observed that technology-
based interventions were generally positively perceived and accepted by caregivers,
and that technology could improve convenience, cost-effectiveness, and flexibility in
accessing caregiving resources as well as provide social support for caregivers [5]. Other
reviews pointed out possible ways that specific technology products and services may
support caregivers. It was suggested that internet-based home technologies could assist
informal caregiving and to help older adults live independently [6]; another study focused
on the potential usefulness of social media, online communities and forums, health-
related smartphone apps, and telemedicine for family caregivers [7]. In an empirical
approach, a survey of 30 family caregivers found that those who used technology to
support their care responsibilities found it useful, and that technology was often used to
help save time and to ease emotional burdens [8].

However, there remains an incomplete understanding of which, if any, technologies
caregivers prefer to use, how and why they use them, and which characteristics of a
technology aremost conducive to its adoption by caregivers. Many existing technologies
and services – including those expressly designed to assist caregivers, such asmedication
monitoring tools – are not widely used by caregivers despite their potential usefulness
[9]. A survey study reported that technology usage was limited among caregivers and
that many technology products and services were not widely adopted for caregiving, and
found that this adoption gapwas due to limited awareness and availability rather than due
to a lack of interest in technologies [8]. The importance of awareness and availability was
also emphasized by [4], which argued that the integration of new technology solutions
into people’s lives cannot happen if caregivers do not know what is available to them.
Prior research has also discussed other barriers that contribute to low adoption and
utilization of technology among caregivers, including unfamiliarity, time restriction,
complexity and distrust [10]; and issues around cost-effectiveness, accessibility, and
integration with existing practices need to be addressed to facilitate effective use of
technology [5].

Existingmodels and frameworks that describe various factors, determinants, and bar-
riers related to technology use can be applied to describe how technology acceptance and
utilization may take place in a caregiving context. The Technology Acceptance Model
(TAM) suggested perceived ease of use and perceived usefulness as the main deter-
minants of acceptance [11]. The unified theory of acceptance and use of technology
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(UTAUT), originally created as an adaptation of TAM, confirmed the effects of per-
ceived ease of use and usefulness with newly defined factors of performance and effort
expectancy, and emphasized that individual characteristics (e.g., age, gender, related
experience) play key roles in determining technology adoption [12]. In a study that eval-
uated how technology may be used to support remote caregiving, usability measures
including efficiency and effectiveness, which closely relate to ease of use and useful-
ness, were utilized along with satisfaction [13]. Furthermore, a review study suggested
that the compatibility between a technology and a user’s lifestyle could impact adoption
and user experience [14].

In this study, an online survey was conducted with a large group of family care-
givers to examine their attitudes toward and use of consumer technologies. The survey
included questions about their general feelings regarding technology use for themselves
and specifically for caregiving. This paper presents findings on the technological atti-
tudes and behaviors of caregivers, with attention to differences by gender, age, care
arrangements, and caregiving role and responsibilities. It will explore which technolo-
gies caregivers use to help with caregiving, how and why they use them, and what they
perceive as the impacts of use, in addition to highlighting potentially useful products
and services that have heretofore met with scarce adoption among family caregivers.

2 Study Design

2.1 Questionnaire Design

An approximately 20-min questionnaire was developed with items about caregivers’
use of technology in general and the ways in which they may use technology in their
role as a caregiver. The questionnaire included 25 technology-enabled products and
services commonly used by the general population andmay be used to support caregiving
(Table 1).

Table 1. Technologies included in the study

Category Items

General-purpose technologies Computer or laptop; cellular phone (not a smartphone);
smartphone; tablet; ereader; video chat platform; instant
messaging platform; task management/scheduling/calendar
tools or apps; social media

Home and health technologies Home security system; smart energy utilities and monitoring
systems; smart home appliances; medication management
platform or smart dispenser; fitness and physical activity
management tool; health or body metric tracker; personal
assistant, smart speaker; smart entertainment system

Internet-based services Grocery delivery service; meal-kit delivery service; online
food ordering & delivery service; ridesharing service;
on-demand entertainment streaming service; housework
service; pet care service; caregiving assistant servicea

a Caregiving assistant service was not listed when asked about general use
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Caregivers who indicated that they currently used a given technology for caregiving
were asked additional questions about each selected item related to the nature of its
use, experiences of use, and the outcomes and impacts of use. The survey also asked
about the reasons that led respondents to use a given technology product or service,
the tasks and activities a given technology was used for, and the outcomes that they had
experienced fromusing it. The reasons and outcomeswere adapted from a previous study
conducted to explore caregivers’ use of technology with a small sample [8]. The list of
tasks and activities was adapted from existing definitions and descriptions of basic and
instrumental activities of daily living (ADLs and IADLs, respectively) [15], and based
on responses to a brief intake questionnaire that participating caregivers filled out upon
joining the study panel.

A review of existing models and frameworks that describe usability, user experience,
and user acceptance and adoption of technology [11, 12, 14] was conducted to develop
additional measures around caregivers’ attitudes toward technologies for caregiving.
Variables were included in the questionnaire to capture: perceived ease of use, perceived
ease of integrating the technology into their caregiving role, perceived usefulness, and
satisfaction. The questions used in analysis for this paper are summarized in Table 2.

Table 2. Questionnaire items

Category Question

General attitudes and experience How would you rate your overall level of experience
with technology/with using technology to help with
your caregiving responsibilities?

How would you rate your overall level of trust in
technology/technology to help with your caregiving
responsibilities?

How interested are you in learning about new
technologies/technologies that can be used to help
with your caregiving responsibilities?

Technology use process and objectivesa How would you rate the ease of use of each of the
following technologies or services for caregiving?

How well do you or did you feel the following
technologies or services fit into your role as a
caregiver?

What are some of the reasons you use(d) the
following technologies or services for caregiving?
Please select all that apply

What are some of the activities for which you use(d)
the following technologies or services for
caregiving? Select all that apply

(continued)
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Table 2. (continued)

Category Question

Technology use outcomes and impactsa How would you rate the usefulness of each of the
following technologies or services for caregiving?

How have each of the following technologies or
services impacted your caregiving experience?
Please select all that apply

Overall, how satisfied are you or were you with each
of the following technologies or services for
caregiving?

a These questions were asked for all products and services selected as “use or have used” out of
technologies listed in Table 1

2.2 Survey Administration and Sample Characteristics

Anonline surveywas conductedwith family caregiverswhoweremembers of an ongoing
caregiver research panel organized by the MIT AgeLab. Data collection took place
between July 6–20, 2020. The online questionnaire was initially sent to 1,107 caregivers,
and 477 complete responses were collected with an overall response rate of 43.1%. The
analysis here focused on 339 respondentswhowere involved in providing care to an adult
family member including a parent, a grandparent, a spouse, or another older relative,
excluding caregivers who were providing care to an adult child or a sibling.

The sample used for analysis represented a wide range of demographic characteris-
tics and caregiving arrangements. The characteristics of the sample are summarized in
Table 3.

Table 3. Sample characteristics (N = 339)

Caregiver characteristics %

Caregiver age Silent Generation and older (born 1945 or
earlier)

8.0%

Older Boomers (born 1946–1954) 22.7%

Younger Boomers (born 1955–1964) 40.1%

Generation X (born 1965–1980) 24.2%

Millennials and younger (born 1981 or
after)

5.0%

Caregiver gender Male 19.8%

Female 80.2%

Prefer not to say 0.0%

Caregiver household income Less than $25,000 5.3%

(continued)
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Table 3. (continued)

Caregiver characteristics %

$25,000–$49,999 10.0%

$50,000–$74,999 13.6%

$75,000–$99,999 17.7%

$100,000–$149,999 18.9%

$150,000–$199,999 8.3%

$200,000 or more 10.9%

Prefer not to answer 15.3%

Caregiver highest level of education
completed

High school diploma 0.6%

Some college 10.3%

Trade/technical/vocational school or
associate’s degree

8.0%

College degree 24.5%

Some post-graduate work 11.5%

Post-graduate degree 45.1%

Caregiver employment status Employed in any condition (full, part, self) 44.8%

Employed full-time 29.2%

Not employed, looking for work 1.8%

Not employed, not looking for work 4.4%

Furloughed 1.2%

Laid off 1.2%

Employed part-time 3.2%

Homemaker 4.1%

Self-employed full-time 8.3%

Self-employed part-time 5.0%

Student 2.1%

Retired 32.4%

Care recipient’s relationship to caregiver Spouse or partner 30.4%

Parent or parent-in-law 65.8%

Grandparent, aunt or uncle 3.8%

Length of time in caregiving Less than 2 years 14.5%

(continued)
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Table 3. (continued)

Caregiver characteristics %

2 years or more but less than 5 years 33.0%

5 years or more but less than 10 years 31.0%

10 years or more 21.5%

Time spent per week providing care 1–9 h 32.4%

10–19 h 20.9%

20–39 h 23.9%

40+ h 22.7%

Total number of ADLsa caregiver is
helping with

0 ADL 48.7%

1–2 ADLs 26.0%

3+ ADLs 25.4%

Total number of IADLsb caregiver is
helping with

0–3 IADLs 14.7%

4–5 IADLs 26.3%

6–7 IADLs 30.4%

8 IADLs 28.6%

Care recipient’s condition(s) Long-term physical condition 69.6%

Short-term physical condition 11.2%

Memory problem 55.8%

Emotional/mental health problem 24.2%

Behavioral issue 10.3%

Developmental/intellectual disorder 4.7%

Alzheimer’s or other dementia 33.0%

Other 18.9%

Living arrangement between caregiver
and care recipient

Living together 53.1%

Within walking distance of each other 6.2%

Short driving distance (less than 1 h drive) 28.0%

Longer distance (drive of 1 h or more but
less than 2 h)

4.4%

Far distance (drive of 2 h or more but less
than 8 h)

4.1%

Very long distance (drive of 8 h or more) 4.1%

Caregiver responsibilities sharing I am the only caregiver for my care
recipient

31.3%

(continued)
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Table 3. (continued)

Caregiver characteristics %

I share responsibilities with another
family member

28.9%

I share responsibilities with a paid
caregiver

14.2%

I share responsibilities with family and a
paid caregiver

15.9%

a Activities of daily living (ADLs) includemoving from one place to another (e.g., walking, getting
up and sitting down); bathing and showering; getting dressed and undressed; eating and feeding;
getting to and from toilet; and helping with incontinence or diapers
b Instrumental ADLs included transportation; grocery and other shopping; housework; preparing
meals; taking and managing medications; social activities and interactions; arranging services and
appointments; and managing finances

3 Results

3.1 General Attitudes Toward and Experience with Technology

Caregivers who participated in the survey were found to be generally experienced with,
trusting of, and interested in learning about technology. When asked about using tech-
nology to help with caregiving responsibilities, however, respondents indicated that they
were less experienced and less trusting than in their general use. In contrast, interest in
learning about new technologies was consistent across the two contexts of use – general
and caregiving. These results, illustrated in Fig. 1, suggest that while caregivers are gen-
erally open to using technologies to help with caregiving, they may not be using them
extensively in the caregiving context, potentially due to limited awareness or familiarity.

Not at all 0.6%

Not at all
16.2%A little 2.1%

A little
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Fig. 1. Caregivers’ overall experience with and attitudes toward technology
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Caregivers were asked to report their use of technology products and internet-based
services in associationwith their caregiving experience. In general, caregiverswere active
users of technology and had incorporated related products and services into their care-
giving experience, with most respondents (83.5%) using at least one technology product
or service in association with caregiving. When asked about a total of 25 technology
products and services currently available on the consumer market, caregivers reported
using on average 4 to 5 different technologies to help with their caregiving responsibili-
ties. ‘General’ technologies were the most widely used, while internet-enabled services
were comparatively less popular, and home/health technologies were rarely used in the
context of caregiving (see Table 4).

Table 4. Prevalence of technology use among caregivers (See Table 1 for technology items)

Technology
category

Caregiving-related use General use

Average count % using one or
more

Average count % using one or
more

General (9 total) 2.640 81.7% 5.988 97.3%

Home/health (8
total)

0.723 38.9% 2.071 74.6%

Internet-based
service (8 totala)

1.106 53.4% 2.024 87.6%

Total 4.691 83.5% 10.024 97.3%
a Caregiving assistant service was not listed when asked about general use

Use of technology products and services for caregiving, however, was found to be
relatively limited when compared with caregivers’ use of technologies for themselves
or for general purposes not specific to caregiving. Caregivers reported using on average
about 10 of the 24 (excluding caregiving assistant service) given technologies gener-
ally, significantly larger than the average number of technologies (about 4.7 out of 25)
used to help with their caregiving responsibilities. The biggest gap was observed for
home/health technologies, with only 38.9% of caregivers using these technologies for
caregiving compared to 74.6% using them for general purposes; on average less than one
home/health technology was reported being used for caregiving, compared with about
two technologies on average for general purposes.

Among technologies included in the questionnaire, the smartphone was the most
popular tool, with about two-thirds of caregivers using it to help with their caregiving
responsibilities. Other widely adopted technologies for caregiving included computers
or laptops, video chat platforms, grocery delivery services, on-demand entertainment
services, tablets, and task management or scheduling tools, as shown in Table 5. While
most of the home/health technologies included in the survey were used by 20% or
more of the sample (except for smart home appliances and medication management
platforms), only a small subset used any of these technologies for caregiving. This
adoption gap between general use and caregiving-related usewas also evident for general
technologies and internet-enabled services, however. Specifically, while most caregivers
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indicated that they used a computer or laptop, a smartphone, a video chat platform, an
on-demand entertainment service, social media, and instant messaging for themselves,
adoption rates for these technology products and services in the context of caregiving
was much lower.

Table 5. Caregivers’ adoption of technology products and services

Technology
category

Technology item Caregiving use
(%)

General use
(%)

General Smartphone 65.5% 91.2%

Computer or laptop 60.5% 95.3%

Video chat platform 45.4% 87.0%

Tablet 26.3% 63.4%

Task
management/scheduling/calendar
tools or apps

25.7% 64.0%

Instant messaging platform 14.2% 71.1%

Social media 13.3% 77.9%

Cellular phone (NOT a smartphone) 10.3% 12.1%

eReader 2.9% 36.9%

Home/health Health or body metric tracker 16.8% 25.4%

Personal assistant, smart speaker 15.0% 37.8%

Smart entertainment system 11.5% 45.1%

Home security system 10.9% 24.5%

Smart energy utilities and
monitoring systems

6.5% 26.0%

Fitness and physical activity
management tool

4.7% 33.9%

Medication management platform or
smart dispenser

4.4% 2.4%

Smart home appliances 2.4% 12.1%

Internet-based
service

Grocery delivery service 28.9% 38.9%

On-demand entertainment streaming
service

27.4% 79.9%

Ridesharing service 14.5% 34.8%

Online food ordering & delivery
service

13.6% 30.1%

(continued)
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Table 5. (continued)

Technology
category

Technology item Caregiving use
(%)

General use
(%)

Caregiving assistant service 7.1% n/a

Meal-kit delivery service 5.6% 6.5%

Housework service 2.9% 2.4%

Pet care service 1.5% 3.8%

Few differences in adoption of technologies for caregiving-related applications were
observed across caregivers of different demographic characteristics, but some did emerge
by age, gender, income, and education. For example, Generation X (born 1965–1980)
caregivers reported a higher rate of adoption and a higher number/variety of technologies
for their own use than for caregiving. Male caregivers reported being more likely to use
technologies than female caregivers. Caregivers with higher household incomes and
those with higher levels of education used a larger number of technologies on average.

Different care arrangements were also related to varied prevalence of technology
use. While those who provided care for less than 5 years were more likely to use at
least one technology for caregiving, caregivers with 5 or more years of experience used
a greater number of technologies on average. Caregivers assisting with at least one
ADL (activity of daily living) used more technologies on average than those who did
not help with any ADLs. Caregivers’ involvement in helping with IADLs (instrumental
ADLs) appeared to be positively associated with the number of different technologies
that caregiverswere using. Caregivers living at a short distance or a very far distance from
their care recipients weremore likely to use technologies for caregiving, while caregivers
at a medium distance were slightly less likely to do so. Other characteristics associated
with higher adoption of technology for caregiving included sharing responsibilities with
other family, providing care to a parent or parent-in-law, and spending 40+ h per week
providing care.

3.2 Drivers of Technology and Service Use Among Caregivers

As shown in Table 6, caregivers typically used technologies to address several different
caregiving tasks or challenges rather than to solve or support just a single issue. Gen-
eral technologies, notably smartphones and computers/laptops, were on average used to
support a higher number of different caregiving tasks than home/health technologies or
internet-based services.

A majority of caregivers (62.2%) who used a smartphone to support their caregiv-
ing reported using it for communications with their care recipient, but substantial seg-
ments also used smartphones to assist with attending medical appointments, managing
transportation, shopping and meal preparation, managing finances, and entertainment.
Computers/laptops were most often used to support managing care recipient’s finances
(64.4%), but they were also used by sizeable numbers of caregivers to aid with enter-
tainment, shopping, meal preparation, and attending medical appointments. Overall, for
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Table 6. Caregiver perceptions of and experiences with technology products and services

Technology item Mean numbers/ratings

Associated
tasksa

Reasons for
useb

Ease of usec Ease of
integrationd

General Computer or
laptop

2.955 4.367 4.427 4.307

Cellular phone
(not a
smartphone)

1.960 3.500 3.909 3.848

Smartphone 3.368 4.530 4.401 4.481

Tablet 2.229 3.296 4.364 4.046

eReader 1.000 2.333 3.800 3.100

Video chat
platform

1.560 3.380 3.974 3.914

Instant
messaging
platform

1.524 3.030 3.864 3.636

Task
management
tool

2.292 3.708 4.235 4.238

Social media 1.423 3.310 4.395 3.857

Home/health Home security
system

0.333 1.963 4.286 4.265

Smart energy
utilities
monitoring

1.125 2.267 3.905 3.950

Smart home
appliances

1.000 2.800 3.333 4.500

Medication
management
platform

1.111 3.600 4.200 4.467

Fitness and
activity
management

0.333 3.000 3.938 3.688

Health or body
metric tracker

0.600 2.469 4.268 4.321

Personal
assistant, smart
speaker

1.545 3.233 3.860 3.680

(continued)
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Table 6. (continued)

Technology item Mean numbers/ratings

Associated
tasksa

Reasons for
useb

Ease of usec Ease of
integrationd

Smart
entertainment
system

1.040 2.036 3.703 4.029

Internet-based
service

Grocery
delivery
service

1.097 3.060 4.051 4.124

Meal-kit
delivery
service

1.538 2.933 3.938 4.000

Online food
ordering &
delivery

1.286 2.529 3.913 3.864

Ridesharing
service

1.564 3.135 3.857 3.833

On-demand
entertainment
streaming

1.027 2.075 4.108 4.087

Housework
service

1.400 3.250 3.500 3.800

Pet care service 0.000 2.250 3.800 3.800

Caregiving
assistant
service

1.765 4.095 3.609 3.591

a Range for number of associate tasks: 0–8 (Managing finances; managing transportation; shop-
ping and meal preparation; housecleaning and home maintenance; communications with my care
recipient; managing medications; attending medical appointments; entertainment)
b Range for number of reasons for use: 0–10 (To support my care recipient’s health; to ensure my
care recipient’s safety; to ease my physical strain; to ease my financial strain; to ease my emotional
strain; to save me time; to help with tasks I don’t have the skills for; to improve communication;
to keep things organized; to provide pleasure or joy)
c Average of scores ranging from 1 (not easy to use at all) to 5 (very easy to use)
d Average of scores ranging from 1 (not at all well) to 5 (very well)

general technologies, the tasks most typically supported were communication with the
care recipient, attending medical appointments, and entertainment.

Technologies in the home/health category were more frequently used to support
individual care tasks tied to the technology’s particular function. For example, 56.4%
of caregivers using smart entertainment systems reported using them for entertainment,
and 60% of those using medication management platforms reported using them to help
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manage medications. Smart speakers were used to entertain and communicate with
the care recipient. Similarly, many of the internet-based services primarily supported
single care tasks. On-demand streaming services were used to support entertainment
of the care recipient; ridesharing was employed to support transportation; and grocery
delivery, online food ordering and delivery, and meal-kit services aided with shopping
and meal preparation.

Caregivers also typically reported multiple reasons for using a technology, as shown
in Table 6. General technologies had on average more reasons selected for their use (cat-
egory average of 3.495 reasons) compared with home/health technologies and internet-
based services (category averages of 2.671 and 2.916 reasons, respectively). Caregivers
reported the greatest number of reasons to use smartphones and computers/laptops, with
number of reasons selected over four on average.

Across all three categories, however, three reasons broadly emerged for caregivers’
use of a given technology or service: supporting the care recipient’s health, saving the
caregiver’s time, and easing the caregiver’s emotional strain. Easing financial strain
was less likely to be selected as a reason to use a technology/service across the three
categories.

Other reported reasonsweremore likely to be associatedwith a particular category or
with a particular technology/service. Improving communication, to provide pleasure or
joy, and to keep things organized more strongly emerged as reasons people used general
technologies to support caregiving. Phones (both smartphones and cellular phones) were
more often used to ensure the care recipient’s safety, and task management tools were
more often used to keep things organized, to support the care recipient’s health, and
to save the caregiver time. Among home/health technologies, the reasons caregivers
reported using a particular device or service were often tied to the device’s key functions:
health/body metric trackers were primarily used to support the care recipient’s health;
and home security systems were mostly used to ensure the care recipient’s safety. While
smart entertainment systems were used first to provide pleasure or joy, they secondarily
were used to reduce caregivers’ emotional strain. Personal assistants/smart speakers
were used for a wider variety of different reasons that more closely followed patterns of
reasons among general technologies; reasons included supporting care recipient health
and safety, to ease caregiver emotional strain, to save time, to improve communication,
and to provide pleasure or joy.

For internet-based services, easing the caregiver’s physical strain emerged more
strongly as a reason for use compared to other technologies or services. Except for
entertainment streaming services, which primarily were used to provide pleasure or
joy, internet-based services were also used by caregivers to save time. Reasons to use
streaming services reflected those selected to use smart entertainment systems – the
primary reason to use was to provide pleasure or joy, but the secondary reason for
each was to reduce caregivers’ emotional strain. Caregivers often reported using grocery
delivery services and caregiving assistant services to support their care recipient’s health.
Ensuring the care recipient’s safety was alsomore likely to be selected as a reason for use
among caregivers using ridesharing services or caregiving assistant services. Assisting
with tasks the caregiver lacked the skills for, improving communication, and keeping
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things organized were more often selected as reasons for use of caregiving assistant
services.

3.3 Integrating Technology Use into the Caregiving Experience

As shown in Table 6, caregivers typically reported favorably on the ease of use of
each of the technologies or services they used; average ratings reflected that they were
“quite” or “very” easy to use. General technologies – notably computers/laptop, tablets,
smartphones and social media – were more likely to be “quite” or very “easy to use.”
Task management tools were also likely to rate more highly on ease of use. About one-
third of users of instant messaging platforms and of cellular phones reported them as
being less easy to use (saying they were “somewhat,” “a little” or “not at all” easy to
use).

Among home/health technologies, home security system users were most likely to
report that the technology was easy to use, followed by health or body metric trackers,
smart entertainment systems, and smart energy utilities/monitors. Users of smart home
appliances indicated relatively greater difficulty, but the average rating still reflected
that they were “somewhat” to “quite” easy to use. Internet-based services also generally
rated favorably in assessment of their ease of use. People using entertainment streaming
services were most likely to find these easier to use, and grocery delivery services also
rated highly. Caregivers who used caregiving assistant services were more likely to
indicate issues with ease of use, but still found that they were “somewhat” to “quite”
easy to use.

In addition to ease of use, how well a technology integrates into the caregiver’s life
and routine is a key factor for adoption and retention. Caregivers generally indicated that
most of the technologies integrated well into their role, as shown in Table 6. Reported
ease of integration of the technology into the caregiving role was highest among the top
two technologies caregivers reported using for themselves outside of their caregiving
roles: smartphones and computers/laptops. Most caregivers using these tools to support
their caregiving (84.7% of smartphone users; 79.5% of computer or laptop users) said
that they integrated “quite” or “very” well into their caregiver roles. Home security sys-
tem users were also likely to rate the ability of incorporating these into their caregiving
quite highly (73% reporting “quite” or “very” high integration). Among those technolo-
gies or services that respondents reported greater difficulties with integrating into their
caregiving were caregiving assistant services (41.7% saying these were “not at all,” “a
little” or “somewhat” easy to integrate into their caregiving roles).



322 C. Lee et al.

3.4 Impacts and Outcome of Technology Use on the Caregiving Experience

Most technologies and services included in the survey rated favorably on their usefulness
for caregiving, with many of the general-purpose and home/health technologies gener-
ally rated higher than internet-based services. Smartphones topped the list again when
it came to usefulness, with 59.9% of users rating them as “very useful.” Home security
systems, computers or laptops, task management tools or apps, and grocery delivery
services were close behind. Although offered specifically for caregiving support, care-
giving assistant services appeared among the least useful technologies and services for
caregivers on average, along with e-readers, social media, instant messaging platforms,
fitness and physical activity management tools, and personal assistants or smart speakers
(see Table 7).

Caregivers’ reports of the impacts of their use of a technology were analyzed to
delve deeper into the specific ways that technologies and services have affected their
lives. When asked to select all that applied from five positive and five negative impacts,
respondents reported that medication management tools, smartphones, grocery delivery
services, housework services, and computers or laptops had larger numbers of posi-
tive impacts, with caregivers reporting nearly three positive impacts of each on average
(see Table 7). Most often, these positive impacts were saving time, making life eas-
ier, relieving stress and worries, and solving problems; making life easier followed by
relieving stress were the most commonly cited positive impacts across different tech-
nologies. Time saving also emerged as a positive impact of using general technologies
and internet-based services. Across technologies, however, cost and financial impacts
appeared in a less positive light. Very few caregivers noted a positive impact of tech-
nologies on financial savings. Cost arose as the primary negative impact, specifically for
internet-based services such as online food ordering and delivery, ridesharing services,
and grocery delivery services.

Caregiver satisfaction with the use of a technology was measured to capture the
success of various technologies and services from the perspective of users broadly. In
general, caregivers’ average ratings reflected a high level of satisfaction with the tech-
nologies or services they used for caregiving, as shown in Table 7. There was, however,
some variation across specific technologies and services. On average, caregivers reported
the highest levels of satisfaction with the two most widely used general technologies –
smartphones and computers or laptops. Entertainment streaming services also scored
high in satisfaction, in addition to health or body metric trackers. In contrast, caregivers
reported lower levels of satisfaction with caregiving assistant services, meal-kit delivery
services, housework services, smart home appliances, and personal assistants or smart
speakers, but average ratings still indicated that they are “somewhat” to “quite” satisfied
with these.
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Table 7. Perceived impacts of using technology for caregiving

Technology item Mean numbers/ratings

Positive
impactsa

Negative
impactsb

Usefulnessc Satisfactiond

General Computer or
laptop

2.781 0.202 4.226 4.348

Cellular phone
(not a
smartphone)

2.038 0.423 3.576 3.594

Smartphone 2.963 0.254 4.449 4.395

Tablet 2.324 0.176 3.841 4.140

eReader 1.778 0.000 3.600 3.400

Video chat
platform

2.070 0.194 4.020 3.833

Instant
messaging
platform

1.500 0.368 3.556 3.773

Task
management
tool

2.737 0.105 4.271 4.202

Social media 1.472 0.306 3.698 3.905

Home/health Home security
system

1.742 0.226 4.171 4.000

Smart energy
utilities
monitoring

2.444 0.222 3.950 3.950

Smart home
appliances

2.750 0.000 4.333 3.500

Medication
management
platform

3.273 0.000 4.500 4.133

Fitness and
activity
management

1.533 0.467 3.563 3.625

Health or body
metric tracker

1.808 0.058 4.070 4.309

Personal
assistant, smart
speaker

1.955 0.182 3.592 3.580

(continued)
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Table 7. (continued)

Technology item Mean numbers/ratings

Positive
impactsa

Negative
impactsb

Usefulnessc Satisfactiond

Smart
entertainment
system

1.594 0.344 3.946 3.941

Internet-based
service

Grocery
delivery service

2.866 0.598 4.155 3.938

Meal-kit
delivery service

2.118 0.706 3.444 3.333

Online food
ordering &
delivery

2.105 0.500 3.778 3.705

Ridesharing
service

2.436 0.564 3.837 3.750

On-demand
entertainment
streaming

1.488 0.202 3.946 4.217

Housework
service

2.857 0.714 3.778 3.333

Pet care service 2.200 0.600 3.600 3.600

Caregiving
assistant service

2.053 0.579 3.583 3.409

a Range for number of positive impacts: 0–5 (saved me or my care recipient time; made life easier;
relieved stress and worries; solved problems; reduced expenses)
b Range for number of negative impacts: 0–5 (wasted my or my care recipient’s time; made life
more complicated; created stress and worries; caused problems; increased expenses)
c Average of scores ranging from 1 (not useful at all) to 5 (very useful)
d Average of scores ranging from 1 (not satisfied at all) to 5 (very satisfied)

3.5 Determinants of Caregivers’ Satisfaction with Technology

A linear regression analysis was carried out to collectively examine the impacts of possi-
ble drivers of caregivers’ satisfactionwith the technologies they use for caregiving. In this
analysis, caregivers’ ratings of satisfaction with technology was used as the dependent
variable. Predictors included the total number of reasons for using the given technology,
the total number of different tasks that the given technologywas used in associationwith,
perceived ease of using the technology, perceived ease of integrating the technology into
the caregiving experience, perceived usefulness of the technology, whether or not the
technology had positive impacts (i.e., saved time, made life easier, relieved stress, solved
problems, and/or reduced expenses), and whether or not the technology had the nega-
tive impact of increasing expenses. Other possible negative impacts asked about in the
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survey (i.e., wasted time, made life more complicated, created stress, caused problems)
were not included as they were only selected by a small subset of the sample across all
technologies. Regression models were fitted for the individual technology products and
services covered in the survey, and they were also developed for different technology
groups using averages calculated for the included variables, as summarized in Table 8.

Across all groups/types of technologies included in the survey, perceived ease of
use and integration were significant and the most impactful drivers of satisfaction with a
technology in the caregiving context. In other words, caregivers were more satisfied with
technology products or services when they could easily use them and integrate themwith
their caregiving experience. Perceived usefulness was also found to have a significant
impact on satisfaction for general technologies, carrier/platform systems and add-on
services. This suggests that for many technologies used for caregiving, satisfaction with
the technologies may hinge on how useful or helpful they are in assisting with caregiving
responsibilities. The importance of ease of use and usefulness observed from this analysis
aligns closely with past studies were these factors were identified as key drivers to
adoption [11, 12, 14].

Experiencing positive impacts significantly affected caregivers’ satisfaction with
most of the technologies covered in the survey. Time saving was a significant driver to
increased satisfaction for general and carrier/platform technologies, while making life
easier significantly impacted satisfaction with home/health technologies and internet-
based or add-on services. Satisfaction with general technologies was also significantly
driven by whether they solved problems for caregivers, and satisfaction with internet-
based services also depended significantly on whether they relieved caregivers’ stress.
The negative impact of increase in expenses was not found to significantly impact sat-
isfaction. However, it should be noted that this may be a result of very few caregivers
reporting the negative impact of increased expenses in the survey, andwe do not consider
this to be sufficient evidence to conclude that the financial costs of a technology – or
more broadly, negative experiences with technology generally – have limited impacts
on satisfaction.

For home/health technologies, the total number of associated tasks had a negatively
significant impact on satisfaction – that is, fewer associated tasks correlated with greater
satisfaction with the technology. This may be a result of technologies in this category
being generally used for a smaller number of tasks that are closely tiedwith their intended
functions (see Table 6), but it could also be an indication that caregivers may be more
satisfied with home or health technologies that are focused around a smaller set of
functions rather than technologies that seek to address a larger number of responsibilities.
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Table 8. Regression analysis predicting caregivers’ satisfaction with technologies

Predictor
variables

General Home/healtha Internet-based
servicesa

Carriers/platformsa,b Add-on
systemsc

Add-on
servicesa,d

Total # of
associated
tasks

0.006 −0.167* 0.008 0.055 −0.033 0.010

Total # of
reasons for
use

−0.078 0.024 −0.003 −0.061 0.062 −0.016

Ease of use 0.417** 0.450** 0.480** 0.415** 0.505** 0.468**

Ease of
integration

0.316** 0.427** 0.278** 0.325** 0.468** 0.210**

Impact
– saved
time

0.088 0.016 −0.113 0.096* 0.072 −0.070

Impact
– made life
easier

0.101* 0.197* 0.154* 0.080 0.053 0.130*

Impact
– relieved
stress

0.029 −0.149 0.278** 0.017 −0.073 0.041

Impact
– solved
problem

0.101* 0.080 −0.091 0.018 0.052 0.092

Impact
– reduced
expense

−0.050 0.044 −0.016 −0.013 0.048 0.078

Impact
– increased
expense

0.012 0.025 −0.055 −0.020 n/a −0.006

Usefulness 0.124* 0.103 0.017 0.163** −0.052 0.152*

R square 0.728 0.776 0.709 0.691 0.703 0.633

F 55.870 16.670 21.446 42.855 8.057 27.587

Subset size
(n)

277 114 152 268 104 245

Tables entries are standardized beta coefficients. *p < 0.05, **p < 0.01.
a Entertainment technologies (smart entertainment system and on-demand entertainment stream-
ing within service) were excluded as they were different from other technology products and
services included in the survey regarding reasons for using and associated tasks.
b Carriers/platforms: Technology that can operate on its own and can be used to run additional
features/apps (computer or laptop, smartphone, tablet, and personal assistant or smart speaker).
c Add-on systems: Systems that are typically device-based but require or are complemented with
applications that run on a carrier technology (home security system, smart energy utilities and
monitoring system, smart home appliances, medication management platform or smart dispenser,
fitness and physical activity management tool, and health or body metric tracker).
d Add-on services: Services or applications that requires a carrier technology for operation and use
(video chat, instantmessaging, taskmanagement/scheduling/calendar, socialmedia, grocery deliv-
ery, meal-kit delivery, online food ordering & delivery, ridesharing service, housework service,
pet care service, caregiving assistance service).
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4 Discussions and Conclusion

4.1 Summary and Conclusion

In this study, a large and diverse group of caregivers was surveyed on their attitudes
toward and experiences with using various types of technology-enabled products and
services to support their caregiving. Findings from the online survey showed that their
usage in the caregiving context lags far behind their use in general, non-care-related
contexts. Caregivers were also found on average to be less experienced with and less
trusting of technologies to help with caregiving compared to technologies for general,
non-care-related purposes. Interest in learning about new technologies, on the other
hand, did not differ much between general and caregiving-related use, suggesting that
limitations in caregivers’ current experiences using technology to support their role may
be due to a lack of awareness rather than a lack of interest or perceived utility.

Although caregivers’ current usage of technology for caregiving was relatively lim-
ited, those who did use technology generally reported positive experiences. Across most
of the technologyproducts and services covered in the survey – spanning general-purpose
technologies, home and health technologies, and internet-based services – caregivers
reported using them to support multiple caregiving tasks and indicated positive impacts
of their use in multiple domains. Caregivers were generally satisfied with the technolo-
gies they used and found them easy to use, easy to integrate into their caregiving role,
and useful.

Results from a regression analysis to understand how various aspects of experience
with a technology affect overall satisfaction with it showed that perceived ease of use
and integration were the most impactful and significant drivers to satisfaction. Perceived
usefulness and experiences with a subset of positive impacts (i.e., saving time, making
life easier, relieving stress and solving problems)were also found to be significant drivers
for some but not all of the technology groups/types covered in the survey. These results
suggest that while the outcomes and impacts of technology use may be important, for the
caregiving context, the process of learning about a technology and fitting it into existing
caregiving arrangements and routines may be weighed more heavily.

4.2 Implications

Results from this study also point to several practical implications around using
technologies to support family caregivers and to improve the caregiving experience:

Smartphones and Computers/Laptops are Foundational Technologies In general,
smartphones and computers/laptops emerged as foundational technologies for caregiv-
ing. These two technologies were the most frequently used, were used for more tasks
and for more purposes, and yielded some of the highest satisfaction ratings overall and
in terms of ease of use, integration and usefulness among caregivers. In addition, these
two technologies are essential for accessing other technological supports for caregiving,
including running other hardware or software to support care. Ensuring that caregivers
have access to and are leveraging at least one of these foundational technologies may be



328 C. Lee et al.

a key consideration in promoting the adoption of technologies and services to support
the care that caregivers provide.

There is a Need to Understand Non-users of Technology Better to Address
the Awareness-Usage Gap. The current study included descriptions of technologies
that caregivers were currently using to support care, and descriptions of factors that may
influence successful utilization of technologies that have already been adopted.However,
the study did not positively examine the non-use of different technologies and services
among caregivers, which may reveal other barriers to use or reasons caregivers do not
use them. A deeper understanding of the factors that drive lack of use should further
illuminate barriers to and facilitators of technology adoption for caregivers.

The persistent usage gap between general use of technology and particular use of
technology for caregiving indicates a potential selection effect at work. In particular,
these data do not reveal if reported non-users have never used a technology or if they
are no longer users of a technology for caregiving. It could be that those who are not
satisfied with a technology or service simply stop using it; as such, it would be useful
to know not only the drivers of satisfaction with technology or service use, but what the
drivers of lack of satisfaction are. We might raise questions about how caregivers who
struggle more with using new technologies – for example, those who found a technology
different to learn to use – go about the process of adopting and integrating technology
into their lives. How long do caregivers persist with attempting to learn to use a new
technology or service? Does it vary based on their expectations about the benefits it
might yield? To what extent do caregivers who expect to struggle to learn to use a new
technology simply abandon any attempt to adopt it – that is, they never bother to try it
because they expect it will be too difficult to learn to use?

Furthermore, along these lines, if the non-user pool is primarily comprised of peo-
ple who have never used a technology or service for caregiving, the questions key to
promoting and supporting technology for caregiving then become centered around why
caregivers have not done so. Do the barriers to use lie around factors we know and under-
stand better, such as access to a technology or service or to the financial resources to use
them, or do they lie in other factors, such as caregivers’ concerns about whether they
will be able to use the technology or service, or an inability to envision how adopting
a new technology might have a significant positive impact on the care they provide or
their care experiences?

Cost Should be Further Explored as a Factor for Adoption and Use. While cost
did not affect satisfaction with using a technology in this study’s analysis, we should
continue to study cost as a significant factor for the initial and continued use of different
technologies and services. Many of the technologies and services people reported using
have significant associated costs, and their use may not help to reduce or offset other
costs of providing care. While it may be worthwhile for some caregivers to reap the
benefits (e.g., saving time, make life easier, stress relief, etc.) of paying for and using
technologies for caregiving, the financial practicality of their purchase or use should
be considered, as well as the corresponding potential for uneven adoption patterns to
exacerbate existing economic inequalities for those who provide care.
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4.3 Directions for Future Research

This research found that caregivers who were using different technologies and services
identified different kinds of benefits and positive impacts of using them, but these results
raise additional questions. In particular, among caregivers who use these technologies,
how do they actually experience the benefits? Are there additional benefits that we are
not capturing with current measures? Further, which reasons for using the technology or
services and which positive impacts are most important and valuable for caregivers – and
howmight these differ, if at all, from general use? Finally, which benefits are most likely
to support caregiver persistence in overcoming any challenges of learning to use and to
integrate new technologies or services into their lives?

Additionally, it should be noted that the survey was conducted during the COVID-19
pandemic, when a general trend toward an increased use of technology-enabled solutions
was observed in various application areas and across people of different characteristics.
How caregivers’ perceptions of and experiences with using technology to support care-
giving may have been aligned with the general public shift toward increased technology
utilization amid the pandemic remains an issue to be understood.

Future research can also aim to investigate questions around how technologies and
services can be easily utilized and integrated into the lives of their users, which were
among the most significant and impactful drivers to satisfaction. For example, while
ease of use and ease of integration were highly correlated for most technologies, there
were a few technologies for which the association was weaker (e.g., e-readers, smart
entertainment systems), which may indicate that caregivers may struggle to fit even
technologies that are very easy to use into their caregiving experiences. A more in-
depth look into ease of use and integration may uncover ways to develop and design
technological products and services that are more successful in meeting the needs of
caregivers and reducing the demands of care.
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Abstract. Dementia, characterized by a decline in cognitive abilities,
is known to disrupt one’s life, leading to aggressive behavioral and psy-
chological symptoms of dementia (aBPS), like agitation, anxiety, and
depression, that lower one’s quality of life. While population-based stud-
ies around the world suggest a trend of declining risk of dementia in high-
income countries over the past two decades, it is estimated that 135.5
million people will be diagnosed with dementia by 2050. As such, non-
pharmaceutical tools have emerged to further understanding of demen-
tia using human-computer interaction and artificial intelligence (AI)
approaches. In this work, we explore the acceptability of AI for monitor-
ing behavioral patterns during at-home care, with specific focus on aBPS,
by engaging 10 caregivers of persons with dementia in semi-structured
interviews. Our interview questions are designed to identify relationships
between aBPS and behavioral cues, such as body movement and ges-
tures, language and speech, one’s physical location, and social context,
that are commonly used in other AI applications. This study represents
an initial investigation of an at-home automated aBPS monitoring sys-
tem specifically designed for persons with dementia and their caregivers,
particularly for predicting the onset of distress to ultimately contribute
to improving quality of life.

Keywords: Dementia · Behavioral Recognition · Sensing

1 Introduction

Generally resulting from Alzheimer’s disease, dementia is characterized by a
decline in cognitive abilities [7]. As such, dementia is known to disrupt one’s
life, potentially leading to aggressive behavioral and psychological symptoms
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(aBPS), such as agitation, anxiety, and depression, that lower one’s quality of
life [5,6,17,18,27]. The current approach for addressing the needs of people diag-
nosed with dementia focuses on pharmaceutical cures [23]. However, before an
effective medication will emerge, millions of people will develop dementia. While
population-based studies around the world suggest a trend of declining risk of
dementia in high-income countries over the past two decades [15], it is estimated
that 135.5 million people will be diagnosed with dementia by 2050.

Prior studies have emerged to further understanding of dementia using
human-computer interaction and artificial intelligence (AI) approaches. For
example, some studies focus on detecting or assessing Alzheimer’s disease or
Alzheimer’s dementia from speech language cues and speech-to-text transcripts
using machine and deep learning models [1,14,19,21]. Similarly, Yeung et al.
[28] used changes in language and speech to detect mild cognitive impairment
(MCI), while Chen et al. [22] used gait information to predict different types of
MCI. Multimodal approaches have been proposed as well using wearable sen-
sors [11,12,26], while others have explored smart home technologies, like voice
assistants and smart home sensors, to detect patterns associated with dementia,
such as those from sleep and mobility [8,16]. Smith et al. [25] also suggested that
the area of affective computing could be useful for addressing inadequacies in
current screening and diagnostic approaches for persons with dementia (PwD).

Another group of prior work focuses on the detection of anxiety, distress, or
agitation in aging individuals diagnosed with dementia or Alzheimer’s disease.
For instance, Fletcher-Lloyd et al. [20] proposed a classification model using
ambient temperature, body temperature, movement, and entropy as features
to predict agitation risk in PwD. Khan et al. [10] applied a computer vision
model to video recordings of PwD in long-term care homes to detect agitation
by treating agitation as an anomaly in behavior. Other approaches include data-
driven forecasting using environmental features or medical records of the PwD
[3,9], classification of Alzheimer’s disease and MCI patients into depressive and
non-depressive [2], and use of gesture recognition in PwD as a promising tool for
Alzheimer’s disease-related applications [13].

In this work, we also aim to increase understanding of dementia from the
perspective of using AI to monitor behavioral patterns, with specific focus on
assessing the feasibility of detecting aBPS in at-home care. To do so, we engaged
with caregivers of PwD to qualify observed relationships between aBPS and
behavioral cues, such as body movement and gestures, language and speech,
one’s physical location, and social context, in 10 semi-structured interviews.
Our interview questions focused on gathering caregivers’ observations of

1. behavioral patterns of the PwD that often correlate with their emotional
state, especially those characterized by aBPS;

2. aBPS triggers, like unrealistic expectations, forgetfulness, or weakened com-
munication skills;

3. conversational patterns that often correlate with aBPS;
4. environmental elements, such as noise, location, and social context, that often

trigger aBPS;
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5. and caregivers’ comfort with the use of smart devices, like wearable devices,
smartphones, and smart home assistants, to monitor the PwD to provide
real-time prediction or detection of aBPS.

Analysis of the interview data show interesting insights concerning 10 themes,
characterized by the caregivers’ behavioral observations of their loved ones and
their perceptions of a proposed AI-based technology for monitoring their loved
one’s behaviors that are likely predictive of aBPS. The former includes patterns
in behavior and aBPS-related behaviors associated with one’s state of mind,
conversational topics, environment, and facial expressions. The latter captures
interviewees’ preferred modalities, methods for receiving notifications, features
of the technology, and barriers of use in at-home care of the AI.

The paper is outlined as follows. Section 2 details our methodology, Sect. 3
presents the study’s findings, and Sect. 4 discusses the results and concludes the
article.

2 Methodology

Semi-structured qualitative interviews were conducted to potentially identify
behavioral markers and triggers of distress, including anger, anxiety, frustration,
and depression, that have been observed by actual caregivers of persons with
dementia. This study received Human Subjects approval by the University of
South Florida’s Institutional Review Board (Study #004257).

We recruited 10 consenting adults (18+ years old) that self-identified as the
primary caregiver of a PwD via e-mail and phone calls. The demographics of
the participants are reported in Table 1. Most participants identified as White
females over the age of 40.

Table 1. Participant Demographics

Participant Age Range (in years) Biological Sex Spanish,
Hispanic, or
Latino Origin

Race

P1 50–59 F No White

P2 40–49 F Yes White

P3 50–59 M Yes White

P4 50–59 F No Black

P5 30–39 M No White

P6 30–39 F No Asian

P7 70–79 F No White

P8 60–69 F No White

P9 70–79 M No White

P10 50–59 F No Black



334 W. Lozano et al.

The interview guide consisted of the following questions:

1. Have you observed any relationships between symptoms of dementia, like
memory loss, poor judgment, difficulty expressing thoughts, wandering, or
repeating questions, and behavioral or psychiatric problems indicative of dis-
tress in your loved one? If so, can you describe your observations?

2. Can you describe any facial gestures or cues that you’ve noticed that indicated
to you that your loved one was experiencing distress?
(a) Have you noticed any patterns in this behavior?
(b) Were you able to use facial expressions to predict the onset of distress?

3. When your loved one has experienced distress, did you notice that these
moments were often tied to conversations on a particular topic or set of topics?
(a) Can you describe these experiences? For example, are there noticeable

patterns of behavior associated with the conversation itself that often
trigger distress?

4. Can you talk a bit about any specific words that might be related to certain
people or objects that generally result in forgetfulness or frustration?

5. Can you talk about any specific places or locations that you notice generally
results in forgetfulness or frustration?
(a) Are there any commonalities between these places, for instance, they all

usually have a crowd of people that you can think of, especially anything
that you notice are not present in places where your loved one seems to
be calmer and more relaxed?

6. Do you find that the severity of your loved one’s symptoms tends to correlate
with their mood?

7. What do you think are some features a smart agent that can detect behavioral
cues of distress should have?

8. Can you share any ideas on how this tool should be deployed?
9. How comfortable do you think your loved one might be with a smart agent

in the home for the purpose of monitoring for emotional distress?
(a) What about you? Would you find this useful?
(b) How would you want the tool’s information to be relayed to you and/or

your loved one?
(c) How do you think you would use this information?
(d) Do you think it would be a useful resource to have, and if so, how?
(e) Can you think of any barriers of use? Why wouldn’t you want something

like this in your home?
(f) Are there certain platforms you are more comfortable with for collecting

data, for example, a camera set-up, smartwatch, or voice assistant?

Interviews were conducted via the Microsoft Teams video conferencing ser-
vice. The average interview time was approximately 35 min, with a minimum
of 17 min and maximum time of 54 min. Interviews in English (n = 8) were
audio recorded and transcribed using the AI-enabled transcription service,
Temi1. Interviews in Spanish (n = 2) were audio recorded and transcribed in
1 https://www.temi.com.

https://www.temi.com
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English using the AI-enabled transcription service, Sonix2. All transcriptions
were reviewed by a researcher for accuracy. Participants were compensated with
$15 electronic gift cards for their participation.

3 Findings

The qualitative interview data were analyzed by two independent coders using
structured coding methods following a narrative analysis approach [24] to pro-
vide insight on which data signals (e.g., audio, video, inertial/movement mea-
surements, physiological signals, speech, Bluetooth sightings as a measure of
social context) show the most promise for in-home use as indicated by caregivers,
along with insights concerning usability, design, and acceptance of an AI-based
technology for monitoring and reporting the onset of aBPS in the PwD to the
caregiver in real-time.

In total, 274 utterances were coded and included in our qualitative analy-
sis. The coding process was four-fold. First, each coder independently read and
reviewed seven interview transcripts. At this time, the coders generated their
own generic codes based on the research goals and interview questions of the
study. Next, both coders met to discuss and develop topics of interest, themes,
and codes. All utterances coded by either coder were then assigned a topic and
theme pair. Any disagreements between coders were discussed until the coders
agreed on a single topic-theme pair for each utterance. After this assignment,
coders independently re-coded the seven interviews and coded the remaining
three in accordance to the new coding scheme and assigned topic-theme pairs.
Through this process, we defined two overarching topics, Behavioral Observa-
tions of PwD from Caregivers and Perceptions of the AI from Caregivers, which
included ten themes. Last, the coders independently assigned codes to each utter-
ance and its assigned topic-theme pair.

We calculated inter-rater reliability (IRR) on the independent data. Cohen’s
κ [4] averaged 0.57 (min: 0.17, max: 0.86, SD: 0.173) across the 10 themes, cor-
responding to moderate agreement. Each coder was allowed to select multiple
codes for a single utterance. Agreement was met with matching codes, including
for utterances with one or multiple codes from coders. That is, disagreement
resulted from any deviation of a single code between pairs of codes. For exam-
ple, for the utterance below with the topic-theme pair Behavioral Observations
of PwD from Caregivers and aBSPD and State of Mind, coder CA may have
assigned the codes present and forgetfulness, while coder CB assigns the
code present. In this case, we note agreement for assignment of present and
disagreement for the lone mismatch of the code forgetfulness.

She can be very animated because she is cheerful and then suddenly change
and become sad because [she] doesn’t remember things.

2 https://www.sonix.ai.

https://www.sonix.ai
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The theme with the lowest reported agreement was aBSPD and Environ-
ment. We attribute this low agreement in this theme to the coders not having
a complete shared understanding of the meaning of the presence of the aBPS
relationship with an environment.

Table 2 displays the themes organized into the two overarching topics and
their assigned definitions. The coders also specified a total of 43 codes for the

Table 2. Themes and their definitions grouped by overarching topics.

Topic Theme Definition

Behavioral
Observa-
tions of
PwD from
Caregivers

Behavioral
Patterns

Observation of behavioral patterns that
might correlate with an emotional state
characterized. by aBPS

aBPS and State of
Mind

Observation of aBPS triggers, like
unrealistic expectations, forgetfulness, or
weakened communication skills.

aBPS and
Conversational
Topics

Observation of whether conversational
patterns correlate with aBPS.

Environment and
aBPS

Observation of whether environmental
elements, such as noise, location, and social
context, triggers aBPS.

aBPS and facial
expression or
gestures

Observation of whether facial expressions or
gestures correlate with an emotional state
characterized by aBPS.

Perceptions
of the AI
from
Caregivers

Preferred
Modalities

Preferences of the caregiver, if any, about
sensing modalities that might be used.

Preferred
Notifications

Preferences of the caregiver, if any, about
the type of notifications that might be used
for communicating the outcomes of the AI
with the caregiver.

Suggested Features Suggested features that the caregiver feels
should be added to an at-home
AI-supported monitoring system.

Barriers of Use Barriers of use, from the caregiver’s
perspective, for an at-home AI-supported
monitoring system.

Caregiver’s
Comfort

How comfortable, from the caregiver’s
perspective, the PwD and the caregiver
might be having an at-home AI-supported
monitoring system
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predefined themes. These codes, their definitions, and their assigned themes are
listed in Table 3.

Table 3. Coding scheme of PwD behaviors and caregiver’s perspectives

Code Themes Definition

Behavioral Patterns

wandering The PwD was observed wandering prior to or while experiencing aBPS.

fidgeting The PwD was observed making repeated small movements, especially
of the hands to an object or to their own body, prior to or while expe-
riencing aBPS.

refusing to follow instructions The PwD refused to follow instructions or breaks a routine prior to or
while experiencing aBPS.

aggression The PwD is aggressive prior to or while experiencing aBPS.

other Any other behavioral pattern was observed prior to or while experienc-
ing aBPS.

aBPS and State of Mind

present, not present Situations, including unrealistic expectations, forgetfulness, or weak-
ened communication skills, were observed in the PwD prior to or while
experiencing aBPS.

forgetfulness Forgetfulness was observed in the PwD prior to or while experiencing
aBPS.

other Another state of mind was observed prior to or while experiencing
aBPS.

aBPS and Conversational Topics

present, not present A conversation’s topic, a word or a set of words were identified (or not)
as a trigger of an aBPS in the PwD.

Environment and aBPS

present, not present The PwD consistently experiences aBPS when entering or visiting spe-
cific places.

aBPS and Facial Expressions or Gestures

facial exp present, not present Facial expressions were observed in the PwD prior to or while experi-
encing aBPS.

gesture present, not present Gestures were observed in the PwD prior to or while experiencing aBPS.

Preferred Modalities

camera, audio, movement, measurements,
physiological signals

The caregiver mentioned or suggested the use of a specific modality in
the list (or set of modalities) to monitor the PwD.

other The caregiver mentioned or suggested a modality not included in the
list.

Preferred Notifications

text, visual, sound, wearable The caregiver mentioned or suggested a communication method
included in the list.

Suggested Features

location, physiological signal, vitals, wear-
ables, sound analysis, provide advice

The caregiver mentioned or suggested a feature included in the list

Barriers of Use

privacy, other The caregiver mentioned privacy or other barrier of use of an at-home
AI-supported monitoring system.

Caregiver’s Comfort

comfortable, uncomfortable The caregiver mentioned their level of comfort for having an at-home
AI-supported monitoring system for a PwD

useful, not useful The caregiver mentioned how useful it might be to have an at-home AI
supported monitoring system for a PwD.
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3.1 Behavioral Observations of PwD from Caregivers

Theme 1: Behavioral Patterns. Theme 1 captures caregivers’ observations
of any behavioral patterns of PwD which they found to correlate with an emo-
tional state associated with aBPS. Such identification of behavioral patterns
prior to or during an aBPS-related episode, especially those observed in real-
world instances, is critical for identifying potential behaviors that might be sup-
ported in an AI-based monitoring system.

We asked caregivers about any behaviors that they have observed to be
indicative of distress in the PwD they care for. We found that most partici-
pants (7 out of 10 (70%)) indicated observing some behavioral pattern related
to distress.

“... what happened is she would sit in a chair and she would ... be scratching
her head and pulling her hair out... ” [Participant 7]

Of the behavioral patterns mentioned by caregivers, aggression was the most
common with seven occurrences in comparison to fidgeting or wandering which
each occurred twice. Commonly, caregivers made a distinction between physical
aggression, which may have involved harming others or themselves, and verbal
aggression as characterized in the quote below.

“He would have some angry outbursts that included... [being] verbally
aggressive, but never physically aggressive.” [Participant 1]

Theme 2: aBPS and State of Mind. Theme 2 captures the relationship
between caregivers’ observations of aBPS triggers in the PwD they care for
with the PwD’s emotional and mental state. Overwhelmingly, nearly all (90%)
caregivers provided observations that characterized such a relationship.

“Whenever someone talks about her mother, around like almost midnight,
you would hear her crying...” [Participant 6]

Fifty percent of caregivers (five out of ten) characterized the manifestation
of the relationship between aBPS triggers and mental state as forgetfulness.

“[If she’s] sitting down and saying ’I’m going to get a pencil and stands
up... The moment she stops and forgets she’s going for the pencil. Then,
she starts fighting with herself.” [Participant 2]

Such observations might prove valuable for identifying which behaviors are
relevant in an AI-based monitoring system, particularly concerning monitoring
of one’s affective state given the relationship between affect and aBPS.
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Theme 3: aBPS and Conversational Topics. Theme 3 captures the
responses of caregivers when asked if there were certain topics of conversation
that often led to distress seen in the PwD that they care for. In this case, if the
caregiver indicated or recalled a specific topic that generally acts as an aBPS
trigger, we determined the presence of a relationship between conversation and
aBPS. Although the specific topic of conversation may vary from one PwD to
another, the confirmation of this relationship could help assess the feasibility of
possibly integrating natural language and speech processing into the AI tool.

When asked about specific conversations or words that cause distress in the
PwD, seven out of ten (70%) caregivers recounted their experiences with a spe-
cific word or topic of conversation that triggered aBPS.

“ So when I would try and talk to my mother about not driving, that would
start a fight.” [Participant 7]

Interestingly, of the seven caregivers who reported the presence of this rela-
tionship, three later reported there were no particular topics or words that trig-
gered aBPS.

“She was separated from her husband, so if I mentioned his name...she’d
kind of get angry about that.” [Participant 10 at 4:51]

“No, I really can’t remember any one thing that just triggered [depression,
distress, or frustration].” [Participant 10 at 5:34]

Theme 4: aBPS and Environment. Theme 4 represents instances where
caregivers observed a relationship between the environmental elements of a par-
ticular location as triggers of an aBPS (or reported the absence of this rela-
tionship). Similar to Theme 3, while locations or environments that commonly
lead to distress in one PwD may differ from another, verifying the presence
or absence of this relationship could help to identify the relevance of including
environmental sensors in an at-home AI-supported monitoring system.

Few (four out of ten caregivers) when asked if they have noticed any specific
locations or places that lead to aBPS triggers explicitly shared that they have
not noticed this relationship.

“Nothing like frustration. No, no, no. There are no places that produce it.”
[Participant 2]

Interestingly, both caregivers with experience working with larger popula-
tions of PwD (20% of participants) (i.e., caregiver in facilities with PwD and
nurse/home health aid) reported the presence of this relationship.

“Frustration, yes... Like getting in the bathroom... you know, trying to ...
convince ’em that they have dentures. Cause they don’t remember having
dentures.” [Participant 5]
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Theme 5: aBPS and Facial Expressions/Gestures. Theme 5 captures the
relationship between facial expressions that may or may not precede or occur
during an aBPS as observed and reported by PwD caregivers. The confirmation
(or refusal) of the presence of facial expressions, prior to or during an aBPS,
could help to assess the use case for computer vision and/or affect recognition
as a part of the monitoring system.

When asked to describe facial expressions or gestures made by the PwD they
care for indicating distress, several (seven out of ten) caregivers reported making
such observations.

“Yes, yes. On several occasions. Especially the wrinkling of the face. That,
with the words, ’this head of mine’. That is, is almost as important.” [Par-
ticipant 3]

Surprisingly, only one caregiver (10% of participants) reported the presence
of gestures in relation to the onset or occurrence of an aBPS.

“Here is a gesture that he does a lot and that is to hold his head in his
hands when he does not remember.” [Participant 2]

3.2 Perceptions of the AI from Caregivers

Theme 6: Preferred Modalities. Theme 6 details any preferred data collec-
tion modalities specified by caregivers for the potential AI monitoring system.
The identification of preferred modalities, from the caregiver’s perspective, might
guide the selection of an appropriate sensor or set of sensors to be used in a home
setting.

Surprisingly, just four (40%) caregivers reported interest in the use of cam-
eras. Caregivers who reported the preference of a camera noted being able to
check in on the PwD without having to go to their physical location, noting the
benefits of observing and recording their movements.

“I think obviously having a, a camera and recording someone’s movements
and behavior is probably the best thing you could do.” [Participant 8]

Physiological signals, including temperature, heart rate, and blood pressure,
were also mentioned by a few (three out of ten) caregivers.

“I don’t know if the pulsations or something about the accelerating heartbeat
when they are in those moments of stress that could help detect it to provide
faster support.” [Participant 3]

Theme 7: Preferred Notifications. Theme 7 reports on the preferred type
of communication between the AI and the caregiver. Such insight is critical for
ensuring transparency and developing trust for the technology.

Overwhelmingly, 80% of caregivers reported a preference for receiving notifi-
cations in a text-based format. For example, these notifications could potentially
include an e-mail summary of behaviors detected or a SMS alert indicating a
temperature rise.
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“I personally would probably appreciate either a written, you know, sum-
mary of what was noticed, what was recorded, and/or a phone call.” [Par-
ticipant 8]

An equal number of caregivers (four out of ten) indicated interest in audio-
based notifications as well as notifications via some wearable device.

“I would say definitely a wearable device that’s placed on the carer and
one for the patient and that way they can monitor any obvious physical
changes.” [Participant 4]

Theme 8: Suggested Features. Theme 8 focuses on features noted by inter-
viewees that should be included in the AI. Suggestions from caregivers were
given at various points in the semi-structured interviews. Our codes for this
theme included location, physiological signals, vitals, sound analysis,
provide advice, wearable, and other. Nearly all (80% of) caregivers shared
suggestions associated with the code other due to the diversity in the sugges-
tions. We also found that a common desire among 30% of caregivers included
some indicator of a PwD’s need to use the restroom.

“You could make like a mobile bladder scanner.” [Participant 5]

Another popular suggestion from 50% of caregivers mentioned a desire for
prediction or detection of distress associated with some action (e.g., falling or
leaving the stove on).

“If you could program ... or get information that they went and turned the
stove on, or turned the water on and then walked away.”[Participant 7]

Theme 9: Barriers of Use. Theme 9 captures any mentioned potential bar-
riers of use of the proposed system. This insight could be useful for navigating
various usability issues, such as varying technology literacy levels, privacy and
ethical concerns, and lack of adoption.

Fifty percent (five out of 10) of caregivers reported privacy as a potential
barrier to acceptance of the proposed monitoring system. Caregivers also elab-
orated on the potential of data access and security of the monitoring system to
hackers.

“I’d have to make sure as to where all the data is going and who would
have access to the particular data. That would be the only time that I would
be reluctant.” [Participant 4]

Theme 10: Caregiver Comfort Level. Theme 10 reflects the level of comfort
of the caregiver with interacting with an AI to monitor aBPS in their loved one.
Such insight could help characterize the perceived usefulness of the technology.

Eighty percent (eight out of ten) of caregivers indicated that they would find
such a monitoring system useful. Additionally, caregivers shared examples of
how they would use the notifications and information provided by the system.
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“You can always assess...assess and adjust. You know, you can
adjust certain things like caregiver times or how the person is dealt
with...”[Participant 8]

Most (60%) reported being comfortable with the idea of such an AI-enabled
monitoring tool in the home.

“I think it is quite useful to have such a tool.” [Participant 3]

4 Discussion and Conclusion

We conducted 10 semi-structured interviews to primarily (1) identify or estab-
lish if key factors exist in the behavior and environment of a PwD that might
be used to infer or predict emotional states of interest and (2) to identify the
suitable options to deploy a system/agent that is acceptable by PwDs and their
caregivers in their homes. Such an AI could leverage a variety of approaches, such
as affective computing, natural language processing, automated speech analysis,
computer vision, and biometrics.

Findings suggest that behavioral patterns may be a strong indicator of aBPS.
Seventy percent of interviewees reported the occurrence of a pattern prior to or
during the PwD experiencing aBPS. Similarly, 70% of the interviewees reported
the presence of facial expressions indicative of distress. Specifically, wandering,
fidgeting, and facial expressions emerged as potential indicators of aBPS. Find-
ings also suggest the use of natural language processing and affective computing
to help combat aBPS associated with forgetfulness, the onset of aBPS due to
certain conversational topics, or the use of specific words during conversation.
However, we did not find a significant relationship of one’s environment with dis-
tress (only 20% of the interviews identified the locations as related to an aBPS).
Further research is required to investigate specific factors like noise, location,
and social context.

Many modes for data collection were noted as well, like cameras, audio, and
movement tracking. However, we note that no specific modality was mentioned
over all others. Interestingly, 30% of the caregivers (including those with experi-
ence working with large populations) suggested the use of physiological signals.
When asked about the features they would like to see in such an AI, many were
noted, including location, physiological sensing, recording of vitals, sound anal-
ysis, providing advice, and being suitable for a wearable device. While no one
particular feature emerged as prominent, this is an indication that caregivers
prefer a broad set of data sources.

Concerning interacting with the AI, 80% of the interviewees selected text
as the preferred notification method, indicating a need for fast communication
to the caregiver. Visual and sound notifications were also suggested, but not
required. Further, in general, the major concern associated with the use of the AI
system was privacy concerning data breaches, invading the family’s privacy, and
data use. However, most (80%) felt the AI would be useful, while 60% felt they
would be comfortable with such a tool. Thus, to further this work, future work
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should consider a broader range of participants, with special attention placed on
the diversity of the participants, to determine if our findings generalize. Further,
it is important to also consider other aspects of the tool, such as computational
and hardware requirements, how caregivers might respond to erroneous output,
and how other members of the household might adopt such a technology.
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Abstract. The role of the caregiver is essential in the management of older peo-
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and act as case managers. Despite this they are in a potentially dangerous situa-
tion for his or her own health. The article discusses the importance of involving
stakeholders in social and health service delivery and how this involvement is
critical to creating value for patients and caregivers, paying attention to involve
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1 Introduction

1.1 The Importance of Informal Caregivers

As age and any comorbidities progress, it may become necessary for an older person
to have someone to care for him or her in various capacities and to varying degrees.
One can then speak of formal caregivers, if they are paid and trained people who assist
the aged person, or of informal caregivers, if on the other hand the care and assistance
is provided free of charge by someone who has a link-for example, kinship-with the
caregiver [1].

This need for care, despite the health and social welfare system, is widespread to the
point that in Italy we can count almost 3 million citizens who care for their dependent
family members [2]. These, can be said to represent “the invisible and silent backbone
of the health care system” [3], indeed, despite the fact that they are often forgotten by
welfare systems and policy makers [4, 5], their role is essential in managing the care
processes of the senior citizens and coordinating the services they use, representing a
true case manager of the older [6].

The role of the caregiver, not without effort, becomes especially crucial when the
old person is allowed to age in his or her own living and community context [7]. This
practice is called aging in place and is recognized as a factor in improving the quality
of life of the senior and the sustainability of social welfare [8, 9]. Moreover, even when
there are multiple sources of care for the senior, the care provided by the family caregiver
presents some advantages. Indeed, they turn out to be more attuned to their loved one
and, for example, are more accurate in assessing the presence of physical symptoms and
pain than other caregivers such as nurses [10, 11].

1.2 The Caregiver’s Needs and Burden

Despite the importance of his or her work, the caregiver is in a potentially dangerous
situation for his or her own health, not only reporting more fatigue, insomnia, anxiety,
depression, weight loss or gain, but also manifesting a tendency to neglect his or her
own health and needs [12].

This condition of psychophysical distress that goes by the name of caregiver burden
[13] can be amplified by various contextual aspects, for example, as the older person’s
functional abilities diminish and thus his or her dependence on the caregiver increases
[14] or as their dementia condition progresses [15]. Aspects and characteristics of the
caregiver may also influence the level of caregiver burden. The literature shows that the
female gender is in a higher burden situation [15–17]. The age of the caregiver also plays
a key role, and sources of distressmay exist at both poles of the caregiver’s age evolution;
in fact, older people face their caregiving task differently and their burdenmay be greater
due to the feeling of being cut off from their lives, neglecting themselves in the last phase
of their existence [18], at the same time younger caregivers may suffer more from the
difficulty of reconciling the role of caregiver with their other life roles (parent, worker,
husband, etc.) [19]. The informal caregiver who is therefore faced with the challenge
of caring for their loved one brings with them a multitude of needs that are rarely met
[20]. Prominent among these is the need to be informed of the resources and services
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available to them in order to care for their loved one in the best possible way [20, 21]. In
addition, family caregivers manifest many other needs: related to economic aspects [20,
21], the possibility of receiving qualified home care assistance to care for their loved
one, peer welfare policies a better work-family balance [20], training for both one’s own
role and for possible pathologies of the older [3, 21] and psychological support [21, 22]
to name a few particularly emphasized in the relevant scientific literature.

To address these needs, it is necessary to think about services, policies and welfare
systems that can solve them concretely [22] by recognizing caregivers their fundamental
role in caring for the frail older people. A possible approach increasingly appreciated
and adopted in the literature imply the direct involvement (engagement) of citizens in
the definition of new health and social policies and services [23].

The next section explores the most suitable approaches and methodologies for
moving in this participatory direction.

1.3 Caregiver Engagement as a Goal and as a Method

In order to promote caregiver engagement, there are many approaches and methodolo-
gies with related tools and techniques, derived from different fields of application and
different theoretical roots. Our intention here is precisely to provide clarity and build
an initial compass that can help guide one in choosing the approach best suited to one’s
context.

Speaking of participation in health care, a large body of scientific and health policy
literature addresses the importance of fostering caregiver engagement and protecting the
most fragile segments of the population to ensure equitable opportunities for all citizens
to participate; however, today, concrete and systematic caregiver engagement initiatives
are still rare [24].

A standard definition for caregiver engagement refers to the ability of caregivers
to actively seek information related to the health and care of their loved one and to
participate (and support their loved one’s participation) in sharing treatment choices.
We therefore refer to an underlying psychological dimension that can not only be sup-
ported but, first and foremost measured. Indeed, it is possible to identify four main
stances toward taking a proactive role in the health care journey in which caregivers may
find themselves: denial and avoidance, hyperactivation, self-denial and drowning, and
balancing and equilibrium (for further discussion see Barello et al., 2019).

The active role of the caregiver should also be considered in the process of shared
decision making related to the planning of the patient’s daily and life activities [25]. The
engagement of this character is also shown to be a crucial factor in the relationship with
caregivers, for a better therapeutic alliance and more effective communication with the
care team (Morelli et al., 2019). In this case, collaboration occurs at the ‘micro’ level
between the professional, the caregiver and the older people. The goal of the exchange
between these actors is the structuring and delivery of the care pathway for the aged.
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1.4 Caregiver Engagement in Shaping Health and Social Services and Policies

Building participatory research pathways can be a successful way to create solutions
that fully meet the needs of the most fragile citizens that are often overlooked and
under-explored [26]. Let us therefore see how such participation can take place.

The caregiver can also be involved in the definition, implementation, and evaluation
of health and social services and policies. Unlike the micro level where the exchange
occurs more between individuals, in this case collaboration occurs between two (or
more) homogeneous groups of actors. At the meso level, collaboration occurs between
a group of professionals and a group of caregivers; at the macro level, between a group
of policy-makers and a group of caregivers (and/or patients). The object of discussion
also changes. While at the micro level the caregiver collaborates with the professional
in defining and delivering their loved one’s care pathway, at the meso level the object
of discussion is health and social services, and at the macro level it is standards and
guidelines [27].

In addition to the object of discussion and the actors involved, it is important to define
the level of caregiver influence on the decision-making process. In some cases, care-
givers’ involvement might be for informational purposes only. In other cases, however,
caregivers might be involved as partners in the design of a new service or legislation with
the goal of creating a more democratic and inclusive service delivery [28]. The literature
suggests several scales that attempt to conceptualize and organize forms of involvement
by level of citizen influence on decision-making, among them the continuum suggested
by [29]) is among the best known. It provides for four levels of involvement: information,
consultation, participation, and co-involvement. The first level, information, rather than
collaboration, is a one-way relationship in which service providers provide information
to users but do not listen to their input or preferences. The consultation level involves a
two-way exchange between providers and users, but allows users to make only minimal
contributions to the process. At this level, users can express their preferences regarding
a specific set of options and scenarios presented by practitioners. Following the moment
of consultation, practitioners can decide for themselves how to use the collected feed-
back. At the participation level, users and providers are involved in a public dialogue
and exchange that provides a higher level of input than the consultation level. Users are
involved in decision-making processes and discuss their opinions by actively interacting
with the rest of the participants. This gives much more space for users to express their
preferences and engage with professionals. The co-production level sits at the top of this
continuum. It differs from the participation level in that users provide substantial input
on decision making {Citation} [30]. Users are considered “experts by experience”; they
are not only recipients of a care pathway, service, or policy, but are also its creators [31].

Anyway, this differentiation of levels of collaboration and involvement is only
intended to organize and guide professionals in the involvement of caregivers. In fact,
it is not correct to state which level of collaboration and/or involvement is superior to
another. The level must be chosen according to the objective of the exchange [32].

1.5 How to Engage Caregivers in an Inclusive Way?

The more or less active involvement of caregivers, especially when aimed at change
and intervention, requires the involvement of other stakeholders for at least two reasons.
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First, the involvement of a broad group of stakeholders ensures that their expectations
and needs are considered and, where possible, used to develop initiatives in response
to them. Second, the effect of a service (or regulation) results from direct and indirect
exchange and integration among actors and related resources in the relevant service
ecosystem [33]. In other words, the effect of a service for family caregivers will depend
not only on how the service is delivered by professionals, but also on how the service
is communicated and told to the citizen by local authorities, the sources of funding
that local authorities make available, the skills and professionalism that the provider
will be able to attract to deliver the service, and so on. In this sense, the involvement
of stakeholders involved directly and indirectly in social and health service delivery is
intended to be useful in creating greater coordination and integration among entities,
maximizing the effect of service delivery in the area.

At the same time, it should be emphasized that the only actor that generates value
is the service user (in this case the patient and caregiver dyad) [34]. A care pathway,
service or regulation that is not enjoyed and experienced by one or more patients and/or
caregivers does not generate any effect. For this reason, it is, yes, critical to involve the
different stakeholders in the service ecosystem, but it is equally critical to include patients
and/or their caregivers. The value created will depend on the ability of the ecosystem
actors to organize and coordinate with each other to best meet the needs and expectations
of users.

Despite the fact that the purpose of participatory approaches to research is precisely to
help and involve those who are in situations of fragility, vulnerability and who therefore
need help and support one of the risks to which attention needs to be paid lies precisely
in the danger of failing to involve the ‘less fortunate,’ those who finding themselves in
particularly stressful and overburdened situations exclude themselves from participation
due to lack of time and resources [35–38]. Empirical evidence has shown that citizens
involved in participatory processes are often the ‘ordinary citizens,’ that is, citizens with
excellent dialogic skills, a high level of education, good health status, and sufficient free
time to participate in participatory moments [39].

To facilitate the involvement of the most vulnerable citizens, which includes fam-
ily caregivers, some interesting suggestions and recommendations can be found in the
most recent literature. First, time should be spent on getting to know each other and
therefore building relationships between professionals (or policy-makers) and these vul-
nerable citizens. This initial phase, called phase zero, helps identify inequalities and
power dynamics and incentivizes motivation and exchanges among participants [26].
The creation of initial trusting relationships between caregivers and professionals is a
key factor in the success of participatory processes [40]. At the same time, it should
be emphasized/as mentioned above, creating these types of relationships require time,
dedication, and resources [41]. To overcome this problem, it is good practice to leverage
any pre-existing relationships with target groups to facilitate the engagement process
[42]. Second, it is important to clarify from the outset the objectives and consequently
also the roles of the participants in the collaboration process. Full transparency about the
activities and modes of collaboration prevents misalignments between the expectations
of the participants and those of the sponsoring entity [43]. An additional suggestion
is to plan activities carefully, choosing the collaborative methods and tools best suited
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to the target participants [44]. Some vulnerable citizens may need time to share their
experiences and formulate their opinions. Therefore, in order to be able to gather their
input as well, the collaboration must extend for as long as necessary by organizing more
participatory moments [45].

Finally, it is important to organize collaborative moments in which all participants
are able to provide input. Indeed, not only is it difficult to fully understand the perspec-
tives and needs of participants, but collaboration between professionals and vulnerable
actors with very different backgrounds can become complex because the language and
considerations of the former may be difficult for the latter to understand. To overcome
this problem, it may be important to provide training moments on the topic of discussion
prior to the collaborative moments and to encourage professionals (or policy-makers) to
use simple terminology [46].

2 Methods

We now want to clarify how we moved from theory to practice and what pragmatic
implications and lessons can be learned for the future with a case history of a research
project conducted between 2021 and 2022 in the Cremona area (North Italy) entitled
“Cremona Beside Caregiver: un progetto per assistere chi assiste”.

2.1 Study Design

This research project was established with the aim of improving the quality of sup-
port for informal caregivers of older people in the Cremona area through an in-depth
understanding of the context and needs of the entire service ecosystem. To this end,
an interdisciplinary project was set up with the participation of the EngageMinds Hub
Research Center, the Department of Sociology of the Università Cattolica del Sacro
Cuore, the Department of Management Engineering of the Politecnico di Milano, the
City of Cremona and the Cremona Chamber of Commerce with financial support from
FondazioneComunitaria della Provincia diCremona. The research projectwas organized
and developed in four main phases with different approaches and methodologies.

Socio-Demographic Analysis of the Area. Statistical analysis was conducted on the
demographic composition of the territory, the economic and health aspects of the over-65
resident population, the supply and use of social and health services aimed at the older
people, and the presence and activism of the associative fabric in the Cremona area.
The data analyzed emerge from Inps and Istat processing and to the Open Data of the
Lombardy Region. This phase could be considered the −1 phase which allowed us to
get an initial quantitative picture.

Mapping Services and Resources for the Caregiver. Secondly, and in concurrent, a
desk analysis was conducted of health, social and social services in favor of the frail
older and their caregiver provided by the formal caregiver network using the websites of
the main organizations and institutions in the Cremona area and Regional Resolutions;
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A desk analysis of the services provided by the informal caregiver network in favor
of the caregiver was conducted in parallel and subsequently using the websites and social
media of the associations.

Stakeholder Engagement and the Exploration of Their Outlooks. Approximately,
phase zero begin between this and the previous phase. About twenty-one one-hour
semi-structured interviews were conducted with social, health, and social and health
care stakeholders. Thus, seeking not only to meet the knowledge objectives set up, but
also to expand the number of stakeholders to be involved according to the community
itself. During those interviews participantswere asked to reflectwith the researcher about
the condition of older people and their caregivers, any available data and databases, any
entities involved or to be involved, changes from the past, practices and projects in place,
future plans or desire and aspects related to training of both caregivers and operators.

Then, two workshops were held with social, health and social-health stakeholders.
In addition, four Workshops were also organized with two Cremona neighborhoods,
involving an average of five neighborhood association representatives per workshop
with a duration of about one and a half hours.

Finally, a press conference was organized inviting partners, involved stakeholders,
and the public.

Exploration of Caregivers’ Needs and Expectations. Eventually, to deeper under-
stand the caregivers point of view, twenty semi-structured interviews of approximately
one hour duration were conducted with caregivers of frail older people residing in their
own homes and in residences for the aged. During those interviews researchers reflected
with the participants on their caregivers experience, their needs, their lifestyle and how
they have changed, their relationship with formal assistance network and any availability
of an informal assistance network (i.e. parents, friends and so on).

3 Results

This initial ground-breaking research in the area allowed us to build a picture of the
lives of both seniors and their caregivers from a multidimensional and multistakeholder
perspective and, especially, to engage a network of stakeholders with whom we can
develop new solutions by always continuing through a participatory research approach.

The demographic and socio-economic investigation showed an increasing weight
of the older population in the total population, a negative trend in the birth rate, a
negative demographic balance, and high administrative and geographic fragmentation
that threatens to create further discrimination for the older and their caregivers in the
more remote and rural areas. A good earning capacity of the area’s retirees certainly
emerges, a positive finding that, however, risks delaying the perception of malfunctions
in the public service network by encouraging a shift to privatization with the risk of
bequeathing to new, less affluent generations a system insufficient to meet their needs.

Service mapping enriched the statistical investigation by identifying services and
resources in the Cremona area. The results revealed an area rich in services and resources
especially from the third sector and small associations althoughmainly for the frail older
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people and less for the caregiver, both professional and informal. Upon investigating the
stakeholders’ point of view in the field, it is evident that there is a vast network of supply
for seniors in the territory, which, however, is lacking in integration and communication
among the actors, affecting the efficiency and quality of the services offered.

It also appears that the Italian funding system based on calls and projects, especially
in the Third Sector, creates conditions of competition rather than collaboration, risking,
according to some stakeholders involved, the dispersion of already meager resources.
Indeed, a recurring theme among all sectors, especially the health sector, is the lack of
financial and human resources. In addition, all stakeholders complained of a difficulty in
sharing patient information and data among different entities and organizations, mainly
due to lack of interoperable systems and privacy laws. A major consequence of the
lack of coordination and sharing among stakeholders is a misinformation of existing
services among the population, with inevitable negative implications on the accessibility
of services. One of themain consequences of the lack of coordination and sharing among
actors is a misinformation of existing services among the population, with inevitable
negative implications on the accessibility of services. At the same time, a data access
andmanagement problem also emerges, partly due to bureaucracy and partly to a conflict
between different technological systems, an aspect that is exacerbated by a digital literacy
that is not always high, especially among the operators of voluntary associations.

Instead, from the perspective of the caregiver, several practical problems and a sit-
uation of psychological burden emerge that would need to be further investigated and
quantified in the population. What is most evident, however, is the caregiver’s difficulty
in navigating the fragmented multitude of services to support him or her. In this regard,
not only do some caregivers show a lack of familiarity with digital media also due to their
age, but in several cases general confusion is also reported regarding online information
and access to services via digital means. For this reason, the present scenario highlights
two potential levels of intervention to be carried on in conjunction.

A first, more organizational and informational level that sets out to respond to the
fragmentation of service offerings exacerbated by the lack of resources and problems in
communication and collaboration among stakeholders and to the practical and informa-
tional needs of caregivers for which it is necessary to identify solutions that represent
points of contact between the actors involved, allowing both to optimize the resources
present and to highlight any inefficiencies and opportunities for improvement.

Once these needs have been at least partially resolved, it will be easier to think about a
second level of intervention oriented focused on quality and to improve the effectiveness
and efficiency of the network of service provision, the quality of life of caregivers, with
particular attention to psychological and engagement needs and, finally, the well-being
and motivation of professionals and volunteers involved in the delivery of health, social
and social services.

4 Discussion

We think there are four main reasons of interest for this case-study. First, the project
set out to involve the entire ecosystem of services for the caregiver and the frail older
people, thus seeking not to exclude relevant figures and to maximize the confluence of
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diverse knowledge. In addition, Involving the entire ecosystem of services provided a
comprehensive view of how service provisionworks and the relationships and exchanges
between different stakeholders.

Second, the project deepened the analysis of the service ecosystem by performing an
additional focus on two neighborhoods in Cremona. This approach allowed the research
team to fully understand the dynamics and relationships between the local population
and the territorial entities belonging to both the formal and informal service network. In
addition, it allowed the establishment of trusting relationships and opportunities for con-
frontationwith the social fabric of reference by grasping the peculiarities and specificities
of the context analyzed.

Third, the project directly involved caregivers by collecting their experiential knowl-
edge, expectations and needs through semi-structured interviews. Direct involvement of
caregivers early in the project facilitated understanding of caregivers’ difficulties and
building trusting relationships between caregivers and the research team. Finally, this
project allows us to explore both the micro level, delving into the relationship that care-
givers have with professionals in the daily management of elder care, and the meso level,
analyzing the relationships between different stakeholders in the service ecosystem and
the latter’s ability to respond to caregivers’ needs.

In conclusion, we think it is important to reflect on how participatory research can
be linked to caregiver engagement and why this should be conceived as both a goal and
a method. In fact, during this research project it further became clear how this construct
is to be considered simultaneously as the product of an effective system and as the
driver of the participatory process that can lead to such an effective system. In fact,
during the consultation and involvement of caregivers, it became clear that those who
for particular reasons, probably to be found in their own micro-context of reference and
predispositions, are already more integrated and engaged with the service network, were
not only in a less distressed condition, but are also those who can (and will) most easily
contribute to the shared production of knowledge and, therefore, in turn improve the
quality of life and engagement of other caregivers.

Therefore, considering the importance of the caregiver to society and also given the
situation of neglect and forgetfulness in which they often find themselves, this virtuous
circle can be a key lever to give rise to project realities that improve their conditions,
increasing engagement in small steps, starting with those who are already engaged.

Implementing solutions that allow for monitoring, mapping and consequently sup-
porting and increasing the level of engagement of caregivers in a given area can be a
master way to lighten its load with all the attendant benefits we discussed at the begin-
ning of the chapter. To this end, in the light of the outcomes of this project, we intend to
move forward with the design of a communication system between all the organisations
involved in caring for the older person and his or her caregiver by building a digital inter-
connection platform to be managed by trained operators and disseminated throughout
the territory in special spaces and counters open to citizens.

Indeed, introducing welfare measures in this direction would make it possible to
move from a situation in which caregivers represent “the invisible backbone of the
social and health care system” [3] to one in which they represent, where possible, an
extension of it that enriches its effect, thanks to the affective dimension and knowledge



354 M. Paleologo et al.

of the assisted one, as well as his or her desire to participate in the health care journey
of his or her loved one.

Funding. This study was conducted thanks to funding from Fondazione Comunitaria della
Provincia di Cremona. The authors declare that the funders had no role in the study design,
in interpretation of the results or in the decision to publish the results.

References

1. LoboPrabhu, S.M., Molinari, V.A., Lomax, J.W.: Supporting the Caregiver in Dementia: A
Guide for Health Care Professionals. JHU Press (2006)

2. Istat: Conciliazione tra lavoro e famiglia (2019)
3. Morelli, N., Barello, S., Mayan, M., Graffigna, G.: Supporting family caregiver engagement

in the care of old persons living in hard to reach communities: a scoping review. Health Soc.
Care Community 27, 1363–1374 (2019). https://doi.org/10.1111/hsc.12826

4. Applebaum, A.: Isolated, invisible, and in-need: there should be no “I” in caregiver. Palliat.
Support. Care 13, 415–416 (2015). https://doi.org/10.1017/S1478951515000413

5. Levine, C.: Putting the spotlight on invisible family caregivers. JAMA Intern. Med. 176,
380–381 (2016). https://doi.org/10.1001/jamainternmed.2015.8002

6. Bookman, A., Harrington, M.: Family caregivers: a shadow workforce in the geriatric health
care system? J. Health Polit. Policy Law 32, 1005–1041 (2007). https://doi.org/10.1215/036
16878-2007-040

7. Horner, B., Boldy, D.P.: The benefit and burden of “ageing-in-place” in an aged care
community. Aust. Health Rev. 32, 356–365 (2008). https://doi.org/10.1071/ah080356

8. Rodriguez-Rodriguez, V., et al.: The impact of COVID-19 on nursing homes: study design
and population description. Int. J. Environ. Res. Public Health 19, 16629 (2022). https://doi.
org/10.3390/ijerph192416629

9. Sánchez-González, D., Rojo-Pérez, F., Rodríguez-Rodríguez, V., Fernández-Mayoralas, G.:
Environmental and psychosocial interventions in age-friendly communities and active ageing:
a systematic review. Int. J. Environ. Res. Public Health 17, 8305 (2020). https://doi.org/10.
3390/ijerph17228305

10. Dawber, R., Armour, K., Ferry, P., Mukherjee, B., Carter, C., Meystre, C.: Comparison of
informal caregiver and named nurse assessment of symptoms in elderly patients dying in
hospital using the palliative outcome scale. BMJ Support. Palliat. Care 9, 175–182 (2019).
https://doi.org/10.1136/bmjspcare-2015-000850

11. Ruben, M.A., Blanch-Hartigan, D., Shipherd, J.C.: To know another’s pain: a meta-analysis
of caregivers’ and healthcare providers’ pain assessment accuracy. Ann. Behav. Med. 52,
662–685 (2018). https://doi.org/10.1093/abm/kax036

12. Wolff, J.L., Spillman, B.C., Freedman, V.A., Kasper, J.D.: A national profile of family and
unpaid caregivers who assist older adults with health care activities. JAMA Intern. Med. 176,
372–379 (2016). https://doi.org/10.1001/jamainternmed.2015.7664

13. Adelman, R.D., Tmanova, L.L., Delgado, D., Dion, S., Lachs, M.S.: Caregiver burden: a
clinical review. JAMA 311, 1052–1060 (2014). https://doi.org/10.1001/jama.2014.304

14. Fuhrmann, A.C., Bierhals, C.C.B.K., dos Santos, N.O., Paskulin, L.M.G.: Association
between the functional capacity of dependant elderly people and the burden of family care-
givers. Rev. Gaúcha Enferm. 36, 14–20 (2015). https://doi.org/10.1590/1983-1447.2015.01.
49163

15. Park, M., Sung, M., Kim, S.K., Kim, S., Lee, D.Y.: Multidimensional determinants of family
caregiver burden in Alzheimer’s disease. Int. Psychogeriatr. 27, 1355–1364 (2015). https://
doi.org/10.1017/S1041610215000460

https://doi.org/10.1111/hsc.12826
https://doi.org/10.1017/S1478951515000413
https://doi.org/10.1001/jamainternmed.2015.8002
https://doi.org/10.1215/03616878-2007-040
https://doi.org/10.1071/ah080356
https://doi.org/10.3390/ijerph192416629
https://doi.org/10.3390/ijerph17228305
https://doi.org/10.1136/bmjspcare-2015-000850
https://doi.org/10.1093/abm/kax036
https://doi.org/10.1001/jamainternmed.2015.7664
https://doi.org/10.1001/jama.2014.304
https://doi.org/10.1590/1983-1447.2015.01.49163
https://doi.org/10.1017/S1041610215000460


Engagement as a Goal and Process for Improving Support 355

16. Connors,M.H., Seeher,K., Teixeira-Pinto,A.,Woodward,M.,Ames,D.,Brodaty,H.:Demen-
tia and caregiver burden: a three-year longitudinal study. Int. J.Geriatr. Psychiatry 35, 250–258
(2020). https://doi.org/10.1002/gps.5244

17. Srivastava, G., Tripathi, R.K., Tiwari, S.C., Singh, B., Tripathi, S.M.: Caregiver burden and
quality of life of key caregivers of patients with dementia. Indian J. Psychol.Med. 38, 133–136
(2016). https://doi.org/10.4103/0253-7176.178779

18. Spatuzzi, R., et al.: Does family caregiver burden differ between elderly and younger care-
givers in supporting dying patients with cancer? An Italian study. Am. J. Hosp. Palliat. Care
37, 576–581 (2020). https://doi.org/10.1177/1049909119890840

19. Edwards, A.B., Zarit, S.H., Stephens, M.A.P., Townsend, A.: Employed family caregivers of
cognitively impaired elderly: an examination of role strain and depressive symptoms. Aging
Ment. Health 6, 55–61 (2002). https://doi.org/10.1080/13607860120101149

20. Plöthner, M., Schmidt, K., de Jong, L., Zeidler, J., Damm, K.: Needs and preferences of
informal caregivers regarding outpatient care for the elderly: a systematic literature review.
BMC Geriatr. 19, 82 (2019). https://doi.org/10.1186/s12877-019-1068-4

21. Rossi Ferrario, S., Zotti, A.M., Ippoliti, M., Zotti, P.: Caregiving-related needs analysis: a
proposed model reflecting current research and socio-political developments. Health Soc.
Care Community 11, 103–110 (2003). https://doi.org/10.1046/j.1365-2524.2003.00410.x

22. Sousa, L., Gemito, L., Ferreira, R., Pinho, L., Fonseca, C., Lopes, M.: Programs addressed
to family caregivers/informal caregivers needs: systematic review protocol. J. Personalized
Med. 12, 145 (2022). https://doi.org/10.3390/jpm12020145

23. Fusco, F., Marsilio, M., Guglielmetti, C.: Co-production in health policy and management: a
comprehensive bibliometric review. BMC Health Serv. Res. 20, 504 (2020). https://doi.org/
10.1186/s12913-020-05241-2

24. Barello, S., Castiglioni, C., Bonanomi, A., Graffigna, G.: The Caregiving Health Engagement
Scale (CHE-s): development and initial validation of a newquestionnaire formeasuring family
caregiver engagement in healthcare. BMC Public Health 19, 1562 (2019). https://doi.org/10.
1186/s12889-019-7743-8

25. Guida, E., et al.: An Italian pilot study of a psycho-social intervention to support family
caregivers’ engagement in taking care of patients with complex care needs: the Engage-in-
Caring project. BMC Health Serv. Res. 19, 541 (2019). https://doi.org/10.1186/s12913-019-
4365-x

26. Mulvale, G., Robert, G.: Special issue- engaging vulnerable populations in the co-production
of public services. Int. J. Public Adm. 44, 711–714 (2021). https://doi.org/10.1080/01900692.
2021.1921941

27. Palumbo, R.: Contextualizing co-production of health care: a systematic literature review. Int.
J. Public Sect. Manag. 29, 72–90 (2016). https://doi.org/10.1108/IJPSM-07-2015-0125

28. Loeffler, E., Bovaird, T.: User and community co-production of public services: what does
the evidence tell us? Int. J. Public Adm. 39, 1006–1019 (2016). https://doi.org/10.1080/019
00692.2016.1250559

29. Loeffler, M.: Citizen Engagement. Routledge (2015). https://doi.org/10.4324/978131569327
9-25

30. Bovaird, T., Loeffler, E.: Public Management and Governance. Routledge (2015)
31. Le Cam, Y., Bolz-Johnson, M.: Expert by experience: valuing patient engagement in health-

care. In: Pomey,M.-P., Denis, J.-L., Dumez,V. (eds.) Patient Engagement. OBH, pp. 233–267.
Springer, Cham (2019). https://doi.org/10.1007/978-3-030-14101-1_9

32. Loeffler, E., Bovaird, T.: From participation to co-production: widening and deepening the
contributions of citizens to public services and outcomes. In: Ongaro, E., van Thiel, S. (eds.)
The Palgrave Handbook of Public Administration and Management in Europe, pp. 403–423.
Palgrave Macmillan, London (2018). https://doi.org/10.1057/978-1-137-55269-3_21

https://doi.org/10.1002/gps.5244
https://doi.org/10.4103/0253-7176.178779
https://doi.org/10.1177/1049909119890840
https://doi.org/10.1080/13607860120101149
https://doi.org/10.1186/s12877-019-1068-4
https://doi.org/10.1046/j.1365-2524.2003.00410.x
https://doi.org/10.3390/jpm12020145
https://doi.org/10.1186/s12913-020-05241-2
https://doi.org/10.1186/s12889-019-7743-8
https://doi.org/10.1186/s12913-019-4365-x
https://doi.org/10.1080/01900692.2021.1921941
https://doi.org/10.1108/IJPSM-07-2015-0125
https://doi.org/10.1080/01900692.2016.1250559
https://doi.org/10.4324/9781315693279-25
https://doi.org/10.1007/978-3-030-14101-1_9
https://doi.org/10.1057/978-1-137-55269-3_21


356 M. Paleologo et al.

33. Frow, P., McColl-Kennedy, J.R., Hilton, T., Davidson, A., Payne, A., Brozovic, D.: Value
propositions: a service ecosystems perspective. Mark. Theory 14, 327–351 (2014). https://
doi.org/10.1177/1470593114534346

34. Osborne, S.P.: From public service-dominant logic to public service logic: are public service
organizations capable of co-production and value co-creation? Public Manag. Rev. 20, 225–
231 (2018). https://doi.org/10.1080/14719037.2017.1350461

35. Clark, J.K.: Designing public participation: managing problem settings and social equity.
Public Adm. Rev. 78, 362–374 (2018). https://doi.org/10.1111/puar.12872

36. Fung, A.: Varieties of participation in complex governance. Public Adm. Rev. 66, 66–75
(2006). https://doi.org/10.1111/j.1540-6210.2006.00667.x

37. Lalani, M., Bussu, S., Marshall, M.: Understanding integrated care at the frontline using
organisational learning theory: a participatory evaluation of multi-professional teams in
East London. Soc. Sci. Med. 262, 113254 (2020). https://doi.org/10.1016/j.socscimed.2020.
113254

38. Weaver, B.: Co-production, governance and practice: the dynamics and effects of User Voice
Prison Councils. Soc. Policy Adm. 53, 249–264 (2019). https://doi.org/10.1111/spol.12442

39. Alonso, J.M., Andrews, R., Clifton, J., Diaz-Fuentes, D.: Factors influencing citizens’ co-
production of environmental outcomes: a multi-level analysis. Public Manag. Rev. 21, 1620–
1645 (2019). https://doi.org/10.1080/14719037.2019.1619806

40. Gheduzzi, E., Masella, C., Morelli, N., Graffigna, G.: How to prevent and avoid barriers in
co-production with family carers living in rural and remote area: an Italian case study. Res.
Involvement Engagement 7, 16 (2021). https://doi.org/10.1186/s40900-021-00259-0

41. Burgess, R.A., Choudary, N.: Time is on our side: operationalising ‘phase zero’ in coproduc-
tion of mental health services for marginalised and underserved populations in London. Int.
J. Public Adm. 44, 753–766 (2021). https://doi.org/10.1080/01900692.2021.1913748

42. Eriksson, E.M.: Representative co-production: broadening the scope of the public service
logic. Public Manag. Rev. 21, 291–314 (2019). https://doi.org/10.1080/14719037.2018.148
7575

43. Liabo, K., et al.: Public involvement in health research: what does ‘good’ look like in practice?
Res. Involvement Engagement 6, 11 (2020). https://doi.org/10.1186/s40900-020-0183-x

44. Dovey-Pearce, G., Walker, S., Fairgrieve, S., Parker, M., Rapley, T.: The burden of proof: the
process of involving young people in research. Health Expect. 22, 465–474 (2019). https://
doi.org/10.1111/hex.12870

45. Nygren, J.M., Lindberg, S., Wärnestål, P., Svedberg, P.: Involving children with cancer in
health promotive research: a case study describing why, what, and how. JMIR Res. Protoc. 6,
e19 (2017). https://doi.org/10.2196/resprot.7094

46. Rayment, J., Lanlehin, R., McCourt, C., Husain, S.M.: Involving seldom-heard groups in a
PPI process to inform the design of a proposed trial on the use of probiotics to prevent preterm
birth: a case study. Res. Involvement Engagement 3, 11 (2017). https://doi.org/10.1186/s40
900-017-0061-3

https://doi.org/10.1177/1470593114534346
https://doi.org/10.1080/14719037.2017.1350461
https://doi.org/10.1111/puar.12872
https://doi.org/10.1111/j.1540-6210.2006.00667.x
https://doi.org/10.1016/j.socscimed.2020.113254
https://doi.org/10.1111/spol.12442
https://doi.org/10.1080/14719037.2019.1619806
https://doi.org/10.1186/s40900-021-00259-0
https://doi.org/10.1080/01900692.2021.1913748
https://doi.org/10.1080/14719037.2018.1487575
https://doi.org/10.1186/s40900-020-0183-x
https://doi.org/10.1111/hex.12870
https://doi.org/10.2196/resprot.7094
https://doi.org/10.1186/s40900-017-0061-3


Live Classification of Similar Arm Motion
Sequences Using Smartwatches
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Abstract. This work provides an approach to monitoring the activities
of people with dementia. Classification of daily activities helps auto-
mate caregivers’ documentation of activities and can provide informa-
tion about disease progression and disease-related changes. The proto-
type developed combines smartwatch technology with a neural network
to classify activities in real time. A smartwatch offers the opportunity to
integrate sensor technology into a patient’s daily life without disruption.

To identify promising combinations of sensor data, accelerometer,
gyroscope, gravity, and attitude data are sampled 20 Hz (Hz) and sent
to a recurrent neural network called Long Short-Term Memory (LSTM)
for real-time classification. In this work, we systematically compare how
well an LSTM works in combination with different sensor combinations
in detecting different activities. Using triaxial user acceleration, gravity,
position, and gyroscope data, the trained model achieves over 90% accu-
racy.

The implemented real-time classification provides a direct statement
at which time and with which probability one of the four activities was
carried out.

This approach performs significantly better than previous tests using
classification algorithms and also stands out from similar approaches in
the literature. We achieve flexible, location-independent classification of
very similar activities based on smartwatch sensor data. In doing so,
the classification of the novel prototype is performed in real-time. This
also provides room for interpretation of how the knowledge gained can
be used to detect motor skills in the care of patients with neurological
diseases.

Keywords: Human Motion Analysis · Machine Learning

1 Introduction

The goal behind this work is to facilitate the daily routine of caregivers. In coop-
eration with two dementia care homes, it has been found that the documentation
of motor skills is an indicator for the detection of disease-related changes. The
documentation of the patients’ activities depending on the degree of mobility
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is very time-consuming. We have developed an approach to digitize it. In the
form of a nursing documentation platform in which activities can be recorded
by ticking next to a list of activities, according to Staab et al. [29]. However,
although such a platform makes caregivers’ jobs easier, the work still needs to
be done manually, which still results in a heavy workload, Staab et al. [28] said.
In addition, there is a risk that staff may not notice certain activities due to
the high workload. The focus of this work is on live classification arm movement
sequences, from four activities. Based on feedback from the care teams, the
following four activities were identified: drinking, eating, using the phone, and
blowing the Nose. To be clear, the arm movement sequences are nearly identical
for all four activities, making classification considerably more difficult. We talk
about arm movement sequences in the classification analysis, as these are what
our network recognizes, since each arm movement sequence then targets exactly
one activity, the two terms can be interpreted as synonyms in this work. In this
paper, we present an approach to automatically detect specific activities by hav-
ing smartwatches send live sensor data to a recurrent neural network that directly
analyzes it. After consultation with different care teams, a smartwatch offers the
possibility of integrating sensor technology into a patient’s daily routine without
disturbing them, as many patients wear watches without. Nadal et al. [24] sub-
stantiated this statement, interacting with smartwatches reduces the perceived
sense of shame during treatment because monitoring occurs unconsciously. Liu
[21] and Guo [14] also argue that wearable health monitoring provides an oppor-
tunity to achieve effective collaboration among hospitals, communities, families,
and individuals. Smartwatch-generated health data are seen by the majority of
clinical staff as a way to reduce workload, according to Alpert et al. [1].

This paper makes the following contributions:

– an approach to live recognition of very similar arm motion sequences with
smartwatches

– an insight into which sensor types are most promising in monitoring near-
identical arm motion sequences

– a way to visualize the detection of activities live

This work is organized as follows. Section 2 presents related work in the field
of health information technologies, human activity recognition, and recurrent
neural networks. Section 3 describes the project structure, watchOS application,
sensor technology, and then elaborates on sensor data aggregation and machine
learning tool. Section 4 describes and discusses the activation detection process
and results. Section 5 summarizes the work and takes a look into the future.

2 Related Work

The following is a listing of related work on health informatics, recurrent neural
networks, and long short-term memory network. All of these topics are in the
context of human motion analysis using wearables. We then discuss the state of
research and the added value of this work.
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2.1 Health Informatics

The technological progress of the twenty-first century has given rise to new smart
devices such as smartwatches, whose use in everyday life is increasing, according
to Lopes de Faria and Vieira [13]. In this regard, according to a statistic [30],
44% say they use their smartwatch for health reasons.

Alpert et al. [1] summarize in their paper that smartwatch-generated health
data is seen by the majority of clinical staff as a way to reduce workload, motivate
of patients, and improve the relationship with the patient.

In the work of Vijayan et al. [32], it is highlighted that the accuracy of step
count and heartbeat measurement is dependent on the device and its price range.
Thereby, all tested devices have a precision of 92% up to 99%, depending on the
device and application.

Wearable health monitoring systems have become one of the emerging
research areas attracting much attention today, according to Liu [21]. Brezmes et
al. [8] have successfully measured various human activities using an accelerom-
eter. Shoaib et al. [27] have used both smartphones and smartwatches together
to identify various daily human activities.

In addition to activity classification, the rapid progress of the use of smart-
watches in the health sector should also be highlighted. Various works exist in
this regard, such as that of Bienhaus [7], in which he suggests the basics and
the application of smartwatches to the reader. The author discusses the rapid
development of smartwatches in the health sector. It also becomes evident that
smartwatches make a positive contribution to improving the quality of life due
to their health features and are therefore becoming increasingly attractive.

To understand the growing interest in smartwatches for healthcare, England
and Azzopardi-Muscat’s paper published in The European Journal of Public
Health 2017 [12] is ideally suited. The authors reflect the demographic changes
in Europe. Statistics are used to provide clear evidence of a society that continues
to age. Across topics in 2019, the authors Bräunel and Häber [9] write about
the possible future of smartwatches in application among people of high age.
The potential of smartwatches in terms of positively enhancing quality of life
specifically for long-term care patients is evident in this book. In 2018, Askari,
Huldtgren and IJsselsteijn [5] researched the acceptance of smartwatches among
seniors. It is clear that this is not true due to lack of education and proximity of
the technologies by the smartwatch providers, although as previously mentioned,
a healthier lifestyle can be achieved with the help of smartwatches. This becomes
clear by means of field tests on suitable test persons.

2.2 Recurrent Neural Networks

Lipton et al. [20] in their work describe that RNNs allow sequential data process-
ing because unlike feedforward neural networks, RNNs are able to store infor-
mation that was calculated from previous inputs, thus allowing them to model
sequences of data that correlate to each other.
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Bhattacharjee et al. [6] compare the performance of a wide variety of super-
vised learning methods in the context of human activity recognition. The
authors show that RNNs provide the highest accuracy of 97.55%. Support Vec-
tor Machine, perceptron neural network and back-propagation neural network on
the other hand, achieved a maximum accuracy of 59.11%, 94.10%, and 97.40%,
respectively. The authors use a dataset collected with a Samsung Galaxy S II
smartphone 50 Hz, consisting of the acceleration, as well as angular velocity data
from the smartphone.

The work of Mauldin et al. [22] also shows that RNNs are excellent for the
task of classifying human motion activity. The authors of this work developed a
system to detect falls using a smartwatch. In doing so, they show that compared
to Support Vector Machines and Naive Bayes, an RNN is able to provide a
better detection rate, as well as better adaptability to new users. The authors
use a dataset of 7 volunteers, with ages ranging from 21 to 55 years, which
was recorded at 31.25 Hz as training and test data. The classification of the
activity is run on the user’s smartphone, thus a simple network architecture with
gated recurrent units (GRU) was chosen. Using this neural network, the authors
are able to achieve up to 85% accuracy in detecting falls, while Naive Bayes
can only achieve 65% and Support Vector Machines up to 73% accuracy. Both
of these works show that RNNs are well suited for human activity detection
and classification, each providing the highest accuracy in classification tasks,
compared to other methods.

However, a particular challenge in the use of RNNs is the vanishing gradient
problem described by Hochreiter [17]. Here the influence of the gradients of the
network drops very quickly. Thus, the network is not able to learn longer tempo-
ral correlations, rendering it unsuited for many classification tasks. Hochreiter
proposes several ways to solve the vanishing gradient problem in his work, includ-
ing the use of a LSTM instead of a standard RNN. In Hochreiter’s experiments,
it is notable that LSTMs can produce particularly accurate results, while at the
same time, they also learn faster than other proposed methods.

2.3 Long Short-Term Memory (LSTM)

Ashry et al. [4] developed a bidirectional long short-term memory (Bi-LSTM)
that continuously detects human activity and incorporates future context unlike
standard LSTM. The deep learning model processes sensor data streams from
Series 4 Apple Watches that include triaxial accelerometer, gyroscope, and grav-
ity readings and rotational displacement data at a sampling rate 50 Hz. The
database was created by 25 subjects performing ten daily activities with a smart-
watch on their right hand, the authors say. The ten activities include, among
others, brushing teeth, eating, drinking, and combing hair. To prepare the data
for the Bi-LSTM, Ashry et al. use a sliding window of 10 s that segments the
data as time series data for input. Finally, the online system developed by Ashry
et al. allows real-time classification of the ten activities with 91% accuracy.

Mekruksavanich et al. [23] investigated activity recognition based on smart-
watch sensor data. For this purpose, the authors used a hybrid LSTM network
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that combines an LSTM with a Convolutional Neural Network (CNN). The
authors used the publicly available WISDM dataset as the data basis. This com-
prises triaxial accelerometer and gyroscope data from smartwatches recorded
by 51 volunteers performing 18 predefined activities at a sampling rate 20 Hz.
Activities include various physical efforts such as walking, jogging, and climbing
stairs, as well as eating various meals such as soup, sandwiches, and chips, and
other activities such as writing or typing, among others. Mekruksavanich et al.
find that CNN-LSTM provide better activity recognition and outperform alter-
native models in comparison. In their study, the authors achieve 96.2% accuracy
in activity recognition.

Oluwalade et al. [25] also used the WISDM dataset in their study, in which
they compared the performance of LSTM, Bi-LSTM as well as CNN-LSTM and
CNN. To prepare the data for the LSTM, Oluwalade et al. performed scaling
of the data set. Looking at the recognition accuracy of the LSTM, an average
accuracy of 84.1% was achieved for the six non-hand-oriented activities. Hand-
oriented activities, nine in total, were recognized with an average accuracy of
80.7%.

This work highlights the potential that smartwatches offer for the health
sector. RNNs are ideally suited for the task of classifying human locomotor
activities, to which LSTMs are successfully used for classifying general activities.

However, the state of research is fraught with four critical issues:

– The tracking of movements by means of cameras cannot be realized in every-
day life.

– The tracking of movements by means of different sensors on the whole body
cannot be realized in everyday life.

– Classifying motion sequences like walking, sleeping, or sitting is far too simple
and not sufficient to cover everyday activities.

– Achieving flexible, location-independent data analysis by classifying activi-
ties based on sensor data in real-time. Sending smartwatch data to a server,
processing the data, classifying it using an LSTM, allowing the real-time
recognition and visualization of a subject’s activities.

Accordingly, our work is an extension of the previously mentioned work that
solves the three problems. In the following we will explain our prototype in more
detail.

3 Project Structure

In this work, a watchOS application is implemented based on this sensor tech-
nology, which enables the aggregation and provision of movement and health
data via an interface. The Apple Watch Series 6 is used, which is equipped with
the latest sensor technology.

According to Apple Support [2], the Apple Watch Series 6 is equipped with a
certain number of sensors that form the basis for tracking interaction and health
data.
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From the previous chapter, it is clear that general activity detection is possi-
ble using accelerometers and gyroscopes. The work of Weiss et al. [33] confirms
that the aforementioned sensors can be used individually and in combination to
detect a user’s movements.

Since reliable arm motion detection is the goal of this work, it is desirable
to collect motion data as fine-grained as possible. For this purpose, in addition
to the basic data of the accelerometer and the gyroscope, further sensors and
attributes are added and it is also examined whether more accurate measure-
ments and a more reliable arm motion detection can be achieved by combining
these.

This paper presents a standalone, state-of-the-art watchOS application for
the Apple Watch Series 6 that offers various functionalities. The application
includes methods for retrieving motion and health data, a temporary backup to
the smartwatch memory, methods for tagging data, and an interface for exchang-
ing sensor data with a web server via WebSocket. In case of complications, the
backup methods can initiate a resend of the sensor data generated in a session.

Figure 1 provides an overview of the work. Data generation, data handling,
and data saving are part of the tracking, the visualization of the labeled data
and the classification of the data.

Fig. 1. Overview from data generation to live classification

The sensor technology in focus of this work consists of the accelerometer,
gyroscope, magnetometer, position sensor and heart rate sensor. The different
sensor systems are described below.
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3.1 Smartwatch Sensor Technology

The application implemented in this project generates data based on various
built-in sensors. The focus here is particularly on the accelerometer, gyroscope,
magnetometer, altimeter, pedometer, GPS, heart rate and blood oxygen sensor
as well as microphone, all of which can be controlled by the application.

Accelerometers are electromechanical devices that detect accelerations due
to physical effects and convert them into electrical signals for further processing,
according to Hering and Schönfelder [16]. They are used to measure instanta-
neous acceleration in multidimensional space [3], which describes the rate of
change of velocity over time [26].

In the case of the Apple Watch Series 6, a triaxial sensor is installed, which,
according to Apple Developer Documentation, provides acceleration values in
three dimensions and thus in each direction of the orthogonal axes X, Y and Z
(see Fig. 2). The unit of the values is g, where 1 g represents the gravitational
acceleration caused by the Earth’s gravitational field, which is standardized to
be 9.81 m/s2 in one direction on the Earth’s surface.

Fig. 2. Visualization of the three axes of the acceleration sensor of a smartwatch.
Source: Cole et al., 2017 [10]

For the accelerometer, as with some other sensors on the smartwatch, both
raw and processed data are provided to the developer. Raw data is data that is
provided without prior correction. Accordingly, confounding factors and external
influences such as acceleration due to gravity are included in the acceleration
values of the three axes. According to the Apple Developer Documentation, the
processed data is acceleration data that has been freed from distortions. The
values are therefore already adjusted for distortions such as acceleration caused
by gravity. With respect to the accelerometer, the processed data map the user-
induced acceleration, but at the same time provide the extracted gravity values



364 S. Staab et al.

in three dimensions. In this work, it is generally decided to query processed data
instead of collecting raw data from the sensor system. This is because, unlike
querying individual raw data from each sensor, querying processed data returns
an entire CMDeviceMotion object that contains all the motion data and thus
data from the accelerometer, the gyroscope, as well as combined data such as
the device orientation, also called attitude, and the magnetic field vectors.

An additional query of the raw data of the individual sensors can thus be
avoided. The undistorted data also makes it easier to handle the motion data,
since only the user-initiated motion can be worked with, and interfering factors
have already been subtracted.

According to Hering and Schönfelder [16], gyroscopes are angular rate sensors
that measure the rotational speeds of a body. The rotational speed is measured as
an angle in radians per second, rad/s, about a respective axis by the gyroscope,
which, like the accelerometer of the Apple Watch, measures the rotational values
in three dimensions.

According to Henriksen et al. [15], smartwatches in general mainly use accel-
eration data for activity recording and health analysis. Accordingly, accelerom-
eter data specifically enables the detection and analysis of physical activities,
sleep, and movement patterns, counting of steps, and analysis of a user’s energy
consumption and fitness status.

Although acceleration data consequently already appear promising, the data
basis is to be significantly expanded in the present project. In addition to
accelerometer and gyroscope data, the processed data object also provides com-
bined data for device orientation, also called ’attitude’. These are the aggregated
values of pitch, roll and yaw as specific attitude angles to describe the orienta-
tion of a device in three-dimensional space. Thus, the above three values reflect
the position of a smartwatch in space relative to a defined reference frame. The
rotation values are specified in radians rad and range from −π to π around a
specific axis.

While gyroscope data describe an instantaneous angular velocity, attitude
values consequently represent the steady orientation of the device relative to a
certain reference frame. For this reason, attitude is evaluated as promising for
the present work, as it provides meaningful values independent of active arm
movements of a user and thus enables a steady position determination in space.
Consequently, this can serve a more fine-grained detection of arm movements.

To the best of its knowledge, Apple does not disclose details about the so-
called attitude. However, a commonly used method to calculate it is sensor
fusion. Wu et al. [34] describe a corresponding method for determining the atti-
tude by combining multiple sensors and applying mathematical methods like
Kalman or complementary filters. Here, accelerometer, gyroscope, and magne-
tometer contribute to the mathematical calculation of the device attitude. Grav-
ity acceleration can be used to determine where ’down’ is, and magnetic field
vectors can be used to determine where north is from the device’s point of view.
The gyroscope rotation values are integrated to estimate the deviation from the
previous position. The combination of multiple sensors is thus used to calculate
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the attitude, using the strengths of each sensor to compensate for or minimize
the weaknesses of each sensor, according to Wu et al. [34].

Since an accelerometer picks up all forces, such as vibrations, this can lead
to undesirable interference. Gyroscopes can also provide erroneous values due
to the so-called gyroscope drift. However, the accelerometer and magnetometer
data can compensate for this drift. Disturbances of the magnetic fields, on the
other hand, can strongly affect the measurements of the magnetometer. Magnetic
perturbations only affect the Yaw value, since pitch and roll are derived from
the accelerometer and rotation values only, while for yaw the magnetometer is
used to correct the heading. Wu et al. [34] show that despite strong magnetic
distortions, robust yaw values can be calculated using special algorithms.

A magnetometer is a measuring instrument for measuring magnetic flux den-
sity in T (Tesla) and is measured from 10−15 T to 10, so Loreit et al. [31]. It is
assumed that in the Apple Watch, the magnetometer, accelerometer, and gyro-
scope all contribute to the mathematical calculation of the device’s attitude.

Data queries are also implemented for a number of other sensors that can
provide additional information about the smartwatch user. These include query-
ing data from the altimeter to determine the device’s air pressure and altitude
changes, querying data from the GPS sensor to determine the current coordi-
nates, altitude meters and movement speed, and device orientation. In addition,
data from the pedometer provides information on the number of steps, distance
traveled and walking speed, while the magnetometer is used to record magnetic
field vectors. On the health data side, the optical or electrical heart sensor can
be used to measure heart rate or activity, while the blood oxygen sensor can be
used to measure blood oxygen saturation. Additionally, measurements through
the smartwatch’s microphone could provide information about what activities
are being operated when there is no movement and no clearly classifiable posture
of the smartwatch. The developed application is configurable and extensible so
that additional sensors and attributes can be integrated in the future as needed.

In this paper, we will limit ourselves to a selection of sensor data, including
user-initiated acceleration, acceleration due to gravity, gyroscope, and attitude
values.

According to Apple Developer Documentation, the services provided by the
Apple-provided framework called Core Motion allow the user to control the
sensor technology used to collect motion-related data, configure data queries, and
access the hardware-generated data. There are two ways to access the processed
data. On the one hand, the motion data can be retrieved exactly when it is
needed. On the other hand, the core motion framework provides a service that
allows continuous retrieval of motion data at defined time intervals.

Since the goal of this work is a continuous data stream, continuous retrieval is
consequently implemented. This means that all motion data received at a given
frequency during a query is continuously acquired.

Continuous polling of motion data takes place at an individually adjustable
time interval, the frequency. The maximum frequency 100 Hz when using an
Apple Watch Series 6. Thus, a maximum of 100 motion data objects can be
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generated per second. At this point, it must be questioned which frequency of
the query meets the requirements of this work. If more objects are generated than
required, this leads to a noticeable increase in the load on the CPU and battery
due to the increased number of queries, in addition to the redundancies. In this
work, therefore, a standard frequency 20 Hz is initially specified, especially since,
according to Dadafshar [11], the natural movements of a human do not exceed
12 20 Hz.

3.2 Long Short-Term Memory Neural Network

Long short-term memory (LSTM) originally dates back to the work of Hochre-
iter and Schmidhuber [18] and represents a special architecture of an artificial
recurrent neural network (RNN). A typical LSTM memory cell has several gates
and parameters. The behavior of each memory cell can be controlled by these.
Through the activation function of the gates, the state of each memory cell can
be controlled. The central elements of an LSTM memory cell are, in short, an
input gate, a forget gate, and an output gate, as well as an activation function.
With the LSTM, Hochreiter and Schmidhuber attempted to solve the vanishing
gradient problem, which prevents temporal dependencies from being captured
over longer context windows.

An LSTM is particularly suited to process sequential streams of sensor data
due to a flexible gating mechanism, according to Ashry et al. [4]. In particular,
according to Ashry et al., the key advantage over comparable machine learning
models is that an LSTM considers the temporal context of the sensor data.
According to Oluwalade et al. [25], the neural network architecture is designed
to learn time-related dependencies and remember significant sequences.

The present work also aims to find out how accurately the activities of demen-
tia patients can be detected with a standard LSTM. For this purpose, a dataset
was created specifically for this use case. The data set for the present project
was generated by ten users who each labeled the four similar activities of drink-
ing, eating, talking on the phone, and blowing their noses 40 times each over a
10-second period.

First, the data was preprocessed, and the relevant data was extracted from
the dataset, which includes other activities and sensor data as well. A check
was made to ensure that the data set was balanced and that the activities were
each equally distributed. The classes were recorded about the same number of
times, making them balanced. In a train-test split, it was decided to contrast
users. With an appropriate split of users between test and training data, a 75:25
split was realized. Furthermore, a normalization of the data was performed. The
normalization converts the data relatively into a range from 0 to 1 using an
MinMaxScaler. According to Laurent et al. [19], this allows lower training times
to be achieved, for instance. Since the LSTM network can only accept numeric
values, the labels were encoded accordingly. To provide the LSTM with data, a
time series is generated from the data set. Batches for training and validation
with a predefined window size are generated from the individual samples. An
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appropriate window size of 120 was evaluated by experimentation and will be
considered in more detail in the results.

Architecturally, the input layer appropriately consists of 120 units, followed
by a flatten layer, a dense layer with 64 units, and another dense output layer
with four units for the number of classes. The first dense layer contains the acti-
vation function Relu, the last one the Softmax. In addition, the Adam optimizer
was used in the compilation. The LSTM was implemented with Tensorflow 2.4.0.
With all twelve features, the respective triaxial user acceleration, gravity, atti-
tude, and gyroscope data, the trained model achieves more than 90% accuracy
when trained over 35 epochs.

The best model was exported in a hdf5 file, so that the model can be fur-
ther used for the targeted classification of sensor data in real-time on a server.
Accordingly, the model is loaded on the server and can accept data in real-time
by pre-processing it for prediction in a manner analogous to the approach used
for training, ultimately serving as input. Finally, an output stream is obtained
that indicates at which point in time and with which probability one of the four
activities was performed. For the described process, Flask in particular plays a
central role. Flask is a popular web framework written in Python. It allowed
us to develop a web service to quickly control and monitor the LSTM while
providing a wide range of features.

3.3 Visualization

In order to create a classification for data in real time, the user visits a web
page, that renders a basic interface for the user to select his username and
delay between classifications. The user is then able to start the classification
process. After the page is served to the client, communication between client and
server happens exclusively via asynchronous web sockets. Once the user starts
the classification of his live data, the individual classes and their respective
probabilities are sent to the client as a JSON object repeatedly, after being
classified on the server using the exported model. The client then displays the
results in a bar chart on the web page.

Such a graph is exemplified in Fig. 3. The Y-axis represents the classifica-
tion probability, the X-axis the timestamp of the classifications. Each classified
activity is assigned a unique color in this diagram, which is used to color the
associated bars. Since each classification contains the probability for each of the
four classes, the probabilities of all four charts in a classification amounts to
100%. Using the bar chart, the user is thus able to track the classification of his
activity data in near real time.

4 Activity Recognition

To train the previously described LSTM model, ten subjects were included, each
generating 40 label sequences, i.e., 400 labels.
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Fig. 3. Example of a graph generated by our LSTM-System

4.1 Movements

Figure 4 shows different arm position sequences of the nearly identical motion
sequences (drinking, eating, telephoning and nose blowing).

The red arrows indicate the range of motion of the arm and wrist. Especially
here it is noticeable that the movements of eating, drinking, phoning, and nose
blowing are almost identical.

The arm moves toward the face and simply the position of the hand pro-
vides information about the different activity. This makes the recognition of the
respective activity so complicated. In the following, we will elaborate a bit more
on the movement sequences (see Fig. 4).

Fig. 4. Arm position sequences

In the following, Fig. 5 shows the previously described motion sequences
based on all sensor systems for the four motion sequences overlapping color-
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coded: drinking (blue), eating (turquoise), nose blowing (orange), and telephon-
ing (red).

It becomes evident here how important each individual sensor can be depend-
ing on the movement. Especially the sensors of the arm rotation detection (grav-
ity, gyroscope, and attitude) play an important role.

Each sequence consists of arm positions and each activity was performed
for 10 s. The measurement rate 20 Hz results in 10 (seconds)*10 (subjects)*20
(Hz)*4 (motion sequences) = 160,000 data sets per test series. The subjects
always wore the watch on their dominant right hand. The test and training data
were created separately, i.e., the data of one subject were compared with the
data of the other nine subjects. The data range from 0 to 200 records, resulting
from the previously described calculation 20 Hz*10 s label time.

Drinking from a cup starts with picking up the cup, a steady movement of
the arm towards the mouth and a short dwell in front of the face. During the
drinking movement, the hand tilts more and more slightly towards the face, from
almost 90◦ at the beginning to 150◦ when the cup is empty. The movement ends
as it began with a possibly now faster movement towards the table. Figure 5
shows the characteristics of this motion sequence. A clear shift in gravity can be
seen as soon as the cup has to be tilted.

When eating with a spoon, starting with the dipping of the spoon, the hand
is slowly guided towards the mouth. This is followed by a short dwell time with
a slight inclination towards the mouth of 90◦ to 120◦. Finally, there is a rapid
lowering of the spoon. Figure 5 shows the characteristics of this motion sequence.
The shift in attitude can be seen several times in this motion sequence, although
it is significantly smaller.

When using a cell phone, the first movement, assuming that the phone is
lying on the table, is to reach for the phone itself. In the following, the phone
is picked up by a movement of the arm and hand, turned towards the subject
and then moved towards the head. After that, the phone remains on the ear
and, in our scenario, is not picked up again until the end of the label. Figure 5
shows the characteristics of this motion sequence. Picking up and examining the
screen, which requires a movement of the hand, can be clearly seen here at the
beginning. The subsequent resting phase is also a good indicator.

Nose blowing again follows a similar pattern. The paper tissue is taken from
the table and then shaken up with the dominant hand. The paper tissue is taken
from the table and then shaken up with the dominant hand, where the sensory
system is attached. This is followed by the movement towards the head. The
blowing is done only by holding the paper in front of the nose and one or two short
movements towards the nose. In our scenario, the tissue is not put down again.
Figure 5 shows the characteristics of this motion sequence. Here, after a quiet
phase, the movement of shaking up the tissue stands out, followed by a quiet
movement of the wrist in all directions. Especially with the similar movement of
nose blowing, it becomes clear that the more unique a movement is, the easier it
becomes to classify it. If one thinks of previous work that distinguished between
walking and sitting, the degree of difficulty of the present work becomes clear.
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Fig. 5. Arm position sequences - four motion sequences (Color figure online)
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It can be seen well in the example of a sensor that not all movements stand out
well. Obviously, the sensor that contains only 1/4 of the used sensor technology
and not each of the four movements is not the optimal sensor. Depending on the
movement, the combination of different sensor technology is crucial.

The following compares the validation capability of different sensors with
different window sizes based on the four movements.

4.2 Results

In order to analyze with which data, the LSTM achieves the best prediction
accuracy, different sensor data combinations were tested (see Table 1).

Table 1. Comparison of the model accuracy of different sensor combinations for the
classification of the activities eating, drinking, telephoning, and nose blowing

Sensor combination Validation accuracy

Acceleration 25.27%

Attitude 88.93%

Gyro 25.42%

Gravity 84.66%

Acceleration, Attitude 63.62%

Acceleration, Gyro 25.72%

Acceleration, Gravity 84.66%

Attitude, Gyro 87.46%

Attitude, Gravity 88.82%

Gyro, Gravity 84.03%

Attitude, Gravity, Acceleration 89.97%

Attitude, Gyro, Acceleration 84.1%

Attitude, Gyro, Gravity 89.14%

Acceleration, Gyro, Gravity 82.94%

All four sensors 90.59%

Firstly, the sensors were tested individually, i.e., their three characteristics
were used for training and testing. It is noticeable that both the acceleration and
gyroscope data alone do not provide sufficient results. The accuracy in each case
is just over 25%, which is similar to the probability of simply guessing the correct
activity. Attitude and Gravity, on the other hand, are each significantly more
informative, at 88% and 84%, respectively, when the sensors are used alone. All
other combinations are in the range of about 82% to 90% with the exception
of the combination of Acceleration and Position, which only reaches a bit more
than 63%. However, the best accuracy was achieved with the combination of all
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four sensors, respectively all twelve features, showing a validation accuracy of
90.59%.

Before investigating the different sensor combinations, different window sizes
used to feed the LSTM were tested with all four sensors, thus all twelve features.
The tests were performed with six different window sizes, the results of which
are recorded in Table 2. This revealed that a window size of 6 s, or 120 samples,
produces the best results for the data used, at 90.59%. Both a higher and lower
window size could not achieve better results.

Table 2. Comparison of the evaluation metric validation accuracy at different window
sizes for all four sensors.

Window size Accuracy Epochs (50 total)

30 (1.5s) 74.94% 22

60 (3s) 81.87% 46

100 (5s) 83.74% 45

120 (6s) 90.59% 35

200 (10s) 87.56% 12

360 (18s) 86.68% 23

4.3 Discussion

Based on the research presented here, the interaction of accelerometer, attitude,
gyroscope, and gravity proves to be the strongest sensor combination for classi-
fying the activities investigated.

It should be noted that as a sole sensor, the triaxial data of the Attitude (X,
Y, and Z) perform best.

The test series with the heart rate hardly affected the results, so we decided
to leave it out of the results. The heart rate plays a minor role in arm position
sequences so far. Later, however, heart rate could play an interesting role.

Looking more closely at Table 1, it can be seen that both the accelerometer
and gyroscope data alone do not provide sufficient results. With hardly more
than 25% accuracy each, the prediction probability is barely above the proba-
bility of guessing the correct activity. This may be due in particular to the fact
that these are instantaneous sensor data values, which, in contrast to Attitude
and Gravity, cannot permanently describe a position of the smartwatch in the
room. Attitude and Gravity alone achieve values of almost 89% and 85%, respec-
tively, and are thus much more meaningful. It is noticeable that especially the
combinations which include both Attitude and Gravity show a higher accuracy,
which again supports the statement from before regarding the informative value
of the individual sensors.

It is shown that the prototype can classify even very similar movements with
a high probability. Thus, the contribution of this work is to gain knowledge



Live Classification of Similar Arm Motion Sequences Using Smartwatches 373

about detection and classification algorithms that allow a solid prediction of
very similar motion sequences.

A crucial point is the informative value of the sensor technology that contin-
uously measures the posture of the hand. It has simply become clear that the
movement patterns of the hand have significantly more significance for similar
movements than the movement patterns of the arm itself.

This also supports the results of Xia and Sugiura [35], who showed that
simply increasing the number of sensors for static activities does not lead to a
significant increase in the recognition rate. The movement and rotation of the
hand must be tracked in detail.

This knowledge can now be transported into further work with the goal of
identifying motion sequences over a desired period of time.

Especially during the development of the LSTM, the web service created
served as a central tool for visualizing the results and performance of the model.
It allows the model to be tested with live data from the real world, rather than
having to rely on previously generated data sets in a database. In addition, the
Flask-framework makes it possible to easily extend the visualization capabilities
in the future.

5 Conclusion

In this work, a systematic comparison was performed to determine the best
combinations of sensors and window size (size of the data stream for classification
input) of a Long Short-Term Memory network for identifying the arm motion
sequences of eating, drinking, phoning, and blowing the nose.

These motion sequences are nearly identical. It was found that the combina-
tion of the accelerometer, position sensor, gyroscope, and G-sensor sensor values
with a window size of 6 s gave the best performance for 10-second-long labels.
The prediction accuracy was 90.59%.

Another finding is that hand motion and rotation play an important role in
discriminating similar arm motion sequences. We initially assumed that heart
rate and arm movements would provide unique data on the respective activities;
however, this assumption was incorrect. Over 90% of the performance was due
to hand motion and rotation recognition. This is a critical finding because it
implies that more importance must be placed on the sensor values used. The
sensor values, especially Attitude and Gravity, are a crucial factor that enables
the recognition of nearly identical motion sequences.

Based on this work, it is now possible to develop a system that makes state-
ments about the probability of each activity over a period of several hours, which
basically automates or at least significantly supports caregiver documentation.
After consultation with two dementia care teams, this would greatly facilitate
the review and understanding of the progression of the chronic disease. Such a
system would also allow for new approaches to evaluation and long-term docu-
mentation.
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Future efforts will be to further improve the performance of the LSTM net-
work, in particular to develop and compare different variants. In addition, more
daily activities of dementia patients shall be included, as well as a default class
(i.e. movements that do not belong to any of the activities relevant for classifi-
cation).
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Abstract. Thepurpose of this study is to explore the interpersonal interactions and
lifestyles of elderly people with dementia, and to provide a care-oriented service
design that can reduce the physical and mental burden of caregivers by combining
the interactive care network system constructed by Smart Life. Caregivers will be
interviewed in this study to observe and document the care problems of elderly
people with dementia due to wandering; workshops and affinity diagrams will be
conducted to explore the pain points of caring for elderly people with dementia.
This study aims to further develop a system for searching for wandering elderly
people or a care service interface and to produce the prototype of an anti-wandering
wearable device. The results of this study can be used as a reference for the design
of wandering prevention products for elderly people with dementia.

Keywords: Service Design · Older Adults · Dementia

1 Introduction

1.1 Older Adults and Technological Caregiving

The problems caused by aging populations in many advanced countries have become
apparent, as there are social security systems of social welfare, support, and medical
care in addition to economic problems such as reduced productivity. It has become an
issue worthy of attention to design more user-friendly products so that elderly people
with declining physiological functions can enjoy their lives in a healthy, comfortable,
and safe manner. In advanced countries, such as Europe, the United States, and Japan,
issues related to the aging society have already been considered from the perspective
of normalization and social well-being. The government is currently promoting policies
related to local caregiving, such as the Long-Term Care 2.0 policy so that caregivers can
have their physical andmental burden reduced if they have access to relevant information
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and use the services and technologies. Thus, the use of technological devices in caregiv-
ing can reduce the stress of caregivers and gradually change the way they interact with
each other and care for each other. However, the issue of personal privacy arises when
using technological devices as a platform for capturing relevant physical or behavioral
information (e.g., cloud-based platforms) [1]. Relevant carriers can be roughly divided
into invasive (e.g., implanted chips and tattooed QR-core) and wearable (e.g., bracelets,
necklaces, and clothing) in terms of the loading approach. This study proposes to use
wearable devices as assistive tools to avoid the controversies associated with invasive
devices and to reduce the caregiver’s stress due to the patient’s cognitive impairment. It
will make an in-depth exploration on elderly people with dementia, the caregivers, and
the service design platform of technological aids and care for wearable devices. From
the characteristics of the physical and mental functions of elderly people with dementia,
the interaction and lifestyle of elderly people with dementia and their caregivers will be
explored, and the service design with care as the core and smart life as the goal will be
constructed through the technology care network platform, which is the motive of this
study.

Caregiving is not an easy task, and there are many differences in caregiving patterns
between Eastern andWestern cultures due to the local conditions. For example, inWest-
ern societies, people make the decision of living in institutions easily when they are old,
while in Eastern societies, caregivers may have to bear the moral risk of un-filiality when
they send the elderly away from their homes to live in institutions [2]. Home care is a
better way of caring for patients with dementia in a familiar environment to alleviate their
symptoms. However, caring for a person with dementia at an advanced age is not an easy
task from the perspective of the physician, the family, or the caregiver. The peripheral
symptoms of wandering (getting lost or even missing) in the caregiving process are often
the most stressful for the caregiver in the process of caring for or looking for the patient
[3]. If there is a comprehensive approach or service platform that allows unprofessional
people, such as family members or on-site caregivers, to improve their knowledge of
dementia prevention and care [4], understand how to conduct assessments, piece together
the fragmented information puzzle, and adjust their care or coping patterns, it can not
only improve the quality of care for people with dementia but also effectively reduce the
psychological stress faced by caregivers.

As mentioned above, one of the most important design issues at present is how to
design technology products that meet the needs of elderly people with dementia and
their caregivers to reduce their ability to operate the products due to their physical
and mental deterioration, or to compensate for their physical and mental deterioration
through technology [5]. This study aims to investigate the interpersonal interaction and
lifestyle of elderly people with dementia, and to provide care-oriented service design
by combining the interactive care network system constructed by Smart Life. Reducing
the physical burden and psychological needs of institutional caregivers is also one of the
research purposes.

1.2 Dementia and Assistive Devices

The cognitive impairment of dementia can be assisted by technological products and
technologies to maintain the best functional status of the patient and to prevent or inform
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the occurrence of accidents, reduce the burden of care and improve the quality of life of
both the patient and the caregiver [6]. In recent years, there has been a lot of investment in
the development of technology for dementia care in foreign countries, but it is still in its
infancy inTaiwan,with a lack of information, products, andwelfare benefits. It is thewish
of this study to have a development as soon as possible to benefit the patients of dementia
and caregivers. In general, the most common cognitive symptoms of patients with mild
to moderate dementia are memory deficits (e.g., forgetting to take the medication or
the location of frequently used items), the loss of higher-order cognitive functions (e.g.,
computational skills, planning skills, and problem-solving skills), psycho-behavioral
problems (e.g., hallucinations, anxiety, and agitation), and imbalance in daily routines
(e.g., waking at night and loss of energy). The higher the severity of dementia, the higher
the frequency of life problems caused by cognitive impairments, such as the interference
behaviors of repetitive questioning and mood disorders, and the cognitive problems of
forgetfulness and communication difficulties. Various specific phenomena reflect the
caregiver’s difficulties in life care [7]. In order to reduce the burden of caregivers, the
first step is to make use of the care services provided by the government or to utilize
the day care and short-term care services of related organizations, which can reduce the
symptoms of patients and the stress of caregivers [8]). A shift system among family
members can be established to ensure the caregiver’s personal time; or other family
members may be asked to help share caregiving responsibilities, as it can be a great help
even if they can only help in the evening.

In fact, when older adults with dementia wander, they are bound to wear relevant
clothing. If not dressed or wearing shoes, they will attract the attention of others around
them. Clothing reflects one’s values, ethics, and aesthetics, and is an important part in
the history of human development and civilization. With the advent of the Internet of
Things, the world is moving towards multi-functional clothing - smart clothing that is
more difficult to integrate in order to meet different needs. When going out, people must
have experienced the situation of forgetting their smartphones or wallets, especially for
elderly people with dementia. Elderly people with dementia may have discomfort or
aversion toward wearing bracelets or necklaces with an anti-wandering function, not to
mention the sensors and locators which can record and report the location and situation
of the wearer at any time. Clothing is like the second skin of human beings, people may
forget to wear accessories to their body, such as smartphones, watches, and bracelets, but
not clothes. Therefore, the use of sensor fusion, with various clothing-based wearable
devices sewn onto the body of elderly people with dementia, can reduce the time spent
searching for them and the occurrence of their getting lost, and reduce the burden on
caregivers at the same time [4]. Therefore, this study proposes to use clothing/apparel and
technology, supported by other care platforms or systems, to monitor or sense elderly
people with dementia. With a simple user interface, the location of the target can be
obtained in real-time or the wearer can be warned if they are in a dangerous site. This
way, the psychological stress of the caregiver can be reduced and depression may be
prevented.
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1.3 Service Design and Elderly People with Dementia

“Service design” refers to the design of holistic experience; it is possible to identify
the touch points between users and each service through the service design model. The
4D’s design process is mainly based on the stages to “discover, define, develop, and
deliver”. In different stages, problems are identified, summarized and developed, and
user-friendly research results may be presented [2]. Design ethnography is a structured
process to build a deeper understanding of the target group in service design, to design
new design concepts conforming to the viewpoints of users from daily life and regular
behaviors, and to communicate the findings to cross-disciplinary members to ensure
that all stakeholders understand and accept the findings, creating synergy and playing a
central role in the design process. Because of the differences in the living environments
and personalities of elderly people with dementia, the needs of elderly people with
dementia are diverse. The psychological gaps of elderly people with dementia can be
closely identified through service designs. That is, the 4D’s design process can provide
a deeper understanding of and complete care for elderly people with dementia, reducing
the caregivers’ psychological stress, and improving their quality of life. Although elderly
people with dementia are very different from each other, the proximity of the living area
(home or community), the way of care (active or passive), and the design of life services
(physical or psychological) can be used as the starting point to implement this study.
The design is centered on elderly people with dementia and is divided into three major
directions (caregiver and care; care and technology; and technology and elderly people
with dementia) and is implemented with related community, neighborhood network,
and service design concepts. It is expected that through the proposed “ Caring Service
Design Study for Elderly People with Dementia”, this study can make recommendations
for the development of the “Content of Caring Service Design Study for Elderly People
with Dementia” for age-friendly cities which has been advocated by the World Health
Organization and key partners for many years, to “Create Happiness through Care”.

1.4 Physical and Mental Needs of Elderly People with Dementia in Care Service
Technology

As caregivers age, their physical and mental functions gradually decline, and elderly
people with dementia experience the same problems and inconveniences when using
various products. Therefore, understanding the physical and mental characteristics of
the elderly is helpful for the elderly in using technology products. The physical and
mental functions related to the design of products for the elderly can be divided into
motor functions, perceptual functions, cognitive functions, and information device usage
factors, which are individually described below:

(1) Motor Functions

Motor functions include muscle strength, dexterity, and speed. The muscle strength
of elderly people decreases with age due to the reduction of myogenic fibers (Fujiwara,
Sotoyuki, & Tateno, 1996). At the same time, the central nervous system control of
muscle movement is reduced, which will affect the sensitivity and speed of the elderly
(Vercruyssen, 1997), so the operation time for a task needs to be increased. Furthermore,
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the operation time of different elderly people varies greatly for tasks with more complex
and difficult contents, and the required operation time is approximately 1.4 to 2.0 times
that of young people [2].

(2) Perceptual Functions

Regarding visual aspects, in order to make the product interface easy to operate for
the elderly, the text size should be at least 12–14 points in a left-aligned sans-serif font and
designed to be adjustable in size in the design of a touch interface. In addition, dynamic
text can reduce the reading ability (including speed, correctness, and willingness) of the
elderly, and a static, high-brightness contrast between text and background is preferred.
In terms of hearing, because older adults are less likely to understand computer speech,
the use of synthetic voices should be avoided, and slower speech speed is preferred. In
terms of volume, elderly people tend to prefer a volume of 74–85 dB.

(3) Cognitive Functions

The mental state of the elderly affects their cognitive abilities, and the provision of
appropriate communication and interaction through technology can improve this prob-
lem. However, attention should be paid to the mental load of the elderly to avoid over-
learned functions. Technology anxiety is a problem for older adults in technology oper-
ations, and incorrect operating experiences may increase their aversion to technology.
The complexity of the functions and interfaces of information technology (IT) products
and the physical and mental deterioration of the elderly, as well as the lack of previous
experience in using IT products have caused many problems for the elderly in using IT
products [3]. As learned from the in-depth understanding of the operation of technology-
related products by the elderly, the most important problem is the decline in memory
and attention due to cognitive deterioration, which makes it difficult to operate and cre-
ates a sense of rejection [2]. In addition, cognitive functions-visual attention, working
memory, and planning functions also affect the use of information technology as older
adults age. For example, poor visual attention can lead to an increase in search time and
even the turning of a blind eye to the searched object. If working memory is weakened,
the reading time will increase when an older adult is reading and understanding [3].

(4) Problems with the Usage of Information devices

Elderly people with dementia may reject or forget to wear anti-lost products due to
cognitive impairment. Therefore, if elderly people wander around and are lost without
the device, the prevention andmonitoring functions of the device aremeaningless. Either
way of wearing the device cannot ensure the safety of the wearer. Even if one is able
to pinpoint the location of the elder, it is still a chore to find them in the middle of the
night. Furthermore, the positioning of the elderly does not guarantee their being brought
home immediately. Hence, it still requires a social care system platform to avoid putting
caregivers in a state of fear 24 h a day.
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Currently in Taiwan, although the caregivers or home helpers of elderly people with
dementia may be young, the reality is that most of the caregivers are older adults. There
is a trend of elderly people taking care of elderly people in Taiwan. Both the caregiver
and the care recipient, whether they are elderly or elderly people with dementia, may
encounter difficulties when assisting in the operation and donning of devices due to
physical ormental (cognitive) impairment. For example, it requires flexion and extension
of the limbs, bending, turning, and manipulation of both hands for putting on and taking
off the clothing, pants, shoes, and socks. Therefore, when joint mobility or muscle
strength is insufficient, it will affect the activities of dressing and undressing. The way
clothing is put on or secured creates the need for themanipulation techniques for buttons,
zippers, velcro straps (Velcro), buckles, elastic bands, and straps. Elderly people with
dementia are often overwhelmed or forgetful during the operation steps and are unable to
put on and take off the devices. This study is designed from the service design perspective
to meet the needs of caregivers and to reduce their physical and mental stress.

1.5 Summary

Long-term care is still the goal of caring for elderly people with dementia in their daily
life and home treatments, whether in the middle or late stages of the disease. Therefore,
this study aims to explore the psychological needs of elderly people with dementia from
the perspective of service design and hopes to develop care products and service design
platforms for elderly people with dementia from shared values and designs based on
their homes and communities. Because of the significant differences in the physical and
mental functions of elderly people with dementia, this study will explore the elderly
people with dementia of different living styles and symptoms, and design care products
and services that meet the physical and mental functions and living styles of elderly
people with dementia through the integration of cross-border technology, so that elderly
people with dementia can achieve the purpose of interaction and care with the family,
friends, and community.

2 Research Method

This study will first explore the care and stress issues faced by elderly caregivers due to
the wandering of elderly people with dementia. Through the review of related Taiwanese
and international literature, we may discover suitable home care fields for elderly people
with dementia, and define the problems and care service interface design of wearable
devices that could potentially arise from the wandering and disappearing of elderly
people. Consequently, this study aims to make two preliminary design proposals for
anti-wandering wearable devices as shown in Fig. 1.
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2.1 Phase 1: Literature Review and Analysis

Although this study has already collected data on elderly people with dementia, elderly
caregivers, wearable devices, positioning technology, and care services, it is still neces-
sary to conduct an in-depth literature review to further understand the status of domestic
and international research. By doing so, this study can collect research and analyses
on the physical and mental functions, as well as the lifestyles of elderly people with
dementia, the technological adaptability of elderly people with dementia and their care-
givers, the needs of elderly people with dementia for care service platforms, positioning
technologies, and the design of cognitive aids for daily life. It aims to further explore the
needs of service design in care and practical applications in order to effectively reduce
the physical and mental stress of elderly caregivers. The stereotyping, durability, and
battery life of anti-wandering wearable devices, the collaborative searching system, and
current technology development and applications will also be discussed in depth. Fur-
thermore, the relationship between caregivers, wearable devices, and care platforms will
also be explored as the basis for the next stage of implementation.

Fig. 1. Basic Concept for the interface Framework

2.2 Phase 2: Care Field Survey, and Problem Identification and Definition

Based on the research results of the first phase, this study will conduct caregiver inter-
views, and observations and documentations on the daily living environment of elderly
people with dementia, with a specific focus on the problem of wandering. Through
expert consultation meetings, recommendations will be made for family responses, col-
laborative searching approaches, care settings, service design needs, and care models.
Then, three caregivers of elderly people with dementia will be invited to participate
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in a focus group for face-to-face discussions with digital cameras and audio recorders.
The patients’ wandering symptoms due to cognitive impairment, the caregivers’ search
in the case of wandering, the collaborative searching process, and the problems faced
by caregivers in caring for the patients in order to develop various devices, care model
concepts, and design plans as shown in Fig. 2.

Fig. 2. Interface planning and development

2.3 Phase 3: Proposal for Prototype of Wearable Care Products

This study will draw affinity diagrams and behavioral models for the corresponding
care model for elderly people with dementia and the care service design approach. In
addition, it will plan the feasibility of wearable products with indoor departure detection
sensors and outdoor location monitoring to reduce the search time and the probability
of wandering and reduce the pressure of caregivers’ vigilance throughout the day. This
study plans to design three or more anti-wandering wearable devices for care service
design proposals so that the products are not only in conformity with the design but also
meet the requirements for durability and safety as shown in Fig. 3.
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Fig. 3. Idea planning and development

3 Results and Discussion

3.1 Research Results

Upon the completion of the design study of care services for elderly people with demen-
tia, the participations in universal design and related design competitions are expected
using the findings of this study. In addition, the research results and recommendations
will be compiled and published to contribute to the field of usability design for elderly
people with dementia.

The above care platform is named “Elderly Care” which divides the care of elderly
people with dementia into four major areas: biological condition and status, medical
care, lifestyle, social activities, and relatives’ companionship. The caregivers will fill
in relevant data and information according to the different characteristics of the older
adults. With the aid of technology, caregivers can effectively take care of elderly people
with dementia even in remote locations.

Together with the wearable device of “ElderlyWare”, the software and hardware can
help caregivers to provide more comprehensive care for elderly people with dementia.
The ElderlyWare is equippedwith audio, camera, and positioning functions tomatch the
platform’s functionality and has an earthy tone and a simple shape to suit the preferences
of older adults.
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The following Table 1 explains how to use the care platform of “Elderly Care” in
detail.

Table 1. Result of the care platform of “Elderly Care”

1 
The caregiver is the main 
user of the platform. 

After entering the page, 
you must enter the physical 
condition of the elderly 
person with dementia to 
facilitate regular monitor-
ing by the wearable device, 
ensure the correct basic 
physical values of the el-
derly person with dementia, 
and immediate reply to the 
caregiver.

2 To get closer to the original 
living status of elderly 
people with dementia and 
increase the usefulness of 
the care platform, the "Liv-
ing Habit" is divided into 
four categories: eating and 
drinking habits; hygiene 
habits; social activities; and 
sleeping patterns. 

After entering the menu, 
you can adjust various 
values in detail.

(continued)
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Table 1. (continued)

3 Taking hygiene habits as an 

example, to prevent faint-

ing or unconsciousness, 

indoor space scanning 

technology is used to allow 

caregivers to divide the 

living space into multiple 

blocks and set the maxi-

mum length of stay in each 

space. 

In the case of an unfortu-

nate event, caregivers can 

be notified in real-time 

through care platforms for 

emergency treatments. 

The camera can be turned 

on by the wearable device 

or by calling a preset emer-

gency contact.

4 

Using social activities 

as an example, GPS tech-

nology is used to track the 

exact outdoor location of 

elderly people with de-

mentia. 

Caregivers can set the route 

of going out according to 

the different living condi-

tions of the elders, and set 

the distance beyond the 

predetermined route to 

send an alert.

(continued)
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Table 1. (continued)

5 In order to increase the 

interaction between care-

givers and elderly people 

with dementia, the platform 

has a "Relative Compan-

ion" area which allows 

caregivers to add warmth to 

the elderly’s lives through 

pre-recorded voices played 

from wearable devices to

remind them of medication 

or meals when they move 

around in different times or 

spaces.

6 In addition to the above, 

internal adjustments can be 

made for many items, in-

cluding pre-recorded con-

tent, the timing of playing 

the recorder content, the 

opening of the camera, and 

emergency contacts. 

This study aims to create a 

warmer way of caring for 

the elderly with the help of 

technology in a way that is 

closest to the life of elderly 

people with dementia.

The following Table 2 explains the use and structure details of the “Elderly Ware”
wearable device.
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Table 2. Result of the usage and structure details of the “Elderly Ware” wearable device

1 After selection and discussion, 
this study decides to set the 
wearable device as a water-
proof necklace. 

The shape is simple and clean 
to increase the willingness of 
the elderly in wearing it.

2 A skin-friendly, breathable 
material has been chosen for 
the neck ring, and a conserva-
tive brown color is chosen to 
increase the elderly’s willing-
ness to wear it.

3 The neck ring is used magneti-
cally to minimize the difficulty 
of putting it on and taking it 
off.

4 
In the center of the device is a 
small lens, which can be 
turned on in case of emergen-
cy to understand the situation 
in real-time. 

The long and narrow recesses 
on the left and right are for the 
pre-recording voice function in 
the "Elderly Care" of the plat-
form.

(continued)
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Table 2. (continued)

5 There is a USB port on the 

Elderly Ware for charging and 

reading some of the device's 

information. In the case of a 

person with dementia getting 

lost, one may quickly access 

emergency contact infor-

mation.

4 Conclusion and Suggestions

This study discusses the lifestyles of caregivers and elderly people with dementia and
explores the service needs of care products for elderly people with dementia. In addition,
it will present empirical findings on the physical and mental functions of caregivers for
the applications of designed care products, system platforms, and service design-related
products. Through the integration of the project, the design results will be validated in
various fields to evaluate the acceptance, satisfaction, and user experience of the care
products by caregivers and elderly people with dementia, and the subsequent application
reports will be written. Finally, this study will propose the promotion strategies of the
care products and system platform services for elderly people with dementia. It will
also complete the integration of field systems to achieve the goal of elderly people with
dementia living independently while aging successfully and locally.
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7. Petrovčič, A., Slavec, A., Dolničar, V.: The ten shades of silver: segmentation of older adults
in the mobile phone market. Int. J. Hum.-Comput. Interact. 34(9), 845–860 (2018)

8. Tan, B., Fox, S., Kruger, C., Lynch, M., Shanagher, D., Timmons, S.: Investigating the health-
care utilisation and other support needs of people with young-onset dementia. Maturitas 122,
31–34 (2019). https://doi.org/10.1016/j.maturitas.2019.01.003

https://doi.org/10.1016/j.destud.2018.06.001
https://doi.org/10.1016/j.maturitas.2019.01.003


Effectiveness of Support Programmes
for (in)Formal Caregivers of Older Dependent

People to Design Technologies

Vanessa Zorrilla-Muñoz1,2(B), Alberto Veira-Ramos2,3,
María Silveria Agulló-Tomás2,3, Nicolas Garcia-Aracil1, and Eduardo Fernandez1,4

1 Bioengineering Institute, Miguel Hernández University of Elche, Elche, Spain
{vzorrilla,nicolas.garcia,e.fernandez}@umh.es

2 University Institute on Gender Studies, University Carlos III of Madrid, Getafe, Spain
{aveira,msat}@polsoc.uc3m.es

3 Department of Social Analysis, University Carlos III of Madrid, Getafe, Spain
4 CIBER BBN, Elche, Spain

Abstract. The growing number of older dependent population in Spain has incre-
mented the demand for programmes and services aimed to provide support to
(in)formal caregivers. Current legislation does not provide clear standardized prac-
tices for the results evaluation of suchprogrammeswhich can constitute a guideline
for public or private organizations, including NGOs. One strategy to successfully
cope with this situation is the implementation of self-administrated questionnaires
as an essential part of a cycle of continuous improvement of programmes and ser-
vices. This paper is based on results from survey data collected from a sample of
managers of programmes, suggests that entities using self-administrated question-
naires can, indeed, improve the effectiveness of their programmes significantly.
The result of this study could contribute to the design and develop devices and
software to improve care of older people and provide caregivers complementary
assistance, especially, for older women.

Keywords: Ageing · Caregivers · Support programmes · Effectiveness
assessment/evaluation · care technologies · care devices · Gender

1 Introduction

World’s population projections point towards an accelerating ageing during the oncom-
ing decades. Although significant improvements in the health care systems of most
developed countries are helping people to live longer and healthier lives, the abso-
lute numbers of older dependent people will grow considerably over the next decades.
This trend is unlikely to be reversed unless cures for neurodegenerative diseases such
Alzheimer are developed and made available to the public. Such context will constitute
a serious challenge for governmental and non-governmental organizations involved in
the provision of formal and informal care to the dependent older population (Leadley
et al. 2014; Sixsmith et al. 2014; Jin et al. 2015; Stein and Sadana 2015; Steptoe et al.
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2015). In this vein, projects implemented tomonitor the increase of dependent older peo-
ple and their needs1 point to a growing demand for professional and semi-professional
care which will require effectiveness of support services. Campbell et al. (2000) defines
effectiveness as ‘[…] the extent to which care delivers its intended outcome or results in
a desired process, in response to need. […]’. Lam Díaz et al. (2008) considers effective-
ness in terms of a health system as the expression of the impact measure that a procedure
has on the population health. Therefore, effectiveness considers the level with which
tests, procedures, treatments and services are provided and the degree to which patient
care is coordinated between health persons, institutions and time. Effectiveness is an
attribute that can only be evaluated in real practice. For Van Mierlo et al. (2012), the
effective support can contribute to reduce caregivers’ negative outcomes (i.e. overburden
and psychosocial illnesses).

Caregivers constitute a segment of the population that is expected to increase along
with the number of dependent older adults. In fact, the evaluation of programmes
for caregivers of older people has already a long history (see authors such as NHS
Executive 1994; Giacinto 1996; Hodgson, et al. 1998; Collins et al., 2002; Woolham
and Challis 2008). Particularly, three international projects (EUROFAMCARE2, CAR-
MEN and CAREKEYS) analyse programmes for caregivers of older people (IMSERSO
2005). More specifically, EUROFAMCARE applies several assessment tools to ser-
vice providers and program managers for caregivers of older people with the purpose
of analysing the caregiving services with respect to effectiveness and efficiency. The
results of EUROFAMCARE demonstrate that older women assume the traditional role
of informal caregiving within the family. Furthermore, the EUROFAMCARE reports
inform about the negative consequences associated to caregiving activities (i.e. the lack
of time for caregivers to take care of themselves and the loneliness that can frequently
lead to the caregiver into social exclusion) and the need to strengthen support for care-
givers. Yet, EUROFAMCARE reports indicate that an overwhelming majority of carers
(over 75%) never used support services. This is mainly due to their high cost (Poland),
the complexity in the bureaucratic process (Italy), or non-availability or difficult acces-
sibility (Greece). At the same time, data from these studies also reveals that caregivers
who have access to these programmes are highly satisfied with them.

Triantafillou et al. (2010, 2011) (INTERLINK team) in its report “Informal Care in
LongTermCare System. EuropeanOverviewPaper” provides a comparative overviewof
policies by identifying deficiencies and best practices in supporting informal caregivers
of older people. INTERLINK team notices that there is no definition of the princi-
ples from which to establish policies to support comprehensive character for informal
caregivers in many of the examined countries.

The extensive review of projects and bibliography highlights the necessities in the
field of support for caregivers in different countries. Research papers in European coun-
tries like Bień et al. (2013); Chiatti et al. (2013); Lüdecke et al. (2012); Di Rosa et al.
(2011); Krevers and Öberg (2011); Alwin et al. (2010); Lamura et al. (2008); Lamura
et al. (2006); Stoltz et al. (2004) point out how in Europe the level of older people needs’

1 See for example PROCARE, PRO ELDERLY HEALTH, DAPHNE or CAREKEYS.
2 See more information and detailed description about the project here:https://www.uke.de/ext
ern/eurofamcare/beschreibung.php.

https://www.uke.de/extern/eurofamcare/beschreibung.php
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coverage does not reach the expected levels. In a non-European countries’ context, it is
also worth mentioning research papers like Espín Andrade (2003); and Huenchuan et al.
(2009). Keefe et al. (2008) has developed a tool to enable practitioners to understand
caregivers’ needs and situations in Canada. Moreover, some papers emphasize the need
for best practices analysis in the care of older people –i.e. Hickman et al. (2007), Moyle
et al. (2008)–.

Situation of older people caregivers’ programmes and their evaluation in Spain.
In Spain, the first studies based on older people caregivers’ samples were developed

in the 90s. During this decade, the main focus was on evaluation of services provided to
older people like residences and day-care and night -care centres or telecare (Medina et al.
1998). However, few programmeswere adequately evaluated at that time (Agulló-Tomás
2002).

Implementation and development of support programmes to caregivers’ fostered
during the first decade of the century. EUROFAMCARE, for instance, reported about
fiveof suchprogrammes implemented infivedifferent regions ofSpain in 2006: ‘Training
program for caregivers’ (Canary Islands), ‘Sendian’ caregiver support program (Basque
Country), ‘Welfare Check’ (Galicia), ‘Carer Subsidy’ (Madrid) and ‘Vida als Anys’
(Catalonia).

Some authors analysed the development and implementation of psychosocial sup-
port programmes: Crespo and López (2007) assessed the development of programmes
for caregivers trying to foresee “how to maintain well-being in ageing”. This study was
conducted through an experimental, psychological and individual methodology based
on preventing and minimising caregivers’ stress. Additionally, intergenerational pro-
grammes were aimed to alleviate the loneliness of older persons (Ayala et al. 2021) wich
included the program “Close to you” from 2010 (IMSERSO with FEMP, Red Cross,
Caritas and ADESSTA). Other authors evaluate the intervention programmes, i.e. the
paper of Torres et al. (2008) analyses publications –appeared in the previous ten years–
of various programmes and interventions to support informal caregivers in Spain. This
analysis demonstrates that there is very little research based on evidences draw from
programmes’ results.

Some programmes have already been implemented and evaluated for a long period,
i.e. ‘The Ageing Report’ (EC 2012) explores caregivers’ programmes in Spain and
describes different future scenarios by considering variables such as dependency rates
- demographic scenario or constant disability scenario, between others - by the pro-
jection of receiving formal care. Agulló-Tomás et al. (2018, 2019) have described the
necessities and demands related to older women caregivers. They have discussed about
the necessities of implementation and, evaluation of programmes aimed to support care-
givers of older people, because these types of program remain almost negligible in Spain.
In this line, other authors, for example, Val-Calvo et al. (2019), Catalan et al. (2021)
and Zorrilla-Muñoz et al. (2022) emphasize research need about new technologies and
methodologies applied and developed for a better care of older people with disabilities,
specially women.

Our work is based on results from a research project funded by the Spanish gov-
ernment to assess the potential impact of legislation reform (‘Ley de Dependencia’,
-Dependency Act- approved in 2010) on the older dependents support improves. This
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project aimed to broad the scope of social research on ageing in Spain by targeting also
caregivers.

This chapter aims to contribute to existing literature on the challenges of ageing by
filling an existing gap in the reaserch on caregiving services, which is still underdevel-
oped.Most particularly, this article provides insight onhow implementing self-evaluation
questionnaires can improve effectiveness of the programmes aimed to provide support to
caregivers of old dependents. The focus of this paper is the intermediaries (managers and
coordinators of the companies providing services to older adults) because the outcomes
focus are the process oriented.

This article responds to the following research questions:

1. Is effectiveness dependent on the program’s design, when controlling for relevant
factors such as programme impact on beneficiaries and participation?

2. Could self-administrated surveys be regarded as a valid methodology for the
self-evaluation of performance and the identification of potential measures for
improvement support services to caregivers?

3. Could this questionnaire be implemented in current devices designed for (in)formal
care help?

2 Methods

The applied method is divided in two phases:
First phase: A questionnaire was designed to be completed by managers of pro-

grammes providing (in)formal support to old dependents and their caregivers. The
Questionnaire for Responsible on Programmes Caregiver Support (QRPC) collected
information about the characteristics of entities providing support to caregivers of old
dependents and the type of programmes they implement, the number and profile of
beneficiaries and the estimated budget and geographical scope of their activities. Addi-
tionally, the questionnaire includes several items which could be used by each entity to
self-evaluate its performance.

The list of initial targets was elaborated in cooperation with various organizations,
Public Administration, Non-Profit Organizations and independent vendors, all of which
provided a directory of contacts of potential providers of services of some sort to older
adults: 1) One directory was provided by the Spanish Confederation of Families with
Alzheimer’s and other Dementias CEAFA with over 1,229 addresses. This organiza-
tion was founded in 1990s and is formed by 270 associations grouped in 19 regional
federations representing more than 200,000 families (see http://ceafa.es). 2) Another
directory was acquired from “Fundamental Negocios, SL” which provided additional
2,915 addresses of private companies providing services to older adults like Day-care
centres and residences. 3) A third directorywas acquired from theCompanyWebMunic-
ipal Councils with additional 8,112 addresses of public regional and local institutions.
4) Finally, In addition to these directories, the research team conducted its own mailing
based on the exploration of web sites of various organizations. Then, a non-probabilistic
sampling dynamic type “snowball” for sending multiple partners was initiated.

Despite de initial large number of addresses not all were updated, many emails
were returned and most of them did not have programmes aimed to caregivers of old

http://ceafa.es
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dependents. Therefore, a phase of filtering was conducted after which a sample size of n
= 969 programmes coordinated by 435 managers of different institutions was defined.

Before the distribution of the questionnaire by E-mail, a pre-randomized trial of
the questionnaire was administrated to 101 entities meeting certain criteria: 1) To have
professional staff with experience on Social Work, Education Social Psychology, Nurs-
ing, Physiotherapy or Sociology; 2) To have staff with experience working as man-
ager/director in the entity and; 3) To offer support programmes for caregivers of old
dependents.

Finally, a total of 338 managers and coordinators completed our questionnaire pro-
viding information about 439 programmes. The software to analyses questionnaire was
STATA.

The Questionnaire for Responsible on Programmes Caregiver Support (QRPCS)
was constructed to assess which services are provided, how were they designed and
implemented and the profile of beneficiaries. Additionally, items to measure effective-
ness, impact on beneficiaries and participation were included. Its design (see Table 1)
was based on some of the proposed items of EUROFAMCARE “Questionnaire service
providers” (SPQ) and other resources such as: 1) Web pages of analysed entities: 530
programmes that appear in different Web pages; 2) Expert seminar based on the con-
sideration of evaluation from a classical perspective (Epting et al. 1971; Rossi et al.
1988; among others); 3) Participatory approaches, such as Patton (2003) or CIPP model
(Stufflebeam 2003); 4) The Spanish context through Bañón et al. (2003), Bustelo (2003);
5) The recommendations of the Evaluation and Quality Agency (hereinafter AEVAL)
and the Spanish Evaluation Society (hereinafter SEE).

Each item of the questionnaire used in the quantitative analyses presented in this
article was formulated through a Likert scale of 3 points by considering the following
scores: Disagree (1), not disagree and not agree (2) and agree (3). All relevant items
used in the models presented in this article are listed in Table 1.

Table 1. Cronbach α and average inter-item correlation factor for the CSPQ factors: Design,
Participation design, Program effectiveness, Impact on beneficiaries.

CSPQ factors by group Cronbach α AIIC
(Average Inter-Item Correlation)

0.9961 0.3413

Design 0.9116 0.4424

Participation design 0.9322 0.6627

Program effectiveness 0.9119 0.3928

Impact on beneficiaries 0.9683 0.6163

A second phase complements the results of this study with a qualitative exploratory
method through the discourses of ENCAGE-CM3, ENVACES and ENCAGEn-CM,
where were extracted 118 documents and testimonies of LEDYEVA project were also

3 see https://encage-cm.csic.es/.

https://encage-cm.csic.es/
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exploited4 with 124 codes (generated from the previous scripts) and the following sub-
codes: “Programmes” (284 discourses)”Technologies” (103 discourses) and “Image”
(182 discourses) and “Care” (296 discouses). Based on these codes/variables, the rela-
tionship or co-occurrenceswere assessed, and the citations/verbatimswhere codes/topics
appeared more frequently were compared. The interviews were completely transcribed
and anonymized, before carrying out a content analysis using the ATLAS.ti program
(v8).

3 Results

First, basic descriptive statistics based on sample data are provided and results of fac-
tor analysis and regression models are presented. Second, discourses of the qualitative
analysis were commented.

At least 43.96%of sampled entities areNon-profit organizations (NGOs) and 36.90%
belong to the Public Administration. Private entities and Foundations do not reach 20%
altogether (9.34% and 9.79% respectively). Most of the entities operate locally (44.65%)
and only 18.68% at national level. The rest acts in mancomunal (14.92%), provincial
(8.88%) and regional level (13.67%). NGOs have the smallest available estimated bud-
get to implement this type of programmes (mean budget of 13,001.77 EUR) which con-
stitutes about a quarter of the mean budget reported by Public Administration entities
(53848.67 EUR). Private entities have a budget of 25417.25 EUR and private Foundation
35868.67 EUR.

Regarding the type of services offered, themost frequentlymentioned by respondents
are training programmes, (36.4%), followed by groups of psychosocial support (29.9%)
and, individual psychosocial support programmes (15.1%). Leisure programmes repre-
sent only 3.3%of the total although tend to be highly valued bybeneficiaries, according to
respondents. Information andmanagement programmes and indirect/mixed programmes
account for 8.6% and 6.8% respectively. Completion rate of programmes offered by all
sampled entities is on average 72.99%.

About 60% of programmes are bidirectional, because they intend to help caregivers
to take care of themselves and help them to take better care of the dependent older person
they oversee. Themost frequent profile of beneficiary is that of an unpaidwoman (78%of
participants).Most programmes are in fact specifically addressed to housewives or retired
women. This analysis coincides with other mentioned researches such INTERLINK
or EUROFAMCARE project. Finally, it should be mentioned that 206 programmes
correspond to entities without a quality management certificated system, of which 121
are NGOs.

A total of 57 items from the questionnaire were examined. The AIC and BIC defined
a minimum number of 46 statistical factors with four cases of Heywood over the 57
selected. Nine factors were validated through an initial plotter of data. The outcome was
refined through the plot of four accumulated selective factors which were labelled as
“design”, “participation”, “effectiveness” and “impact” of programmes. Cronbach anal-
ysis was calculated for each group of variables – grouped into 4 factors - as represented
in Table 2 -.
4 see http://cuidadoresdemayores.blogspot.com/.

http://cuidadoresdemayores.blogspot.com/
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Table 2. Statistical results of Design, Participation, Effectiveness and Impact factors.

Item Mean ± SD KMO FD UV Cronbach

α

AIIC

Design Internal_meetings 1.5148 ± 0.0457 0.9413* 0.7891 0.3129 0.8181 0.8989

Implemented_program 0.9379 ± 0.0518 0.8563* 0.6267 0.3491 0.6603 0.9067

Rules/opinions 1.0976 ± 0.0550 0.8693* 0.6137 0.4040 0.6643 0.9065

Pre_assessment_study 1.1923 ± 0.0511 0.9418* 0.7006 0.4112 0.7432 0.9027

Goals_expressions 1.4615 ± 0.0460 0.9598* 0.8413 0.2586 0.8473 0.8974

Program_schedule 1.5267 ± 0.0469 0.9072* 0.8781 0.1654 0.8717 0.8962

Goals_results_program 1.5917 ± 0.0445 0.9099* 0.8884 0.1425 0.8776 0.8959

Indicators_results_program 1.3669 ± 0.0482 0.9381* 0.8232 0.2479 0.8321 0.8982

Activities_services_program 1.5237 ± 0.0467 0.9124* 0.8342 0.2647 0.8398 0.8978

Methodology_program 1.5651 ± 0.0452 0.9560* 0.8976 0.1343 0.8879 0.8953

Resources_program 1.4911 ± 0.0448 0.6712* 0.8603 0.2289 0.8642 0.8966

Known_program 1.6006 ± 0.0458 0.6873* – 0.0168 0.4405 0.0527 0.9314

Updated_program 1.7988 ± 0.0423 0.6901* 0.0531 0.4900 0.0970 0.9298

Participation Participation_definition 1.9319 ± 0.0367 0.9466* 0.7777 0.3836 0.8216 0.9245

Program_design_participation 1.2337 ± 0.0584 0.9240* 0.7960 0.3217 0.8288 0.9236

Program_design_development 1.4852 ± 0.0519 0.9106* 0.8502 0.2394 0.8687 0.9185

Program_design_evaluation 1.5030 ± 0.0527 0.9100* 0.8582 0.2382 0.8748 0.9177

Interaction 1.8047 ± 0.0430 0.9207* 0.7975 0.3275 0.8320 0.9232

Objectives_achievement 1.8669 ± 0.0407 0.8918* 0.8183 0.2668 0.8452 0.9215

Institutional_collaboration 1.6183 ± 0.0492 0.9451* 0.7906 0.3592 0.8306 0.9234

Effectiveness Quality_certification 1.5384 ± 0.0537 0.9409* 0.7431 0.3431 0.7699 0.9025

Program_coverage 1.9083 ± 0.0395 0.9252* 0.7963 0.2591 0.7951 0.9015

Achieved_objectives 1.8047 ± 0.0428 0.9616* 0.8258 0.2790 0.8323 0.9001

Program_influence_employment 2.8669 ± 0.0231 0.2905* – 0.0712 0.5427 0.1750 0.9221

Program_influence_phys_health 1.6834 ± 0.0407 0.7825* 0.3453 0.6762 0.3660 0.9163

Program_influence_emotions 2.1864 ± 0.0453 0.3953* – 0.0267 0.4421 0.1815 0.9219

Program_influence_social 2.3817 ± 0.0437 0.4115* 0.1497 0.5000 0.2582 0.9196

Program_impl_res_service 1.6213 ± 0.0481 0.9297* 0.8068 0.2516 0.8109 0.9009

Program_impl_res_develop 2 ± 0.0353 0.9514* 0.8254 0.2641 0.8308 0.9002

Optimal_results_persons 1.9349 ± 0.0396 0.9101* 0.8455 0.1461 0.8211 0.9005

Optimal_results_time 1.9586 ± 0.0388 0.8726* 0.8389 0.1192 0.7998 0.9013

Optimal_results_money 1.8787 ± 0.0431 0.9427* 0.8255 0.2386 0.8131 0.9008

Efficiency_compared 1.94083 ± 0.0413 0.9555* 0.7435 0.3762 0.7633 0.9027

Assess_less_expensive 1.0710 ± 0.0638 0.9352* 0.7306 0.3797 0.7447 0.9034

Benefits_overtime 1.8521 ± 0.0402 0.9655* 0.7709 0.3642 0.7799 0.9021

Program_viability 1.8846 ± 0.0415 0.9465* 0.7603 0.3369 0.7600 0.9028

(continued)



Effectiveness of Support Programmes 399

Table 2. (continued)

Item Mean ± SD KMO FD UV Cronbach

α

AIIC

Impact Program_supported_external 1.3402 ± 0.0573 0.9683* 0.7603 0.3330 0.7762 0.9669

Program_known_society 1.3461 ± 0.0514 0.9609* 0.8146 0.2384 0.8239 0.9662

Program_acc_bar_administrative 0.9142 ± 0.0640 0.9453* 0.8880 0.0690 0.8784 0.9655

Program_acc_bar_economic 0.9024 ± .0646292 0.9546* 0.8782 0.0861 0.8695 0.9656

Program_acc_bar_culture 0.9556 ± .0627376 0.9598* 0.8731 0.0937 0.8647 0.9657

Program_acc_bar_geographycal 1.1568 ± .0596057 0.9728* 0.8342 0.2028 0.8363 0.9660

Program_acc_bar_temporary 1.4319 ± .0561351 0.9645* 0.7376 0.3402 0.7503 0.9672

Program_acc_bar_information 1.2278 ± .0566429 0.9728* 0.8143 0.2473 0.8212 0.9663

Program_framework_promotion 1.396 ± .054865 0.9602* 0.7392 0.3419 0.7566 0.9671

Program_relevancy_institutional 1.7958 ± .044436 0.9381* 0.7586 0.2296 0.7708 0.9669

Program_relevancy_economic 1.7899 ± .0443541 0.9529* 0.7694 0.2513 0.7822 0.9668

Program_relevancy_social 1.9615 ± .0361069 0.9512* 0.7634 0.2650 0.7777 0.9668

Program_changes 1.3047 ± .0572713 0.9667* 0.7699 0.3195 0.7836 0.9668

Careers_return_participation 1.7722 ± .0438938 0.9707* 0.7768 0.3038 0.7928 0.9666

Careers_recommendation 1.9349 ± .0384693 0.9446* 0.7369 0.2805 0.7522 0.9672

Program_continuation 2.0710 ± .0319528 0.9579* 0.7712 0.2489 0.7855 0.9667

Program_resources_continuation 1.5710 ± .0524031 0.9601* 0.7208 0.3339 0.7393 0.9674

Detection_problems 1.6035 ± .0491241 0.9594* 0.7736 0.2585 0.7874 0.9667

Program_improve 1.6301 ± .0455924 0.9726* 0.7960 0.3037 0.8099 0.9664

* Bartlett test p < 0.01 and multivariate analysis p < 0.01.

SD (Standard Deviation), KMO (Kaiser-Meyer-Olkin), FD (Load factor), UV
(Uniqueness Variance), AIIC (Average Inter-Item Correlation).

KMO statistical sampling frequencies provided adequacy (from 0.79 to 0.88).
Bartlett’s test (p < 0.01) and Multivariate statistics (p < 0.01) were also applied. Load
factor (FD) and uniqueness variance (UV) calculated comply with the FD< 0.4 and UV
> 0.6. Thus, it was found that selected factors were suitable for statistical analysis. After
items’ correction over the initial 57 items, the factor-solution was determined by the
plot analysis and screen printing. Statistical results are illustrated in Table 3 for a final
55 items selected (2 items were eliminated of the model for not reaching the minimum
statistical levels tested). The mean and standard deviation are also indicated in Tables.

Table 3 shows the final version of the 55 selected items which are included in the
4 factors: “Design”, “participation”, “effectiveness” and “impact” of programmes. The
table illustrates the load factor, mean, standard deviation and correlation item-subscale
corrected for each element. The variables of all items revealed the internal consistency
analysis with α Cronbach of. 0.9961 and the average inter-item correlation (AIIC) test
was 0.3413.

The prediction of effectiveness was calculated through multiple regressions. The
results demonstrated that the model using the total scores of the effectiveness (ANOVA
analysis with P < 0.01) as a criterion variable and the total scores for design, participa-
tion and impact of programmes (ANOVA analysis with p< 0.01) as predictor variables,
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Table 3. Multiple regression analysis model depending on entities.

Entities Number of entities R2 F

Total 338 0.9245 3, 334 (1362.59)*

Without quality certification 206 0.9325 3, 231 (929.77)*

Public Administration entity 90 0.9672 3, 286 (845.65)*

Private entity 31 0.9589 3, 27 (209.99)*

Foundation 34 0.8840 3, 30 (76.19)*

Non-profit organization 183 0.9197 3, 179 (683.37)*
* p < 0.01

is statistically significant (adjusted R2 = 0.8096, F (3, 334) = 473.40, p < 0.01). Stan-
dardized beta coefficients are β = 0.1181, and t = 4.20 p < 0.01 for the design; β =
0.0298, t= 0.084 for the participation; and β = 0.4070, t= 0.0296 and p< 0.01 for the
impact of programmes.

A second model was calculated by considering only entities without quality certifi-
cation (n = 206). For this case, the results obtained improved R2 = 0.9325, and F (3,
231) = 929.77, p < 0.01.

Alternative models were calculated splitting the sample by type of entity. Results
for Public Administration organizations are interesting because they often show the
best available estimated budget. The model provides high significance levels for Public
Administration entities, R2= 0.9672, F (3, 179)= 845.65, p< 0.01; Private entities, R2
= 0.9589, F (3, 27) = 209.99, p < 0.01; and Non-Profit Organizations, R2 = 0.9197, F
(3, 286)= 683.37, p< 0.01. In comparison, fitness and explanatory power of the Model
decreases slightly when applied to private Foundations: R2= 0.8840, F (3, 30)= 76.19,
p < 0.01.

Some of the discourses reveal programmes (where technologies and device are used)
are positive for both: Older people and caregiver. In this sense, programmes offer the use
of technology and devices could help to improve autonomy and independence of older
people if the devices are designed for the person, that is, person-centred with usability
technologies.

If I understand the use of this technology, then, I could become somewhat more
independent or autonomous (EPS_OSC_170615, older man, voluntary in a Non-
profit organization).

In relationship of the technology programs offered to (in)formal caregivers, some of
the discourses comment the need to design new digital accessible technologies available
in different lands and spaces. For example, rural spaces are usually non-accessible due
to the lack of Internet connectivity.

We continue to have a problem in rural areas […] and in the villages if the network
and Internet does not reach you, then you already have a tremendous gap there
(EPS_OSC_170512, woman, expert, Non-profit organization).
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Moreover, efficient programmes could reinforce technologies to help caregiver for
a better care and improving the quality of life of older persons with disease. Some dis-
courses indicate the importance of offer preventive control of diseases. This also applies
to the design of preventive-based technologies that can be included in rehabilitation and
therapy programs.

[…] so from a healthy life to suffering from illnesses, to starting in the critical
moment that we begin to decompensate, and that they begin to give us a poor
quality of life that makes us dependent that finally we die. […] we are not going
to achieve it if it is not also distancing the disease backwards (because we do not
forget that a person loses their autonomy and becomes dependent because he has
a series of diseases). A person is not dependent because today you decide to be
dependent. It is because the diabetes that he has made him already dependent,
or the hypertension that he had was not well controlled, he did not take care of
himself, or that percentage that escapes good care, and has a stroke, and has
become a hemiplegic (EPS_INS_170425, woman, expert, Institution).

At the same time, some programs increasingly offer technological support, to help
the person feel cared for and close. In this sense, it should be remembered that technology
can facilitate the person cared for (and the person who cares for them) to the resources
and the professional person.

Some personas have lived a terrifying isolation what you have to do is give it
oxygen, right? Oxygen to accompany them, to make them feel... One from Ireland
has come to us […] he saw us on the internet and he has come here and he is with
us in this. But he is still a person who has always been very active. He continues
to have and is very independent (EP_OSC_170407, older men, expert, Non-profit
organization)

4 Discussion

The research suggests that self-administrated questionnaires can, indeed, enhance effec-
tiveness in a context of 1) unclear regulation and 2) scarcity of (human and finan-
cial) resources, particularly among NGOs, (a fast-developing sector, given the lack of
sufficient services provided by the Public administration and the Private sector).

The implementation of self-administrated questionnaires is a comprehensive instru-
ment to be used for 1)measuring effectiveness of programmes and 2) providing feedback
on what measures to undertake to improve the quality of the services provided to care-
givers of old dependents and, 3) used for design new technologies connected to older
people and their (in)formal caregivers.

Effectiveness of programmes was measured through the regression model by using
three items’ groups: Design, participation and impact on beneficiaries. This model sug-
gests that using scales to measure effectiveness such as those included in the QRPCS
could help to improve knowledge on the level of older people needs’ coverage per pro-
gram and the feedback of participants. This knowledge and feedback could be very valu-
able to implement improvements on the programmes’ design during the self-evaluation
process.
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In the broader context of the socio-health sector, the design of a programme is often
included in certification schemes which apply standards such as UNE 158101 residential
centres, UNE 158201 day / night centres, UNE 158301 home help, and UNE 158401
telecare. The implementation of these standards has innumerable internal advantages,
among which it stands out that they facilitate the compliance of the legislation, provide
an efficient, safe and professional management, consolidating through indicators, and
also, are addressed to the evaluation and monitoring of the quality of the service offered.
However, the certification schemes for older people caregivers’ programmes are still
insufficient due to: 1) the lack of precise laws, regulations and standards and; 2) the lack
of sufficient provision of such services by the public administration or the private sector;
3) the lack of technologies evaluating the convenience of used programs as resources
to improve better care and facilities for the (in)formal caregiver. Under this perspective,
new platforms to connect professional and the care environment are in development and
introduce rehabilitation and therapy services integrated through video calls or games,
which in turn is favoring the reduction of the “digital divide” for older people and the
person who care them. Also, care professionals are conscious that new programmes
could include technologies address to prevention and health promotion in integrated
care programs related to home care (Lette et al., 2020). Examples of technology is the
robot iDRhA5 designed for patients with brain damage to do rehabilitation program at
home and preventive accidents devices, such as EGARA (http://bastonegara.es/)6 who
detects and prevents collisions and obstacles outside the home, allowing the person to
be more autonomous and independent.

Increasing need to compensate the lack of resources available to caregivers in Spain
has led NGOs originally specialized on the provision of services to old dependents to
adapt diversifying their activities in order to include also programmes for their (in)formal
caregivers. Thus, lack of clear procedures and standards on how to provide such services
has arisen as a major challenge for directors and managers of these newly implemented
programmes of training, support and relief aimed to caregivers.

One strategy to successfully cope with this situation is the implementation of self-
administrated questionnaires as an essential part of a cycle of continuous improvement
of programmes and services provided, most particularly in this type of organizations.

In the older people care sector, the application of best practices standards may
improve caregivers’ programmes –such as ISO certificates and other certificates in pro-
cess based on the person-centred and integratedmodel of care, provide servicemeets spe-
cific requirements which include needs for the continuous improvement of programmes,
or Balanced Scorecards (BS) that help organizations to transform strategy into measur-
able operational objectives and interrelated by enabling the behaviour of the key people in
the organization and resources are strategically aligned (Baraybar, 2011: 10–11)– which
may enable to development strategies to improve quality of programmes.

From the analysis of data on how design, participation and impact items influence
effectiveness, especially for the case of entities without quality certification system,
it can be concluded that organizations providing support to caregivers could rely on
strategies such as BS, helping to success in relation to bureaucratization (Chow et al.,
1998; Inamdar et al., 2001) to generate insight into the effectiveness of the programmes
they are offering.

5 https://idrha.es/
6 For more information, see https://catedraretinosis.org/

http://bastonegara.es/
https://idrha.es/
https://catedraretinosis.org/
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In addition, BS may promote an improvement on financial strategies which can be
used to obtain greater investments and investors who can facilitate the consolidation and
transfer of adjusted programmes to beneficiaries based on the older people caregivers’
programmes’ effectiveness measurement.

Under these considerations, the QRPCS questionnaire could be used into a context
of socioeconomic and quality implementation strategies by organizations which provide
older people caregivers’ programmes.

Sample design took into account the total number of existing organizations providing
services for caregivers, but clusters based on the nature (type) of the entity (private, NGO,
Public, Foundation) were not used. All questionnaires received by respondents were
processed. For this reason, the results consider qualitative analysis of ENCAGEn-CM
database.

Effectiveness of programmes aimed to provide support services to caregivers
comprises more components than those measured in our study (design, impact and
participation).

After controlling for other factors, the model displays similar results on effectiveness
for entities with and without quality certificates.

The results clearly point out that adopting relatively low-cost measures, such as
self-administrated questionnaires, organizations providing services to caregivers could
evaluate their effectiveness. This goes in line with Gandoy et al. (1999) who demon-
strated that low cost supporting programmes can prevent institutionalization of patients
if quality care in their own home is provided. Nonetheless, full confirmation regarding
this relationship between best practices covered in our questionnaire and likelihood of
institutionalization and de-institutionalization can’t be assessed.

The approach of the model confirms that the program design, participation and
impact on beneficiaries influence the programmes’ effectiveness and depends on the
entity type. Also, QRPCS could facilitate the review of good practices in organiza-
tions and supporting policy for older people caregivers. The research findings suggest
how Non-profit Organizations of older persons’ carers’ programmes, which have less
economic resources in comparison to Public and Private entities, can improve quality
of results in terms of programmes’ effectiveness, which can also implemented in new
designed technologies and devices to care to assess the effectiveness of both: Program
and technology.
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Appendix

Appendix I. Comparison Item Categorized EUROFAMCARE SPQ, QRPCS and Defined
Variables.

Groups of items proposed in
EUROFAMCARE SPQ

Groups of items identified in QRPCS Defined variables

Service providers to families,
goals, monitoring needs / as
caregivers / as family, program
information

Program design: Objectives,
establishment of program services,
execution of the program Conditions
regarding time, targets, indicators for
analysis, methodology and
State-guaranteed defined resources

Design variables: How has been designed
the program to establish the needs of
caregivers? “Internal_meetings”: Through
internal meetings; “Implemented_program”:
Implemented program has been applied by
other entities; “Rules/opinions”:
Rules/opinions of official bodies have been
used; “Pre_assessment_study”:
Pre-assessment study has been applied
(survey, data, or other representers
caregivers of groups); Goals_expressions:
How have the goals been expressed in
concrete and clear criteria and indicators?;
“Program_schedule” Has the program a
timing, schedule, planning?;
“Goals_results_program:? Are still goals
maintained to achieve some results ?;
“Indicators_results_program”: Have been
established indicators to achieve results?;
“Activities_services_program”: Does the
program develop activities or provide
services?; “Methodology_program”: Does
the program follow a clear methodology (in
sequencing tasks, phases, etc.) ?;
“Resources_program”: Has the program
enough resources to achieve the objectives?;
“Known_program”: Is the program
sufficiently known?; “Updated_program”:
Has been updated the program?

(continued)

https://innoavi.es/es/
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(continued)

Groups of items proposed in
EUROFAMCARE SPQ

Groups of items identified in QRPCS Defined variables

Items on background: the need to
use the service organization by /
as family caregivers

Participation design in the
programs: Selected participants /
-participation as caregivers / as in the
design, development and evaluation of
programs-, program coordination,
coordination and management

Participation variables:
“Participation_definition”: Is it clearly
defined who will participate in the program
and how?; Are caregivers involved in the
program design?
“Program_design_participation”: Are
caregivers involved in the program design?;
““Program_design_development: Are
caregivers involved in the program
application and development?;
“Program_design_evaluation”: Are
caregivers involved in the program
monitorization and evaluation?;
“Interaction”: Have been coordination and
participation stimulated between different
actors?; “Objectives_achievement”: Do you
think that the coordination and management
have contributed to the achievement of
objectives?; “Institutional_colaboration”: Do
you think that institutional collaboration
have contributed to the achievement of
results?; “Benefits_overtime”: When the
program has been finished: Do you consider
that benefits achieved will last over time (in
the medium and long term)?;
“Program_viability”: Is the program viable
at different levels?

(continued)
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(continued)

Groups of items proposed in
EUROFAMCARE SPQ

Groups of items identified in QRPCS Defined variables

Main benefits, satisfaction,
development Programs in the
future and improvement

Impact of programs on
beneficiaries: Futures over time,
continuity, benefits, recommendation
and dissemination, future viability,
resources, barriers, correcting
problems, review, improvement and
satisfaction with the programs

Impact variables:
“Program_supported_external”: Is the
program supported (funding, dissemination,
for example) by other external entities?;
“Program_known_society”: Do you think
that the program is sufficiently known by
society as a whole?; Do you think that
caregivers have found barriers to access to
programs?
“Program_acc_bar_administrative”:
Administrative barriers;
“Program_acc_bar_economic”: Economic
barriers ?; “Program_acc_bar_culture”:
Culture barriers;
“Program_acc_bar_geographycal”:
Geographical barriers;
“Program_acc_bar_temporary” Temporary
barriers (i.e. They cannot leave the older
person to anyone to attend the activity) ?;
“Program_acc_bar_information”: Barriers
due to the lack of information or knowledge
of the program;
“Program_framework_promotion”: Do you
think that the current legal framework
promotes the program to achieve its
objectives?; Is the program
appropriate-relevant (or appropriate to the
context) from the point of view…?
“Program_relevancy_institutional”: Political
and institutional;
“Program_relevancy_economic”:
Economical; “Program_relevancy_social”:
Social and cultural; “Program_changes”:
Have been changes in the program context
which may affect the program initially
established?;
“Careers_return_participation”: Do
caregivers return to the entity requesting to
participate in other programs?;
“Careers_recommendation”: Are programs
recommended by caregivers?;
“Program_continuation”: Should the
program continue in the future?;
“Program_resources_continuation”: Are
resources available to continue with the
program activities?; “Detection_problems”:
Are mechanisms foreseen for the detection
and correction of program problems?;
“Program_improve”: Do you think that the
program could be improved?

(continued)
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(continued)

Groups of items proposed in
EUROFAMCARE SPQ

Groups of items identified in QRPCS Defined variables

Opportunities and demand for
assistance / caregivers as / as,
vision caregivers / as, resources
and strategies for future
development

Effectiveness of programs: Quality
expectations and demands, achieved
goals, influence of the program on / as
caregivers / as, resource efficiency,
utilization and resource efficiency,
future achievement of objectives

Effectiveness variables:
“Quality_certification”: Has the entity
established a system to ensure quality in the
provision of services?; “Program_coverage”:
Is the program suitable to meet the
expectations, demands and needs of
caregivers?; “Achieved_objectives”: Have
expected objectives been achieved?; Is the
program influencing…?
“Program_influence_employment”:… The
employment situation (labour standards
and/or, insertion, between others)?;
“Program_influence_phys_health”:…
Physical well-being and health?;
“Program_influence_emotions”:…
Emotional and psychological well-being?;
“Program_influence_social”:… Social
welfare and social relations?;
“Program_impl_res_service”: Are the
assigned resources enough for program
implementation and service delivery?;
“Program_impl_res_develop”: Are
(economic, material and human) resources
appropriate for program development which
are used ?; Is there an optimal relationship
with…? “Optimal_results_persons”:…
Effort, human resources (personnel
involved) ?; “ Optimal_results_time”:…
Time spent ?; “Optimal_results_money”:…
Invested money ?; “Efficiency_compared”:
Are efficient use of resources allocated to the
program compared with other possible
alternative uses made? (i.e. service-program
offering or giving money for it);
“Assess_less_expensive”: Does the
likelihood assess of achieving the same
results in a less expensive more
economically?
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Abstract. This paper focuses on the intergenerational solidarity perceptions of
young adults (aged between 18 and 30) in Portugal regarding how solidarity is
intertwined with digital media uses, appropriations, and embodiments during the
pandemic context. Therefore, this research departs from the following questions:
(RQ1) Do Portuguese young adults perceive to use of the Internet to communicate
with family members? If so, with whom do they communicate? (RQ2) How is
solidarity intertwined with digital media uses, appropriations and embodiments?
Data collection was performed between 8 and 17 October 2021, and according to
the representative sample of 1500 young adults in Portugal, using the Internet to
communicate with any family member is an almost unanimous activity (96.2%).
Furthermore, results show that digitally mediated relationships with relatives over
65 mobilised structural, associational and affectual intergenerational solidarity.

Keywords: intergenerational digital relationships · digital practices ·
intergenerational solidarity

1 Introduction

Especially in the last decade, social and cultural changes in practices have been described
bymediatic intensification, in particular, of digital-basedmedia, which fall under the idea
of living in “media-saturated societies” [1]. In the case of the widespread digital media
[2], such transformations have been modifying the practices of publics/audiences in
terms of their everyday lives [3]. Digitalmedia have exponentially opened possibilities of
interactiveness [4, 5]. Audience usage combination of several different media platforms
has been described as cross-media [6–8], which differs from generation to generation
[9].

Such a generational media gap can be addressed, for example, as the “digital divide”
[10], which is reinforced by widespread rhetoric that generations do not interact with
and through digital media and that they tend to increase such separation. Intergenera-
tional relationships, contacts and interactions may be understood as ‘cross-generations’
connections performed by people with other people. This second one is from a different
generation than the first one. In fact, traditional mass media representations reinforce
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that idea of dividedness. Especially in times of crisis, those media representations exac-
erbate the dividedness between different groups of people, against one another, including
generations as a social divide factor [11].

Western societies emphasise an idea that may be considered as opposed to solidarity:
independence. If solidarity contemplates close bonds of intimacy and affection, it can be
seen as opposed to the development of independence while children grow and become
adults [12]. Derpmann [13] shows that “solidarity” is frequently usedwhen facing adver-
sities, crises and emergencies. The idea of solidarity became central to everyone’s lives
in the last couple of years due to the COVID-19 pandemic. Appeals to the solidarity
of different natures emerged, either international solidarity, national solidarity, or inter-
generational solidarity; for example, all were part of media discourses through the most
difficult pandemic times [14].

Since the older generation was the one more challenged, health-wise, with the
COVID-19 pandemic, the mediatised general idea of solidarity usually included the
notion of intergenerational solidarity, which gained a connotation of social responsibil-
ity [13–16]. Without detriment to health issues, the COVID-19 pandemic presented a
range of other difficulties to older generations, including the capacity to use media and
digital media tools to mitigate the pandemic’s consequences [17]. In fact, such a gener-
ation is provided with opportunities but also with challenges in terms of their capacity
to use digital media tools [18]. Differences in digital media access are associated with
a range of socio-demographic variables, including age, education, financial/economic
capacity or gender [19–22].

This paper is focused on age as an important factor in the digital divide, aiming
to emphasise solidarity as a key aspect of intergenerational relationships. Considering
mere communication as the basis for intergenerational interactions and, consequently,
intergenerational solidarity, if existing. Communication processes and dialogues across
generations are essential aspects to address and prospect societies grounded in solidarity,
functioning in a collaborative manner [10], even when it comes to media and technology.

This study addresses intergenerational solidarity according to the perceptions of 1500
surveyed young adults (aged between 18 and 30) in Portugal (a representative sample
with socio-demographic quotas). The idea is that “intergenerational solidarity comprises,
on the one hand, specific behaviour and, on the other hand, a feeling of belonging and
close connection between family generations” [23]. For that matter, this paper intends
to further developments in this area and is conducted with the research questions: RQ1:
Do Portuguese young adults perceive to use of the internet to communicate with family
members? If so, with whom do they communicate? RQ2: How is solidarity intertwined
with digital media uses, appropriations and embodiments?

1.1 Intergenerational Solidarity and ICT

Studies show that older generations use ICT-mediated communication to strengthen rela-
tions with family and friends [24–28]. Studies in the field of games also pay attention
to how intergenerational experiences can stimulate the participation of older people.
Co-design that involves people of different generations to interact both with each other
and with the game designers is one of the proposals made to develop this social inter-
action [46]. In addition, intergenerational digitally mediated relationships may lead to
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overcoming social and digital inequalities, enabling personal ties and adopting and using
Internet technologies [29]. Furthermore, intergenerational solidarity may induce social
cohesion and can be a form of empowerment [30].

From interpersonal relationship theories, Bengtson and Roberts [30] developed an
intergenerational solidarity model based on six types of solidarity: i). Associational soli-
darity (interaction patterns facilitating integration and combating isolation); ii).Affectual
solidarity (understanding, respect and trust); iii). Normative solidarity (stressing family
commitments); iv). Consensual solidarity (consensus concerning sharing life values and
beliefs); and v). Structural solidarity (a network that provides physical proximity and
support) [3]. Following this perspective, Harper and Hamblin [31] contend that “the
traditional contract between the generations is based on a system of intergenerational
reciprocity”. Therefore, intergenerational learning within families allows for breaking
down barriers and promoting digital literacy by focusing on social capital [32] through
“identifiable social relationships” [33].

According to Taipale [34], ICTs are connected with associational and functional
patterns of solidarity across generations, encouraging social bonding via platforms and
improving autonomy through intergenerational learning [35], combating social isolation
[36] and allowing to overcome the digital divide [37].

Scientific literature is often focused on internet use as personal use [37] rather than
participatory use [38]. Moreover, intergenerational uses are participatory and go beyond
the instrumental logic of technology, enhancing intergenerational learning in multiple
dimensions of daily life. It follows that creating social support networks across gen-
erations can be centred on technology exponentiating social capital and overcoming
a set of socio-demographic factors and economic resources that characterise the dig-
ital divide [39, 40]. These social support networks that focus on technology use and
intergenerational relationships promote processes of informal and occasional learning
[41]. Likewise, these networks materialise through ICTs and may avoid ageism [42] and
promote active ageing [35].

Age-related circumstances impact social relations and functional capacities [43, 47].
Therefore, intergenerational digitallymediated relationshipswith family and friendsmay
provide social connectivity and help complete everyday tasks [43].

In the last decades, intergenerational digitally mediated relationships have risen
due to social media widespread use. Furthermore, mobile media use improved family
solidarity [44], increasing the feeling of closeness during the pandemic [45]. Moreover,
the use of these technologies has slowly driven the focus on functional dependence on the
intergenerational solidarity framework [30] to “emphasising how emotional and social
support between generations extends to the use of communication technology” [44].

The study presented in this article is twofold and took place during the pandemic
after two states of emergency declared by the Portuguese government, between 8 and
17 October 2021, which resulted in the isolation of the population. The results suggest
linking social support to combat digital inequality and foster self-sufficiency from an
intergenerational solidarity perspective.
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2 Method

The approach followed in this paper is a quantitative-extensive methodological strategy.
By focusing on how young adults in Portugal (N = 1500 aged between 18 to 30 years
old) perceive their intergenerational solidarity, especially with a generation of family
members over 65 years old, this article presents findings of an applied online ques-
tionnaire survey. Such a questionnaire was applied to a representative sample of 1500
young adults, aged between 18 to 30 years, with quotas by gender and region (including
mainland Portugal and islands) distributions.

Adopting a critical perspective of contemporary forms of digital media, this arti-
cle intends to focus on the intergenerational solidarity perceptions of young adults in
Portugal (RQ1: Do Portuguese young adults perceive to use of the internet to com-
municate with family members? If so, with whom do they communicate?) in terms of
how much solidarity is intertwined with digital media uses, appropriations, and embod-
iments (RQ2: How is solidarity intertwined with digital media uses, appropriations and
embodiments?).

The online questionnaire survey was conducted by an external contracted company,
with a margin of error of ± 2.53% at the 95% confidence level. Using IBM SPSS
statistical analysis software and other digital programs for statistical procedures, the
data were analysed according to both descriptive and inferential (bivariate) statistical
procedures.

Table 1 reveals a sample distribution which is particularly balanced in terms of
age group and gender, which also considers other socio-demographic variables, such
as socioeconomic and education. However, not all options constitute samples with sig-
nificant statistical difference distribution. Therefore, the intersections presented in this
article are the ones which have produced more statistically significant results, accord-
ing to the inferential (bivariate) statistical analytical procedures. In the case of a specific
statistically significant difference, such frequency is accompanied by a letter correspond-
ing to the column to which such frequency is statistically significantly different. Such
inferential (bivariate) procedures allow establishing appropriate comparisons between
proportions, in that way indicating statistically significant differences through applied
z-tests in the cases of sample sizes being bigger than 30, with a significance level of 0.05
(5%), which corresponds to a z-level of 1.96. Hence, admitting that such differences
observed are statistically significant at a 95% confidence level.
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Table 1. Sample distribution

Heading level Count N Count %

Age

18 - 24 747 49.80%

25 - 30 753 50.20%

Gender Identity

Man 696 46.40%

Woman 796 53.07%

Non-binary 6 0.40%

Agender, genderqueer or genderfluid 5 0.33%

In question 3 0.20%

Rather not answer 1 0,07%

Marital Status

Single 1145 76.33%

Married or in Non-marital partnership 349 23.27%

Divorced or Separated 6 0.40%

Widower 0 0.00%

Other 0 0.00%

Education

Basic education 48 3.20%

High school 655 43.67%

Bachelor’s degree 516 34.40%

Master’s degree 260 17.33%

PhD 21 1.40%

Occupation

Student 425 28.33%

Self-employed 130 8.67%

Employee 459 50.60%

Liberal worker (Freelancer) 36 2.40%

Unemployed 150 10.00%

Source: Authors

3 Results and Discussion

According to the representative sample of 1500 young adults in Portugal, using the
internet to communicate with any family member is an almost unanimous activity, with
only 56 young adults (3,73%) responding negatively to such a question, which answers
positively to the first part of RQ1 (Do Portuguese young adults perceive to use of the
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internet to communicate with family members?). However, online communication with
familymembers is not equally distributed. In fact, there are statistically significant differ-
ences in terms of which family members the young adults affirm to communicate with.
According to Table 2, young adults in Portugal reveal they mostly communicate through
the internet with their mothers (75.21%), followed by their brothers/sisters (67.59%) and
cousins (66.97%). 935 respondents affirm they communicate online with their fathers,
which represents 64.75%, which is more than 10% less than the young adults who say
that they communicate with their mothers.

Regarding older family members, more than 23% of young adults in Portugal affirm
they communicate online with their grandmothers, which got higher percentages than
grandfathers (17.73%) and other family members over 65 years old (15.17%). In fact,
Table 2 indicates a gendered tendency in the familymembers withwhom the respondents
communicate. For example, either in a comparison between mother and father or in
a comparison between grandmother and grandfather, there are higher percentages of
young adults affirming they communicate by internet-based media with their female
family members instead of their male ones.

Table 2. Family members with whom respondents communicate online

Family Members Count N Count %

Mother 1086 75.21%

Brothers/Sisters 976 67.59%

Cousins 967 66.97%

Father 935 64.75%

Uncle/Aunt 851 58.93%

Grandmother 333 23.06%

Grandfather 256 17.73%

Family members over 65 219 15.17%

Source: Authors

Between young adults in Portugal who affirm they communicate with their family
members through internet-based media, there are statistically significant differences in
terms of the gender of the young adults’ respondents and as well as in terms of the
marital status of such respondents. By using inferential (bivariate) statistical analytical
procedures, Table 3 reveals such differences. Despite the representative sample of 1500
young adults being composed of 14 people who actively identify beyond the binary of
man and woman, such a small-sized sample does not produce significant statistical data.
The same applies to the small sample of young adults in Portugalwho are divorced or sep-
arated (6 people), which does not constitute statistically relevant data. Therefore, Table 3
presents the percentages of family members with whom the respondents affirm they do
online communication, intersected with the respondent’s gender (“man” or “woman” as
response options) and with the respondents’ marital status (“single” or “married or in
non-marital partnership” as options).
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Regarding gender, Table 3 reveals three distinct statistically significant differences
for a significance level of 0.05 (5%). First, young women adults reveal statistically
significantly higher tendencies in online communication with their cousins and their
uncle/aunt (71.71% and 64.34%, respectively) compared with the percentages of men’s
respondents (61.14% and 52.56%, respectively). On the other hand, young men adults in
Portugal reveal a statistically significant tendency for online communication with their
father (68.22%) in comparison with women respondents (61–76%).

When considering marital status differences in terms of respondents’ online commu-
nication with family members, there are two specific statistically significant differences,
as revealed in Table 3. Young adults in Portugal who are married or in a non-marital
partnership show statistically significant higher tendencies in terms of internet-based
communication with their mother and with their brothers/sisters (79.64% and 72.75%,
respectively) in contrast with the respondents who are single (73.82% and 65.94%,
respectively).

Since this article focuses on an intergenerational aspect, brothers/sisters and cousins
only partially fit the scope, as those family members tend to be of the same genera-
tion as the respondents. Nonetheless, Table 3 has still revealed statistically significant
different frequencies, regarding gender and marital status, for online intergenerational
communication with the respondent’s family members.

Table 3. Percentages of respondents by gender and marital status who use the internet to
communicate with family members

GENDER MARITAL STATUS

Man (A) Woman (B) Single (C) Married Or In Non-Marital
Partnership (D)

Mother 76.05% 74.55% 73.82% 79.64% C

Brothers/Sisters 66.72% 68.48% 65.94% 72.75% C

Cousins 61.14% 71.71% A 65.76% 70.96%

Father 68.22% B 61.76% 64.76% 64.97%

Uncle/Aunt 52.56% 64.34% A 58.42% 60.48%

Grandmother 23.19% 22.87% 21.92% 26.95%

Grandfather 18.67% 16.67% 17.30% 18.86%

Family members over 65 14.61% 15.63% 15.04% 15.27%

Source: Authors

When solidarity is emphasised in terms of intergenerational activities and relation-
ships, there is a tendency to look for connections between the younger and oldest genera-
tions. In this article’s case, the online questionnaire applied to a representative sample of
young adults in Portugal, aged between 18 and 30 years old, which implies a more spe-
cific focus on such respondents’ interactions with their grandmothers, grandfathers and
any other familymembers over 65. Therefore, solidarity is linkedwith young adults help-
ing the older generations of family members deal with media, especially digital media
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tasks and activities. Thus, respondents were asked to indicate the frequency of categories
of tasks/activities performed with their older family members. Such intergenerational
solidarity results are revealed in Table 4.

Table 4 reveals the results of six different categories of tasks carried out through digi-
tal media by young adults, which are embedded in the idea of intergenerational solidarity
since the young adults perform them with an auxiliary purpose to their family members’
generation of grandparents and other relatives over 65 years old. The six categories of
digital media-based tasks are: “digital communication/relationship”, “assistance with
economic/financial tasks”, “civic and political participation”, “digital leisure activities”,
“consulting legitimate news”, and “seeking information on health and state services”. In
addition, respondents’ perceptions of frequencies were inquired, according to a Likert
Scale with five options, such being: “everyday”, “several times a week”, “once a week”,
“rarely”, and “never”. Z-tests had processed results revealed by Table 4 with a 95%
confidence level to determine if any digital media intergenerational solidarity category
of tasks is statistically significantly more or less frequent than any other category of
tasks.

Several statistically significant results indicate that young adults in Portugal tend to
frequently be in solidarity with their grandparents and other relatives over 65 years old
in categories like “digital communication/relationship”, “consulting legitimate news”,
and also “seeking information on health and state services”. In fact, respondents who
affirm they everyday intergenerationally perform such three categories of solidary tasks
(14.80%, 16.00% and 15.67%) are statistically significantly more than the ones who
affirm they perform the remaining three digital-media-based categories of tasks. In terms
of digital communication/relationship tasks, respondents answered statistically signif-
icantly more “everyday”, “several times a week,” and “once a week” than either three
or four different categories of tasks. Therefore, the 22.44% who perceive performing
the “digital communication/relationship” category of tasks once a week is the highest
answered percentage for this frequency option, which constitutes the most mid-level
option amongst the five available frequencies. In point of fact, 22.44% are statistically
significantly higher than the remaining categories of tasks, with the only exception
being “seeking information on health and state services” (with 21.56% of respondents
perceiving to once a week perform digital-media-based tasks that fit into such category
of intergenerational solidarity).

Reinforcing the previously mentioned results, respondents who affirm they perform
digital communication/relationship tasks “rarely” or “never” are statistically signifi-
cantly inferior at those same frequency options regarding almost all the other five cat-
egories of tasks. For example, in the case of categories of tasks like “assistance with
economic/financial tasks” and “civic and political participation”, young adults in Portu-
galwhoperceive never to do the two categories asmentioned above (32.44%and31.89%,
respectively) are statistically significantly more than the respondents to affirm never to
do the remaining categories of intergenerational solidarity digital-media based tasks:
“digital communication/relationship” (13.87%); “digital leisure activities” (20.56%);
“consulting legitimate news” (17.78%); “seeking information on health and state ser-
vices” (18.11%). The percentages of young adults in Portugal who perceive never to
do the “assistance with economic/financial tasks” and “civic and political participation”
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categories of tasks are the only two results with more than 30% of perceived frequency
answers.

The “digital leisure activities” and “seeking information on health and state ser-
vices” categories of tasks reveal peculiar statistically significant results. According to
Table 4, young adults’ perceptions of the frequency of such intergenerational solidarity
tasks are very balanced. For instance, in the case of “digital leisure activities”, 24.00%
of respondents who perceive to realise several times a week such category of tasks are
statistically significantly more than the “several times a week” percentages for the fol-
lowing three categories: “assistancewith economic/financial tasks” (15.67%); “civic and
political participation” (15.44%) and “seeking information on health and state services”
(19.56%). At the same time, respondents who affirm they “rarely” or “never” do digital
leisure activities (25.00% and 20.56%, respectively) are statistically significantly higher
than the ones who perceive to rarely or never realise digital communication/relationship
intergenerational solidarity digital media based tasks.

Likewise, the “seeking information on health and state services” category of tasks
is the only category of intergenerational solidarity digital-media-based tasks with
statistically significant differences for all five frequency options.

Table 4. Frequency perceptions of categories of tasks by the respondents with their grandparents
or other relatives over 65 years old in a scale ranging from “Everyday” to “Never”

CATEGORIES OF TASKS

Digital
Communication/
Relationship
(A)

Assistance with
Economic/
Financial Tasks
(B)

Civic and Political
Participation
(C)

Everyday 14.80% BCD 9.44% 9.67%

Several times a week 27.16% BCF 15.67% 15.44%

Once a week 22.44% BCDE 17.33% 16.67%

Rarely 21.73% 25.11% A 26.33% A

Never 13.87% 32.44% ADEF 31.89% ADEF

Digital Leisure
Activities
(D)

Consulting Legitimate
News
(E)

Seeking Information
on Health and State
Services
(F)

Everyday 11.89% 16.00% BCD 15.67% BCD

Several times a week 24.00% BCF 24.67% BCF 19.56% BC

Once a week 18.56% 18.00% 21.56% BC

Rarely 25.00% A 23.56% 25.11% A

Never 20.56% A 17.78% A 18.11% A

Source: Authors
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4 Conclusions, Limitations and Implications for Future Research

In this paper, we focused on the perceptions of young adults about the intergenerational
relationships they establish with their relatives. Regarding the first research question
(RQ1), as we intended to understand if andwith whomPortuguese young adults perceive
to use of the Internet to communicate with family members, the results show that close
relatives such as mothers, brothers and sisters, cousins and parents are with whom young
adults communicate the most. However, 31.16% reveal that they interact with relatives
over 65, with grandmothers and grandfathers standing out. There are no significant
statistical differences in intergenerational digital relationships with family members
over 65 in terms of gender. However, young people who are married or in a non-marital
partnership are the ones who most use the Internet to communicate with grandmothers,
grandfathers and other relatives over 65.

In addition, we tried to understand with whom they communicate through the Inter-
net and if there is intergenerational solidarity in digital media uses, appropriations and
embodiments (RQ2). In terms of intergenerational solidarity, the study concludes that
functional solidarity is the most common, with young adults helping the older genera-
tions of family members deal with media, especially digital media tasks and activities.
Furthermore, we identified six activities where intergenerational solidarity occurs: i).
Digital communication/relationship; ii). Assistance with economic/financial tasks; iii).
Civic and political participation; iv). Digital leisure activities; v). Consulting legitimate
news; and vi). Seeking information on health and state services.

The data shows that most young adults help their relatives over 65 to carry out daily
activities that focus on three key categories: digital communication/relationship, con-
sulting legitimate news, and seeking information on health and state services. Therefore,
the most mobilised modes of solidarity are structural, associational and affectual.

Future research should focus on older citizens’ perceptions on intergenerational
solidarity concerning digitally mediated relationships with younger generations.
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networks in proxy Internet use from the intergenerational solidarity perspective. Telematics
Inform. 35(2), 305–317 (2018)

30. Bengtson, V.L., Roberts, R.E.: Intergenerational solidarity in aging families: An example of
formal theory construction. J. Marriage Fam. 856–870 (1991)

31. Harper, S., Hamblin, K.: International Handbook on Ageing and Public Policy. Edward Elgar
Publishing, Cheltenham (2014)

32. Newman, S., Hatton-Yeo, A.: Intergenerational learning and the contributions of older people.
Ageing Horiz. 8(10), 31–39 (2008)

33. Field, J., Schuller, T.: Norms Networks and Trust. Adults Learn. 9(3), 17–18 (1997)
34. Cruz-Saco, M.A.: Intergenerational solidarity. In: Cruz-Saco, M.A., Zelenev, S. (eds.) Inter-

generational Solidarity, pp. 9–34. Palgrave Macmillan US, New York (2010). https://doi.org/
10.1057/9780230115484_2

35. Patrício, M.R., Osório, A.: Intergenerational learning with ICT: A case study. Studia
paedagogica 21(2), 83–99 (2016)

36. Lee, O.E.K., Kim, D.H.: Bridging the digital divide for older adults via intergenerational
mentor-up. Res. Soc. Work. Pract. 29(7), 786–795 (2019)
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Abstract. Aging is an inevitable process for all human beings. Aging not only
affects the personal life of individuals, but also has an impact on society as awhole:
a country with many elderly people is a more fragile, less innovative country,
with higher costs in terms of health and pension expenditure. In this context,
information and communication technologies (ICT) can offer an important support
in addressing some of the challenges related to ageing, improving communication
between generations, access to information and the possibility of remaining active
and involved in society, mitigating the negative effects of aging and transforming
the elderly into a resource for the community.

The complexity and importance of the topic has led different disciplines to
study (from different points of view) the relationship between aging and the use of
ICT.The present study aims to investigate the theme of aging and how it is studied
in relation to digital technologies from an interdisciplinary perspective. Due to
the heterogeneity of perspectives and analyses in this field of study, a careful
examination of interdisciplinary scientific journals focused on aging processes
was required. Therefore, the analysis of scientific production was focused on two
international scientific journals: The Gerontologist and Research on Aging.

Keywords: Ageing · Scoping review · ICTs

1 Introduction

1.1 Ageing and ICTs

Aging is an inevitable process for all human beings. As we age, the body and mind
undergo changes that can affect the quality of life: less mobility, risk of isolation and
loneliness, health problems. But aging not only affects the personal life of individuals,
but also has an impact on society as a whole: a country with many elderly people is
a more fragile, less innovative country, with higher costs in terms of health and pen-
sion expenditure. In this context, information and communication technologies (ICT)
can offer an important support in addressing some of the challenges related to ageing,
improving communication between generations, access to information and the possibil-
ity of remaining active and involved in society, mitigating the negative effects of aging
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and transforming the elderly into a resource for the community. However, there are also
the more problematic aspects of the relationship between the elderly and technologies,
such as the scarce diffusion of ICT among the over 65s, a certain frustration in using
some IT services and also the risk of an unconscious use by of the elderly of some digital
resources.

The complexity and importance of the topic has led different disciplines to study
(from different points of view) the relationship between aging and the use of ICT.

The adoption of information and communication technologies by older adults is an
established research area in countries such as the USA [1], Europe, the UK [2] and the
Scandinavian countries [3]. in which the domestic penetration of the Internet occurred
early and rapidly, also significantly involving the older sections of the population.

Even in historically less digitized (but sometimes older) countries a reflection on the
role of ICTs in the daily life of the elderly is developing. In the last few years has Italy
begun to reflect with a certain constancy on the processes of diffusion and adoption of
technologies by the over 65s [4]: particular attention is been placed both on the reasons
and ways in which the elderly use technologies, and on the motivations that make many
elderly people resistant to the use of ICT, making the Grey Digital Divide in Italy (i.e.
the difference in the penetration of technologies between the elderly and the rest of the
population) very accentuated compared to other European countries [5].

A large part of this reflection is part of a more extensive attempt to encourage the
use of ICT by the Older people, emphasizing the positive effects (personal and social)
deriving from the process of digitization of daily life also of the over 65s. The Covid-19
pandemic and the forced adoption of digital communication tools to counter closures
and isolation has further spread the idea in society that digitization is a process that is
not only positive in itself, but inevitable, and the resistance to change - or even just a
certain caution against its effects - a traditionalist attitude. In particular, much reflection
has revolved and revolves around the ability “per se” of ICTs to bridge gaps, problems,
emerging tensions in society, such as the generational divide, for example, or the effects
of excessive aging of society [6].

But beyond the enthusiasm around the processes of diffusion of technologies even
among the elderly, academic research, sociology and psychology must continue to study
what are, in reality, the contexts of use and non-use of digital technologies by part
of the elderly, such as the reasons that lead the elderly and families to adopt or not a
communication technology and such as the effects of the Internet and smartphones on
identity and intergenerational relationships [7].

1.2 The State of the Art on Research on the Elderly and ICT

To reconstruct, with the necessary conciseness, the current scenario of studies on the rela-
tionship between aging and ICTs,wewill resumehere the results of two recent systematic
reviews. The first systematic review concerns the “quantitative” studies conducted by
Hunsaker and Hargittai [8]. The researchers note that the growth in the diffusion of
ICTs among the elderly has led to growing attention to the skills and uses of digital
technologies by the elderly: studies show that age is negatively correlated with digital
skills, while digital skills they are high when the level of education and income is higher.
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This growing attention from scientific research towards digital skills occurs simultane-
ously with the growth of public attention towards initiatives related to the organization
of courses for digital literacy for the elderly.

Hunsaker and Hargittai also underline how progressively quantitative studies on the
elderly are having increasing attention not only on “who are the digital elderly” but also
on “what the digital elderly do”: there is a growing interest in the digital practices of the
elderly, who are varied, articulated, heterogeneous. In particular, the authors underline
how the quantitative studies studied are often longitudinal studies and thus set themselves
the goal of tracing the evolution over time of the use of digital media by the elderly.

If quantitative research on the use of ICTs by the elderly is now numerous and
consolidated, only in recent years has there been a growth in qualitative studies on the
relationship between ICTs and ageing: these studies have been little systematized. This
is whyBonifacio [6] concentrated his efforts on a systematic review of qualitative studies
on the relationship between the elderly and technologies.

A first interesting element that emerges from Bonifacio’s revision is how the defini-
tion of “what an elderly person is”, that is, from what age it is right to consider “elderly”
people, is extremely variable: some papers consider people even well under 60 to be
elderly and this risks overestimating the use of technologies by the “elderly”, who per-
haps are not “completely elderly”. A second element of interest is the lack of studies on
the use of ICTs among the elderly that are comparative between different countries and
different cultural contexts. A third element concerns the dissemination of intervention
research with the aim of evaluating some potential technological solutions to problems
related to aging or to reduce the digital divide: most of the studies investigated deal with
digital training and to confirm or (deny) the relationship between active aging and ICT
use. Bonifacio’s research collected papers up to 2018 and did not have the opportunity
to investigate how the 2020 Covid-19 health crisis led to a possible change in the top-
ics addressed by the most recent papers. Also for this reason, we consider it useful to
continue mapping, studying, reviewing papers and scientific research on the relationship
between the use of ICTs and ageing.

2 Methods and Sample

2.1 Research Questions

In recent years, there has been a significant increase in the adoption of digital technologies
among older adults. The use of technology has the potential to enhance the quality of life
andwell-being of this population, particularly in terms ofmaintaining social connections
and accessing health information. However, this group also faces several barriers in
adopting digital technologies, including limited access, low digital literacy, and negative
attitudes towards technologies. To better understand the current state of the field and
identify future research directions, scoping reviews on the use of digital technologies
among older adults have been conducted. There are numerous scoping reviews that have
focused on specific aspect of the elderly’s interaction with new digital technologies in
various areas of interest, from digital applications in the medical field [9], referring to
the impact of digital technology on the processes of care and assistance for the elderly
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population [10] and the impact digital technology on loneliness and social isolation in
older people [11] to older adults’ involvement in digital technology use [12].

The present study aims to investigate the theme of aging and how it is studied in
relation to digital technologies from an interdisciplinary perspective. Due to the het-
erogeneity of perspectives and analyses in this field of study, a careful examination of
interdisciplinary scientific journals focused on aging processes was required. Therefore,
the analysis of scientific production was focused on two international scientific journals:
The Gerontologist and Research on Aging.

2.2 Identifying Relevant Studies

Scoping reviews can be used by researchers to identify knowledge gaps, clarify concepts,
and investigate research conduct, and can be useful precursors to systematic reviews.
While scoping reviews are conducted for different purposes than systematic reviews,
they still require rigorous and transparent methods to ensure trustworthy results. In sum-
mary, scoping reviews are a valuable tool in evidence synthesis, and proper conduct and
guidance can lead to more efficient and effective research [13]. Scoping reviews have
become increasingly popular across multiple disciplines as a means of synthesizing
knowledge. While some scoping reviews have been conducted on intergenerational pro-
grams, none have yet synthesized evidence of intergenerational practices associated with
program outcomes. Therefore, the present study aimed to undertake a scoping review to
locate evidence-based practices used during intergenerational programming to further
understand which evidence-based practices demonstrate appropriateness, effectiveness,
meaningfulness, and feasibility within intergenerational programming.

2.3 Charting and Extraction of the Data

The scoping review is a crucial step in any research endeavor and must guarantee that
the most pertinent information in the area of study is gathered from a vast array of
documents. This process, referred to as the literature review or state of the art, involves
a comprehensive examination of a particular subject. For this investigation, we plan to
conduct a survey of the latest scholarly literature concerning aging, the use of technology
by the elderly population, the limitations, and resources that technology can offer to the
elderly, and the impact of technology on social relationships.

1. Each of the topics of interest addresses more specific issues:
2. The impact of COVID-19 on the digitalization processes.
3. The use of digital technologies in the daily life of the elderly.
4. The connection between the use of digital technologies and bio-psycho-social well-

being.
5. The relationship between digital technologies and social relationships.
6. The main limitations encountered by the elderly in the use of digital technologies.
7. The advantages of using digital technologies for the elderly population.

The scoping review will particularly focus on the most recent (from 2019 to 2022)
scholarly production of two international journals: The Gerontologist and Research on
Aging. The choice of focusing the literature analysis on these two journals stems from the
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need to understand how interdisciplinary scientific reflection has approached the topic of
aging and its relationship with digital technologies. Both peer-reviewed journals, in fact,
concentrate on interdisciplinary research on aging and related issues, publishing articles,
reviews, and comments that cover a wide range of topics related to aging from a geriatric,
psychological, sociological, technological, and health perspective. Furthermore, they are
considered among the leading journals in the field and have a high impact factor and
are indexed in many important databases, including PubMed, Scopus, and the Web of
Science.

From the extraction of all articles published from the journals, a total of 564 articles
were analyzed for The Gerontologist and 171 for Research on Aging (Table 1).

Table 1. Sample (N°)

Years The Gerontologist Research on ageing

2019 138 41

2020 78 29

2021 131 38

2022 217 63

TOT 564 171

From the total sample of extracted articles, those that included the terms “Technolo-
gy” and “Digital” were selected based on a text analysis of the abstracts and keywords.
It was not necessary to add the textual criteria of “ageing” and/or “elderly,” as these
are specialty journals. Based on these criteria, a total of 41 articles were extracted, 39
articles for The Gerontologist and 2 articles for Research on Aging.

From the database searches, the data has been exported to an Excel spreadsheet for
review and selection of the articles.

The following data was extracted from each article: title, author, country of author,
country of study, methodology, subject matter, analyzed technology type, challenges and
benefits of ICT use, the social dimension in the use of digital technologies, key themes,
and key findings,

After extracting the key information from the articles included, a narrative summary
of the main conclusions and concepts for each topic of interest was made.
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3 Results

Table 2. Sample

Ref Authors Keywords Main Topics Methodology

[14] (Chai and
Kalyal 2019)

Cell phone use,
happiness, China,
rural–urban differences

(2) Use of ICT
and well-being

Quantitative (survey)

[15] (Schlomann
et al. 2020)

Community-dwelling,
digitalization; fourth
age; technology

(1) ICT Care
model

Longitudinal
Quantitative Research

[16] (Schroyer
2021)

Long-term care; Mental
health (services,
therapy); Social
isolation; Covid

(4) Covid
pandemic

Review/commentary

[17] (Sipocz,
Freeman, and
Elton 2021)

Generational identity;
Intergenerational
conflict, Social media,
Covid

(6) Ageism Qualitative content
analysis

[18] (Chu et al.
2021)

Aging; Health
behavior;
Information-seeking;
Protective measures;
Worry, Covid

(4) Covid
pandemic

Qualitative (media diary)

[19] (Kim et al.
2021)

Evaluation, Geriatric
care model,
Implementation
science, Long-term care

(1) ICT Care
model

Trial – Intervention
research (qualitative)

[20] (Akhter-Khan
2021)

Caregiving; Ageism;
Feminist economics;
Healthy aging;

(3) Relational
dimension

Review/commentary

[21] (Ang, Lim, and
Malhotra 2021)

Health-related
difficulty; Internet use;
Quality of life; Social
support

(2) Use of ICT
and well-being

Quantitative (survey)

[22] (Zhang et al.
2021)

Emotional health;
Internet use; Social
networking sites (SNS)

(3) Relational
dimension

Longitudinal
Quantitative Research

[23] (Kozlov et al.
2021)

Advance care planning;
Communication;
Decision making;
Families

(1) WEB Care
model

Trial – Intervention
research (qualitative)

(continued)
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Table 2. (continued)

Ref Authors Keywords Main Topics Methodology

(24] (Williams et al.
2021)

Continuing education;
Dementia; Elderspeak;
Person-centered care;
Staff-resident
interactions, Online
education

(1) WEB Care
model

Intervention research
(qualitative)

[25] (Wei et al.
2022)

Aging in place;
Measurement; Social
isolation; Social
networks; Technology

(3) Relational
dimension

Scoping review

[26] (Szabo et al.
2019)

Use of Internet, quality
of life

(3) Relational
dimension

Longitudinal
Quantitative Research

[27] (Fang et al.
2019)

Digital divide,
intersectionality

(5) Digital
divide

Scoping review

[28] (Nam et al.,
2019)

Health behaviors,
Internet use

(2) Use of ICT
and well-being

Longitudinal
Quantitative Research

[29] (Grates et al.
2019)

Design of technology
for older adults,
participatory design

(1) WEB Care
model

Quantitative (survey) +
qualitative interviews

[30] (Mitchell et al.
2019)

Health disparities,
Minority issues, Cohort
differences

(5) Digital
divide

Quantitative (survey)

[31] (Pruchno 2019) Digital Divide,
Well-being, Robotics,
Community, Nursing
Home

(1) ICT Care
model

Review/commentary

[32] (Sood et al.
2019)

Gaming, Dementia (1) WEB Care
model

Systematic review

[33] (Lee et al.
2019)

Computer self-efficacy,
Technology adoption

(2) Use of ICT
and well-being

Longitudinal
Quantitative Research

[34] (Westerhof
et al. 2019)

Mental health (digital
services, therapy)

(1) WEB Care
model

Pilot randomized
controlled trial

[35] (Peine and
Neven 2019)

Science and technology
studies,
Gerontechnology

(2) Use of ICT
and well-being

Review/commentary

[36] (Schmidt and
Wahl 2019)

Technology, Autonomy
and self-efficacy, Task
performance

(2) Use of ICT
and well-being

Quantitative (survey)

(continued)
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Table 2. (continued)

Ref Authors Keywords Main Topics Methodology

[37] (Croff et al.
2019)

African American,
Gentrification, Social
engagement, App

(1) App Care
model

Qualitative interviews

[38] (Mitzner et al.
2019)

Computer system
specifically designed
for older users. Trail

(2) Use of ICT
and well-being

Qualitative (trial)

[39] (Choi et al.
2020)

Attitudes and
perception toward
aging/aged, Gender
issues

(5) Digital
divide

Quantitative (survey)

[40] (Liu et al.
2020)

Disparities in access to
online health-related
technology and health
care utilization

(1) WEB Care
model

Quantitative (survey)

[41] (Burholt 2020) Technology-mediated
communication,
familiar relationships,
isolation and loneliness

(3) Relational
dimension

Longitudinal
Quantitative Research

[42] (Grigorovich
and Kontos
2020)

Ethical, social, and
policy implications of
using technology in
institutional care

(1) ICT Care
model

Critical review

[43] (Köttl, Tatzer,
and Ayalon
2022)

Media coveraga, older
ICT user,
Covid pandemic

(4) Covid
pandemic

Qualitative (media
discourse critical
analisys)

[44] (Boot 2022) Cognitive change, use
of ICT

(1) WEB Care
model

Book review

[45] (Rush et al.
2022)

Health promotion;
Technology acceptance
model

(1) WEB Care
model

Systematic review

[46] (Kim and Han
2022)

Cognitive decline, ICT
uses

(2) Use of ICT
and well-being

Longitudinal
Quantitative Research

[47] (Chu et al.
2022)

Digital Ageism, AI for
Older People

(6) Ageism Review

[48] (Haghzare
et al. 2022)

Assistive technologies;
Care partners; Driving;

(1) Automated
vehicles (AVs)

Qualitative interviews

[49] (Yeung et al.
2022)

Using of PC, cognitive
function

(2) Computer
uso benessere

Pilot randomized
controlled trial

(continued)
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Table 2. (continued)

Ref Authors Keywords Main Topics Methodology

[50] (Ng and Indran
2022a)

Generational
stereotypes;
Intergenerational
tension; TikTok;
Videos. Ageism

(2) Use of ICT
and well-being

Qualitative content
analysis

[51] (Ng and Indran
2022b)

Aging narratives;
Social construction of
old age; Social media.
Ageism

(6) Ageism Qualitative content
analysis

[52] (Døssing and
Crăciun 2022)

Age stereotypes;
Stereotype content
model; Twitter.
Agesim, Covid

(4) Covid
pandemic

Qualitative content
analysis

[53] (Averbach and
Monin 2022)

Accessibility; Arts and
health; Technology;
Visual arts; Wellness

(1) ICT Care
model

Trial, experimental,
qualitative

3.1 An Overview About Relevant Topics

As can be seen from Table 2 the selected articles focus on six main topics: 1) the analysis
or experimentation of new digital technologies (Web, App, ICT, Internet) aimed at caring
for the elderly, promoting theirwell-being, achieving new levels of autonomy, or assisting
caregivers in their care tasks; 2) the ways in which the elderly population approaches
digital technologies (Computers, smartphones, Internet) and the relationship that usage
haswith perceivedwell-being; 3) the relational dimension of new technologies that allow
the elderly to combat loneliness and reinforce their social and care networks through
their use; 4) the effects that the Covid pandemic has had on numerous digitalization
processes and how the elderly have reacted to these changes; 5) the relevance of the digital
divide phenomenon with respect to a multiplicity of factors that, from an intersectional
perspective, include not only age but also gender, ethnicity, and numerous social factors;
6) the phenomenon of widespread ageism through social media.

3.2 Criticalities and Advantages of the Use of ICTs

In his review of the literature, Bonifacio [6] underlines how a reflection on the advantages
that the elderly would have from the use of ICTs is well present in the corpus of articles
analysed, while instead the reflection on the possible risks in the use of ICT by the elderly
is more marginal (almost non-existent).

Also in our review the advantages for the elderly of using ICT are well present:
thanks to the use of digital media, the elderly would have better mental health [46], more
effective communication with one’s own social network (even intergenerational) [23]
and in isolated contexts [14]. The elderly find in ICTs a new source of entertainment
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[53], more effective tools to heal themselves and be healed [46], to feel supported [20,
22], for greater autonomy, more effective information channels [18].

The literature on the relationship between the elderly and ICT has over the years
been more attentive to underlining the positive aspects of the relationship between tech-
nologies and ageing, both in macrosocial terms (e.g. savings in public health costs [45])
both in microsocial terms (the positive impact in the daily life of the elderly): “ICTs
are often promoted as a solution to a set of emergent problems related to Western aging
societies. Besides the policy discourse, even several scientific studies currently share
this research perspective” (6, p.34). The real risk, for the elderly, is therefore that of
remaining disconnected [54].

However, a growing focus on emerging critical issues is gaining ground in the most
recent academic literature.

For example, Schroyer [16] underlines how excessive time spent in front of the
TV and in the use of digital media can have negative effects on the elderly, especially
in contexts of isolation, sedentary lifestyle, illness, communication crises and anxiety-
provoking situations (Covid-19).

Among the elements of difficulty and criticality in the use of ICT is the issue of
privacy. Privacy is understood both as an element that slows down the use of technolo-
gies by the elderly (concerned about the risk of seeing their autonomy/independence
undermined) and as a concern on the part of researchers regarding the non-aware use
by the elderly of own data and information. A further element of criticism concerns the
difficulties that the elderly would have in understanding the reliability of news on the
Internet, especially those related to health: using the Internet for health information is
risky because it favors the confirmation bias [16].

A concern linked to the Internet as a place in which processes of discrimination
against the elderly take shape clearly emerges [50].

In particular, social networks (Twitter and Tik Tok) are represented as places of
manifestation of ageism by the younger generations [17, 51]. Such conflicts are statutes
exacerbated by the Covid-19 pandemic in which the elderly have simultaneously been
the subjects to be protected more than others but also, for some, the cause of the personal
limitations that the younger generations have had. [52]. “The pandemic seemed to have
acted as an amplifier, further exacerbating and perpetuating stereotypical, dichotomous,
but also empowering aging images. […] “Aging-and-innovation” discourses have con-
tributed to the construction of an overly negative imagery of older persons as frail and
needy, due to the fact that the majority of designed products for older people focuses on
health care/assistive technologies” [20, p. 421].

Furthermore, critical positions are beginning to emerge with respect to the role of
technologies in the healthcare system, in its accessibility, universality but also sustain-
ability when fully operational: for example: “monitoring technologies may introduce
new types of risks, such as disruption of care, increased workload related to data man-
agement, and technology maintenance, may undermine otherwise good intentions with
the use of these technologies” [20, p.1198].
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3.3 Social Dimension

The study conducted by Szabo et al. highlights, through a longitudinal analysis of a panel
of subjects between 60 and 70 years old, the indirect impact of Internet use for social,
informational, and instrumental purposes on the well-being of older adults, through
reducing loneliness and supporting social engagement [26]. The article shows that not
all modes of online content consumption have the same impact on subjects in terms
of well-being and social engagement. Three different ways of using the internet were
considered: for social purposes (e.g., connecting with friends/family), with instrumental
purposes (e.g., banking), and for informational purposes (e.g., reading health-related
information). Social use indirectly influenced well-being through the reduction of lone-
liness and the increase of social engagement, while informational and instrumental use
indirectly influenced well-being through engagement in a wider range of activities; how-
ever, they were not correlated with loneliness. In summary, Internet use can support the
well-being of older adults, but not every form of engagement has the same impact on
well-being and social engagement.

Another investigation presented by Zhang et al. addresses the association between
internet use and social relationships, but with a focus on social media use [22]. Once
again, the proposed analysis highlights a strong correlation between social media use
and a decrease in perceived loneliness levels. In this case, social media communication
was associated with higher levels of perceived social support and social contact, which
were related to lower levels of loneliness among older adults.

The broad reflection proposed by Akhter-Khan, highlighting the important role
played by the elderly in providing care and support and how this is positively correlated
with their well-being, addresses the relationship with digital technologies as follows:
on the one hand, as a potential tool through which the elderly can extend their care and
emotional support to children and grandchildren; on the other hand, as tools through
which they can remain integrated in their communities through volunteering activities
on social media platforms [20].

The study proposed by Burholt et al. focuses on the daily practices of older adults in
their familial context and the use of technology-mediated communication, demonstrating
how synchronous and asynchronous forms of communication have some functional
equivalence to face-to-face contact. Telephone calls, text messages, and emails are used
as a substitute or supplement to in-person contact and have reduced the influence of
face-to-face contact on social isolation for older adults. However, none of the forms of
communication have emotional equivalence to the “gold standard” of physical presence.
The authors note that the contact provided through technology-mediated communication
does not match older adults’ expectations regarding familial relationships [41].

Wei et al.’s scoping review aimed to identify studies that aimed to improve health
or social care for older adults and used technology to measure social networks. The
review highlighted how technology facilitates objective and longitudinal data collec-
tion on the social interactions and activities of older adults. However, the use of tech-
nology to measure older adults’ social networks is primarily in an exploratory phase.
Multidisciplinary collaborations are needed to overcome operational, analytical, and
implementation challenges [25].
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In conclusion, the reviewed articles demonstrate how the psychological well-being
of older adults is strongly linked to social connections, while information and communi-
cation technologies (ICT) have been identified as a tool to increase social engagement.
The use of social media and other internet-based communication technologies, such as
the social platform aimed at increasing seniors’ participation in public life [29], have
been identified as factors that can improve well-being and reduce loneliness. How-
ever, important issues remain open regarding accessibility and the digital divide, which
appears strongly correlated with the availability of immaterial-cultural and material-
economic resources. The use of technology for health management is lower among
minority groups and those with lower socioeconomic status. Living arrangements also
simultaneously influence the use and benefits of technology for older adults. Further-
more, the relationship between cognitive functions and technology use is influenced by
living arrangements and the social environment. Age and negative perceptions of aging
are also linked to less frequent internet use, especially among women. Overall, the inter-
play between technology, social environment, and cognitive functions in later life should
be considered for a better understanding of the use and effects of technology for older
adults.

3.4 Methodologies, Sample, Technologies

The papers analyzed show an extreme variety of methodologies applied. Quantitative
research is the most numerous and often uses and analyzes secondary data sources
already available such as the Health and Retirement Study - USA [28, 39, 40], and
samples already collected from institutions and public bodies. In particular, there are
few studies that construct ad hoc questionnaires and samples, designed to specifically
and in-depthly investigate the relationship between ICT and ageing:many of these ad hoc
surveys are conducted in Asia, where many of the paper with a cross-sectional approach
[14, 21].

Among the quantitative research (above all from the United States, Canada, New
Zealand but also from Europe) a growing attention emerges for longitudinal research,
with the attempt to understand the changing relationship between the elderly and ICT
over the years. In particular, these are studies that seek to study the processes of reducing
the access digital divide and the emergence of gaps of various nature (for example on
skills) [15, 22, 26].

As regards researchwith qualitativemethodologies, they are less numerous and often
linked to intervention research and clinical contexts [24].

As far as age and the personal definition of the elderly are concerned, several
researches that use secondary data from national surveys already consider people over
50 to be elderly [22, 39, 49]. Apart from some specific research conductedwithin nursing
homes where the age considered is often over 75, generally the elderly considered are
people over 60 years of age.

A separate reflection concerns desk research (both quantitative and qualitative)which
focuses on the analysis of texts (posts on social media, articles on the Internet) and is
research in particular related to the theme of the representation of the elderly (often
stereotyped) on the Internet [17, 51].
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The number of reviews present in our sample is also significant, demonstrating the
growing production of papers and research on the relationship between the elderly and
aging but also the result of the need to systematize an often fragmented, heterogeneous,
unconsolidated scientific production.

Finally, as regards the technologies studied, on the one hand there are studies that
focus on the use of communication technologies and digital services currently available
on the market (Internet, social media, smartphones).

On the other hand, especially intervention research in clinical and healthcare con-
texts, the effects and effectiveness of specially developed technologies and services
are analysed. These technologies and services are mainly attributable to “environment-
based technology”, i.e. “hardware designed for and installed in living spaces such as in
private homes or nursing homes” [33, p 428] and, more marginally, to “person-based
technology”, i.e. hardware that is wearable. “This technology includes cameras and
Global Positioning System (GPS) sensors in smartphones, accelerometers, and heart
rate detectors installed in smartwatches and wearable sensors” (ibidem).

Furthermore, reflections are emerging about the impact of new technologies and
services (such as Artificial Intelligence [47] and Automated vehicles [48]) on aging.

4 Conclusion

At the end of our article, we can make some reflections, which emerge from the reading
and review of the numerous articles present in our sample.

A first consideration concerns the type of elderly person that emerges from the papers
analysed. Life expectancy is growing in all countries of theworld and the onset of old age
is moving further and further ahead of the life course. Despite this, academic research
often begins to consider “elderly” subjects who in society they are now considered
adults or mature and have not yet entered the third stage of life. We are talking about
those researches that consider elderly subjects under 60 years old, sometimes even under
55 years old.

Classifying such young subjects as “elderly” is certainly an advantage and a sim-
plification for the recruiting phase of the research (the very elderly are more difficult
to find respect the young elderly) but there is a risk of having distortions in the results,
especially if the use of ICTs is analysed.

A second reflection concerns the social and relational dimension of the elderly. If
the most recent literature on the digital divide and the processes of learning and using
technologies underline the need to study the use of ICTs in the social contexts in which it
is articulated, not all research still gives space to the relational dimension to understand
the relationship between aging and use of ICTs. In particular, quantitative research
continues to reflect on the personal characteristics and dimensions of the elderly, to
apply a “methodological individualism” [55] that reduces the complexity of the real
contexts of learning and use of ICTs. On the other hand, it has been highlighted that
articles focusing on the relationship between ICTs and the social participation of the
elderly have shown interesting connections between the use of ICTs and an increase
in social relationships or a decrease in loneliness [26]. These findings warrant further
investigation and exploration.
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A third element of reflection concerns the contexts of analysis and the nature of
the samples. The analysis of secondary data of large samples (already structured) is a
fairly common practice. Lesswidespread is the construction of ad hoc questionnaires and
samples. As far as qualitative research is concerned, nursing homes continue to represent
an interesting place for research and for understanding the relationship between aging
and technologies (especially health). But is the analysis of these contexts really useful for
understanding the aging processes in society? Aren’t these contexts too characterized,
where the aging processes are peculiar and cannot be extended to the whole of society?

COVID-19 has played a catalytic role in the phenomenon of ageism in the ana-
lyzed literature. On the one hand, disparities, and inequalities of access, particularly to
information, have been highlighted, and on the other hand, distorted and stereotypical
representations of aging in relation to new technologies have emerged in social media
narratives. According to the findings, the pandemic amplified stereotypes regarding the
relationship between older adults and emerging information and communication tech-
nologies (EICT), but also led to discussions on positive aging trends and innovation,
highlighting the crucial role of media in raising awareness about power imbalances and
reducing ageism related to EICT use [43]. Even social media has played a significant role
in polarizing the discourse on aging between hostile and benevolent ageism [52]. Access
to information during the Covid-19 pandemic has revealed numerous weaknesses, par-
ticularly with respect to the most vulnerable populations [16]. Indeed, it has been shown
that having more sources of information in the context of a public health crisis provides
greater incentives to adopt higher health protective behaviors [47].
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Abstract. With the aim of integrating the concepts of PBL learning philosophies
and learning communities, this study discussed and worked out a technological
teaching strategy suitable for older adults. It was expected that this study could
explore and deepen the learning experience of older adults through personally
experiencing the situation and through problem exchange to assist them in improv-
ing their technological literacy and the ability to learn independently. This study
held a participatory workshop and invited 18 older adults to participate in a tech-
nological learning course to further probe into the learning effectiveness and the
opinions of older adults.

This study showed that when learning in technological courses, the partici-
pants had great individual differences, were interest- and practical-oriented, had a
lack of self-confidence, had a community effect, and had requirements for imme-
diate discussion and assistance. Assisted by two kinds of PBL models, the par-
ticipants received significant positive effects on the desire for technical learning,
the perceived usefulness, and their psychological well-being. Moreover, the par-
ticipants also had the thought and motivation to continue pursuing independent
learning.

Keywords: PBL Model · Older Adults · Learning Community

1 Introduction

1.1 Older Adults and Technological Learning

The public often misunderstands older adults’ attitudes toward learning technology.
Many people believe that older adults do not understand and do not need to use technol-
ogy. In fact, older adults also have the potential to use technological products. Although
older adults may find it difficult to learn independently and often make mistakes due to
a lack of relevant technological experience, they can also use technology skillfully after
receiving appropriate guidance [1]. In addition, many older adults believe that technol-
ogy can improve their life quality and life satisfaction [2–4], and they expect to use it to
strengthen their connections with relatives and friends [5].
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Learning information technology and network applications are useful for older adults
to receive new information and to promote study while achieving the purpose of social
connectedness [6], thus improving all aspects of their life quality [4, 7]. This study
divided the above-mentioned normal factors affecting older adults’ use of information
technology and the benefits into three categories:

1. Self-efficacy: For older adults, learning technology and staying up to date with
technology are signs of self-challenge and of maintaining vitality in addition to
understanding young people’s life. These actions are helpful for them to establish
confidence.

2. Social connection: Older adults’ use of information technology helps to pro-
mote social connections, command social development, maintain relationships with
families and friends, promote interpersonal relations, and manage self-image.

3. Psychological well-being: Older adults’ use of information technology includes
aspects of leisure, entertainment, and living needs and eliminates the sense of loneli-
ness for older adults. It also provides extra channels for shopping, amusement games,
inquiry about health information, and knowledge learning.

In brief, for older adults, learning how to use technological products can promote
a positive perception of life, satisfy social connectedness requirements, and improve
self-efficacy.

1.2 Learning Philosophies of Problem-Based Learning

In recent years, learner-centered learning has attracted much attention and become a
trend in education policy. Problem-based learning (PBL) is a reflection of a kind of
behavioral education in which the learning is situational and life-like. It pursues the
concepts of student-centered learning and uses problem-based teachingmaterials, group-
based platforms, and discussion-based modes. With the interpretation and application
differences in different teaching scenes, two explanations of problem-based learning and
project-based learning have derived from PBL. Although the core of both explanations
is to organize the learning process based on problems and to regard problems as the
starting point of the learning process [8], there are differences in the learning connotation,
problem structure, and achievement category.

• Problem-Based Learning

Problem-based learning (PBL) starts with an ill-defined abstract problem. The pur-
pose of learning is learning, and the key of learning is the process of solving a problem,
not the ultimate answer. Problem-based learning can also be regarded as a kind of diver-
gent learning mode. Based on an indefinite problem or description, it guides learners to
form different sub-topics in the process of solving the initial problem [9, 10]. Learners
should try different strategies or methods to experience the connotation of knowledge
during the practical application in order to avoid inflexible knowledge.

The thinking situation of problem-based learning is similar to that of the learning
of knowledge through self-exploration. When trying to learn the initial goal, more sub-
topics available for exploration can be identified. With the understanding of different
perspectives, a personalized comprehension model for the initial goal is constructed at
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last. This kind of learning model can be applied to an abstract learning objective such
as learning of science and technology products which has multiple uses and is different
from person to person. It can provide the opportunity to make up for the cognitive gaps
of individual learners on practicality caused by standardized course content. In addition,
under the structure of the same goal, through the learning process of practical application,
learners can establish knowledge understanding in accordance with their requirements.

• Project-Based Learning

Adriving question is the core of project-based learningwhich can also be regarded as
a convergent learning mode. Sub-topics are formed based on the observation of different
life phenomena or try of different factors. Learners understand the initial driving question
which they intend to solve based on the study of sub-topics [11].

The characteristics of project-based learning are similar to the thinking situation
when an individual conducts the learning behavior to complete something. In the pro-
cess of trying to complete a task, after learning multiple aspects, learners can finally
learn the skill of how to complete the initial task. This kind of learning process can be
applied to the learning of compound skills composed of multiple single functions. It can
also be applied to converge fragmented knowledge into a unified concept. Science and
technology products have many functions and their application situations are different.
Older adult learners may not be able to integrate many concepts learned in the classroom
and apply them to their life situations. Therefore, this study suggested that the charac-
teristics of project-based learning are appropriate for after–class exercise. Based on the
designated core task, project learning assists the learners to integrate the knowledge
learned into a practical skill that can be used in daily life. At the same time, learners can
experience the practicability of the skill during the exercise.

1.3 Learning Communities for Older Adults

Cooperative learning is a systematic strategy in which the participants have a common
learning goal that can improve their cognitive and social development and promote
learning from each other. Cooperative learning has key factors such as positive interde-
pendence, individual and group accountability, promotive interaction, appropriate use of
social skills, and group processing [12, 13]. During the process of cooperative learning,
learners will receive recognition from themselves and others because of mutual encour-
agement and support.When this learningmode is connectedwith the social requirements
of older adults for learning, extra learning benefits can be generated to promote learning
motivation. In addition, through the application of community networks, older adults
can have more opportunities to present themselves, participate in society, and integrate
into the people around them [6, 7]. Moreover, they can create a positive impact through
mutual assistancewith other older peers. Therefore, this study suggested that community
networks are suitable as an auxiliary tool for cooperative learning and a sharing platform
for connecting learners.
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1.4 Summary

Through a literature analysis in the previous section, this study explored this issue from
three dimensions: (1) older adults and technological learning; (2) PBL learning philoso-
phies; and (3) learning communities for older adults. These three dimensions are regarded
as references for designing technological learning courses for older adults. This study
intended to integrate the concepts of two kinds of PBL learning philosophies and learn-
ing communities into a technological learning course for older adults that could meet
the special requirements of older adults for technological learning.

The comparison of the two types of PBL learning philosophies with the character-
istics of older adults’ technological learning revealed that the application of these two
philosophies on older adults’ technological learning has application potential. Specif-
ically, PBL satisfies the goal orientation need of older adults regarding technological
products and attaches importance to the requirements of practicability, which can help
learners to integrate the knowledge learned into skills that can be used practically. In the
process of problem-based learning, older adults were allowed to construct a model of
a personalized understanding through self-exploration to make up for the cognitive gap
of individual learners on practicality caused by standardized course content.

The concept of a learning community satisfies the special requirements for social
participation and interpersonal interaction of older adults when participating in techno-
logical learning courses. In addition, regarding PBL learning philosophies, the concept
of a learning community provides a discussion channel that is free of time and space lim-
itations. Therefore, the benefits of a learning community and PBL learning philosophies
play a complementary role.

This study aimed to integrate in-person courses with the online learning community
to provide a new course design strategy for the trend of older adults’ learning on tech-
nology. The integration was tested practically to receive experience feedback. It was
expected to bring benefits to older adults, researchers, teachers, and designers in the
relevant field of technological learning.

2 Research Method

2.1 Cross-Sectional Investigation

This study entered the field of older adults’ learning in communities to implement a
cross-sectional investigation of the shortage and research gap in the design of current
technological courses for older adults. Through semi-structured interviews, six experts
with experience teaching technological courses for older adults were invited for inter-
views to provide practical experiences at the teaching scene, the current activity arrange-
ments community leisure courses, and the content appetite of older adults taking these
courses.
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After sorting out the interview results, it was found that when taking technologi-
cal courses, older adults have characteristics such as great individual differences, being
interest- and practical-oriented, a lack of self-confidence, community effect, and require-
ments for immediate discussion and assistance. According to the documents and inter-
view results, this study put forward a design architecture (Fig. 1) for technological
courses aimed at older adults that combined PBL learning philosophies with the appli-
cation of a learning community. The older adults’ requirements of goal orientation and
attaching importance to practicability for technological products are satisfied by the PBL
learning philosophies. While the older adult learners practice after class, they can also
apply all skills learned in the classroom in their lives. In addition, the online learning
community established by the older adults from the same class not only promotes per-
sonal interaction and learning from one another but also provides immediate discussion
channels after class. Assisted by the teaching materials, the course may help the learners
to learn constantly and prolong their learning enthusiasm and memory to avoid losing
opportunities to practice and confidence due to momentary setbacks.

Fig. 1. Design architecture of the proposed course

2.2 Design Technological Learning Courses for Older Adults

The design of the technological learning course for older adults created in this study
was implemented in a number of thematic units. Each thematic unit consisted of three
parts (Fig. 2) that stretched over two offline classes, with a time interval of one week
between them. The after-class exercise between two in-person classes was presented in
the online community group, extending the learning field and time to the life scenes of
learners.



448 K.-Y. Chang and C.-F. Lee

Fig. 2. Phased tasks in the class

The course design and learning process in this study are shown in Fig. 3. The topic
of the course started in the second half of the first class and ended in the first half of the
second class, which could link the classes together. The learning tasks and process of
the learners in the learning cycle could be explained in detail through four phases (A, B,
C, and D):

1. Phase A occurred at the beginning of the course unit. The learners learned the appli-
cation of basic functions of this topic in the in-person course. The teacher assisted
the learners face-to-face in solving operational problems during the class and helped
them practice basic application situations.

2. Phase B started at the end of the first half of the course. The teacher assigned a
compound exercise after class. The learners applied the knowledge learned in class
in daily life scenes and in the environment they were interested in using their own
devices at home. Based on the concept of project-based learning, this phase included
an exercise to be completed after class as the core driving question. According to their
requirements and the actual situation, the learners decidedonhow to complete the task
and formed their own sub-topics based on their attempts through different methods or
under different circumstances. Through the learners’ exploration on the sub-topics,
they gradually learned the functions acquired in class and finally understood the
skills to be conveyed to the learners in the course unit.

3. In phase C, each learner performed the exercise in different scenes (which were sub-
topics) and had the opportunity to discover additional functions or usages during the
experience, thereby generating new questions. At this time, in addition to the original
core driving question (the after-class exercise), the learners generated different sub-
questions. The sub-question generation by every learner was a process of forming
problem-based learning centering on a fuzzy structure problem which was exploring
and familiarizing the relevant functions of the topic. By trying diverged strategies
and methods, learners eventually formed a functional application mode in their own
style.

4. In phase D, after the learning process of the convergence of phase B and the diver-
gence of phase C, the learners brought the skill or questions newly identified to the
offline class for discussions with the teacher. In addition, the teacher assisted the
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learners to converge the extra-diverged learning problems, solve relevant questions
about the topic and summarize the topic before starting the next thematic unit.

Fig. 3. The architecture of course design and learning process

2.3 Research Process and Method

In reference to the analysis result of the review data, this study designed a course model
for older adults in the form of a community leisure course. In total, three course units
addressing one technological topic were arranged. The action research method was
used at the same time. The researcher observed and reflected in the teaching process and
dynamically adjusted the next course unit immediately. As shown in Table 1 and Table 2,
after the end of the course, a Technological Learning Attitude scale was used to analyze
the changes in participants’ learning attitude, proficiency, and background knowledge
before and after the technology course. Then, through a semi-structured interview, this
study further investigated the learning effectiveness and opinions of the older adult learn-
ers and put forward the PBL teaching results conforming to older adults’ requirements
in technological learning. It also proposed advice for the design of technological learn-
ing courses for older adults to provide convenience for the usage and reference of the
following relevant research.

2.4 Research Scope and Subjects

The experimental objectives of this study were to (1) record the learning process and
effectiveness of older adults; (2) analyze the influence of the course on older adults’
attitude toward technological learning, operation proficiency, and technological knowl-
edge; and (3) understand the relevant opinions and satisfaction of older adults with the
teaching design presented in this study.
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Table 1. Abstract of the topic of Technological Learning Attitude scale

Dimension Abstract of the topic discussed in this study

Learning
attitude

Willingness to learn, perceived usefulness, willingness to share
achievements, sense of fulfillment, and feeling of satisfaction

Proficiency Frequency of life application, course content, efficiency, operation
autonomy, cognitive difficulty, and confidence (in teaching others)

Background knowledge Technological tool type, cross-platform knowledge (smartphones
and tablet computers), self-learning ability, and self-understanding
of technological requirements

Table 2. Items of the technological learning attitude scale

Dimension Item

Learning attitude 1. I like learning about new technological products
2. I think the use of technological products will be an essential
ability in future life
3. Learning to use technology makes me feel satisfied and successful
4. I am looking forward to sharing my learning experience with my
relatives and friends
5. I will be curious about how others use technological products
6. I have the idea and motivation to learn technological products
independently

Proficiency 7. I think it is easy to handle things with smartphones
8. I often use my smartphone to accomplish tasks in my life
9. I am confident that I can teach my skills to my friends and
relatives
10. I think a smartphone can improve my life efficiency or quality
11. I can skillfully operate the technological products I own

Background knowledge 12. I can understand the characteristics and differences between
smartphones, tablet computers, and computers
13. I can use others’ smartphones or tablet computers smoothly
even though they are not the kind I am familiar with
14. I know that smartphones have more functions besides those that
I have learned about
15. I already know roughly what kind of smartphone features I need
(photo function, battery capacity, screen size, and audio function)

The experimental site was a community care center. A smartphone learning course
was conducted once a week for about 2.5 h each time, with a total of four classes.
The main experimental tools were the subject’s smartphones and a six-inch smartphone
using the Android operating system provided by the researcher. During the study pro-
cess, the experimental results were recorded through cameras, paper questionnaires, and
smartphone screenshots.
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The recruited subjects were older adults aged 55 to 70 who had the ability to learn.
A total of 18 subjects, including four males and 14 females, participated in the whole
experimental process, and their average age was 64.7 years (ranging from 70 years old
to 55 years old, with a standard deviation of 5.81 years).

2.5 Experimental Procedures

This research conducted a study on technological learning through courses in the com-
munity activity field for older adults. The course content centered on the topic of learning
how to use a smartphone. The content preferences were situational topics and topics that
could be shared. Therefore, the core of the teaching content was the situational tasks. The
course architecture continued the thematic unit form designed in this study and made the
learners experience and complete the arranged PBL learning task by connecting three
course cycles through an online learning community group.

Three course units were designed in this study: how to use LINE’s picture editor,
how to use the Foodie camera app, and how to use GoogleMaps. Upon completion of the
course, this study invited the subjects to complete after-class questionnaires and partic-
ipate in semi-structured interviews. While implementing the experiment, the researcher
observed from the side and recorded the problems or phenomena identified during the
experiment, of which the findings were provided as a reference for teaching design
adjustments on the following week and the reference of the study result.

The topic of the first unit of the course was how to use the built-in picture editor of
the LINEmessaging app and how to interact in the course group after being added to the
group. In accordance with the PBL model adopted in this study, a learning task based
on project-based learning was arranged to be completed after class. In this task, older
adults were asked to take their favorite photos and then use the functions learned during
class to edit the photos, add patterns or texts, and finally share them in the course group.
In this way, older adult learners attempted to complete the whole operating procedure
and experience the pleasure of creation and sharing. In addition, through the learning
community group, the teacher assisted the older adults to carry out discussions and
exchanges to promote the learning confidence of older adults and interactions within the
community group.

The second course content and exercise tasks focused on the various tools in the
software for editing pictures and their effects. Then, the older adults were able to see and
understand the meaning of the values and the changes before and after adjustments. The
purpose of the second course was to enable the learners to learn to shoot and edit pictures
in daily life and post them to social media. The exercise themes were developed by the
learners themselves at home. This was an advanced task that could only be completed
by connecting the learning content of this course with that of the previous course. Based
on the practical operation and combination of multiple tools, the older adult learners
experienced the practicality of the functions and finally integrated them into a skill that
could be practically used.

The third coursewas the relevant application ofGoogleMaps to provide convenience
for older adults whenmaking appointments with relatives and friends andwhen planning
travel itineraries. In reference to the PBL model, the after-class exercise this time was to
find a scenic spot, plan an itinerary to visit it, and share it through the LINE community
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group. This was a compound operating task that required the use of two applications.
It was more difficult for the older adults, but if they could acquire this skill smoothly,
they would have more opportunities to use it as the skill is very practical in real-life
situations.

3 Results and Discussion

3.1 Research Results

According to the result of the Technological LearningAttitude scale (as shown in Table 2
and Table 3), after completing the three course units, the subjects indicated positive
effects on aspects such as the desire for technological learning, the perceived usefulness,
and the psychological well-being of the subjects. They also had the thought and moti-
vation to engage in independent learning. There was no change in the result of item 4
about the willingness to share achievements. However, its average score was already the
highest in the pretest stage, echoing the pilot study of expert interviews which found that
sharing and community communication was one of the main motivations for the older
adults to participate in technological learning. Regarding the subjects’ proficiency, after
learning, the subjects’ command of the course content was significantly improved, and
they were more inclined to believe that learning new technology could improve their life
quality and efficiency. Items 9 and 11 showed a slight decrease in values between the
questionnaires taken before and after the course. Although the values of items 9 and 11
were still in the range of positive perspectives, the result indicated that the older adults
had become more conservative regarding their familiarity with their own devices and
their confidence in teaching others after learning and exploringmore unknown functions.

According to the summary of the interview result and the record of the action
research, the purposes of older adults’ learning and use of smartphones were mainly
related to tourism, life records, graphic creation, information sharing, and efficiency
improvement. During the process of learning and exploring, they experienced the use-
fulness of smartphones through actual practice. At the same time, they felt disturbed by
the need for cross-platform and cross-device usage and failed to develop confidence in
teaching their peers, resulting in the development of a more conservative attitude than
before the learning and creating an obstacle to their exchange and discussion.

This study also identified that in addition to normal usage, during the exercise process,
older adults also often discovered special application modes themselves. For example,
they greeted relatives and friends with self-made cards and used the street view function
of Google Maps to travel around the world. It could be seen that after class, the older
adults’ usage of their devices, together with their life situations, effectively stimulated
learning achievements that were more in line with themselves and that deepened the
impression of the newly learned content.

On the other hand, the older adults said that the arrangement of the exercises after
class in this study helped deepen their learning impression and ability to share knowledge
with their relatives and friends, which aroused their appreciation. This indicates that in
addition to learning, the action of learning also generated social function. In the minds
of the subjects, apart from the function of viewing class information, the course group
was also a place to practice as the learners did not have to worry about the impact of
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Table 3. Result of the technological learning attitude scale (rounded to the second decimal place)

Dimension Item
(Table 2)

Before After t-value p-value (2-tailed)

Learning attitude 1 4.06 4.69 3.48 0.003*

2 4.13 4.69 3.09 0.007*

3 4.00 4.56 3.09 0.007*

4 4.50 4.50 0.00 1.000

5 3.94 4.44 2.45 0.027*

6 3.69 4.50 4.33 0.001*

Proficiency 7 3.75 4.38 2.83 0.013*

8 3.63 4.06 1.82 0.089

9 4.13 4.00 −0.62 0.544

10 3.69 4.25 3.58 0.003*

11 3.81 3.75 −0.21 0.835

Background knowledge 12 3.63 3.56 −0.21 0.835

13 3.19 2.94 −1.00 0.333

14 3.75 4.44 3.91 0.001*

15 3.19 4.19 4.90 0.000*
* p < 0.05

operational errors on other unknowing relatives and friends. All the above phenomena
showed that the demand of older adults for technological learning was closely related
to social sharing and life records. The PBL exercises and the assistance of the online
learning group helped the older adults experience the convenience of technological
functions and further strengthened their learning willingness.

3.2 Discussion

In order to meet the requirements and characteristics of older adults in learning techno-
logical products, this study incorporated two PBL learning philosophies with the use of
learning community strategies as the main architecture of the course. The two philoso-
phies and learning community respectively meet the goal orientation, practical learning
preferences, and requirements for social and interpersonal interactions of older adults,
all of which had corresponding usages in each phase of the learning process.

It could also be seen from the changes after the course experience that after expe-
riencing the learning content of the course, the older adults were more confident that
learning technology could improve their life quality and efficiency while improving their
willingness to apply it in their daily lives.

In this teaching strategy, the theory of two PBL models was applied successively.
According to the literature review and the findings of this study, when older adults
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understand the usefulness and importance of technology to themselves, they will have
good learningmotivation and positive experiences. Therefore, for the exercise after class,
the project-based learning mode was adopted to assist the learners with integrating the
knowledge they had learned into a practical skill they could use and in perceiving its
practicality based on the designated core task. After completing the after-class exercise,
the learners began to enter the phase of self-exploration. During this process, they gained
opportunities to identify new solutions or usages according to their requirements. In this
case, the experience of problem-based learning of the second PBL model made up for
the cognitive gaps of individual learners on practicality caused by standardized course
content. Based on the subjects’ self-exploration, the problem orientation assisted them
in constructing a personalized knowledge understanding that was more in line with their
requirements.

4 Conclusion and Suggestions

4.1 The Current Situation and Opportunities of Older Adults’ Technological
Learning

Before learning about technological products, older adults usually need an appropriate
scene or full imagination to smoothly accept a new technological application. When
technological learning can effectively meet the requirements of older adults for social
interaction and self-efficacy, it can have a significant positive impact on their willing-
ness to learn, perceived usefulness, social participation, and psychological well-being,
thereby making up for some of their physiological and psychological difficulties. The
learning content which is practical and sharable is more appropriate for older adults in
entry-level topic planning for technological learning.

4.2 PBL Learning Strategies in Line with the Technological Learning
Requirements of Older Adults

Based on two PBL learning philosophies, this study integrated the characteristics of
in-person courses and online group interaction. The participants applied what they had
learned to the environments in line with their situations and interest, thereby improving
the positive effects on their independent technological learning and social interaction.
Course design that is in line with the PBL learning philosophy can enable learners to use
their own life situations to practice the learnt skill and to personally feel the practicality
and usefulness of this skill, all of which could increase learners’ motivation and willing-
ness to learn. Learning communities can enable learners to get instant help and maintain
their sense of participation at home. The sharing of learning achievements causes dis-
cussion, provides social fun for older adults, builds confidence and self-satisfaction, and
at last effectively improves the negative factors of purely digital courses, such as the lack
of interpersonal interaction, lack of peer support, and isolation.
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4.3 The Learning Experience Process and After-Class Effectiveness of Older
Adults on the Course

According to the result of the teaching experiment, during the learning process, older
adults could combine multiple single functions into practical compound skills through
PBL exercises arranged by the teacher and experience the practicality of the skills during
the exercise. The self-exploration process could help older adults to live and personalize
their technological knowledge, understand their technological requirements, and develop
the habit and motivation of continuous learning. The incorporation of an online learning
community could guide older adults to understand the expected results of a course
during the early stages of learning, generate topics, and induce learning motivation.
The community could also provide immediate assistance and discussion while learning,
thereby maintaining the learning enthusiasm and participation of older adults. After
learning, older adults could feel encouraged to share their learning effectiveness to
establish confidence and receive self-satisfaction.

This study analyzed the current technological learning situation and opportunities of
older adults. It proposed a PBL teaching strategy that was in line with the technological
learning requirements of older adults and provided a new course design strategy to meet
older adults’ preferences for learning technology, which was tested, and experiences and
feedback were obtained. The findings of this study could bring benefits to older adults
as well as researchers, teachers, and designers in the field of technological learning.
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Abstract. The article aims to assess the long post-Covid-19 phase from the point
of view of the relationship between seniors and ICTs, with an Italian focus. Dur-
ing the first phase of the pandemic (in some ways the most acute and dramatic,
because of its newness and the uncertainties to be able to face it) an increase in
the overall production and consumption of digital contents and tools was at large
empirically observed. At that stage, interesting hypotheses were formulated based
on the assumption that the pandemic should spread the ICTs even among the most
resistant categories, including the seniors. Three years after the pandemic out-
break, it is time to empirically test how reasonable this hypothesis was, how well
it is borne out by the facts, and what general interpretations regarding the effect
of major events and crises on the diffusion of technologies among seniors can be
made. Our thesis is that, in Italy, the effect on current seniors in terms of diffusion
is limited if not null. Instead, the data show that the pandemic has strengthened
the divide between seniors and younger generations, and consequently supports
the interpretation of technologies as markers for second-level digital divide.

Keywords: older people · digital media · Covid-19 · digital divide

1 Introduction

The article aims to assess the long post-covid phase from the point of view of the
relationship between seniors and ICTs, with an Italian focus.

We can consider the first phase of the Covid-19 pandemic in Italy that which begins at
the end of February 2020 and ends in May 2020: this phase goes from the first outbreaks
identified in northern Italy, passes through the first local lockdowns and the induction of
the national lockdown (March 8, 2020) and ends with the end of the national lockdown
(May 4, 2020). The second phase of the pandemic in Italy begins on 13 October 2020,
with a series of severe restrictions that are eased from until May 2021. The third phase,
linked in particular to the dissemination of vaccines but also to the endemization of the
virus, ends on March 31, 2022 with the end of the state of emergency introduced by the
government.

During the first phase of the pandemic (in some ways the most acute and dramatic,
because of its newness and the uncertainties to be able to face it) an increase in the
overall production and consumption of digital contents and tools was at large empirically
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observed. At that stage, interesting hypotheses were formulated based on the assumption
that the pandemic should spread the ICTs even among the most resistant categories
(according to, for instance, Rogers’ classic categorization, [1]), including the seniors.
Regarding the latter, it was assumed that the need to stay in touch with family members
and acquaintances, would have generated a digital literacy effect that would not be
dampened with the slowdown and (hopefully) the definitive control of the virus. Three
years after the pandemic outbreak, it is time to empirically test how reasonable this
hypothesis was, how well it is borne out by the facts, and what general interpretations
regarding the effect of major events and crises on the diffusion of technologies among
seniors can be made. As we shall see, our thesis is that the effect on current seniors
in terms of diffusion is limited if not null. Instead, the data show that the pandemic
has strengthened the divide between seniors and younger generations, and consequently
supports the interpretation of technologies as markers for second-level digital divide.
This understanding, in turn, prompts us to adopt an alternative perspective drawing on
the assumption that technological diffusion is more as a stratification of diffusion and
practices rather than a linear development. On this basis, several hypotheses can bemade
on the effects of the pandemic in the coming years both for current and future seniors,
starting with the fundamental role played by the socialization to technology occurringat
work. Further enquiries concerning the intergenerational role of major global events and
crises, of which the pandemic is a significant example, should be made.

The article is divided into three parts. At first it is focused on the analysis perspective
oriented towards the recognition of digital divide not only as a starting point for the spread
of digital technologies and related practices, but rather as a permanent context even
reinforced by the pandemic crisis. The second aims to demonstrate the co-relationships
between trend of technology diffusion among seniors and theories of stratification. The
third draws some conclusions, formulating some hypotheses for future development.

2 ICT, Ageing, Digital Divide

2.1 The Origin of Digital Divide

In recent years processes of technology diffusion and adoption by the over 65s [2, 3]
has been at the core of the academic debate also in Italy: particular attention has been
paid both to reasons and ways in which the older people use technologies and to those
reasons making many older people resistant to the use of ICTs, making the Grey Digital
Divide (i.e. the difference in technology penetration between the older people and the
rest of the population) very pronounced in Italy compared to other European countries
[4].

The first studies on the adoption and use (and non-use) of ICTs by the older people
were made within the theoretical framework of the digital divide. The digital divide liter-
ature argues that exclusion from the digital, IT and connected society impacts all aspects
of life, such as education, sociability, culture and entertainment, personal interactions,
and political participation [5].

The concept of the digital divide was basically originated in reference to the disad-
vantage in access to communication platforms and the resulting disadvantage in terms
of access to information [6]. In the context of the so-called ’first-level digital divide’,
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research initially studied the socio-demographic characteristics and differences between
those having technologies and connections to the Internet (or telephone line) and those
who have not [7]. This so-called dichotomous or binary interpretation, based exclusively
on the categories of ’have’ and ’have-nots’, certainly facilitated the initial framing of the
digital divide phenomenon, but risked giving rise to simplistic interpretations of reality,
such as, for example, thinking that in order to overcome inequalities, it would be enough
to foster technological endowments (i.e. to solvewhat is defined byDijk as the ’first-level
digital divide’ [8]), instead disregarding the skills to use such communication technolo-
gies (defined as the ’second-level digital divide’). Starting from this initial theoretical
framework, which stemmed from political concerns and the harmonious development of
society [9], progressively, there was an awareness that in addition to the divide in terms
of access to the Net, there were profound differences in terms of the use of technologies
[10].

2.2 The ‘Second-Level Digital Divide’

In recent years, the universe of meanings to which the term digital divide has come to
refer has widened over time, moving decisively away from the technocentric approach
of its origins, i.e.. Based exclusively on gaps in ownership and use of technologies [11].
There has been a shift in assuming that in addition to the divide in terms of access to ICTs
and the Internet, inequalities between people were mostly in the use of technologies:
this is a ’second-level digital divide’ [8].

The digital divide has started to be conceived as an evolving social phenomenon:
it is no longer to be meant as a single gap, but as a variety of social, economic, and
technological differences defining together the complexity of the phenomenon. In recent
years, the literature on the digital divide has therefore been enriched by theorists who
have placed the relationship between ICT, technology diffusion, skill acquisition and
social issues at the center of their reflection [12]. Research in recent years has focused
on the study of different types of skills (technical, verbal, mathematical), qualitative
differences in the use of technologies, and the relationships between use and broader
economic and social trends. According to this understanding of the digital divide, what
matters is not the possession of technologies, but rather the skills and competences of
people in and to be able manage their risks and opportunities [13]. With respect to the
topic of e-skills, digital skills do not only mean to be able technically to know how to
use a media, but also a to manage and evaluate the information resources on the Internet
and to make use of the opportunities offered by the Net [14].

2.3 Grey Digital Divide, Normalization, Stratification

From the very beginning, the debate around the digital divide (both first and second level)
has regarded age as one of the most important socio-demographic variables influencing
the diffusion and use of ICTs, and the level of digital skills. For some authors, the ’grey
digital divide’ [15] is a purely generational phenomenon, destined to disappear on its
own over time: the next digital generations will displace the old analogue generations.

Such an interpretation is consistent with what is termed the ’normalization’ hypoth-
esis aimed to solve digital divides: this hypothesis is based on the prediction that over
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time a level of saturation in the diffusion of technologies will be reached hence allowing
even those groups and individuals who were initially in late to close the gap with early
adopters.

Over time, because of those policies lowering prices, or thanks to the evolution of
technologies in terms of greater ease of use, the distance between users and non-users
will be bridged.

This is a hypothesis often supported by public decision-makers (who believe, for
instance, that lowering prices of technologies is enough to ensure their diffusion, see 16)
but also by early academics dealing with digital divides [6] (Fig. 1).

Fig. 1. Model of normalization

The reflection around digital divides has in recent years broadened to a new hypoth-
esis on the diffusion of technologies, that of ’stratification’. The stratification model
is more focused to the concept of inequality and argues that, due to greater capital of
knowledge and availability of access, those who are in a position of relative advantage
with respect to technology, will increase their privileges; conversely, groups character-
ized by a slow and difficult adoption of the new technology will never fill the gap [5]
(Fig. 2).

Therefore, if the hypothesis of normalization foresees a closure of the gaps (over
time), that of stratification considers it impossible to close - without adequate public
policies - digital gaps, since they are rooted in social inequalities. Van Dijk underlines
how this secondmodelwell represents the long-term trend of digital inequalities, because
it takes into account uneven access, connected in turn with the personal, relationship and
social characteristics and skills of individuals (age included, see [17]).
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Fig. 2. Model of stratification

3 The Use of ICT in Different Age Cohorts in Italy

3.1 Research Question, Data and Methods

Taking the into account this literature, these theories can be tested with regards to the
pandemic crisis. The research question that arises is: has theCovid-19 crisis and the rapid
digitization of large sectors of European society reduced, increased, or left unchanged
the digital divide of the Italian older people compared to younger generations/cohorts?

In the following paragraphs wewill show some secondary data taken from the “Digi-
tal Agenda Key Indicators” database, a service of the European Commission [18], which
selects various indicators, divided into thematic groups, illustrating some key dimensions
of the European digital market. These include data on telecommunications, broadband,
mobile, Internet usage, Internet services, eGovernment, eCommerce, eBusiness, digital
skills, and research and development. It is a very diverse data source: data regarding
digital consumption and demand come from Eurostat. The indicators constructed allow
us to compare the development of European countries over time, and much of the data
on technology consumption/ownership is offered broken down by age cohorts.

Due to the nature of data, our aim is not to give an in-depth analysis, but an overview
able to show a longitudinal trend of digital divide between the Italian older people and
the rest of the coexisting generations.

Let us point out, preliminarily, that the data we are using concern subjects aged 75
at the most, which, especially in Italy, constitutes a strong limitation, given that subjects
over 75 represent an increasingly significant slice (over 10%) of the Italian population.
We shall see in the conclusions how this bias can be assimilated to some extent in our
interpretative inferences.
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3.2 Internet Use

Fig. 3. Individual who are frequent Internet users (every day or almost every day), by Age (6
groups) 2003–2022. Source: European Commission, Digital Scoreboard

The graph shows the trend over time of Internet access by Italian citizens, divided
by age groups, between 2003 and 2022. As we can see, the digitalization processes of
the older age groups (65–74 years) have been steadily growing since 2003, but only
in some stages faster than the general digitalization of the population. On the contrary,
between 2006 and 2015 the digitalization of the older people, although starting from
lower percentages, increased more slowly than that of the younger age groups. The same
happened between 2019 and 2020 (the start of the pandemic): despite the compulsory
digitalization of services and of many aspects of daily life, the over-65s with frequent
Internet use increased less quickly than the younger cohorts, from 38.1% to 41.8% (a
delta of + 3.7%), while frequent use among the mature 55–64-year-olds increased by
4.9%, starting from already large percentages of Internet users. Between 2020 and 2021,
the 6.7% increase in frequent Internet users among the older people was slightly higher
than the increase recorded for the other age groups (+5.2% for those aged 55–64). But
this seems to be only a sort of delayed ‘technical rebound’ compared to the general
post-pandemic digitalization process, with growth between 2021 and 2022 levelling off
again. In essence, between 2019 and 2022 (the years of Covid-19), the growth in the
frequency of use by the older people did not go faster than in the previous three years
(2016–2019) and only partially narrowed the gap with the younger cohorts, which grew
at the same rate or, in the case of the younger and already heavily digitized population,
at a still sustained rate. On the other hand, it seems to be the middle-aged cohorts (55–
64, but also 45–54) narrowing the top-level digital divide in recent years (well before
Covid). From these data it can therefore be argued that Covid-19 can be conceived
neither as increasing the frequency of Internet use among the population nor as reducing
age-related gaps nor as allowing the older people to increase the frequency of use of
digital technologies in general and of the Internet in particular (Fig. 3).
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Fig. 4. Individuals watching video on demand from commercial services. Italy. (2016–2022).
Source: European Commission, Digital Scoreboard

3.3 Consumption of Digital Content, Information Resources and Communication
Tools

Regarding some specific digital contents, it is interesting to note how the dynamics
widening the gap between the older people and the young population began in themiddle
of the last decade: it was at that time, in fact, that after years of niche use of such contents,
the acceleration of the digital offer of movies, music and games resulted in a rapid
increase of consumption by the younger generations. However, the phenomenon was
not replicated among older generations, who remained on the margins of consumption
of such products. In recent years, consumption has risen markedly in all cohorts, but
among older people it has grown much slower, even during 2022. The distance to the
younger cohorts has thus increased. As Fig. 4 shows, while more than 70% of people
between 16 and 24 habitually have watched video on demand, among the older people
this percentage drops to 12%.

Same trend can also be seen in the data concerning playing or downloading games,
images, movies, or music. As regards to online practices, between 2013 and 2016, there
was a significant growth among young people and younger adults, while this growth
among the older people was much slower, thus increasing the delta and the difference
between the older people and the young. In 2020, users aged 65 to 74 years playing
or downloading games, images, movies, or music were 27.6 per cent compared to 85
per cent of 16- to 24-year-old. The difference in growth between 2019 and 2020 among
65- to 74-year-olds was minimal, while it was more significant among the mature (55–
64 years old), who, during the pandemic, seemed to be the cohort increasing the most
their digital consumption (Fig. 5).
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Fig. 5. Individuals have used Internet, in the last 3 months, for playing or downloading games,
images movies or music. Italy. (2005–2020). Source: European Commission, Digital Scoreboard

The gap between younger and older age groups has not been narrowed even in
standard and less technically complex uses of the Internet, such as reading news and
online newspapers. Between 2019 and 2022, the consumption of online news in younger
courts increased at the same rate or even faster than in the over 65s, despite the fact
that the percentage of online newspaper readers among young people and adults was
already higher. Among people aged 65–74, online news reading increased by about 10%
in 3 years (from 24.1% to 34.7%), in line with other cohorts or even less than other
cohorts: people between the ages of 35 and 44, for example, recorded an increase from
50% to 62% (Fig. 6).

Fig. 6. Individuals used the Internet, in the last 3 months, for reading / downloading online
newspapers / news magazines (2005–2022). Source: European Commission, Digital Scoreboard

Finally, data regarding phone and video calling usage are also interesting because
they again show how the growth in the use of these tools has not been homogeneous.
The need to communicate in a context where seeing each other was more difficult and
complicated led many people to start using some digital communication services. While
this certainly occured for the younger and already largely digitized age groups, for
the older people this digitalization process was significantly slower. Between 2019 and
2022 the use of online phone calls and videocalls increased among 65–74 y/o ‘only’
by 16.4%, compared to + 20.6% among 55–64 y/o, 21.5% among 45–54 y/o, and 20%
among 35–55 y/o. This slower pace was combined with an already low diffusion of such
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services among the older people and made the gap between young and old even wider
in 2022, with 36.5% of the older people using such services against 86.5% of the 16–24
y/o. Again, the acceleration of digitalization due to Covid-19 has widened rather than
narrowed the generational gaps (Fig. 7).

Fig. 7. Telephoning or video calls (via webcam) over the Internet (2005–2022). Source: European
Commission, Digital Scoreboard

3.4 Information and Consumption of Commercial Goods and Services

Among the changes introduced by the pandemic in people’s daily lives is the area of
purchases and information on the goods to be purchased. The ongoing closure of stores, a
certain supply difficulty, the fear of contagion had increased the popularity of online pur-
chasing services and the choice of products. The number of people using these services
had increased. Again, this growth was not equally distributed throughout the population,
but was accelerated in some cohorts and less significantly in others.

The years between 2020 and 2021 represented a season of great changes, even here
however recording a more moderate growth among the older people over 65. Between
2019 and 2022 the search for information on goods and services increased less by 10%
among people between 65 and 74, against +16% of people between 54 and 65, 15.2%
of people between 45 and 54 and 12% of people between 25 and 34 years. Starting
from data showing that the older people use less of these services, the gap between the
younger generations and the older people had further increased (Fig. 8).
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Fig. 8. Individuals using Internet, in the last 3 months, to find information about goods and
services. Italy. (2005–2022). Source: European Commission, Digital Scoreboard

The phenomenon is even clearer if we move from the search for information to
online purchase. Among the older people aged 65–74, the pandemic has not increased
the (already existing) slow growth in the online purchase of goods, while for the other
cohorts it has significantly increased the percentages of subjects online purchasing. This
has led to growing gaps between the younger cohorts (with almost 70% of 25–34 y/o
shopping online) and the older ones, among whom only 20% of people have bought
something in last 12 months (Fig. 9).

Fig. 9. Individuals ordering goods or service online in the last 12 months, for private use. Italy.
(2005–2022). Source: European Commission, Digital Scoreboard

The graph allows us to further reflect. After the peak of 2020, some online behaviors,
and habits due to the effects of the pandemic have kept on changing. In all age groups, for
example, the percentage of individuals shopping online has fallen down. The return to
normality has led some individuals to re-engage in established habits, such as shopping
in physical stores. This reminds us of how the digitalization process can in some cases
be ’reversible’ and not necessarily that certain behaviors which have been ’digitized’ in
an emergency period will remain as such in the future. For instance, not all users prefer
to buy online when they can go back offline and when the situation (re-opening of shops,
increased mobility) allows it.

Conversely, other online services seem to continue the growth that started during the
Covid-19 period (but often much earlier) and that does not seem to stop. This is the case



ICTs in Later Life and Post-pandemic Challenges 467

of online banking, which has been steadily increasing in terms of usage for years (with
a significant bust in 2013 almost as significant as 2020–2021) and which does not seem
to be stopping (and which, again, risks widening the gap between older and younger
people, who have already been digital users for several years) (Fig. 10).

Fig. 10. Individuals using the Internet, in the last 3months, for online banking. Italy. (2005–2022).
Source: European Commission, Digital Scoreboard

3.5 eGovernment and eHealth

Among the services that have rapidly digitized with the pandemic are those related to
public administration and in particular health services. Also in this case, a certain journal-
istic narrative and discourse on the part of the institutions has told how the digitalization
of public administrations has been followed by a widespread use of these new digital
services.

Indeed, even in this case it is useful to look at the data. The pandemic has indeed
given a strong boost to the use of digital eGovernment services, but in an unequal way,
with some age cohorts (e.g. 34–44 y/o) accelerating much more than others (the older
people, above all), increasing the gap between age groups (Fig. 11).

Fig. 11. Individuals submitting completed forms to public authorities, over the internet, last
12 months. Italy. (2008–2021). Source: European Commission, Digital Scoreboard

Tale fenomeno emerge chiaramente anche dai dati sui servizi digitali legati alla salute
(eHealth). Nonostante la cura della salute rappresenti per gli anziani un tema importante
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e nonostante i progressi in Italia durante la crisi Covid del 2020–2021 in termini di
digitalizzazione della salute, i 65–74 y/o si sono digitalizzati con più lentezza rispetto
alle altre coorti.

Dal 20181 al 2022 la percentuale di anziani che prendono un appuntamento con il
proprio medico via Internet è aumentata del 13,29% contro un+ 23% dei 35–44 y/o. Nel
2022 gli anziani che prendono appuntamento con il proprio medico sono così il 17,2%
contro il 36,4% dei 35–44 y/o.

This phenomenon also clearly emerges from the data on digital health-related ser-
vices (eHealth). Although health care represents an important issue for the older peo-
ple and despite the progress in Italy during the Covid crisis of 2020–2021 in terms
of digitalization of health, the 65–74 y/o digitized more slowly compared to the other
cohorts. From 2018 to 2022, the percentage of seniors booking doctor appointment
online increased by 13.29% compared to+ 23% of 35–44 y/o. In 2022, the older people
booking doctor appointment online were thus 17.2 per cent against 36.4 per cent of
35–44 y/o (Fig. 12).

Fig. 12. Making an appointment with a practitioner via a website (2012–2022). Source: European
Commission, Digital Scoreboard

This trend is also confirmed when focusing on the use of the Internet to obtain
health-related information. Despite the turbulent times and the need to get information
(also) about Covid-19, in recent years the use of the Internet by the older people as a
source of information has grown less than for some younger cohorts (for example the 45
-54 years old): only 35% of people between 65 and 74 years of age use the Internet to
get information on health-related issues against 58% of people between 35 and 44 years
of age (Fig. 13).

1 This case refers to two-years data. There are no data split off for 2019.
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Fig. 13. Individuals using the Internet in the last 3 months, seeking information about health:
injury, disease, nutrition, improving health, etc. Italy. (2005–2022). Source: European Commis-
sion, Digital Scoreboard

4 Conclusion: Implication for Future Research

The datawe have considered seem to unequivocally show that the hypothesized reduction
of the digital divide between seniors and the other age cohorts - at least in Italy - has
not occurred [18]. Indeed, we can go further. On the basis of other empirical evidence
in past researches, which show how the group following that of 65/75 year old, i.e. that
of old seniors (75+) is even less digitally literate and more resistant to literacy, it must
be assumed that the divide has increased even more than what is shown here.

Of course, further research will also have to deal with some contextual issues. For
example, old seniors hospitalized in nursing homes had access for a short time to video-
conferencing systems that allowed them to be connectedwith familymembers. However,
this access was mediated by some facilitators (the staff of the nursing homes themselves
or the family members themselves) and certainly decreased once the doors of the nursing
homes were reopened for visits. However, everything seems to contribute to demon-
strating both the relevance of the second-level divide and the stratification hypothesis,
whereby the inertias in the use of previous media - rooted in everyday practices - heavily
affected the technological consumption diets of subjects, and in these cases in particular
of older people subjects.

In the light of the data we have shown, and pending further insights, we can however
add a working hypothesis regarding the determining factors of the second level digital
divide [12]. This hypothesis consists in attributing a particular significance to the social-
ization of technologies that takes place in the workplace [19]. In fact, as other researches,
including ourselves, have shown, the role of professional networks, production environ-
ments and the impact of technological innovation on working practices seems to be very
high, and constitutes a very strong discriminating element between those who work (and
is more easily exposed to the encounter with innovation), and who instead, outside the
world of work, can only count on the informal network of peers and family members to
find motivations [20]. We plan to work on this hypothesis in the future.
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Abstract. How can older residents in assisted living and inpatient care facilities
participate in digital education and social activities? This is the aim of the German
interdisciplinary research project “Digital Educational Processes for Older Resi-
dents in Assisted Living Arrangements and Care Facilities” (DiBiWohn). Central
to the project is a peer mentoring concept, in which older volunteers are trained
as technology volunteers who assist in the learning process of digital technology
novices from the aforementioned institutions. The paper first describes the project
and the peer-to-peer concept. Then, findings from a nationwide online survey
conducted in the spring of 2021 with n = 171 active technology volunteers (M =
70.4 years, 60–89 years) are presented, including everyday use of digital media,
digital competencies, and attitude towards technology. The findings are related to
a comparison group with n = 160 persons (M = 70.4 years, 60–90 years) who are
equally educated, but do not volunteer in the field of technology. Inferential statis-
tical analyses are applied to identify relevant determinants of Internet self-efficacy
in both groups. The findings emphasize that information and communication tech-
nologies, such as the Internet and smartphones, are already used on a daily basis
in both groups. However, the level of digital competencies and self-efficacy is
significantly higher among the active technology volunteers. They thus represent
“digital best agers” who have the prerequisites to be learning companions and role
models for older people who are inexperienced in digital technologies.

Keywords: Media Gerontology · Internet self-efficacy · Information and
Communication Technology · Age · Technology Volunteers

1 The Project “DiBiWohn”

The joint interdisciplinary project “Digital Educational Processes for Older Residents
in Assisted Living Arrangements and Care Facilities” (DiBiWohn) [1] is set to run from
September 2020 to August 2025 with funding from the German Federal Ministry of
Education and Research. The project is aimed at older residents in assisted living and
inpatient care facilities – a group which has not been adequately targeted by educational
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and digitalization offers so far. The research group brings together disciplines such as
gerontology, media education, educational science, sociology and nursing science. Col-
laborating on the project are the Catholic University of Applied Sciences Freiburg, the
Center for General Scientific Continuing Education (ZAWiW) at Ulm University, the
Media Competence Forum Southwest Foundation (MKFS) Ludwigshafen and the Evan-
gelische Heimstiftung GmbH Stuttgart, and the Institute for Gerontology at Heidelberg
University (co-opted).

The project links research with practice, and basic and applied research with
participatory research methods. One focus is on educational-theoretical and media-
gerontological research, investigating fundamental questions about (digital) educational
processes in older and old age and their effects on education and technology biographies,
identity work and living environment. Another research focus concerns educational and
media practice, including the development and design of informal and non-formal digital
educational formats. Using participatory methods and a peer-to-peer concept for digital
education in old age, the target group will acquire digital access (such as tablets and
the Internet). Moreover, opportunities for promoting and maintaining social and soci-
etal participation in the social space will be explored. In addition, digital educational
technologies for the technology volunteers with the purpose of networking and (further)
education activities will be explored and developed. The education program is initiated
in selected institutions in Baden-Württemberg and Rhineland-Palatinate. The findings
will then be used to develop concepts of education and action, resulting in a transfer
concept capable of being scaled nationwide to other educational and residential facilities
for older people.

2 Peer-to-Peer Concept with Older Technology Volunteers

In peer-to-peer concepts, persons of the same age act as role models in the sense of
Bandura’s social-cognitive learning theory [2] to support and promote self-efficacy,
competencies and empowerment. This approach has been used in the field of adult
education and education for older people since the 1980s [3], with a focus on health
behavior and addiction prevention [4]. In Germany, it was only in the 2000s that the
approach was applied to older adults learning the use of information and communica-
tion technologies (ICT). Initially, this was mostly in the context of fixed-term promotion
programs and research projects, e.g. the nationwide initiative of “Senior Technology
Ambassadors” (2012–2014) [5, 6], or regional projects such as the Quartiers-NETZ in
Gelsenkirchen (2014–2018) [7] or “Kommunikation mit intelligenter Technik” (Kom-
mmiT) in Stuttgart (2015–2020) [8, 9]. Nowadays, there are various peer mentoring
programs all over Germany on municipal, regional and supra-regional level [10, 11] as
well as singular networks on federal state level like the “Netzwerk Senioren-Internet-
Initiativen Baden-Württemberg” (sii) with more than 600 older technology volunteers
[12] or the network “Digital Botschafterinnen&BotschafterRheinland-Pfalz”withmore
than 400 members [13].
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It is characteristic for such mentoring concepts to train older volunteers as learning
companions for older people who are inexperienced in or uncertain about technology, in
order to familiarize them with ICT. The mentoring takes place primarily in tandem or in
small groups and represents a low-threshold, informal learning setting. In this, geragogi-
cal guiding principles such as an “orientation towards living environment, competencies,
biography, and autonomy” [14, p. 208f.] of the novices are taken into account. The goals
are to reduce fears and insecurities regarding the technology, and to increase self-efficacy
through self-directed learning. According to Bandura [2], self-efficacy expectancy can
arise from observing the mentor (vicarious experience) and, particularly, from trying
things out for oneself (mastery experience). Self-efficacy is related to technology bio-
graphical experiences and is important for mentors as well as for novices in overcoming
challenges on the internet [15]. Mentors and novices relate to each other in that they
belong to a similar technology generation; i.e. both groups were socialized in a “pre-
digital” era of technology [16]. Due to their shared experience, people from the same
technology generation can be expected to demonstrate similarmedia use [17, 18]. For the
learners, this connection provides a ground for identification, allowing them to perceive
companions as role models and as “door openers to the digital world” [6, 9, 19]. Peer-to-
peer concepts aim to introduce learners to a “warm expert” in the sense of Bakardjieva:
Someone who is familiar with the technology that the learner wants to learn about, but
also familiar with and therefore empathic towards the specific needs and background of
the learner [20].

3 Research Question

Previous research projects by the authors involving peer-to-peermentoring in the context
of ICT have shown that older TV generally have a high affinity, experience and expertise
with regard to ICT.Moreover, they tend to have a positive attitude towards technologydue
to their technology biography [6, 9, 19]. They often are so-called “early adopters” [21],
who are quick to familiarize themselves with technical and digital innovations [6]. As
such, they can play a crucial role in the further diffusion of innovations among the broader
population [22]. In the following, we will verify these findings with descriptive analyses
on the basis of the new survey. Specifically, we will examine the group differences
between TV and CG with regard to their use of ICT. In a second step, we will contrast
the factors associated with Internet self-efficacy in the two groups using hierarchical
linear regressions.
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4 Method: Baseline Study of Older Technology Volunteers

The project setting first required to review the current state of research and the level of
digital transformation in assisted living and care facilities and in the two target groups
(residents and technology volunteers). This was achieved through a literature research
carried out in the last quarter of 2020. Based on the findings, several baseline studies
using quantitative methods were designed and carried out in the first and second quarter
of 2021.

Recruitment. The survey of older technology volunteers was carried out nationwide in
May and June 2021 – in the midst of social restrictions due to the COVID-19 pandemic –
in the form of an online survey. The questionnaire focused on media gerontological
constructs (including media equipment, media use, online activities, subjective ICT
knowledge, Internet self-efficacy, attitude towards technology, and obsolescence) as well
as on aspects of participation in the social space, voluntary and educational activities.
Participants were acquired via mailing lists and networks of the project partners as well
as via associations for education and for older people operating on federal state level
(Baden-Württemberg and Rhineland-Palatinate) and on national level (e.g., the German
National Association of Senior Citizens’ Organisations BAGSO).

Study Variables and Measures. Media equipment was measured with a list of 15
common devices and media (e.g. smartphone, Internet connection). Participants were
asked to tick each that is present in their household. To measure the frequency of media
use 13 devices were rated on a six-point scale from 0 (“never”) to 5 (“multiple times
a day”). Furthermore, the intensity of use of three key media (television, radio set,
Internet) was collected by asking for a subjective estimate of the average daily usage
time in minutes per day.

Usage of Internet applications was measured for 14 activities (e.g. “sending and
receiving e-mails”, “using search engines such as Google”). Participants indicated their
frequency of use on a six-point scale ranging from 0 (“never”) to 5 (“multiple times a
day”).

Motives for Internet use included 14 motives based on the ARD/ZDF Massenkom-
munikations Langzeitstudie [23] which were rated on a five-point Likert-type agree-
disagree scale. The motives cover aspects of cognition (e.g., “because I want to inform
myself”), entertainment (e.g., “because I have fun”), and uniqueness of the Internet (e.g.,
“because there is content there that I can only find there”).

For subjective ICT knowledge, participants were asked to grade their overall knowl-
edge of PC/Laptops, Smartphones, Tablets and the Internet on a scale from 1 (“very
good”) to 6 (“very bad”). An overall score for ICT knowledge was computed as mean
of the four grades.

Attitude towards technology captures the endorsement of digitization and tech-
nologization includes two statements derived from Mollenkopf and Kaspar [24], e.g.
“Technological progress is needed, therefore some unavoidable disadvantages must be
accepted”, rated on a five-point Likert-type agree-disagree scale. An overall score was
computed as mean of the two items.

Technology biography is a measure of previous engagement with technology. It
includes four statements, also from Mollenkopf and Kaspar [24], e.g. “I have always
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had a lot to do with technology in my life”, rated on the same scale, of which an overall
mean score was computed.

Obsolescence is the perception of current times. It wasmeasuredwith five statements
about the perception of current times derived from Brandstädter and Wentura [25] (e.g.
“Life is getting more complicated and harder for me to understand”), which were rated
on a five-point Likert-type agree-disagree scale. An overall score was computed as mean
of the five items.

Internet self-efficacy is the believe in the own ability to cope with challenges that
may occur when using the Internet. Participants indicated their agreement to a total of
six items on a five-point Likert-type agree-disagree scale. Three items concern general
aspects of Internet usage taken from Eastin and LaRose [26] (e.g. “I feel confident
understanding terms/words relating to the Internet”) In addition, three items were self-
developed, which target health and communication areas of Internet usage (e.g. “I feel
confident to research relevant health-related information on the Internet”). An overall
score was computed as mean of the six items.

Subjective age is ameasure of the subjective evaluation of one’s “felt age”. Following
Rubin and Berntsen [27], participants gave an answer in years to the question: “Some
people feel either older or younger than their actual age, other people feel just as old as
they are. Regardless of your actual age, how old do you feel at the moment?”.

Awareness of Age-Related Gains and Losses: These two dimensions are based on the
concept of “Awareness of Age-Related Change” (AARC, [28]), each measured with
five statements (e.g. “As I get older, I notice that…” gains: “…I recognize my own
needs better”; losses: “…my mental capacity declines”), which were rated on a five-
point Likert-type agree-disagree scale. An overall mean score was computed for each
dimension.

Volunteer status was obtained by asking participants “Are you volunteering in the
field of ICT (e.g. tablet, smartphone, AAL, Wearables, Internet) as a conveyor of
knowledge (companion, ambassador, mentor, lecturer)?”.

Sample. The sample included n = 171 active technology volunteers (TV) aged 60
to 89 years (M = 70.4 years). In addition, a comparison group (CG) with n = 160
persons of the same age was generated (M = 70.4 years, 60 to 90 years) who did not
define themselves as TV. The CG is even higher educated (87% with university entrance
qualification and higher compared with 78% among TV; Table 1) and is comprised
of more women (CG: 45%, TV: 33%). Overall, members of both groups have various
socioeconomic, health-related and psychological resources: They do not feel alienated
or excluded from society (obsolescence), they also feel remarkably younger than their
chronological age (by more than nine years), and they have high levels of general life
satisfaction. Hence, they are typical representatives of an active, healthy and mobile
“young age” or “third age”.
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Table 1. Sample Description.

Variable 
Total TV CG Group comparison

N = 331 n = 171 n = 160 Test statistic p value 

Age (M, SD) 70.44 
(5.76) 

70.43 
(5.75)

70.44 
(5.78) t(329) = -0.017 .986 

Gender (female) 39.0% 33.3% 45.0% χ2(1) = 4.730 .030 

Education levela χ2(2) = 8.200 .017 

Low 7.3% 11.1% 3.1% 

Medium 10.6% 11.1% 10.0% 

High 82.2% 77.8% 86.9% 

Income χ2(2) = 2.580 .275 

<1,000€ 1.5% 2.2% 0.8% 

1,000-2,000€ 13.0% 15.6% 10.3% 

>2,000€ 85.4% 82.2% 88.9% 

Family status (married) 75.2% 76.6% 73.8% χ2(1) = 0.362 .547 

Household size (> 1) 74.9% 77.2% 72.5% χ2(1) = 0.969 .325 

Retired/receiving pension 92.1% 91.2% 93.1% χ2(1) = 0.411 .521 
Disabled person's 

pass holders 14.8% 13.5% 16.3% χ2(1) = 0.514 .474 

Care degree 1.8% 0.6% 3.1% χ2(1) = 2.997 .083 

Subjective health (M, SD)b 2.47 (0.96)2.47 (1.00)2.46 (0.92) t(329) = 0.050 .960 

Life satisfaction (M, SD)b 1.95 (0.89)1.93 (0.96)1.98 (0.80) t(329) = -0.526 .599 

Obsolescencec 1.95 (0.65)1.90 (0.65)2.01 (0.64) t(329) = -1.668  .096 
Subjective age (difference  

to chronological age)
-9.65 
(8.76) 

-9.65 
(9.31) 

-9.65 
(8.16) t(328) = -0.001 .999 

Awareness of age-related 
changesd

Gains 3.48 (0.58)3.52 (0.61)3.44 (0.54) t(329) = 1.224 .222 

Losses 2.00 (0.60)2.00 (0.58)1.99 (0.63) t(329) = 0.005 .996 
Attitude towards 

technologye 4.21 (0.77)4.27 (0.81)4.15 (0.72) t(327.713) = 
1.418 .157 

Technology biographyf 3.97 (0.85)4.22 (0.72)3.71 (0.90) t(305.338) = 
5.661 < .001

Need for supportg 3.27 (1.58)2.73 (1.44)3.85 (2.06) t(282.352) = -
5.724 < .001 

Volunteering 80.4% 100.0% 59.4% χ2(1) = 86.444 < .001
Hours per month 

(M, SD)h
17.55 
(27.86) 

26.15 
(31.51) 

8.73 
(20.10) 

t(277.723) = 
5.944 < .001

(Further) education activities (hours per 
month; M, SD)

33.67 
(28.03)

32.79 
(29.34)

34.60 
(26.63) t(328) = -0.584 .560 

Internet self-efficacy (M, SD)i 4.32 (0.64)4.50 (0.53)4.14 (0.70) t(294.772) = 
5.290 < .001

aLow = no school diploma or lower secondary school diploma with or without apprenticeship, 
Medium = secondary school diploma, High = at least advanced technical college certificate. 
bRated in school grades, ranging from 1 (highest grade) to 6 (lowest grade). 
cMean of 5 items, ranging from 1 (“do not agree at all”) to 5 (“fully agree”). 
dMean of 5 items each for gains and losses, ranging from 1 ("do not agree at all") to 5 ("fully 
agree"). 
eMean of 2 items, ranging from 1 (very negative) to 5 (very positive). 
fMean of 4 items, ranging from 1 (little experience) to 5 (much experience). 
gRanging from 1 (none at all) to 10 (very much). 
hVolunteering in the field of ICT and in other fields; non-volunteers received the value 0.
iMean of 6 items, ranging from 1 (“do not agree at all”) to 5 (“fully agree”).
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5 Results

5.1 Empirical Findings on the Use of ICT

Both groups are well equipped with media and digital devices. Almost all households
have a computer or laptop, smartphones, and Internet connection, as well as televisions
and radio sets. Nevertheless, the TV group is even more affine towards digital devices,
as indicated by significant group differences in the proportion of people equipped with
tablets (TV: 87%, CG: 64%), smartphones (TV: 99%, CG: 92%), activity trackers (TV:
36%, CG: 22%) and digital voice assistants (TV: 28%, CG: 18%; Fig. 1). Looking at
the experience with ICT use, the only group difference is found in the first phase of
digitization: The TV have been using a computer or laptop for an average of almost
29 years, compared with 26 years of experience in the CG. With regard to the second
phase of digitization, Internet use, the average experience is 21 years in both groups.
Similarly, the groups are even regarding the third phase of digitization, mobile Internet
use: Smartphones have been in use for just over ten years and tablets for seven years in
both groups.

In both groups, numerous analog and digital media and devices are an integral part
of everyday media life. The Internet, computer, smartphone, television, and newspaper
are used daily by almost all respondents; tablet and radio set by over 80% and digital
voice assistants and e-book readers by around 40% daily. The groups differ in their daily
use of the telephone, which is more frequent among TV (TV: 89%, CG: 75%), and in
reading books, which is more frequent in the CG (TV: 61%, CG: 84%, Fig. 2).

Fig. 1. Media equipment of surveyed households among TV and CG. Significance levels of
χ2-tests for group differences are indicated by stars: *** p ≤ .001, ** p ≤ .01, * p ≤ .05.
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Fig. 2. Share of respondents among TV and CG using the medium at least daily in the subsample
of respondents equipped with the medium. χ2-tests for group differences are conducted across all
6 response categories (multiple times a day, daily, weekly, monthly, rarely, never). Mean daily use
among both groups is indicated for Internet, television and radio and tested for group differences
with t-tests. Significance levels are indicated by stars: *** p ≤ .001, ** p ≤ .01, * p ≤ .05.

In addition, the TV use mass media much more intensively than the CG. According
to their self-assessments, the TV use the Internet formore than four hours a day and listen
to the radio for more than three hours a day; in the CG, the daily Internet use is below
three hours and the radio use is around 2.5 h. The groups do not differ significantly in
their television use, which is around three hours daily. While television and the Internet
share the status of the most widely used media in the CG, the Internet dominates among
the TV.

Next, looking at Internet usage, it can again be noted that both groups have a very
broad usage of the Internet. Almost all respondents use online applications and activities
such as e-mailing, search engines and news at least once a week. However, the TV are
significantly more active on the Internet – the share of weekly use is higher among TV
than in the CG for almost all the applications included in the survey. For example, 81%
of the TV use online banking on a weekly basis, compared with 69% in the CG; equally
large differences appear in the frequency of use of video platforms, video calls, social
networks and digital neighborhood platforms (Fig. 3).
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Fig. 3. Share of respondents among TV and CG using the application at least weekly. χ2-tests
for group differences are conducted across all 6 response categories (multiple times a day, daily,
weekly, monthly, rarely, never). Significance levels are indicated by stars: *** p ≤ .001, ** p ≤
.01, * p ≤ .05.

The extraordinary relevance of the Internet for the TV can be supported by further
findings. The diverse use of the Internet is accompanied by a broad spectrum of motives
for Internet use: While almost all respondents in both groups use the Internet “to obtain
information”, more than 60% of the TV indicated that they use the Internet “for oppor-
tunities to exchange”, “to get food for thought”, “because of content that can only be
found there”, “to maintain social contacts”, “because the personal environment uses it
as well”, and “because it is fun”. Herein, the agreement of the TV with almost all of the
items is remarkably higher than in the CG (Fig. 4).

Furthermore, the Internet is the most important source of information in both groups
when it comes to “information about a problem of personal importance” (TV: 89%,
CG: 75%; percentages excluding respondents who aren’t interested in this topic), “new
products” (TV: 83%, CG: 61%), “information about Covid-19” (TV: 59%, CG: 44%),
and “health and care” (TV: 53%, CG: 43%). Only when it comes to “current happenings
in your region”, daily newspapers still dominate (TV: 59%, CG: 62%), and when it
comes to “current happenings in the world”, television is most important (TV: 50%, CG:
46%; Fig. 5). These findings demonstrate the advancement of the digital transformation
of everyday media life particularly among TV.

In both groups, this is accompanied by fundamental knowledge and skills in using
the Internet and digital devices, although the TV attribute themselves significantly higher
competencies with regard to the Internet (school grade 1.9 to 2.5, where 1 is the highest
and 6 is the lowest possible grade), computers (1.8 to 2.5), smartphones (2.1 to 2.8) and
tablets (2.3 to 3.2; Fig. 6).
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Fig. 4. Share of respondents among TV and CG agreeing with the motive for Internet use. χ2-
tests for group differences are conducted across all 5 response categories (strongly agree, agree,
neither/nor, disagree, strongly disagree). Significance levels are indicated by stars: *** p ≤ .001,
** p ≤ .01, * p ≤ .05.

Fig. 5. Most important source of information among TV and CG for various themes. “Con-
ventional media” include television, radio, newspaper and magazines. “Other people” include
family, partner, friends, neighbors. χ2-tests for group differences are conducted dichotomously
for “Internet” vs. “Other sources”. Significance levels are indicated by stars: *** p ≤ .001, * p ≤
.05.
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Fig. 6. Subjective ICT knowledge and Internet self-efficacy among TV and CG. Internet self-
efficacy is a mean score over 6 items. Significance levels of t-tests for group differences are
indicated by stars: *** p ≤ .001.

Finally, theTVhavemuch higher levels of Internet self-efficacy (Fig. 6). For instance,
75% of the TV are confident in “trouble shooting Internet problems”, while only 43% of
the CG feel confident about this. Accordingly, the need for support when using modern
technology is significantly lower among theTV than in theCG(Table 1). This particularly
high affinity of the TV towards ICT and the Internet reflects in their biography which is
shaped by technology: While, for example, 74% of the TV agree that they have always
been very involved in technology throughout their lives, this only applies to 45% of the
CG. Nevertheless, both groups have a very positive attitude to-

ward technology: In both groups, for example, eight out of ten people share the view
that “technological progress is needed, therefore some unavoidable disadvantages must
be accepted”.

5.2 Predictors of Internet Self-efficacy

As shown in the descriptive analyses, both groups have high levels of Internet self-
efficacy. However, the TVs’ confidence in their own abilities regarding challenges and
problems in dealing with the Internet is remarkably higher. In the following, the factors
associated with this self-efficacy expectancy will be examined, looking at differences
and characteristics of the two groups.

International studies [29, 30] and the authors’ own works [6, 9] have shown that
Internet self-efficacy among older people differs by sociodemographic characteristics:
It is generally higher amongmen, among peoplewith high education levels, and people of
younger age. In this study, (small) corresponding correlations are found in both groups.
One exception is that education level does not correlate significantly with Internet self-
efficacy among TV. This means that Internet self-efficacy is lower for female TV and
for older TV, but not for TV with lower formal education. As expected, self-efficacy is
associated with self-assessed skills and knowledge in using ICT (Internet, PC/laptop,
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tablet, smartphone), andwith the portfolio of online applications (number of applications
used at least weekly). Here, the correlations are large among the CG and medium-sized
among the TV. Only in the CG, self-efficacy correlates with the extent of volunteer
work (hours per month) and there is a non-significant tendency for higher self-efficacy
when spendingmore time on (further) education activities (in person or online, including
self-learning; Table 2).

Table 2. Correlation coefficients of the predictors with Internet self-efficacy for the total sample
and the two groups. Spearman-correlations were calculated for ordinal variables, and Pearson-
correlations for metric variables. Conventions after Cohen [31]: .3 = medium, .5 = large.

aMean of 5 items, ranging from 1 (little knowledge) to 5 (much knowledge).
bSum of applications used at least monthly, max. 14.

Total Sample
Technology Vol-

unteers Control Group

r p r p r p
Age -.24 < .001 -.23 .003 -.27 < .001
Gender (m=0, f=1) -.19 < .001 -.22 .003 -.12 .117 
Education level 
(low/medium=0, high=1) .10 .074 -.01 .852 .30 < .001
ICT knowledgea

.64 < .001 .53 < .001 .63 < .001
Internet applicationsb

.48 < .001 .36 < .001 .49 < .001
(Further) education activites
(online or in-person; hrs/month) 12. .032 .03 .726 .23 .002 
Volunteering (ICT or
other fields; hrs/month) .14 .009 .02 .793 .13 .093

Technology Volunteers Control Group

Next, hierarchical linear regression analyses were applied to examine the predictive
power of the factors correlated with Internet self-efficacy and to determine their spe-
cific contributions to the explained variance in self-efficacy in the two groups. Model 1
includes sociodemographic predictors and shows that a higher age predicts lower self-
efficacy in both groups. Beyond that, female gender predicts lower self-efficacy among
the TV, and a high level of education predicts higher self-efficacy in the CG. For both.

groups, the largest share of variance is explained in model 2 by adding the media-
related variables ICT skills and broadness of Internet usage. This is not surprising, since
conceptual aspects such as “confidence”, “perceived competence” and “scope of use”
are closely related. It is noteworthy that in the CG, other variables can explain additional
variance in model 3: The extent of volunteer involvement in particular, but also the
extent of (further) education activities predict Internet self-efficacy in this group. In
other words, persons from the CG who are more involved in general voluntary work, or
who invest more time in educational opportunities such as lectures, courses or self-study,
generally have a higher Internet self-efficacy. However, in the TV group no relation of
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these factors with Internet self-efficacy could be found, which may be due to the fact
that this group already has very high levels of self-efficacy. This could also explain why
the explained variance of the overall model is only moderate in this group. In contrast,
the overall model has a good fit in the CG, achieving over 50% of explained variance
(Table 3).

Table 3. Hierarchical linear regression analysis of Internet self-efficacy for the two groups

aMean of 5 items, ranging from 1 (little knowledge) to 5 (much knowledge).
bSum of applications used at least monthly, max. 14. *** p ≤ .001, ** p ≤ .01, * p ≤ .05.

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Age (z-standardized) -23 ** -.10 -.09 -.27 *** -.09 -.11 

Gender (m=0, f=1) -.23 ** -.12 -.11 -.10 -.06 -.04

Education level 
(low/medium=0, high=1)

-.01 -.03 -.03 .28 *** .18 ** .14 *

ICT knowledgea .42 *** .43 *** .48 *** .51 ***

Internet applicationsb .18 * .19 ** .18 * .16 *

(Further) education
activities (online or in-
person; hrs/month)

-.05 .13 *

Volunteering (ICT or
other fields; hrs/month)

.01 .24 ***

adjusted R2 8,6% 31,6% 31,0% 15,2% 45,3% 51,6%

F-test of model 
prediction

6.921 
***

16.622 
***

11.843 
***

10.512 
***

27.360 
***

25.247 
***

6 Summary and Outlook

The results demonstrate that both groups of highly educated older people have high lev-
els of openness to technology in general and to ICT and the Internet in particular. They
are equipped with a broad portfolio of digital media, use their digital devices intensively
and for a diverse range of online applications. Nevertheless, the group of technology vol-
unteers stands out against the comparison group in that their everydaymedia life is much
more digital. In this group, the Internet has now become the leading medium in specific
areas. In addition, members of this group have even higher levels of digital knowledge
and skills. Due to theirmanifold person-related and digital-technology-related resources,
they have very good prerequisites for “digital volunteering in old age”. In this, they can
act as role models and “door openers”, also called “warm experts”, for digitally inexpe-
rienced or insecure older people, since both volunteers and novices belong to the same
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pre-digital technology generation. These concepts can also be transferred to other areas:
Especially when new digital health services are introduced, “digital best agers” can con-
tribute to the dissemination of health knowledge and digital health competencies among
older adults [32].

For the DiBiWohn research project, this study afforded a fundamental understanding
of this special group of “digital best agers”. This baseline study represents a benchmark
for all technology volunteers participating in the project. It will allow tomap person- and
technology-related processes of change, development, andmediatization over the course
of the active technology mentoring and the continuous online and in-person training
programs. Beyond that, the data opens up possibilities for comparative analyses with the
parallel survey of residents in assisted living facilities and with the representative study
“Senior citizen, Information, Media” (SIM), also from the spring of 2021, including
over 3,005 private residents aged 60 and over [33].

7 Limitations

The study is accompanied by a number of limitations. First, the sample is a highly selec-
tive group of older adults of “younger old age” who are highly educated and have a lot of
experience and competencies with regards to technology and digital media. Therefore,
the results cannot be generalized to all older persons. This applies in particular to the
correlations shown between Internet self-efficacy and the personal and media-related
influencing factors. Further research is needed to examine whether these relationships
also apply to older adults with fewer resources, competencies, and technical experience.

Second, due to the cross-sectional study design, no causal statements can be made
and all directions of effect are only theoretical. For this purpose, older adults should be
monitored and surveyed over a longer period of time to better understand the effects
of volunteering on constructs such as subjective age, self-efficacy or attitudes towards
technology.
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1 Introduction

Past research has been mainly focused on tracing individual factors of digital exclusion,
emphasizing the role of schooling. Less consideration has been paid to investigate the
role of pre-existing cultural practices and capital, beyond formal education, as influential
factors of first-level and second-level divides among seniors across western societies,
albeit the digital transformations of, at least, part of the senior population in Europe and
elsewhere.

Among seniors, the digital divide is still an evident issue, especially when compar-
ing seniors of age 65+ years with younger generations (Friemel, 2016). Besides access
to digital technologies, digital literacy, and use of digital services are increasingly pre-
requisites for public life and accessing public and commercial services in Europe and
elsewhere (Alexopoulou, Åström, Karlsson, 2022). Therefore, it is appropriate to glance
at the digital lives (or lack of) of seniors. In this line of research, our study explores the
influence of variations in cultural capital on the digital divide among seniors (aged 65+)
in Portugal, placing the country in an European comparative perspective. Our analysis
is based on data from Eurobarometer and a national representative survey regarding
cultural practices on and offline in Portugal.

2 Seniors and Digital and Social Inequalities

As recognized by the European Declaration on Digital Rights and Principles, techno-
logical advances bring about transformations in our lives, offering opportunities for
learning, socialization, entertainment and promoting opportunities for access to health
and culture (EC, 2022). Furthermore, it recognizes that the recent COVID-19 pandemic
has accelerated the pace of digitization by further perennating the role it plays in society
and the economy.

Similarly, digital inclusion policies are now a priority of the Portugal Digital Pro-
gramme (Government of Portugal, 2020) that fosters the digital transformation of com-
panies, public bodies, and people’s training in media and digital literacy. However, this
brings us to the critical point of the intersection between digital and social inequalities
that lead to social exclusion. Social inequalities are both the negative cause and con-
sequence of e-exclusion, especially in countries like Portugal where there are notable
percentages of people without access or limited access to the Internet, and/or with the
lack of capacity or skills to use Information and Communication Technologies (ICT).
An example of this is older people who are deprived of access to services that have
been digitized, namely public services. The access and use of technologies such as the
computer and mobile phone as means of digital inclusion is relevant (Dias, 2012). In
addition, as Helen Helsper (2008, 2009 and 2012) argues, access, use, skills, and atti-
tudes are the mediating factors of digital inclusion that, consequently, lead to social
inclusion. In Portugal 87.3% of households have internet connection at home, where
84.1% of this connection is by broadband (INE, PORDATA, 2021). Table 1 shows an
increase in internet use from 68.6% in 2015 to 82.3% in 2021. While younger cohorts
already reached a plateau, this increase happened because of the growing digital inclu-
sion of older cohorts. As shown in Table 1, in 2015 only 27.2% of individuals between
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65 and 74 years had access to the Internet, today the figures are almost double with
47.7% (2021), but still below 50%. Furthermore, the data analyzed by age group reveals
a consistent gap between cohorts, with internet usage declining as age advances. In this
sense, first-level digital inequalities (related to access) increase from younger to older
age groups, to the extent that people without access or limited access to the internet
are deprived of access to digitized services (Neves, 2021) and away from online public
participation. Specially if we consider social network sites and other online services as
new forms of culture that bring new arrangements of socialization (Amaral & Sousa,
2012).

Table 1. Internet use in Portugal from 2015 to 2020 by age group (%).

16–24 years 25–34 years 35–44 years 45–54 years 55–64 years 65–74 years Total

2015 99,3 94,9 87,5 64,6 42,0 27,2 68,6

2016 99,1 97,2 88,8 71,6 47,0 28,3 70,4

2017 99,0 97,6 93,2 75,2 55,1 31,1 73,8

2018 99,4 98,2 92,9 78,7 53,4 32,7 74,7

2019 99,5 98,0 95,1 78,4 57,3 33,1 75,3

2020 99,5 98,2 95,7 82,7 65,3 39,0 78,3

2021 99,7 98,4 96,4 88,2 71,0 47,7 82,3

Source: Pordata (2021)

It is noticeable that although there is a greater democratization in access to ICT, that
is a decrease in first-level digital inequalities, albeit late in European standards, there is
still a digital gap in usage and types of use (related to second-level inequalities) (Lapa &
Vieira, 2019). The European Community (EC, 2022) also recognizes that the COVID-
19 pandemic has increased the digital divide throughout the European Union, not only
between urban and rural areas, but also that weak access to connectivity and internet
access has been notorious, in addition to limitations in digital skills and understanding
of ICT, causing major risks of social cohesion.

At the same time, other countries, such as Switzerland in particular, Digital Senior
2020 (Swissinfo et al., 2020) reported that, at the time of the study, 74% of individuals
over 65 used the internet, a situation that in 2009 the figures were 38%. The study also
points out that the use of internet on mobile phones and tablets amounts to 68% and
that this evolution of digital inclusion was due to the offer of courses that allowed older
people to explore the new ICT. As Cunha (2017) states for greater social integration,
technological inclusion is needed, and positive experiences and interactions are needed
for technologies to be accepted and adopted by them.

Gil and Easter (2018) identified that learning ICT by seniors is related to their
participation and inclusion in the digital society, so it will be important to reflect whether
the non-use of ICT by older people is associated with the non-relevance they consider
for their lives (Helsper, 2009; Neves, 2013) or for the lack of interest in the use of
the Internet because they consider it not for you, do not have usability capacity or do
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not have access (Helsper, 2009). However, it is still worth considering that there are
differences between the younger and the older seniors, because older adults are the most
infoexcluded, “(…) these represent citizens with the lowest rates of access to and use of
digital technologies”. (Gil, 2019). This author constifies that the digital fracture entails
with him not only a potential social exclusion, but also everything that this involves, and
the consequences inherent to it.

When talking about social exclusion based on internet studies,we should consider the
first-level digital divisions dependent on the lit, where people do not have information,
do not know, or do not want to be linked to the forms of use, motivations, interests, and
competencies that can be barriers in this use (Gómez, 2018). At a second level, the use
in whose abilities may be a barrier (DiMaggio & Hergittai, 2001). And finally, to a third
level linked to the benefits they can enjoy online, namely the social benefits of using the
internet at the social, economic, political, health and culture level (Van Dursen, 2010).

In fact, evenwith a greater democratization in access to ICT in our country, the reality
is that there is still a digital gap in terms of use and types of use (Lapa & Vieira, 2019).
As identified by the Eurobarometer (Standard Eurobarometer 84 Autumn 2015 - Media
use in the European Union), in a study in the member countries, there are three types
of Internet users among the oldest (between 65 and 99 years old): digitally immersed
communicators, where internet use is more frequent and diverse; Asynchronous com-
municators, individuals accustomed to the Internet, but with a less regular use than the
previous group; and Phone enjoyers, who have less communication activity and fre-
quency of internet use, as well as with fewer paid Internet services compared to previous
users (Vulpe and Crăciun, 2020).

Still, Gil (2019) states that we may be facing a new digital fracture associated with
inter or intragenerationality, because there is a clear notion that digital literacy and the
digital skills associated with them are only present before, according to the author, “(…)
a critical and reflective attitude in the use and mobilization of digital technologies to the
detriment of more functional or instrumental aspects.”

If, on the one hand, Loos (2012) argues that when it comes to the search for infor-
mation in an internet context the concepts of “digital natives” and “digital immigrants”
have no reason to exist, on the other hand, Lapa & Di Fátima (2019) explain so that we
are faced with a more complex model where the life cycle and the form of socialization
with the media or physical limitations can make us better understand the online behavior
of seniors.

However, older users acquire digital skills through greater internet experience and
their time of use with online tools, as technologies become more user-friendly, enabling
a continuous improvement in their digital literacies (DiMaggio el al., 2004).

Seniors are a heterogeneous social group associated with life experiences and digital
literacy is associated with their routines and interests (Gil, 2019; Barroso, 2021), where
for some technology is perceived and part of their daily routines (Berker et al., 2006),
where mobile phones, the internet and computers are central in the lives of some people
(Haddon, 2011).
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3 Digital Divides Among Seniors in Portugal and Europe

By the turn of the 20th century to the 21st century, the European Union had already iden-
tified the problem of ‘digital divide’ (van Dijk 2009) and digital inequality, a term that
some authors consider more rigorous to mention the cleavages that go beyond having
access or not to use the Internet, and which refer to very different degrees of compe-
tence, variety of objectives, social support and conjugation with offline life (DiMaggio
and Hargittai 2001). Digital inequality is among a group of European Union countries,
representative of the Nordic, Mediterranean, central and eastern regions, where Portugal
was among those whose proportion of Internet users aged 16 to 74 were below the EU
average rate (Table 2) in 2021. The contrast between the situation of the Mediterranean
countries (except for Spain), and the eastern one and the panorama of the states of central
and northern Europe is noteworthy. In Nordic countries, in 2010, Internet users varied
between 88% (Denmark) and 91% (Sweden). The discrepancy observed is characteris-
tic of countries whose political and economic path denotes the later promotion of the
so-called information society, as a programmatic orientation of public policies and the
economy. Demographic and educational reasons have also contributed to explain the
softer pace of appropriation of new information and communication technologies in the
Portuguese context.

Regarding the Portuguese society, the lower use of the Internet ends up reflecting
its demographic structure, since the population is one of the oldest in the EU-27. The
results of a recent survey on cultural practices in Portugal (Martinho and Lapa, 2022)
reaffirm a very sharp generational divide (Lapa and Vieira, 2019): while internet use was
around 100% among Portuguese aged 15 to 34, only 26% among those aged 65 or older
said they used the Internet. Eurostat data for 2021 also show the low levels of digital
inclusion of older people in Portugal: less than half of The Portuguese aged 65 to 74
were internet users (Table 2), and there was still a significant recovery in the last decade,
compared to the proportions that the group assumed in 2010 (10%) and 2005 (2%). The
e-exclusion of Portuguese seniors correlates closely with academic qualifications, since
the generation aged 65 and over represents the social group that can least benefit from
the expansion of the educational system in the country, and with economic resources.

The appropriation of digital culture and connectivity anywhere and anytime is cur-
rently seen in about 77% of European citizens aged 65 to 74, with the mobile phone or
smartphone as the predominant web access technology (Table 3). This indicator reveals
the progressive familiarization of Portuguese s and niores with mobile phones, adhering
to a much lesser extent the ‘other mobile devices’ to access the internet, such as smart
TV, smart speakers, console game, e-book reader, smart watch, predominantly suitable
by Finland, Netherlands, and Spain.

An in-depth analysis of the data collected in the Eurobarometer (Standard Euro-
barometer 84 Autumn 2015 – Media use in the European Union) identified, in all mem-
ber countries, three types of older Internet users, from 65 to 99 years: digitally immersed
communicators, denoting amore frequent and diversified internet use; theA synchronous
communicators, familiar with the Internet, butmore distant from its use than the previous
group; and Phone enjoyers, with lower levels of communication activity, paid Internet
services and Internet use frequency (Vulpe and Crăciun, 2020). The study concludes
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Table 2. Share of individuals aged 65–74 years and 16 to 74 years who used the internet in the
last 3 months (2005, 2010 and 2021).

65–74 years 16 to 74 years

2005 2010 2021 2005 2010 2021

European Union na 25 65 na 67 89

Portugal 2 10 48 32 51 82

Spain 4 14 73 44 64 94

Greece 1 4 35 22 44 78

Italy 4 11 52 34 51 82

Denmark 30 56 95 77 88 99

Finland 18 43 85 73 86 97

Sweden 27 58 90 81 91 97

Netherlands 34 56 90 79 90 95

Germany 20 41 74 65 80 91

Belgium 12 35 77 58 78 93

Ireland 8 20 97 37 67 99

Slovenia na 12 62 47 68 89

Hungary 5 13 62 37 61 89

Czechia 2 19 56 32 66 89

na: not available
Source: Statistics | Eurostat (europa.eu)

that in the Northern regions, the type of users that prevails is Asynchronous commu-
nicators. The situation is similar in Western European countries, but the category of
Digitally immersed communicators is higher in this area, unlike Northern countries. In
the Southern and in Eastern Europe, the dominant profile is “mobile phone enjoyers”.

In the approach to the online dimension, Eurostat’s cultural statistics consider two
axes: the use of the internet for selected cultural activities and the use of the inter-
net for purchasing selected cultural goods and services. Considering the first axis, the
most accomplished activity, without cutting of ages, corresponds to ‘watching internet
streamed TVor videos’ (72%), followed by ‘reading on line news sites/newspapers/news
magazines’ (71%), ‘listening to music (e.g. web radio, music streaming) or downloading
music’ (60%) and ‘playing or downloading games’ (32%) (Eurostat 2022). But there
are particularities related to the different adhering of different age groups (Table 4).
Thus, while the audiovisual domain is markedly juvenilized, the practice of ‘reading on
line news sites/newspapers/news magazines’ is the only one in which there is an overall
growth in the passage of the age range ‘16–24 years’ to the group ‘25–54 years’; more-
over, even if it tends to decline among those between 65 and 74 years old, it represents
the online cultural activity preferred by European seniors, including the Portuguese. In
the survey conducted in Portugal in 2020, it was found that online activity reinforced
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Table 3. Devices to access the Internet among people aged 65 to 74 years old. Percentage of
individuals who used the internet in the last 3 months (2021).

Desktop computer Mobile phone or
smartphone

Other mobile devices
(smart TV, smart speakers,
console game, e-book reader,
smart watch)

European Union 37 77 12

Portugal 31 83 8

Spain 26 100 30

Greece 33 75 9

Italy 42 88 8

Denmark 35 79 4

Finland 27 80 53

Sweden 38 83 14

Netherlands 46 87 30

Germany 41 65 7

Belgium 34 69 13

Ireland 24 87 27

Slovenia 47 79 10

Hungary 43 59 4

Czechia 44 55 25

Source: Statistics | Eurostat (europa.eu)

by the group of 65 and over, in the stages of social confinement, was ‘reading books,
newspapers andmagazines’, while ‘watching films andTV series’ assumed a low expres-
sion. Another aspect that stands out in Eurostat data is the most pronounced decrease
in ‘listening to music (e.g., web radio, music streaming) or downloading music’ in the
transition of the group ‘25–54’ to those between 65 and 74 years old.

The study of the uses that seniors have with the use of the Internet and the bonuses
they remove from it is still in a very exploratory phase in Portugal. Concluding from
the research so far conducted, senior internet users are generally young elderly (average
equivalent to 68 years), considering that although Internet use is not among the most
important activities of their routines it is hardly expendable. The data show that they
mostly access the Internet from home and the motivations that mobilize them more, and
from which they derive greater gratification, are access to information, communication
with family and friends, entertainment, and memory sharing (Oliveira, 2019; Rebelo,
2013). The use of this medium also contributes to the strengthening of self-esteem,
citizenship, and the sense of utility of some seniors (Oliveira, 2019).
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Table 4. Using the internet for cultural purposes, by age group. Percentage of individuals who
used the internet in the last 3 months (2022).

Watching internet
streamed TV or videos

Reading online news
sites/newspapers/news
magazines

Listening to music
(e.g., web radio, music
streaming) or
downloading music

Playing or
downloading games

16–24 25–54 65–74 16–24 25–54 65–74 16–24 25–54 65–74 16–24 25–54 65–74

European
Union

88 77 49 67 74 65 86 66 28 60 32 17

Portugal 91 75 39 87 85 68 95 78 35 73 34 22

Spain 95 90 63 77 85 71 94 83 41 64 36 19

Greece 90 70 33 85 90 86 97 77 38 77 31 8

Italy 91 83 57 55 66 61 84 66 29 62 33 17

Denmark 99 96 70 87 91 82 97 88 43 74 52 32

Finland 100 98 86 92 96 90 99 89 49 78 50 21

Sweden 94 95 68 73 88 79 92 89 47 73 47 24

Netherlands 100 98 81 75 89 79 96 84 46 73 57 40

Belgium 90 78 38 59 73 61 86 67 26 66 38 23

Ireland 95 85 61 71 81 76 89 75 36 45 22 11

Slovenia 95 85 61 71 81 76 89 75 36 45 22 11

Hungary 95 89 67 93 94 87 93 80 48 57 30 14

Czechia 98 86 50 84 93 93 97 70 23 62 27 8

Source: Statistics | Eurostat (europa.eu)

4 Methodology

For the present research, we also used data from the Survey of Cultural Practices of the
Portuguese 2020, representative of the Portuguese reality, applied between September
12th and December 28th, 2020, with the aim of carrying out a pioneering survey carried
out on a national scale of cultural practices. Culture of the Portuguese, whether offline
or online. It also encompasses the survey of how, given the change in offline activities
due to the constraints imposed by the pandemic, individuals have adapted to new forms
of online participation and changed their consumption habits of media and cultural
activities.

This article focuses on the quantitative analysis in SPSS of data referring to respon-
dents aged over 65, which covers n= 513 (which corresponds to 33% of the total number
of respondents and reflects the national demographic pyramid), with 40.5% male and
59.5% female. Still, with the aimof perceiving the differences between younger and older
seniors, a segmentation by age was chosen: 65–74 years (55.4%); and over 75 years old
(44.6%).

Relevant data from the sample, which were weighting factors in the analysis of the
results, are the fact that 89.6% of the sample is made up of retired or disabled individuals;
77.5% have an education up to the 3rd cycle; 50.3% aremarried and 36.9% are widowed.
Still on the sample, the composition of the household is essentially composed of one
(39.4%) or two people (50.2%) reflecting the predominance found in terms of marital
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status. And regarding the use of the internet, only 25.6% of respondents are users, which
is why the rate of e-excluded is still high in this age group in Portugal, although 74.4%
of individuals are non-users. If we look at the age group of 65–74 years old, 36.6% use it
and 63.4% do not use it; while among seniors over 75 years old, 11.8% use the internet
and 88.2% do not, meaning that the older the age, the lower the rate of internet use.

5 Portuguese Seniors in Digital Transformation

The European Union (EU) (2007) focuses on the importance of e-inclusion in order to
ensure social justice and to ensure equity in the knowledge society. And in this sense, it
made public the i2010 Initiative measures to combat inequalities and e-exclusion among
older people.

E-exclusion is a relevant factor and quite evident in seniors in Portugal. The repre-
sentative data used by this study shows the main reasons that lead to the non-adhering to
the use of the Internet by seniors. There are two main factors associated with non-use of
the Internet: not seeing utility and lack of interest (45.4%) and illiteracy regarding the
way of using the Internet or because it feels confused by technology (42.7%). Then with
less relevance are the issues related to the lack of access to a computer or the internet
(8.8%) and the lack of economic conditions (2.3%) to bear the cost of the internet.

From the point of view of the type of technology most used in internet access, we
can say that technological seniors today use their smartphone (17.3%) more frequently
than the laptop (8.8%), the desktop computer (6.1%) and tablets (3.8%). Access through
SmartTV (0.8%) and Game Console (0.2%) have little expression in this age segment.

The growing expansion of smartphone use in Portugal in recent years (Marktest,
2018) has allowed better access conditions. In addition, ease of use and more affordable
prices has given older age groups the opportunity to have access and open their horizons
in the technological field.

And while smartphones allow easy access to the internet that may contribute to
greater digital inclusion of seniors, some studies in this area show that the use by these
older individuals is linked to the perception of benefits (Mohadis & Ali, 2014) and they
need to feel motivated (Rosales & Fernández-Ardèvol, 2016).

TheModel ofAcceptance andAdoption of Technology bySeniors (Renaud&Biljon,
2008) states that for seniors to accept and adopt technology it is essential to understand
that it is useful and effective to them, as it is easy to use and learn. On the other hand, in
the appropriation of mobile devices by seniors it is necessary that they are encouraged
to use the technologies and informed of their potential (Rodrigues & Morgado, 2019).
With this, these authors determined the three levels of mobile phone appropriation: the
first encompasses the evaluation of the utility and is called “Motivation”; the second
linked to those who are willing to explore and experiment, is called “Try/Adopt”; and
the third when they are part of the routines and in different areas, it is called “Integrate”.

Helsper et al. (2020) developed, through a study with young people, the Youth Dig-
ital Skills Indicator (yDSI), a tool that allows the evaluating of digital skills and digital
knowledge issues, which can be used for large-scale population research. According to
the authors (Helsper et al., 2020): “A review of the literature led to a framework identify-
ing four dimensions that constitute digital skills: (1) technical and operational skills; (2)
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information navigation and processing skills; (3) communication and interaction skills;
and (4) content creation and production skills. Across all four dimensions a distinction
should be made between being able to use the functionalities of information and com-
munication technologies (ICTs) (ICTs) and understanding why ICTs are designed and
content is produced in certain ways and being able to use that knowledge in managing
interactions in and with digital spaces (critical aspects).”

It is therefore important to reflect that digital skills should be weighed in older
ages; digital skills should be weighed in the approaches to data analysis. If technical
and operational skills are considered, in the context of seniors in Portugal; navigation
and information processing skills; communication and interaction skills; and content
creation and production skills, one can explain the percentages corresponding to the
activities developed and expressed in this study, as well as the impact that digital skills
are important for motivation, experimentation/adoption and integration, as Rodrigues &
Morgado (2019) argues.

There are two main functions of internet access. The first focused on access to
information that, although not regular activities, but accessing one or several times a
year, but not every month, seniors use the internet to search for information. However, it
can be observed that the online activities developed by older individuals in their routines
about the search for cultural information are still very low.

The frequency of use from monthly to daily increases, there are fewer seniors who
carry out this type of activities, being the most sought after activity or several times a
year, but not everymonth, “Search for information about museums, galleries, art, archae-
ological sites” (4.6%), followed by “Search for information on books, music, cinema and
shows” (3.7%). This data is reversed when it comes to analyzing a more frequent search,
from one to several times a month, but not every week, where “Search for information
about books, music, cinema and shows” (2.2%) is the most used activity, followed by
“Listening to music from the internet (Through any streaming service like Spotify) “
(1.8%), similarly the same happens with the activities performed most frequently (one
or several times a week, but not every day), which reveal the same behavior: “Search for
information about books, music, cinema and shows” (1.6%) and “Listen to music from
the internet (Through any streaming service like Spotify)” (1.5%).

Every day, the internet can be used as entertainment, with 1.3% of respondents
describing listening to music from the internet (Through any streaming service like
Spotify). The other activities developed, considering, however, their little expression,
are associated with entertainment, and demonstrate a greater ability to use technology:
buy or download music (0.3%); share cultural content (Videos, music, images, others)
generated by themselves (0.2%); and interact online on culture-related topics (Placing
messages and likes on social networking sites and other virtual groups) (0.1%).

This study also shows that respondents still have an interest in other activities, but
without much expression. It can be noted that about 5.8% of respondents expressed
interest in daily news sites (not including newspapers and magazines) and that 6.1%, use
the internet to, one or several times a month, but not every week, to search for accurate
information (meaning of words, historical facts, etc.), although 3.3% do so one or several
times a year, but not every month, and 1.9% perform these tasks one or several times a
week, but not every day.
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6 Seniors, Practices, and Online Cultural Consumption

Lifelong learning has been a concern of the United Nations Educational, Scientific and
Cultural Organization (UNESCO)which considers that in this way people prepare to act,
reflect and respond to the various social, political, economic, cultural and technological
challenges (UNESCO, 2009). And, if, on the one hand, aging can allow positive activities
such as educational activities (Martin, 2007), consequently, cultural organizations need
to implement changes in their practices to attract, educate and listen to a wider audience
(Holden, 2010).

We believe that ICT can be a contribution to encouraging cultural practices among
seniors, particularly in terms of online consumption, but as Lapa & Vieira (2019) refer,
although there is already a greater democratization in the use of ICT, the digital gap
between use and types of use is still significant. The Digital News Report Portugal 2021
(OberCom, 2021) states that: “Television and the Internet (including social networks)
continue to be the most used sources by the Portuguese for access to news – about three
quarters of respondents say they used these sources in the previous week. Television is
the main source of news for 57.7%, the Internet (excluding social networks) for 17.4%
and social networks alone to 13.4%. The press is the main source of news for 7.3% and
the radio for 4.2%.”

Following this trend that television is the most used media by the Portuguese in
access to information, the data from the study of the Survey on Cultural Practices 2020
reveal that the news, reports, and information are in the list of television programs that
individuals usually see themost (87.8%), and 97,8% of individuals watch TELEVISION
daily, and of these 98.7%do so through the television set. Furthermore, at the informative
level the debates (pros and cons, Circulation of the square, Axis of evil) and the interview
programs (e.g., High definition, Great interview) are still of interest with 20.5% and
20.6%, respectively.

Also, and based on the data of the study, in addition to informing television is still
the main entertainment medium for seniors, to the extent that 52.9% have in their list
of programs that usually see soap operas, then 37.5% other contests (e.g.: Right Price,
Got Talent Portugal, etc.), 33.4% General culture competitions (e.g. Who wants to be
a millionaire, Mental samurai); 32.8% films; 31.1% documentaries and entertainment
programs (reality shows, talk shows, humor, etc.); 31% sports shows (games, news,
debates, etc.); 27.9% Mass or other religious programs.

Other cultural consumptions seen on television reveal less interest among older
individuals when: 17.7% watch series; 9.9% look for other cultural programs; 4.9% are
interested in theater; 3.2% watch programs related to books and reading; and 3% other
performing arts programs (circus, opera, etc.). In terms of musical interests, respondents
seek to see on television: concerts of popularmusic (8.1%); othermusic programs (7.6%);
and classical music concerts (4.3%).
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7 Pandemic and the Change in Cultural Habits and Digital
Consumption by Seniors

Television has always been the most consumed medium by the Portuguese, according to
the ERC study (2016) 99% of respondents say they regularly watch television programs.
Although there have been significant changes in media consumption practices in recent
years, television content continues to generate the most interest among the Portuguese
population, and according to the Survey on the Cultural Practices of the Portuguese in
2020 (Pais, J. M.; Magalhães, P. & Antunes, M. L., 2020) 90% of people said they see
content in this medium daily. This study also revealed that the age group of 65 years or
more is the most exposed to television, of which 98% use daily, and in global indicators
women (92%) watch more television than men (87%).

Following the analysis of the data, 81.2%ofmenmaintained their televisionwatching
habits during the pandemic, as well as 79.9% of women. However, males (17.3%) started
to use more than females (15.2%) and the reverse happens when women (2.6%) started
using less television during this pandemic period than men (0.5%).

TVviewinghad an increase in use by seniors during the pandemic period, considering
that there would be a longer time available on the part of these individuals, the search
for information and entertainment may be the answer to these data obtained.

With the deprivation of offline cultural consumption during the pandemic period, the
internet could be a means of access to culture contributing even to greater entertainment
and occupation of more free time. As Barroso (2021) demonstrated in his study, in a
pandemic time “greater isolation of seniors from the social world contributed to the
increase in their digital literacy”. However, the results of the Survey on The Cultural
Practices of the Portuguese 2020 express that 74.3% of individuals over 65 years of age
were omitted in their answers about the use of the Internet to access cultural activities
during the pandemic. It is evidenced in this study that, despite being in low percentages,
seniors only started to use the internet more for access to information, such as reading
books, newspapers and magazines online (2.1%), and to entertain themselves when they
see music shows (1.4%), eventually accessing platforms such as YouTube, followed by
seeing movies (1%), dance shows (0.8%), theater shows (0.6%), visit library and archive
sites (0.5%) and visit museum sites, historical monuments, archaeological sites and art
galleries (0.5%).

It should be addressed that the rates of use of the internet and digital services for
access to culture by seniors are not of significant relevance, only 13.3% maintained the
use to watch movies and 13.2% to read books, newspapers and magazines online, with
the remaining activities positioned in the range of 11.1% and 11.8%. It is relevant to
understand that these data reflect, similarly, that as observed in the Study of RCS (2016),
100% of people over 65 years of age use television to watch entertainment content, and
only 0.9% do so through the computer.
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8 Conclusion

Many digital policies implemented in the past and implemented in the present patent a
focus on the younger sectors and education, the modernization of the economic fabric
and the administrative machine of the State. However, it is in the seniors, in the low-
skilled or uninserted sectors of the labor market, and away from urban centers, that
we find the most evident cases of e-exclusion and that constitute the groups that most
distance Portugal from other European partners. It should be remembered that current
seniors were of mature age when 15 years ago the “technological shock” occurred and
were young adults in the 1990s, when policies for the information society began to be
implemented. The data suggest, therefore, the lack of a better evaluation, a reduced
impact of technological policies on the lives of many Portuguese and, most likely, below
the intended and expectations created. Many public policy initiatives have focused on
infrastructure and the “device model”, with the first-order aspects of the digital divide,
i.e. access, and within the adult population, left out particularly vulnerable sectors of
society.

The approach developed in this article makes evident the importance of lifelong
learning of Portuguese seniors, not only for the personal development of individuals as
participatory citizens in the political, economic, social and cultural life of a country, but
also for its digital inclusion that is reflected in its cultural inclusion.

It is concluded, demonstrating through the consumption of cultural activities, that
today’s seniors are transported to new consumption habits and activities through what
technology provides them. But there is still a digital divide between the various indi-
viduals belonging to this group, which are associated with limited technical skills and
availability of these means in a digitally excluded cohort.

Likewise, the study showed that the Pandemic eventually brought new habits and
digital consumption to part of this group of individuals, supported by the social distanc-
ing and isolation to which they were obliged. Creating more skills in online forms of
socialization (Barroso, 2021) and bridging excess free time.

As limitations of this study, we can consider the lack of focus of the study on the rel-
evance of online social networks in the development and promotion of cultural practices,
and currently they are part of the global world and are used by many organizations and
even the media to disseminate, inform and interact. So, we consider it to be an approach
to integrate into future studies. Are these new ICT also a way to inform and motivate the
increase in cultural practices among seniors in Portugal? We believe that by increasing
the digital skills of seniors we are developing society in a fairer and more competitive
way at economic, social, and cultural level.
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Abstract. The Covid-19 pandemic has led to the development of the Communi-
cation Tool (CT), which facilitates non-face-to-face communication and is used
by a wide range of generations. But seniors are often reluctant to use such tools, so
it is important to consider a UI with high acceptability. In this study, we attempted
to understand the factors that influence the aging characteristics of seniors on
their intention to use CT, with the TAM model, which is used to explain individ-
ual acceptance or intention to use new technologies. Specifically, we investigated
subjective evaluation and aging characteristics using the TAM questionnaire for
existing CTs and new CTs for which mental models can be formed easily and aim
to clarify the influence on the ease-of-use (PEOU) and behavioral intention to use
(BI) of CTs. The results suggest that age-related attentional decline affects interest
in new products and thereby behavioral intention to use (BI), and the ability to
form mental models affects perceived ease of use (PEOU).

Keywords: Socially assistive robot · Risk assessment · Dementia

1 Introduction

The Covid-19 pandemic has led to the widespread use of online communication, and
Communication Tool (CT), which facilitates non-face-to-face communication, and is
used by a wide range of generations. In addition, ICTs and CTs with various UIs are
available due to the efficiency of development through platforms for application devel-
opment. However, seniors, who have been using dial telephones, are often reluctant to
use them. In order to solve the digital divide between generations, it is important to
consider UI with high acceptability.

The Technology Acceptance Model (TAM) is one of the widely used models when
considering the acceptability of new devices [1]. As shown in Fig. 1, in TAM, behavioral
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intention to use (BI), which means “the degree to which one plans whether or not to
perform a certain action in the future,” is said to be affected by the perceived usefulness
(PU), perceived ease of use (PEOU), and attitude toward use (A) variables. In the TAM
model, there are also external variables such as gender, age, and education as variables
that affect perceived usefulness (PU) and perceived ease of use (PEOU).

For UI design, Cho et al. [2] proposed a model that incorporates perceived UI design
(PUID) as a new variable in the technology acceptance model and reported that PUID
has a PEOU impact. Hong et al. [3] also showed that screen design affects perceived
ease-of-use PEOU. Among ICTs, CTs are considered to have a significant impact on
the behavioral intention to use (BI) not only by the UI design for displaying information
but also by the UI for inputting information (input UI), due to the nature of exchanging
information. However, no previous study has clarified the relationship between input UI
and usage intention, especially in CT.

Therefore, this study attempts to figure out the factors that influence the aging char-
acteristics of seniors on the intention to use CTs using the TAM model, which has been
used to explain individual acceptance or intention to use new technologies. Specifically,
we will investigate subjective evaluation and aging characteristics using the TAM ques-
tionnaire for existing CTs and new CTs for which mental models can be easily formed,
and aim to clarify the influence on the perceived ease-of-use (PEOU) and behavioral
intention to use (BI) of CTs. In this study, as aging characteristics, we focused on atten-
tional and executive functions, which are cognitive functions that thought to be related to
the input of information, and mental models of operation, which are models and images
that humans have of interacting with artifacts [4].

Fig. 1. TAM model diagram [1]

2 Method

2.1 CTs Used in the Experiment

There are three types of communication tools targeted in this study: e-mail, LINE [5] and
CT with handwritten UI (handwritten CT) shown in Fig. 2(d). E-mail and LINE are the
smartphone applications that are usually used by seniors as identified by the preliminary
survey. Handwritten CT was developed based on the assumption that mental models are
easily formed.
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2.2 Evaluation Method of Three Abilities to Form Mental Models of Operations

To evaluate the ability of forming mental models, based on Doi et al.’s study [6, 7],
we created tasks which pictures of the equipment’s control panel and CT’s screen were
printed on paper, and show it to the participants, then they were asked to answer what
operations they should perform to achieve a specific requirement. Higher performance
in the operating procedures taskmeans higher prediction of equipment and app behavior,
in other words, higher performance in the operating procedures taskmeans higher ability
to form mental models of equipment and apps.

The target UIs were, a microwave that three difficulty levels are set, and the three
mentioned CTs. Three types of microwave models with different operating methods
were targeted, as shown in Table 1. Table 2 and Fig. 2 show the content and presented
images for operating procedure tasks for each device and application. Answers are rated
on a 5-point scale. The scoring criteria are shown in Table 3.

Table 1. Information and operation of each microwave

Code Model Brand Operation procedures

A ER-AA17A Toshiba Lifestyle Set power and time with separate dials

B YRB-177 Yamazen Set power and time with buttons

C ARE-S19 Amadana Set power and time with a single dial

Table 2. Contents of operating procedure tasks for each device and application

Device and application Task

Microwave (Presenting the microwave body and control panel) What operation
should you perform to put frozen meat in the microwave and defrost it
at 200W for 5 min?

E-mail (Presenting the draft screen of the e-mail) How do you send an e-mail
with an image attached?

LINE (Presenting a fictitious LINE chat screen) How do you send the image
to the other party?

Handwritten CT (Presenting the screen of Handwritten CT) How do you send a
handwritten message to the other person about today’s business?
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Table 3. Scoring criteria of operating procedure tasks

Device and application Scoring criteria

Microwave A Turn the output dial [1 point]
Set output to 200W [1 point]
Turn the time dial [1 point]
Set the time to 5 min [1 point]
No description of unnecessary operations [1 point]

Microwave B Press the button for 200W [1 point]
Press the button for 1 min [1 point]
Press 5 times [1 point]
Press the start button [1 point]
No description of unnecessary operations [1 point]

Microwave C Use the dial to set the output [1 point]
Turn the dial to the left to set the output [1 point]
Use the dial to set the time [1 point]
Turn the dial to the right to set the time [1 point]
No description of unnecessary operations[1 point]

E-mail Press the button [1 point]
Press the correct button [2 point]
Select a photo (no details required) [2 point]

LINE Press the button [1 point]
Press the correct button [2 point]
Select a photo (no details required) [2 point]

Handwritten CT Operate the Date Picker [1 point]
Set the date to today [1 point]
Handwritten Entry [1 point]
Entering an errand [1 point]
No unnecessary operation description [1 point]

2.3 Participants and Experimental Protocol

Thirteen healthy male and seven healthy females (72.8 ± 4.0 years old) were recruited
for the experiment through the Silver Human Resources Center. The experimental
procedures are as follows.

1. The participants were asked to answer questionnaires regarding basic information
such as their age and gender.

2. The TAM questionnaire and operating procedures task will be administered for the
three types of microwaves.

3. The TAM questionnaire and operating procedures task will be administered for the
email application. Then perform the actual operation task and administer the TAM
questionnaire again.

4. The TAMquestionnaire and operating procedures taskwill be administered for LINE.
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(a) Microwave A [8]                                            (b) Microwave B [9]

(c) Microwave C [10]                                               (d) Handwritten CT

(e) E-mail                                           (f) LINE [5]

Fig. 2. Presented images for operating procedure tasks

5. The TAM questionnaire and operating procedures task will be administered for the
handwritten CT. Then perform the actual operation task and administer the TAM
questionnaire again.

6. Cognitive function tests (TMT, KWCST) are performed.
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2.4 Evaluation Items

Questionnaire and Survey
In order to evaluate subjective usability and Behavioral Intention to use (BI) towards
devices and applications, we developed a questionnaire based on the TAM (TAM ques-
tionnaire) with reference to the previous literature [1, 2, 11, 12]. Table 4 shows examples
of variables and the corresponding questions for each variable in the TAM.

Table 4. Example of TAM Questionnaire

Variable No. Question Item

Perceived Usefulness (PU) 1 You found this app useful in your life

2 You felt this app would help you communicate
more efficiently

3 You felt this app would make communication
easier

Perceived Ease of Use (PEOU) 4 This app is clear and easy to understand

5 You found this app easy to learn to use

6 You found this app easy to use

7 You found this app easy to learn how to use

8 The app works the way you want it to

9 You felt the app had a good mix of features

Attitude toward Using (A) 10 You felt that using this app was a good idea

11 You felt this app would make communication
more interesting

12 You found using this app to be a pleasure

13 You like using this app

Behavioral Intention to Use (BI) 14 You would like to use this app in the future

15 You would like to use this app with others

16 If you were to use this app in the future, you
would use it more often

17 You think using this app is important for your
future

18 You think it is worthwhile to use this app
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The evaluation was conducted using a 7-point Likert scale, and each variable is
converted to a score out of 100.

Questionnaires were also administered regarding the experience and frequency of
use of each device and application, the final education level, and interest in new products.
For interest in new products, the following questions were asked based on the five strata
(innovator, early adopter, early majority, late majority, and laggard) of the innovator
theory [13].

1. Interested in new products and want to be the first to buy them when they are released
2. Interested in new products and will buy them if they are expected to be effective and

efficacious
3. If others start using it and it is expected to be effective, you will buy it.
4. If it becomes popular in the world, you will buy it.
5. Not interested in new products

Actual Operation Tasks
In addition to the operation procedure tasks for the e-mail and handwritten CT, the users
were asked to operate the actual applications using tablet devices. The contents of the
tasks are shown in Table 5. Answers are evaluated on a 5-point scale.

Table 5. Contents of the actual operation tasks for each application

Device and application Task

E-mail Similar to the operating procedure task, attach the image to the email
from the email draft screen that is displayed

Handwritten CT After teaching the participants verbally how to draw and erase lines,
let them interact with the person in charge of the experiment. After
that, they circle the letters and turn them red. Then they are asked to
operate the date dial to see the next day’s information

Cognitive Function Test
In this experiment, the Trail Making Test (TMT) and the Keio version of the Wisconsin
Card Sorting Test (KWCST) [14] were used to measure cognitive functions related to
attention and executive functions. The TMT consists of two tests, A and B. Performance
is evaluated by the time required for both tasks and the difference between them, and
a large difference in the time required for each task or the time required for both tasks
indicate a reduced attentional turnover [15]. TheKWCST is a test that sorts cards basedon
specific sorting rules (color, number, or shape). Using the number of correctly classified
categories and the number of misclassified categories as evaluation indices, the KWCST
measures concept formation, concept or set conversion, and inhibition of inappropriate
responses. In this experiment, the test was conducted on a laptop computer using testing
software [16] running on a Windows OS.
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3 Results

3.1 TAM Scores for Each CT

Figure 3 shows the box-and-whisker plots of the TAM questionnaire scores for e-mail,
LINE, and handwritten CT. The scores for e-mail and handwritten CT were obtained
after the actual operation tasks. The mean scores for all items were higher in the order
of Handwritten CT, e-mail, LINE. And for PEOU, Handwritten CT had significantly
higher scores than e-mail and LINE (p < 0.01).

**: p<0.01

E-mail LINE Handwritten CT E-mail LINE E-mail LINE E-mail LINE
(a) Perceived Usefulness (b) Perceived of Ese Of Use (c) Attitude Toward Using (d) Behavioral Intention to Use

Handwritten CT Handwritten CT Handwritten CT

Fig. 3. Result of the TAM questionnaire for each CT

3.2 Cognitive Decline and Intended Use of CT

For the three types of CTs, grouping was conducted based on the CT with the highest
score ofBI from theTAMquestionnaire in the actual operation taskswithin an individual.
As a result, there were eight participants in the handwritten CT group, three in the e-mail
group, and nine in the group with the same BI of handwritten CT and e-mail. Due to the
small number of participants in the e-mail group, we decided to compare two groups in
this study: the handwritten CT group and the other group.

Figure 4 shows the scores of the cognitive function test between the handwriting input
CT group and the other group. tB and Δt were showed to have significant differences,
indicating that the higher BI of handwriting CT, the higher the results of the cognitive
function test related to attention function.

3.3 Cognitive Decline and Interest in New Products

Figure 5 shows the relationship between interest in the new product and performance
on the cognitive function test. It indicates that there is a correlation between score of Δt
and interest in the new product (r = 0.63), with lower performance indicating weaker
interest in the new product.
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Fig. 4. Cognitive function test results for the handwritten CT group and the other group
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Fig. 5. Interest in new products and TMT performance

3.4 Impression Changes by Operating the Actual UI

Figure 6 shows the amount of increase in TAM questionnaire scores after the actual
operation task in handwritten CT for each participant. A trend toward an increase in
TAM scores with actual use was shown.
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Fig. 6. Amount of increase in TAM questionnaire scores after the actual operation task in
handwritten CT
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3.5 Mental Model

The relationship between the scores on the operating procedures tasks and the ability
to form mental models were analyzed. The experimental results showed the following
trends in the performance of the operating procedure task. The results of the operating
procedure tasks showed the scores of microwave A, B, and C were higher in that order,
and there was a significant difference between them (p < 0.01).

There was a significant correlation between the scores of the three types of CT, but
the only significant trend was found only between Microwave C and handwritten CT.

Since it was assumed that as the ability to formmental models in operation decreases,
PEOU decreases, resulting in a decrease in intention to use, Fig. 7 shows the results of
comparing the perceived ease of use (PEOU) of e-mail in the high and low groups.
In addition, the relationship between PEOU and BI of e-mail is shown in Fig. 9. The
results showed that as the ability to form mental models decreased, PEOU also tended
to decrease. The result also showed that there is a correlation between PEOU and BI.
On the other hand, Fig. 8 shows the relationship between mental model and TAM in
handwritten CT and Fig. 10 shows the relationship between PEOU scores and BI scores.

Low High
Ability to form mental models Ability to form mental models

(a) Before the actual operation task (b) After the actual operation task

Low High

n.s: not significant **:p<0.01

Fig. 7. Ability to form mental models and perceived ease of use of e-mail
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Low High
Ability to form mental models Ability to form mental models

(a) Before the actual operation task (b) After the actual operation task

Low High

Fig. 8. Ability to form mental models and perceived ease of use of handwritten CT
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Fig. 9. Perceived ease of use scores and intent to use scores for e-mail
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4 Discussion

TAM Scores for Each CT
For the three types of CTs used in this study, the handwritten CT had significantly
higher perceived ease of use (PEOU) scores than existing CTs such as e-mail and LINE,
indicating that they have an easy-to-use UI.

Cognitive Decline and Intended use of CT, and Interest in New Products
In this study, itwas assumed that handwrittenCTwith easy-to-useUIswouldnot decrease
the use intention even if cognitive function declined, but the results showed that when
attentional function declined, the intention to use e-mail was higher than that of hand-
written input UIs. On the other hand, the results showed that interest in new products
weakened as cognitive function declined.

Therefore, it was suggested that even if the UI is easy to use, the intention to use it
may decrease as it perceived as a new product (possibility of status quo orientation due
to cognitive decline).

Furthermore, the results showed that the intention to use tended to increase with
actual use, even if the intention to use is lowered due to a decline in attentional function,
the evaluation may change after the actual use.

Mental Model
In existing CTs, experimental results on mental models suggested that perceived ease-
of-use (PEOU) decreases as the ability to form mental models decreases, resulting in
lower intent to use.

These findings suggest that in handwritten CTs, the perceived ease of use does not
decrease as the ability to formmental models decreases, thereby improving the intention
to use the product. Figure 11 shows an extended model of TAM based on the results
obtained from this study.

Perceived
Usefulness

(PU)
Attitude

Toward Using
(A)

Behavioral
Intention
to Use (BI)

Actual use

Perceived
Ese of Use
(PEOU)

Ability to form
Mental Models

Attention
Function

Interest in
New

ProductsCorrelation is only valid for existing CT

Fig. 11. Extended model of TAM based on findings from this study
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5 Conclusion

In the study, we focused on cognitive functions and the ability to form mental models
of operation, which are thought to be related to the BI of new CT in senior’s population,
and investigated their effects. As a method to measure the ability to formmental models,
we developed a series of microwave operation tasks with different levels of difficulty.
In addition, we compared and evaluated CTs by investigating the relationship between
subjective evaluation using the TAMquestionnaire and cognitive function tests for hand-
written CT, which is comparatively new to existing CTs such as e mail and LINE but do
not require new formation of mental models. It was suggested that the decline in cogni-
tive function (attentional function) with agingwas not related to the perceived ease of use
(PEOU) of the UI, but was affected by the interest in the new product and thereby behav-
ioral intention to use (BI). The ability to form mental models also influenced perceived
ease of use (PEOU), which could lead to behavioral intention to use (BI). Furthermore,
the results suggested that BI improves with actual, rather than assumed, trial. Finally, the
relationship between cognitive functions (attentional functions) and the ability to form
mental models was explained using the TAM model.

Acknowledgments. Wewould like to thank the participants of the interviews and the experiment
for their cooperation and Chan Chi Tao for English language editing.
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Abstract. There is a growing strand of research on social justice in HCI. While
many contemporary HCI studies are being conducted and analyzed in a social
justice context, still few studies examine how this plays out among older adults
and their use of technology. In this paper, three streams of HCI andHCI-connected
research are mapped out describing personal characteristics, economic benefits,
and age-related vulnerability at the forefront of older adults’ technology use.
Through an empirical study and a social justice-oriented perspective, I estab-
lish how HCI research on older adults’ technology use fails to include important
societal factors and misses out on valuable insights such as how societal structures
can affect senior’s life and technology use. Contributions posit three opportunities
into how a social justice-oriented perspective can benefit research regarding older
adults’ technology use in HCI.

Keywords: HCI · Social Justice · Older adults · Ageism

1 Introduction

Research on older adults technology use rarely discuss social injustice such as, pressure
of technology use in society, isolation from society interlinked with technology and
exclusion from social and private digital services (see: [9, 21, 29, 33]). Such partial
perspectives could potentially lead to negative effects for older adults because they center
personal shortcomings and misses out on valuable insights on how societal structures
affect important parts of older adults lives [9, 29]. In some regards, older adults are
perceived as a vulnerable group because of aspects related to aging, such as cognitive
and/or physical decline [9, 21, 29]. This presumed vulnerability is usually explored in the
context of personal characteristics, economic benefits, and age-related vulnerability [7,
21, 30]. Technology has massive potential to positively influence and affect the lives of
older adult users by, for example, reducing isolation, supporting at-home independence,
and inspiring creativity [17, 23, 32]. Research has moreover explored personal robotics,
eldercare robotics, and acceptance models for technology use, aiming to create positive
changes in the lives of older adults [1, 4, 6, 16, 31]. Although the topic of older adults
technology use is much explored within HCI, little research has taken into consideration
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societal structures such as pressure of technology use in society, isolation from society
interlinked with technology, exclusion from social and private digital services, and how
these structures can cause negative effects [29].

In this paper, We look beyond factors of personal characteristics, economic benefits,
and age-related vulnerability withinHCI andHCI-connected research to understand how
societal structures can affect senior’s life and technology use. We set out to explore the
following research question: What are the opportunities to incorporate societal factors
of technology use affecting the lives of older adults? Accordingly the, aim of this paper
is to highlight the need Of incorporating societal factors in research about older adults
and technology use in HCI. Moreover, societal factors is understood as large structural
governmental laws or initiatives that affect the lives of our participants.

1.1 Social Justice in HCI

Social justice is a concept currently growing within HCI (See: [5, 10, 26, 27]). The con-
cept aims to explore systemic societal structures interlinked with vulnerable groups of
people. Notions such as power, privilege, access, and vulnerability are often discussed
within the field [8, 11, 13, 26]. Social justice has come to emerge in HCI predominately
in the last ten years, [18, 20, 21]. One of the most cited papers on social justice in HCI
discusses design strategies for a social justice orientation in interaction design [8]. Dom-
browski et. al [8] argues for an understanding of social justice as an orientation consisting
of modes and sensitivities towards, e.g., marginalized voices and inequality. The paper
takes a stance in political theorist H.P.P Lötters arguments about justice. Lötter discuss
social justice as multidimensional and defines the philosophical stance as,” justice is to
give everyone their due.” They furthermore use thework of Lötter to analyze the potential
role of social justice in design and interaction design. Another definition of social justice
in HCI is provided by Strohmayer et al. [26]. The article centers around a sex-worker
organization in Canada and analyzes the usage of a tool to help sex-workers report abu-
sive customers. Strohmayer [26] discuss a gap within justice-oriented literature in HCI,
proclaiming that a more nuanced discussion of the implications and meanings of justice
is needed. By interlinking the idea of Fraser’s multidimensional justice with previous
HCI literature, authors develop three implications for developing digital technologies
for stigmatized, criminalized, and often misrepresented communities. Moreover Irani
et al., [13] discuss postcolonial computing in an HCI context. Notions of social justice
are described as power, authority, legitimacy, and participation in the context of global-
ization. Moving to other works, social justice has been attributed to many various studies
in HCI with a major focus on groups who are vulnerable or in some sense, stigmatized,
marginalized, or discriminated such as sex workers, women living under heavy patriar-
chal structures, gentrified communities, and other groups discriminated against [8, 11,
22]. From existing literature on social justice in HCI, a group rarely mentioned emerges
as older adults. Older adults may not directly be seen as marginalized or discriminated
in a larger sense, instead, other aspects of injustice can unite senior communities, such
as class, ethnicity, or gender. However, in this paper and the study conducted, the gen-
eral unifying aspect of vulnerability is age. Analyzing older adults technology use using
a social justice perspective is done by highlighting societal structures such as such as
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pressure of technology use in society, isolation from society interlinked with technology,
and exclusion from digital services.

2 Age and Older Adults in HCI

To frame the research question, belowwepresent research on older adults and technology
use fromHCI, Cognitive Science, Psychology andBehavior and Information technology.

2.1 Capabilities, Adoption and Acceptance in Technology Use

The barriers between age and technology use are often described as capabilities, adoption
and acceptance [2, 4, 7, 15, 21, 33]. Capabilities, adoption, and acceptance imply that
a person may not use technology because of physical or psychological obstacles or
because of personal choice and attitudes. There has been attempts at extending concerns
of acceptance by not only looking directly at personality and acceptance but also social
support and prior experience [2, 15]. For example, [16] extends the TAM (technology
acceptance model), a commonly used acceptance model within HCI, with additional
phases building out theories to create a bigger understanding of what makes mobile
technologies accepted by Older adults [16]. Extension of the TAM includes aspects that,
on the one hand, includes prior experience and peer-support, but on the other hand does
not include aspects of how life couldbeof goodquality evenwithoutmobile technologies.
Similarly, [28] extends the discourse on Older adults and technology use in HCI and
wants to”go beyond seeing Older adults as merely old or limited” when it comes to
system design. They see a huge impact on what groups of Older adults are included in
their study and states that many of their findings should not be”over-generalized” due
to missing factors. Moreover, they also discuss how the results point to a more complex
perspective on social connection from technology use and how this could, for example,
be accommodation differences of infrastructures.

2.2 Age as an Economic Opportunity for Technology Development

In business, economics, and HCI, aging is often discussed concerning an economic
perspective. As the population of the world is getting older with fewer individuals being
able to care for Older adults, how can technology aid with rising costs of eldercare [11,
18, 26].Mosthagel [27] discuss how studies on older adults’ attitudes towards technology
often lack a business and economic perspective. Accordingly, one example of how to
lower the cost of care for older adults is to design digital technologies that help older
adults live at home longer if possible. Such technologies would not only help many
older adults, who wish to live more independently at home but may also lower senior
care costs The potential of using technology to aid with the dilemma of cost vs. care is,
according to [6] very high, and benefits can include social interaction,medical providing,
and assistance. On the other hand, even though launching technology to help not only
with eldercare costs, easier management for care providers and older adults to maintain
at home independence, other ethical risks can arise.
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Sharkey et al. [24], discuss practical risks of having in-home technologies in the form
of robots to help older adults in their everyday life. The arising risks include privacy risks,
information obtaining risks, and possible shortcomings from the in-home technology
potentially leading to physical harm. Likewise, [12] discuss how assuming that older
adults will use assistive technologies just to maintain their independence or to gain social
interaction is highly overstated and that technologies should see to each individual’s
diversity addressing the functional, emotional, and social needs. Moving from such
statements of ethical considerations and overstated potential of at-home technologies
for older adults, other challenges arise when technology is only discusses as positive
when trying to solving large societal challenges such as care vs. costs without going
deeper into how this change might take place and affect the lives of older adults in a
particular society.

2.3 Ageism and Stigma in Technology Development

Technology development for older adults is often built on ageist discrimination creating
a vicious circle according to Ivan et al., [14]. They describe how technology design and
development is often conducted by youth for the youth market therefore alienating older
adults rendering them to not want to use such technologies. Similarly, [19] discusses how
the digital divide is often researched in relation to older adults and their internal char-
acteristics such as technophobia, physical and cognitive decline, and computer literacy.
They discuss how the factor of ageism defined as age discrimination is not sufficiently
explored in research about older adults and technology. Designing and building technol-
ogy for older adults and older adults may not only center around a youth market as in
[14] but may also be built on negative stereotypes around aging [18] causing a product
development to not meet the correct needs of the target group. Stigmatization amongst
older adults is discussed by [29] as stemming from a discourse that has relied on the
biomedical aspects of aging in contrast to the psychological and behavioral. They argue
that much HCI research further elongates stigma since less focus is put on other aspects
than physical and medical. These arguments stem from earlier work of [9] which bases
conclusions on funding decisions made in the US. This funding was primarily put into
biomedical research on aging instead of humanities, behavioral sciences, and psychol-
ogy. [29] continues to build on these conclusions and discusses how this focus on the
biomedical aspects of aging has tipped over into public spheres and, in the end, mass
media, meaning that a social view on aging as pathological or abnormal has grown.
This view has according to [9] led to a collective discourse of aging where much HCI
research is conducted with a notion that ageing can be solved by better and more expen-
sive technology and medical services. This view that technology can aid with certain
age relating problems and issues is much explored within HCI [4, 6, 21, 25, 33]. A large
proportion of this research scratch the surface of discussing technology use interlinked
with or structures of a society but none of them further develop arguments for why such
aspects may be regarded as having major impacts on older adults’ technology use and
lives. In summary [14, 18, 19] points to bias technology development for older adults,
excluding insights on ageism and negative stereotypes on aging as damaging for Older
adults and technology development. [9, 29] further points to how much research in HCI
is researched with the concern that age can be bettered or solved with technology.
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3 Data Collection and Method

In this paper, research on a social justice perspective to highlight societal structures
surrounding older adults’ technology use is centered. The aim is to is to highlight the need
for incorporating of societal factors in research about older adults and technology use in
HCI. To do this, i conducted an interview study with 15 older adults living in Sweden.
The call for participation was done through senior citizen organization websites in the
north of Sweden. I contacted individuals who worked in the organization and had their
emails officially posted on each website. By focusing directly on these organizations
participants was certain to be an older adult and “senior” according to themselves. I
choose to contact half of the individuals from four different websites and sent out an
email containing information about the study and the focus of the interview questions.

Participants were asked if they were available through phone and their preferred time
of the interview. Initially, 11 men and 18 women were contacted whereas 3 men and 8
women responded. Through the first interviews, participants recommended additional
individuals (4 extra women) who also considered to take part in the study. In the end,
15 older adults were interviewed, 11 from initial contact and 4 from snowball selection.
At the time of the interviews the Covid-19 pandemic was still affecting the lives and
routines of our participants and we therefore choose to conduct the interview through
telephone. I recorded each call with the consent of our participant by putting them on
speaker phone and recording with quick time player on a computer standing next to the
phone. Each interview lasted from 20–50 min.

I created an interview guide which was divided into two parts. The first part included
questions about participants’ life situations and the influence of the COVID-19 period. I
asked about their daily routines and how they were different from before the pandemic.
I also asked them about their home and social life. The second part included questions
about the participant’s technology use, such as what they have at home, what they use
every day and if/how they had used technology more or different since the start of the
Covid-19 pandemic.

3.1 Analysis

After conducting the interviews, the audio files were transcribed non-verbatim to word
documents. The data-transcripts were analyzed in a team of three researchers using a
thematic analysis [3] and we started by initially coding the data, highlighting experts
that aligned with the research aim. After coding the transcripts, we sorted the codes into
categories formed by similar codes. Lastly, we sought to group once again our categories
into three overarching themes. From our thematic analysis we posit three themes, i) the
importance of technology to live a connected life, ii) Force and frustration from the
technological push in society and iii) Societal exclusion from technological divides.
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Table 1. Participants overview

Participant no. Gender Age Living status Earlier occupation

1 Male 70 Married Economy manager

2 Female 71 Married Teacher

3 Female 76 Lives alone Manager

4 Female 70 Married Nurse

5 Female 69 Lives alone Nurse

6 Female 70 Married Occupational therapist

7 Female 77 Lives alone Teacher

8 Female 74 Married Tax-worker

9 Female 73 Lives alone Teacher

10 Male 70 Lives alone It-specialist

11 Female 76 Lives alone Cultural worker

12 Female 80 Married Technician

13 Male 70 Lives alone Administrator

14 Female 71 Lives alone Manager

15 Female 79 Married Teacher

4 Findings

In this paper we center the research question: What are the opportunities to incorporate
societal factors of technology use affecting the lives of older adults? Foregrounding a
social justice perspective, we proceed to analyze how our participants uptake technology
living within the Swedish digital society, how the Covid-pandemic of 2020 and forward
changed their usage and how this period made visible those who do not use technology
and the negative effects arising from this.

4.1 The Importance of Technology to Live a Connected Life

As the Covid-19 pandemic proceeded, older adults saw many of their daily activities
become more restricted. For example, many physical meetings held by various senior
citizen organizations started to shut down to protect their members from infection. Sim-
ilarly, gyms, restaurants, and museums, started to restrict their hours and space. This
process of social distance had an effect on many of the older adults in our study. How-
ever, at the same time many also started using technological tools to connect with their
former physical activities. Participant 2, describes a scenario where she and her husband
attempted to use a video call app to attend their niece’s graduation ceremony:” Well,
we were supposed to connect to my niece’s graduation, and it was fun because we had
made a little sign and sang for her, so that was amazing”.

As many participants had started to use their technology more and in a different
way than before, others had already gotten used to technological tools as a way of
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socializing. Participant 3 shares how she used to see her grandchild through zoom before
the pandemic: “Before my younger daughter moved here from Stockholm, and her son
was about three, I would read stories to him through my phone and we would sometimes
play hide and seek. Now we don’t do that anymore when they live here instead we see
each other in real-life”.

Similarly, to participant 3, participant 14 would also use technology to connect with
family members who were because of distance or the pandemic out of reach. Participant
14 mentions her mother who lives in an eldercare home: “I have to say that I have
appreciated facetime very much. My almost 100-year-old mom is still around, she turns
100 in February and where she lives they have been wonderfully good in reaching out
through face time. Its just great!”.

Technological tools in participants everyday life were discussed effortlessly as a
vital part taken for granted, many had for years used both apps such as messenger and
WhatsApp to text with friends and family, and facetime was for example, also used
by participant 8 to talk with her grandchildren: “We use our smartphones daily many
times and we have for example messenger and facetime where we mostly talk with our
grandchildren who live in. Its fun to see them and we have a good connection even
though they live so far away”.

Likewise, participant 9, describes her use of her smartphone money transfers and
social media updates as” easy to use for everything most of the time, its easiest like that”.
As participants turn to at home technology, extending their social connections online, a
parallel discussion on pressure and force arises. Participants reflect on how society plays
a role in a strong technological implementation and force below.

4.2 Force and Frustration from Technological Advances

When discussing technology use amongst older adults and relations to technology, feel-
ings of force and frustration emerged amongst several participants. These feelings were
by participants linked to the large implementation of technology all throughout Swedish
society and how society itself plays a part in this technological force. P11 explains how
older adults may not want to use technology simply because they do not want to and
critiques society: “Society forces people in their last stages of life into something they
don’t want (technology) and makes them feel totally lost”.

P14 makes similar statements and discusses acquaintances suffering from negative
consequences due to not using technology: “Basically, there is nothing you can do
without using technology at this point, you are completely dependent on it… One can
barely go shopping without technology, that’s how it is today. I. have an acquaintance
who is single and alone, and she can barely pay bills via computers. Stuff like that is
completely alien to her, it’s like a nightmare”. P7 extends their feelings of anger to
age discrimination and technology: “Sometimes I think about age discrimination that
I experience sometimes. I get so angry thinking on how society establishes how it is
necessary to have a computer and a cellphone”.

Further feelings of frustration were connected to public services such as access to
money and banking options. P12 described an event in their life where they wanted help
from the bank with a bank app for money transfer:”I tried to get help at the bank with
an app for transferring money, but I couldn’t get any because there were some darn
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codes that I was supposed to hand in. It was something with six digits that I could not
remember. so that wasn’t nice”. Participant 8 similarly thought that the money question
was an issue:”I think paying with my card is easier but at the same time I think it is
terrifying that you can’t use cash. I think about not having a computer and how it makes
you completely powerless, you can’t pay bills or send emails, it is a vulnerable system I
tell you”.

Participant 3 likewise reflects on digital money transfer services:” I cannot under-
stand how people manage without computers in these days. It’s just something that you
need to have today”.

When encountering new technologies or having to adjust to new features, participant
12 would talk herself into not backing down reflecting over the positive outcomes that
learning could bring:” The technology we have at home is really good, I would definitely
not manage without them. I am not shy learning new technologies or learning new stuff…
I have a saying: technology cannot win over me”.

Similarly participant 9 briefly reflected on not having technologies:” it’s hard to
imagine being without technologies, I take it for granted, if it was not there life would
very different., it’s just there and I expect it do work, it would probably be a disaster if
it wasn’t there”.

As participants discussed their own reflections of technological force and opportu-
nities, many reflect on their family and friends who for various reasons did not have the
same opportunities or will to use technology causing negative consequences.

4.3 Societal Exclusion Through Technological Assertation

Family or friendswho did not use digital technologywould often feel left out from certain
societal areas For example, participant 2 discuss how her older mother felt dejected
because of not having the same opportunities to information or housing as others who
had access to the internet:“Just look at my mother she is a lost generation, she feels very
disregarded and angry, sometimes a commercial says just enter www. but she can’t…
.10–15 years ago when she became a widow, we showed her a computer we were going
to plug in, but she didn’t want it. Now she says, what if I had listened to you?”.

When turning a certain age, some people would feel that technology was simply not
a part of their life that they wanted to explore. But this preference could according to
Participant 7 lead to negative consequences as they discussed an acquaintance who felt
too old to use technology but still felt left out despite having the choice:“sometimes I
think of my 98-year-old neighbor that doesn’t have a computer. She doesn’t feel there
is any need for her to have a computer at her age, which is perhaps understandable.
But I mean you need a computer to put yourself in a queue for a retirement home….
It is the same with the bank and there is no one to talk to. You have to go through the
internet and that makes me so upset because I feel like everyone should have the right
to a functioning everyday life. No one should be forced to do something that you don’t
have the possibility to do and there is no help to get”.

Many participants generally felt frustrated about the fact that in the Swedish society,
digital change is happening at such a fast pace causing some people to get completely
left behind. P8, says:”Some people don’t have a computer and they are actually quite
many; they are left behind and that’s sad for them”. Discussing how the development of



A Social Justice-Oriented Perspective 527

the digital society has negative implications for many senior individuals, participant 14
extends:”There needs to be an understanding for Older adults who can’t learn technol-
ogy because of their age or income. There have to be opportunities for all of us despite
knowledge levels…. It speaks for itself that a person who has never in their working-life
used a computer or a mobile phone and is 85 cannot naturally understand how to pay
bills digitally. There has to be opportunities for all of us to make every-day life work”.

Reflecting on how her own journey with technology is progressing, p11 discusses
how it has simultaneously made her think on older adults that does not keep up with the
same speed therefore becoming excluded:”As of right now I have a better relationship
with technology, I have started to understand how important it is. But I have also started
to understand how difficult and dangerous the digitalization has become. I’m fine, but
what about those who are older? They don’t even know how to do some stuff; they don’t
have a computer but all the time they are being told to find services on their computer?
I can’t help to think about older people that constantly feels like crap. They are really
being excluded!”. As these findings point out there is a concern amongst those who are
efficient in technology about the strong force and pressure to use technology in order to
be connected to vital societal services and opportunities.Wemove to discuss our findings
and present three opportunities for HCI research to bridge a social justice perspective
with research on older adults and technology use.

5 Discussion

By illustrating how society and technology is interlinked through the empirical study
opportunities are framed around how a social justice perspective can benefit research
about older adults’ technology use in HCI. The opportunities framed, gives HCI
researchers ways to go beyond research about older adults’ technology use that does
not incorporate societal factors which can create partial biased perspectives. We cater to
the research question: What are the opportunities to incorporate societal factors of tech-
nology use affecting the lives of older adults? In answering this question, we advance a
series of three opportunities: 1. Dismantling negative societal negative effects from tech-
nological implications 2. Understanding how technology excludes older adults from
services, and 3. Acknowledging ageism in society. These opportunities aim to support
HCI researchers in designing technologies for and with older adults that account for how
societal structures can affect older adults’ life and technology use.

5.1 Misdirected Focus: Capability, Adoption, and Acceptance

The first gathered stream of research was called”capabilities, adoption and acceptance
of technology connected to age”. The section showed how research often rely on older
adults’ personal characteristics, such as how capable they are and if they will adopt
or accept technology in their life [2, 4, 7, 15, 21, 33]. Much of this research do not
take into consideration factors of society such as pressure of technology use in society,
isolation from society interlinked with technology or exclusion from social and private
digital services causing negative effects living in society. [16, 28]make attempts to extend
models and frameworks about acceptance and capabilities in older adults technology use
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technology use. Both argue for extending scholarly work centered around technology
use for older adults, moving beyond, for example,”seeing older adults as merely old or
limited” or to include aspects of prior computational experience in research. Despite
efforts, neither provide deeper material about societal factors and how that may play
a large part in conducting such research. As illustrated in our study, societal factors
have a large impact into how some participants discussed struggling to access certain
opportunities through technology. Despite many of them using technology on a daily
basis, socially connecting with friends and family, participants 7, 14, 2, 8 and 11 all
mentioned family, friends, and acquaintances directly suffering in their daily life from
notwanting nor being able to use digital technologies and as an extension created negative
feelings. P2’s mother had earlier felt that she was too old to use a computer but now
regretted her earlier choices to not become a computer user due to the negative effects
of not using one. P11 expressed frustration about how there is a lack of empathy and
opportunities for older adults who does not use technology and how such individuals
are constantly being told that they need computers. P8 discussed how older adults who
does not have a computer is completely powerless and how the system (society) is very
vulnerable for thosewho have chosen not to use technology. These examples fromP2, P8
and P11 all highlight individuals that do not use technology because they have at some
point chosen not to. This choice has resulted in negative consequences for them and their
lives. Wanting and not wanting to use technology is a choice likewise is for example
acceptance.But older adultsmaynot havebeen fully aware of the potential consequence’s
their choice would render. Therefore, capability, adoption and acceptance factors can
be misdirected in that it does not recognize how some older adults does not want to
use technology and how these choices should be respected. This poses a challenging
dilemma but likewise a social justice perspective opportunity for the HCI discourse:

– Opportunity 1: Dismantling negative societal effects from technology implications
HCI have the opportunity to focus beyond capabilities, adoption and acceptance to
acknowledge how older adults that does not want to use technology are affected
negatively in society. A social justice-opportunity would not seek to aid or solve
senior’s situation with more technology for them, but rather to form technology to
dismantle such negative societal effects they experience. For example, how could
HCI be engaged in local or national policies that forces older adults to use certain
technologies or platform to obtain information or services? Would it be possible to
have personal physically engaging with older adults who wants help them as a part
of a service provided by the government or municipality?

5.2 Technological Exclusion from Non-use

In many recent studies, of the rising population of elders vs. lowering the costs of elder-
care with technology is discussed [6, 21, 25]. Such statements of the immense potential
of technology for eldercare rarely include societal factors and as a result miss out on
valuable insights [12, 24]. [21] creates arguments for how research on Senior’s technol-
ogy use lacks a business and economics perspectives. In this stated shortcoming by they
do not look into how a societal perspective might frame thoughts of economy. I frame
these arguments about technology as tools for lowering costs of eldercare insufficient
because it rarely discusses the importance of societal factors and we urge researchers
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to frame such dilemmas with a perspective on societal, cultural, emotional, and politi-
cal instead of only economical. In our study connections was made to certain services
that would make older adults lives better. These services were for example, paying bills
digitally, being able to transfer money digitally, finding information and housing oppor-
tunities. P7’s neighbor couldn’t enter them self into a queue for a retirement home and
was ultimately excluded from a housing opportunity because of this. P2 discussed her
mother that could not get information on products or services because all information
she wanted to access existed exclusively online. P12 discussed an unpleasant situation in
the bank resulting in not being able to use a common money transferring app. Moreover,
the discussions from P7, P14, P2, P8, P11 illustrates how not using technology can result
in exclusion from many important social and private services meant to make life better.
This causes a dilemma but likewise an opportunity for HCI:

– Opportunity 2: Service provision for technological non-use

The HCI community have a social justice opportunity to shift our attention from the
economic benefits of technology to understand how older adults not using technology
may be excluded from social and private services rendering their lives less manageable
and with less economic opportunities. Such services can include but are not limited to,
housing opportunities, paying bills, and transferring money. Can we offer for example,
analogue banking options for thosewho prefer them, andmore person-to-person services
for those who would like help? Could it be possible to hold onto analogue services for as
long as people need them and when the interest for them lessens only then discontinue
those services? Could we imagine a local housing bureau for older adults who do not
use the internet that they can go visit in real life?

5.3 Fostering a Deeper Understanding of Ageism

Research about older adults technology use often criticizes related research for not
acknowledging ageism or age-discrimination [14, 19]. Both on terms of having bias
youth producing technologies for a youth market and making products not wanted or
adapted for senior users. Similarly [18] urges researchers to include older adults in
every stage of technology design and argues for how ageism might play a role in their
adaptation of technology. [14, 18]. All make important arguments for how ageism and
discrimination should be an included factor in research about older adults’ technology
use. Without such acknowledgments much valuable insights about how older adults
experience their place in society may never be reached and instead research with par-
tial perspectives will be reproduced, in the end causing negative effects [14, 18]. Such
insights on age discrimination and ageism are discussed in our study where many par-
ticipants expressed frustration against strong technological force in society. Participants
11,14,7,12 all expressed negative feelings and experience when discussing certain sit-
uations about technology. P11 meant that the societal force of technology made some
older adults feel totally lost, similarly P14 meant that without out technological skills
it is barley possible to perform basic tasks, making life feel like a nightmare. P7 linked
this force to age discrimination saying that individuals need to have a computer in order
to get by in society. Furthermore, stigmatization can be found both in the public and in
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HCI discourse according to [9, 29] and they argue how ageing is often framed as prob-
lem manageable with technology. Stigma and a partial perspective portrayal of age in
technology can prohibit HCI from developing beyond such arguments and continuously
reproduce such perspectives that does not recognize how societal structures can affect
senior’s life and technology use. But opportunities also arise.

– Opportunity 3: Acknowledging ageism in society

The thirds social justice opportunity HCI can acknowledge draws on feelings and
opinions on ageism of participants or target groups. To include such acknowledgments,
this could be done by consulting participants about their life situations and by going
deeper into aspects of stigma and marginalization. This acknowledgement would frame
HCI research about older adults beyond general age-related vulnerability and include
societal factors into how ageism is experienced. By for example, discussing the back-
ground of participants, do they have extensive experience of technology from their work,
if not do they want more knowledge? How can society, the government, municipality, or
community takes these steps to actually incorporate older adults in such education. How-
ever, research should always acknowledge that those who do not wish to use technology
should still have the same societal opportunities as those who do.

6 Conclusion

This paper aimed to highlight the opportunities to include societal factors of older adults’
technology use and to look beyond for example capabilities, acceptance and economic
benefits. From a literature background includingHCI, cognitive science, psychology and
behavioral and information technology research, qualitative interviews with 15 older
adults were conducted. Through a social justice perspective where the data was ana-
lyzed focusing on how societal structures in technology development and implications
affect older adults three opportunities arise: 1. Dismantling negative societal negative
effects from technological implications, 2.Understanding how technology excludes older
adults from services, and 3. Acknowledging ageism in society. These three opportunities
contribute to an ongoing discourse of social justice in HCI.
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Abstract. Despite evidence of an increasing trend in the adoption and use of dig-
ital technology, recent studies suggest that older adults continue to face significant
challenges in surviving in the digital age. There is an urgent need to enhance the
digital literacy of older people, so that more of them can enjoy the benefits of digi-
tal technology in their later years, with the joint attention of academia and industry.
In this opinion paper, I argue for exploring ways and responses to foster digital
literacy among older adults from the value co-creation perspective. In particular,
promoting digital literacy among older adults requires special attention from fam-
ilies, tech companies, communities, policymakers, and other professions. I call for
more action research to investigate theoretical insights and practical implications
in digital literacy training for older adults. Research agenda and actionable items
are proposed for future discussion.

Keywords: Digital Literacy · Older Adults · Value Co-creation · Action
Research · Social Information Practices

1 Introduction

The development and advancement of InformationCommunication Technologies (ICTs)
have greatly facilitated the use of computers, the Internet, and social media for older
adults. The technology-affordeddigital sphere has brought convenience to seniors in their
daily lives, recreation, social activities, and personal healthmanagement, promoting their
social participation and inclusion and further enhancing their sense of well-being [1, 2].
At the same time, however, the rapid growth of the digital society has not benefited a
segment of the older population [3, 4]. Due to uneven regional development, differences
in socio-economic levels, inadequate digital infrastructure, and varying levels of educa-
tion, the digital divide is prevalent among older adults [5, 6]. A significant disconnect
exists between the perceived affordance of ICTs for the elderly and the constraints of
adoption, access, and use [7]. Meanwhile, digital ageism is a problem that cannot be
ignored and needs to be taken seriously for older people [8, 9]. Given the globally aging
population and proliferation of ICTs, there is a pressing need to critically examine the
age-related bias in the adoption and use of digital technology [10]. Although there is a
"generational lag" in technology use among older adults [11], this does not mean that
older adults are rejecting digital products and refusing to learn digital skills [12].
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Digital literacy is defined as “the set of skills, knowledge and attitudes required to
access, create, use, and evaluate digital information effectively, efficiently, and ethically”
([13], p. 2243). Theoretical and practical exploration of digital literacy for older adults
is an essential step in helping them take full advantage of the dividends of the digital age
[14]. Prior work suggests that a “second digital divide” may exist among older adults,
which deals with issues of digital literacy and efficacy [15, 16]. In this paper, digital
literacy for older adults is defined as the ability to locate, access, organize, share, and
evaluate digital information. It also involves using digital technologies and tools to solve
problems, critically understand digital content, and make decisions. An expanding body
of literature discusses the measurement of digital literacy among older adults [14], with
increasing attention to the benefits of their use of ICTs and how using these digital
technologies can fulfill their diverse needs [15]. Another part of the research focuses on
digital literacy training for older adults, including the main factors that influence digital
literacy among elders and ways to improve the effectiveness and success of the training
[7, 8, 16–18].

In this opinion paper, digital literacy training for older adults is regarded as a type
of social practice that draws on the socio-technical systems’ perspective to understand
the cultivation of digital literacy. It is worth emphasizing that simply involving older
adults in technology is not effective in enhancing their digital literacy. In other words,
digital literacy cultivation cannot be achieved by providing materiality alone. As Park
[19] suggested, digital literacy is learned through social practice and community-level
interaction, rather than simply facilitating technology engagement. The concept of digital
literacy indicates how learning is a social process. Thus, digital literacy is best acquired
in real-life settings where family members, peers, mentors, and professionals come
together to provide a sociocultural environment for exploration [15]. Although existing
studies have mentioned the participation of multiple actors in digital literacy training for
older adults [7], they have not yet risen to the theoretical level to explore the shaping of
actor networks and the role played by sociomateriality in value creation in the process
of digital literacy practice. It is worth noting that a practice-oriented approach to digital
literacy training does not mean it is possible to ignore theoretical underpinnings and
interpretations. Given this, I call for introducing value co-creation theory to explore
the underlying mechanism and value-sensitive design of digital literacy training for
older adults. At the same time, as a social information practice, digital literacy training
for elders is situated in rapidly evolving social, cultural, and technological contexts.
Digital literacy training for older adults should not be limited to micro-level controlled
experimental studies, but it should consider drawing on an action research approach
to explore multi-stage, multi-actor, multi-scene, and media-rich information practices.
The use of action research, which “brings together researchers and practitioners in a
joint attempt to ameliorate a problematic situation while simultaneously contributing to
scholarly knowledge” ([20], p. 851), is one way to bridge the long-standing gap in digital
literacy research. Therefore, I call for more rigorous action research in digital literacy
training for older adults, i.e., designing action research programs based on theory and
executing action research to contextualize and/or expand the original theory.
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2 A Brief Review on Digital Literacy Training for Older Adults

Since digital literacy is a multifaceted concept with varying definitions, this paper does
not aim to discuss its conceptualization and measurement or the differences between it
and related concepts, as previous research has addressed these topics [21–23]. Instead,
this paper focuses on discussing effective interventions for promoting digital literacy
among older adults to enhance their digital competence, skills, and transformation.While
numerous initiatives for digital literacy training exist, most of them target younger gen-
erations. Digital literacy training for older adults has focused on the use of digital devices
such as computers, iPads, and the Internet [5, 24, 25], and much of the relevant research
has been done on computer literacy, information literacy, and media literacy in earlier
years [21, 26, 27]. However, as technology has advanced, the umbrella concept of dig-
ital literacy has evolved [28]. For instance, social media’s emergence has generated a
plethora of conflicting information, and older individuals’ ability to screen and evaluate
this information’s credibility has become an essential aspect of digital literacy training
today [29, 30]. Additionally, algorithms, which were once hidden behind internet appli-
cations, are now being brought to the forefront. While older individuals do not need to
understand the algorithms’ specific operations, understanding how they work is crucial
for algorithmic literacy training, an essential aspect of digital literacy training.

The lack of digital literacy among older adults has reduced them to digital refugees
and made it difficult for them to integrate into digital society [31]. Especially after the
COVID-19 outbreak, more and more older adults are becoming aware of the importance
of digital literacy in their daily lives. Many projects are being carried out to cultivate
digital literacy among older adults. For example, the Office of Economic Development
and Community Partnerships at Johns Hopkins University offers a free digital literacy
program for older adults. The European Commission and the Board of Education and
Culture under the Lifelong Learning Project have joined forces with six EU countries
to create a Digital Academy for older adults. Scholars have also conducted a series of
empirical studies on the cultivation of digital literacy among older adults, with programs
providing support for older adults in a variety of ways, including technology instruction,
learning resources, and teaching platforms. There is growing evidence that skills-based
training programs are effective in improving older adults’ digital literacy [32–34]. In
addition to ubiquitous ICT use training, a particular focus has recently been on digital
literacy in the eHealth domain for older adults [35, 36]. For example, Xie [37] used the
National Institute on Aging (NIA) training toolkit as a tutorial dedicated to improving
the ability to search for, understand, and assess health information for older adults.

3 A Value Co-creation Perspective on Digital Literacy Training

Based on previous studies [13, 22], digital literacy training is a multidimensional, multi-
actor participatory, multi-stage, and multi-contextual concept. Although existing studies
have reached a consensus on the umbrella conceptual framework of digital literacy,
there is still a lack of in-depth investigation into the synergistic relationships and value
networks among different actors in digital literacy cultivation. In general, promoting
digital literacy is more focused on practical exploration and thus has a strong sense
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of practice-turn. For a long time, the introduction and borrowing of theory have not
been dominant on this topic. Although some studies have emphasized a community-
led perspective to analyze the multi-actor influences on digital literacy and construct a
corresponding conceptual framework [38], further exploration is needed regarding the
mechanism of the role of actor networks in this process and the coupling and evolution of
value co-creation. This paper argues that digital literacy research for older adults urgently
needs to explore phenomenon-focused problematization [39]. In other words, to break
through the limitations of theoretical absence in traditional practice-oriented research,we
must systematically explore the antecedents and processes of digital literacy cultivation
actions and design the related open and reflective digital literacy training program.

In summary, the factors influencing the digital literacy of older adults can be summa-
rized into four aspects: individual characteristics of older adults, technology affordances,
family support, and community engagement. The actors involved in promoting digital
literacy among older adults are diverse, including non-profit organizations, elderly care
institutions, GLAM institutions, research institutions, and government agencies in addi-
tion to older adults [40, 41]. The promotion of digital literacy among older adults is not
simply digital empowerment [42], but the participation of multiple actors to co-create a
lifelong learning environment for older adults [15, 19]. This includes the provision of
resources, technical support, and the development of information services that are both
universal and personalized. For example, the spatial value of libraries and information
professionals effectively promotes digital literacy formation among older adults, pro-
viding core support for digital literacy programs such as recruiting members, training
venues, and online teaching resources [43, 44]. Another example is motivating college
students to engage in digital literacy training for older adults to guide them through inter-
generational learning to adopt new technologies and better adapt to a digital society [35,
45, 46]. However, current research still lacks an in-depth analysis of the value played by
the relevant actors in the digital literacy cultivation program for the elderly. It focuses
more on the training effect than on the mechanism of each participating actor’s synergy
and value generation.

Actor identification and resource interaction are essential elements of the value co-
creation process, and resource co-design among multiple actors is key to decompos-
ing the value co-creation process [47, 48]. Therefore, this paper calls for exploring
models and best practices of digital literacy training for older people in family-led,
technology-enabled, and community-engaged scenarios based on the theoretical per-
spective of value co-creation. This exploration will be conducted through value chain
networks that emerge from the linkage, deduction, and transformation of actor-networks,
from intergenerational, organizational, and societal perspectives.

4 The Need for Action Research

At the action level, several intervention studies have been conducted on digital literacy
training for older adults. Common methods include pre- and post-test surveys, random-
ized controlled trials, and participatory designs. Early studies mainly used pre- and
post-test surveys or cognitive tests to examine the effectiveness of digital literacy train-
ing. However, this approach has substantial endogeneity issues [36], and it is challenging
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to exclude the influence of contextual variables such as sociocultural factors. In recent
years, digital literacy intervention studies have been conducted using randomized con-
trolled trials [29, 49], which are better at mitigating endogeneity at the methodological
level. However, there is an overall lack of explicit assessment of what older adults learn,
as well as a lack of clarity about whether intervention effects change over time [45].
This paper argues that because digital literacy training for older adults involves different
actors and is highly practical, there is an urgent need for a longitudinal interventional
study of digital literacy programs for older adults in real-life scenarios [18]. Action
research can undoubtedly meet this requirement.

Action research (AR) closely examines meso-level organizational change, commu-
nity development, and the design and implementation of information systems and ser-
vices [50]. The use of action research can bridge the gap between theory and practice,
design practical programs based on theory, and further reflect on and refine theory in
practice. To date, there have been relatively few action research studies conducted on dig-
ital literacy training [41, 51, 52], and although some relevant participatory design studies
have been conducted (e.g., [31, 53]), there is no clear emphasis on the action research
paradigm and following the normative process of action research in these studies.

Cultivating digital literacy among seniors does not happen overnight; one must be
prepared for a long-term campaign. Due to the decline in physiological and cognitive
functions of older adults, digital literacy training for seniors needs to be approached with
special educational techniques, effective assistive technologies, and targeted incentives.
More social experiments in real-life scenarios are required to fully integrate teaching
resources, interactive technologies, and age-appropriate environments to make digi-
tal skills learning fun and educational for older adults. Therefore, action research is
undoubtedly a possible solution to this problem.

The open, reflective, and iterative nature of action research helps to improve the
effectiveness of digital literacy training and bring a more humanistic approach to older
adults. Today, digital literacy training for older adults is not simply about exposing them
to new technologies and teaching digital skills [54]. It’s about improving their ability
to access, create, share, store, utilize, and differentiate digital information, with the
adoption and use of technology as the means rather than the ultimate goal. Therefore,
the cultivation of digital literacy among older adults is a social practice that requires the
intervention of multiple stakeholders and exploration of the socio-material properties
of this social practice in shaping actor networks. Action research can greatly facilitate
the phenomenon-focused problematization inquiry, distilling theoretical insights from
digital literacy information practices, and conducting canonical action research based on
theoretical foundations. At the same time, action research can effectively place different
stakeholders in digital literacy training for older adults in a multi-stage, dynamically
evolving action framework for exploration, especially the value propositions of different
actors, the synergistic information behaviors among actors, and the value conflicts and
tensions that arise in practice. Therefore, action research has the potential to bring out
the best of value co-creation in digital literacy training for older adults. Meanwhile,
some theoretical foundations in the value co-creation perspective, such as actor-network
theory and affordance lens, can also better contribute to the design and implementation
of action research.
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5 Research Agenda

My reflections on the need and potential of action research in digital literacy training for
older adults have led me to the following three recommendations. It is worth noting that
these recommendations only serve as a primer, with the expectation that more rigorous
and relevant findings will emerge from action research in digital literacy training for
older adults.

5.1 Action Research on Digital Literacy Training for Older Adults in Developing
Countries and Regions

Due to uneven national and regional development, older people in less developed regions
face a more severe digital divide [55]. Therefore, digital literacy training for these older
adults is even more urgent. This paper argues that action research on digital literacy
training for older adults in developing countries and regions should pay attention to the
following three issues. First, researchers should fully consider the local digital infras-
tructure status and conduct a necessary survey on the digital literacy level of older adults
to adapt an action research program suitable for the local context. Second, the action
research should continuously reflect on the negative impact of digital ageism on digital
literacy training and target the digital skills readiness of older adults. Third, more critical
reflections should be conducted in action research to be alert to the disruption of older
adults’ lives by technological colonialism, and to pay close attention to the impact of
related actions on older adults’ long-term digital survival.

5.2 Action Research for Specific Digital Literacy Goals for Older Adults

Due to the umbrella structure of the digital literacy concept [56], digital literacy training
needs to be conducted with a targeted focus, which requires action research geared
towards the specific information needs of older adults. For instance, digital literacy
training for older adults has evolved from simply searching for information to screening
it, given the early years of difficulty in accessing information and the current issue of
overwhelming misinformation. Therefore, it is both urgent and timely to conduct action
research on assessing the credibility of information for older adults. Another example is
the growing use of social media among older adults to create and share information [57].
To meet such higher-order digital literacy needs, researchers can consider promoting
older adults’ creative digital literacy through intergenerational and vicarious learning
modes, which can help them adapt and integrate better into the digital society.

5.3 Participatory Design Based on the Action Research Paradigm

Although several participatory design studies are currently underway in digital literacy
training for older adults [58, 59], these efforts are more focused on exploring best prac-
tices and lack sufficient theoretical insights. An effective way to address this limitation
is to conduct participatory design research based on an action research paradigm or, in
other words, to promote digital literacy training for older adults based on a participa-
tory action design approach. Specifically, researchers can consider participatory action
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design in three aspects: curriculum/syllabus, digital nudges, and informal learning envi-
ronments. It is worth noting that in recent years, there has been an increased emphasis
on both gamification and value-sensitive design in digital literacy training [60, 61], and
by nature, these participatory designs are iterative and reflexive. The action research
paradigm for integrating theory and practice can help improve the effectiveness and
sustainability of digital literacy training for older adults in a fun and educational way.
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