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Foreword

The 21st International Conference on Human-Computer Interaction, HCI International
2019, was held in Orlando, FL, USA, during July 26–31, 2019. The event incorporated
the 18 thematic areas and affiliated conferences listed on the following page.

A total of 5,029 individuals from academia, research institutes, industry, and
governmental agencies from 73 countries submitted contributions, and 1,274 papers
and 209 posters were included in the pre-conference proceedings. These contributions
address the latest research and development efforts and highlight the human aspects of
design and use of computing systems. 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. The volumes constituting
the full set of the pre-conference proceedings are listed in the following pages.

This year the HCI International (HCII) conference introduced the new option of
“late-breaking work.” This applies both for papers and posters and the corresponding
volume(s) of the proceedings will be published just after the conference. Full papers
will be included in the HCII 2019 Late-Breaking Work Papers Proceedings volume
of the proceedings to be published in the Springer LNCS series, while poster extended
abstracts will be included as short papers in the HCII 2019 Late-Breaking Work Poster
Extended Abstracts volume 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 to the
highest scientific quality and the overall success of the HCI International 2019
conference.

This conference would not have been possible without the continuous and unwa-
vering support and advice of the founder, Conference General Chair Emeritus and
Conference Scientific Advisor Prof. Gavriel Salvendy. For his outstanding efforts,
I would like to express my appreciation to the communications chair and editor of
HCI International News, Dr. Abbas Moallem.

July 2019 Constantine Stephanidis



HCI International 2019 Thematic Areas
and Affiliated Conferences

Thematic areas:

• HCI 2019: Human-Computer Interaction
• HIMI 2019: Human Interface and the Management of Information

Affiliated conferences:

• EPCE 2019: 16th International Conference on Engineering Psychology and
Cognitive Ergonomics

• UAHCI 2019: 13th International Conference on Universal Access in
Human-Computer Interaction

• VAMR 2019: 11th International Conference on Virtual, Augmented and Mixed
Reality

• CCD 2019: 11th International Conference on Cross-Cultural Design
• SCSM 2019: 11th International Conference on Social Computing and Social Media
• AC 2019: 13th International Conference on Augmented Cognition
• DHM 2019: 10th International Conference on Digital Human Modeling and

Applications in Health, Safety, Ergonomics and Risk Management
• DUXU 2019: 8th International Conference on Design, User Experience, and

Usability
• DAPI 2019: 7th International Conference on Distributed, Ambient and Pervasive

Interactions
• HCIBGO 2019: 6th International Conference on HCI in Business, Government and

Organizations
• LCT 2019: 6th International Conference on Learning and Collaboration

Technologies
• ITAP 2019: 5th International Conference on Human Aspects of IT for the Aged

Population
• HCI-CPT 2019: First International Conference on HCI for Cybersecurity, Privacy

and Trust
• HCI-Games 2019: First International Conference on HCI in Games
• MobiTAS 2019: First International Conference on HCI in Mobility, Transport, and

Automotive Systems
• AIS 2019: First International Conference on Adaptive Instructional Systems



Pre-conference Proceedings Volumes Full List

1. LNCS 11566, Human-Computer Interaction: Perspectives on Design (Part I),
edited by Masaaki Kurosu

2. LNCS 11567, Human-Computer Interaction: Recognition and Interaction
Technologies (Part II), edited by Masaaki Kurosu

3. LNCS 11568, Human-Computer Interaction: Design Practice in Contemporary
Societies (Part III), edited by Masaaki Kurosu

4. LNCS 11569, Human Interface and the Management of Information: Visual
Information and Knowledge Management (Part I), edited by Sakae Yamamoto and
Hirohiko Mori

5. LNCS 11570, Human Interface and the Management of Information: Information
in Intelligent Systems (Part II), edited by Sakae Yamamoto and Hirohiko Mori

6. LNAI 11571, Engineering Psychology and Cognitive Ergonomics, edited by Don
Harris

7. LNCS 11572, Universal Access in Human-Computer Interaction: Theory, Methods
and Tools (Part I), edited by Margherita Antona and Constantine Stephanidis

8. LNCS 11573, Universal Access in Human-Computer Interaction: Multimodality
and Assistive Environments (Part II), edited by Margherita Antona and Constantine
Stephanidis
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(Part I), edited by Jessie Y. C. Chen and Gino Fragomeni
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P. L. Patrick Rau
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Analytics (Part I), edited by Gabriele Meiselwitz

14. LNCS 11579, Social Computing and Social Media: Communication and Social
Communities (Part II), edited by Gabriele Meiselwitz

15. LNAI 11580, Augmented Cognition, edited by Dylan D. Schmorrow and Cali M.
Fidopiastis

16. LNCS 11581, Digital Human Modeling and Applications in Health, Safety,
Ergonomics and Risk Management: Human Body and Motion (Part I), edited by
Vincent G. Duffy



17. LNCS 11582, Digital Human Modeling and Applications in Health, Safety,
Ergonomics and Risk Management: Healthcare Applications (Part II), edited by
Vincent G. Duffy
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Consumer Behavior (Part I), edited by Fiona Fui-Hoon Nah and Keng Siau

24. LNCS 11589, HCI in Business, Government and Organizations: Information
Systems and Analytics (Part II), edited by Fiona Fui-Hoon Nah and Keng Siau

25. LNCS 11590, Learning and Collaboration Technologies: Designing Learning
Experiences (Part I), edited by Panayiotis Zaphiris and Andri Ioannou

26. LNCS 11591, Learning and Collaboration Technologies: Ubiquitous and Virtual
Environments for Learning and Collaboration (Part II), edited by Panayiotis
Zaphiris and Andri Ioannou

27. LNCS 11592, Human Aspects of IT for the Aged Population: Design for the
Elderly and Technology Acceptance (Part I), edited by Jia Zhou and Gavriel
Salvendy

28. LNCS 11593, Human Aspects of IT for the Aged Population: Social Media, Games
and Assistive Environments (Part II), edited by Jia Zhou and Gavriel Salvendy

29. LNCS 11594, HCI for Cybersecurity, Privacy and Trust, edited by Abbas Moallem
30. LNCS 11595, HCI in Games, edited by Xiaowen Fang
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HCI International 2020

The 22nd International Conference on Human-Computer Interaction, HCI International
2020, will be held jointly with the affiliated conferences in Copenhagen, Denmark, at
the Bella Center Copenhagen, July 19–24, 2020. It will cover a broad spectrum
of themes related to HCI, including theoretical issues, methods, tools, processes, and
case studies in HCI design, as well as novel interaction techniques, interfaces, and
applications. The proceedings will be published by Springer. More information will be
available on the conference website: http://2020.hci.international/.

General Chair
Prof. Constantine Stephanidis
University of Crete and ICS-FORTH
Heraklion, Crete, Greece
E-mail: general_chair@hcii2020.org

http://2020.hci.international/
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Abstract. ABLE is a gesture-based interactive platform that transforms phys-
ical therapy into game play and art creation – movement creates a virtual
painting, digital music creation or engages users in game play with others.
ABLE offers a menu of scalable physical therapy exercises designed to enhance
strength, balance, and agility for variable populations with frailty and dementia
presenting with low to severe impairments. It is designed for older adults with
dementia and fragility, aiming to harness the incentivizing ability of art and
gaming to encourage playful, physical interactions. The project aims to establish
synergy between physical interaction and creative engagement to reduce bore-
dom, agitation and social isolation while enhancing physiological, affective and
cognitive health. This paper reviews how our interdisciplinary team of software
engineers, medical scientists and artist/designers work to adapt design thinking
in this research, to create participatory roles for older adults and caregivers that
take into account the limits to participation posed by various barriers and their
differing interests and investment in participation. We discuss how participant
feedback can be integrated into the software interface, app design and user
experience to meet the diverse and variable needs of users, for both independent
use and supported use in residence. As well, to meet the diverse needs of this
complex population, we draw on HCI gaming research as well as neuroplasticity
research to formulate interaction experiences that seek to teach learning that can
translate across the physical, cognitive and affective needs of this population. In
seeking to enhance both pleasure and learning, we speculate that users will
engage in sustained use of the platform over time and translate learnings into
everyday life, to improve their opportunities to achieve health and wellness
objectives. This design approach recognizes the need to incorporate diverse
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research findings into our approach. It also requires we adjust participatory
approaches to accommodate less able-bodied participants, and adopt techniques
for integrating participant data into all elements of design work, to ensure a
coherent interdisciplinary team approach.

Keywords: Participatory design � User interaction design �
Interdisciplinary practice � Geriatrics � Physical therapy �
Human computer interaction � Prevention � Fragility � Dementia �
Neuroplasticity � Complex learning theory

1 Introduction

ABLE is a gesture-based interactive platform that transforms physical therapy into
game play or art creation – through exercise, older adults, for example, create virtual
paintings or music feedback. ABLE targets older adults with dementia and fragility,
employing art and gaming to encourage playful, physical interactions with family
members, peers and care providers. This population experiences a range of barriers to
participation including lack of motivation, lack of access and exercise support and
cognitive deficits due to dementia. ABLE hypothesizes that such barriers can be
overcome via technological solutions devised with careful consideration of the needs of
diverse users. Yet, design thinking and user interaction methods often do not take into
account barriers to participatory research experienced by frail adults.

Design thinking approaches can be limited in assuming an able population who can
participate regularly and intensively in research; we augment critical and affective user
interaction methods to accommodate participants’ barriers to such participation.
Reviewing various useful methods, we imagine a platform befitting a health and
wellness future as imagined by older adults, taking into account their varying expec-
tations for mobility, and art and exercise experiences across different settings.
Specifically we plan to adjust the user interaction design to assess the specific physi-
ological, affective and practical needs of diverse users in our design of: wearable
biometric sensors for data capture; art-based biofeedback experiences; the tablet-based
app employing a user-friendly interface; and optimizing the entire ABLE platform for
use in diverse residential and home spaces.

As well, this paper recognizes the struggles of working in a university research
setting, with researchers from distinct disciplines with divergent research methods. Our
team of computer scientists, physiotherapists, geriatricians, and artist/designers, bring
different approaches to framing problems, creating research experiment protocols and
objectives, testing, and evaluating of findings and conclusions. Design thinking
approaches often fail to nuance the processes by which teams cohere research methods
to integrate user testing data comprehensively and iteratively, and consistently, while
also producing results that satisfy the different expectations of our academic fields. At
the same time, focus on limited literature resources can narrow the field of potential
research findings. The paper engages multiple disciplinary approaches by referencing
research from HCI as well as neuroscience and design methods to build a research
method that can best engage participants and research to create a research apparatus
that can meet the formidable goals of this interface to create both physical and aesthetic
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interaction experiences that meet a myriad of linked affective, physical and cognitive
health and wellness goals.

2 Background: The Benefits of Physical Therapy and ABLE
Design

Frailty is a clinical syndrome characterized by decreased reserves (energy, cognition,
physical ability, health) resulting in vulnerability and adverse outcomes (e.g., falls,
fractures, death) [1]. It’s many consequences include: reduced functional abilities,
social interaction, mood, and quality of life, and cognitive impairment [2]. Frailty is
related with older age, however, not all older adults are frail [3]. Exercise, including
strength and balance training, is one part of recommended multicomponent interven-
tions to decrease the negative consequences associated with frailty [4]. As well,
research suggests that negative psychological states may worsen physical and cognitive
decline that occurs as people age, decreasing older adult’s sense of well being and
quality of life [5, 6].

Physical therapy provides targeted therapeutic exercise aimed at improving
mobility for older adults who are frail to improve functional independence, such as the
ability to risk out of a chair or maintain balance while walking. Physical therapy
employs targeted therapeutic exercises to improve balance and strength which in turn
improve mobility [5]. However, the provision of physical therapy is constrained by
financial resources. Publicly funded physical therapy is often limited to three to five
visits where the physical therapist will leave written instructions for the exercises.
Older adults and their caregivers (e.g., personal support workers, spouses, family
members, friends) are then expected to continue exercising independently. Without
support, older adults may cease to complete their exercises as they do not know how to
do them, are not motivated, or do not know how often to do them to gain maximum
benefits. Older adults residing in institutional settings like nursing or retirement homes
increasingly experience significant cognitive and physical impairments [7], further
limiting their ability to participate in routine exercise.

The ABLE platform deploys physical therapy in playful engagements aiming to
keep older adults independent while maximizing quality of life. ABLE design responds
to research showing that physical activity and movement reduce functional decline.
A systematic review showed that using interactive technology games (e.g., Wii Fit,
XBox Kinect) significantly improved balance, mobility, and muscle strength and
reduced fear of falling and reaction time compared to traditional exercise programs [8].
However, most interactive technology to date focuses on sports-based interactions,
such as heading a soccer ball or slalom skiing [9], while ABLE focuses on an arts-
based interaction. ABLE invites older adults with physical and cognitive impairments
to engage in therapeutic exercise as meaningful art experience that produces a virtual
painting or sound score. Recent research suggests a synergistic effect from combined
movement, social engagement and art practice. For example, engaging clients in dance
and movement has been shown to improve emotional wellbeing, depression or anxiety
[10]. Art and dance stimulate memories in people with dementia, minimizing feelings
of distress and disorientation, and improving health outcomes [11]. Making art creates
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more dramatic outcomes than simply viewing [12], enhancing agency and lessening
social withdrawal and poor communication [13]. As well, creative and social
engagements improve depressed mood and quality of life and decrease social isolation.
ABLE confronts these problems by offering this arts-based exercise platform that
facilitates socialization, including playful and enhanced interactions with family
members and care providers, and reduces boredom and agitation which are chronic
problems associated with dementia.

To date, we have tested our ABLE prototype in various settings including Baycrest
Hospital, Toronto and more recently with older adults living at home and receiving
physical therapy at St. Peter’s hospital in Hamilton, ON. Thus far, users have been
enthusiastic to engage with ABLE’s playful digital feedback. In our next development
phase it is crucial that our methods carefully include participants in the design process
as we advance it toward greater usability, and appeal to diverse expectations of
mobility and play for different users. The advancements we are working toward
include: enhancing the networking interface to improve usability (i.e., advancing the
consumer-friendly plug and play form); increasing social interactions (e.g. with care-
givers and family members); and customizing the experiences to the distinct physical
needs of older adults (e.g., those who can stand versus those using a wheelchair), and
users’ goals (e.g., purposeful exercise to prevent falls versus playful group physical
activity). In these considerations, we recognize the value of affective and emotional
user interaction design, as well as speculative design approaches to ensure that ABLE
meets practical needs and desires of users but also ensures that the technology impacts
social, affective, and ideological- are desired and useful to participants.

3 The ABLE Platform: Creating Opportunities for Mobility,
Play, and Socialization for Fragile Older Adults

As described, the Able platform is being designed to encourage older adults with
dementia or frailty to take part in physical therapy exercises or playful movement,
alone or with a caregiver or family member, that reward participants with audio-visual
feedback. The ABLE platform is highly responsive—it tracks lower extremity move-
ments used in exercise, such as standing up or walking a line, producing visual effects
and sounds that correspond to the movement. In response to standing up, the user may
create a coinciding musical score or a painterly footpath appears on screen, tracking a
subject walking a straight line. Multiple players (e.g. user and family members) may
engage in collaborative movements in order to navigate a game, for example, a trek
through a jungle (currently an early prototype). We are currently advancing design
elements to produce artistic creations, gaming, movement, and interactions that suit
user’s diverse goals for mobility and wellness, diverse physiological and cognitive
needs and diverse aesthetic and gaming preferences. Our goal is to make ABLE so
pleasurable that participants are likely to use it sustainably over time to achieve their
self-defined health results.

The ABLE app (also designed with physical therapy experts) provides a menu of
scalable physical therapy exercises designed to enhance strength, balance, and agility
for variable populations with frailty and dementia presenting with low to severe
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impairments. In developing the platform with a range of older adult participants
(hospital patients, supported housing residents and home residents) we have sought to
create a first prototype that is pleasurable and provides us a model for future devel-
opment of the hardware and software interface, the app, and the user interaction
experiences. The prototype currently under development invites grander, gross motor
engagement (e.g. dancerly movements) alone or in pairs, that provide art-based feed-
back. The aim of this iterative development is to create successful experiences that will
encourage sustained use of over time in a range of residential spaces for personals with
varying physical abilities and health goals.

3.1 ABLE Technical Specs and the ABLE Experience

ABLE is a platform consisting of shoe-based wearable sensors and an app that is
operated on a microsoft tablet. One wearable sensor module is worn on each foot,
fastened to the users’ shoe/footwear using a metal clip attached to the back of the
module. The module is a 3D printed (PLA non-toxic filament) enclosure with an
illuminated button on the top that indicates the battery is charged and can be pressed to
reset the connection to the ABLE application. There are 2 USB ports on the back of the
module: a USB 2.0 port used to connect the insole sensors, and a Micro USB port for
charging the module’s battery (rechargeable Lithium Ion, LiPo, 400 mAh battery). The
modules can be charged when not in use. Inside the module there is an Arduino
powered Bluetooth Low Energy (BLE) circuit board (Adafruit M0 BLE Feather Board,
Open-Source software and hardware). This board processes the sensor data and BLE
data that is sent to the ABLE application on the tablet.

Two pressure sensors (round force sensitive resistor, FSR) are installed near the toe
and heel of each insole and attached to the wearable sensor module using a ribbon cable
with a USB 2.0 plug attached to the end. The sensors are sandwiched between a layer
of felt for comfort and the cotton canvas provides traction. They detect the weight of
the user as they shift from their heels to toes on both feet. The weight of the user is
translated into voltages by the sensors and read by the Arduino, resulting in 12-bit
values between 0 and 1023.

The ABLE application is a web-based app that runs using a Node.JS server, based
on Javascript, to connect the BLE wearable sensor modules and run the app; it can be
viewed in a Chrome browser window by clicking on the app icon on the desktop of the
tablet, which is a Microsoft Surface GO running Windows 10.

The ABLE app allows physiotherapists (or users) to program a series of exercises,
using the “physio” menu. All components of the platform are designed to be user
friendly including to users– both health professionals and fragile older adults– who
may not have had experience in the past with such technology. The physiotherapist can
enter and save prescribed exercises, based on their initial in person visit with the user.
These exercises have accompanying instructions and video tutorials offering the
exercise lists, and demonstrating proper form and movement for each exercises.
Written instructions for the exercise are depicted below the video demonstration.

The app is operated on a tablet that can, if desired, be connected to a television or
computer screen via an HDMI connection. This allows the user to see visual feedback
on a larger screen, while maintaining the convenience of navigating the app on the

Employing Interdisciplinary Approaches in Designing 7



tablets’ touch screen. When connected to a screen with built-in speakers, users can
adjust the app’s volume on the screen, and the audio will automatically be sent to the
screens’ speakers.

To begin, the user presses the “Start” button on the app, which begins the inter-
active audio visual experience responding to movement. Movement data is captured by
the wearable sensor; pressure on the users’ feet are mapped in the X and Y axis planes
of the art canvas. Visual art work is displayed on the screen, generated by the users’
movements in real time. Exerting more pressure on the left or right foot, heels or toes
and combinations of these cause the painting cursor to move around the screen
translating the users’ centre of mass into a virtual computer mouse or joystick, which
moves the drawing cursor around the screen. In one iteration, as the cursor travels, it
splatters the screens with coloured circles, creating a pattern responding to movement
over time; this iteration produces a colorful plotted path mapping the users’ move-
ments. Additionally, movement creates an audio response. The algorithm codes the x-
axis exercise space canvas into 5 distinct sections. Each section represents a chord in
the C major music scale. When the user moves, causing the cursor to travel over at least
one portion (left foot to right foot), a chord is triggered. In the conduct of the exercise,
then, users colourful path creation is accompanied by a pleasing musical score pro-
duced in real time.

The user navigation is illustrated in the rendering below (Fig. 1).

Through this real-time feedback design that returns both audio and visual effects,
ABLE seeks to create an embodied experience that seamlessly conjoins movement to
the art feedback in real time. Via this embodied experience, the platform seeks to create
generative experiences that, because it is both rewarding and surprising, motivates
participants to exercise. These dual reward and surprise crafts user’s desires to engage
in the exercise because it feels like art creation or gaming in producing surprising and

Fig. 1. User navigation of the ABLE system
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pleasing results. The research questions then must inquire into participant’s discrete
functional needs and interaction and aesthetic interests– those that are so pleasurable
and satisfying that they may encourage sustained use over time.

To produce our early functional ABLE prototype, our team has to date focused on
developing the hardware and software, and app in manners that are user friendly, easy
to understand, and functional to use. We have concentrated first on developing the app,
tutorials in manners that meet functional needs; this includes ensuring language and
communication on the app and tutorial are clear and intuitive. As such, the above
described hardware and software interfaces as non-transparent, and user’s instructions
for turning the system on, putting wearables in shoes and engaging with the experience
are easy to understand and successfully complete– either with or without assistance.

Research Method Needs. To date we have focused on practical needs (making the
platform responsive and legible) and creating an interaction that is highly responsive
and legible– e.g. a path of plotted footsteps that is both recognizable (reminiscent of a
stone path or footprints made in the mud) and pleasurable. As well, we created a
musical score in the (non-offensive, pleasurable) key of C responding to our expec-
tations of a baseline user.

As we move toward the creation of our next iteration, we recognize and confront a
number of new challenges. First, we recognize the barriers to participation to date by
fragile adults with dementia, and the need to consider alterations to our design method
to more fully integrate participant’s desires and needs into the design of the aesthetic
experiences, the interaction design and the computer learning components. We chal-
lenge ourselves to take up design methods that enable us to install dynamics to
encourage learning and incentive to enhance experiences of play and interaction among
players.

Beyond practical issues of accessibility, our team, in our next iteration seeks to
understand how art-based feedback and interaction can most effectively craft experi-
ences that cause learning, interest and engagement particularly in fragile populations.
We seek to unpack the role played by the combination of physical and art activity, and
the role of learning therein in order to better strategize engagements that might achieve
goals of sustained use by fragile adults, and in turn physiology, affective and social-
ization benefits.

In the remaining of the paper, then we create a new methodological blueprint for
our research that draws from diverse design methods as well relevant research on
gaming that seeks to bring physical, cognitive and/or affective enhancements to fragile
populations.

4 Fragile Participants and Methodological Design Challenges

In our research to date we recognize barriers to the intense and regular participation of
older adults in our research testing. This has led us to reconsider the problems (e.g.
ableist assumptions) embedded in many user interaction design approaches and how
we might adjust those to ensure the integration of older adults as fully as possible in all
stages of our iterative design process.

Employing Interdisciplinary Approaches in Designing 9



We have tested early prototypes of ABLE with both healthy (highly mobile) and
less mobile older adults in the fragility clinic at St Peter’s hospital, where the latter
receive physiotherapy. In order to enhance our understanding of clinical practices and
expectations, we have provided demos of ABLE and interviewed physiotherapists
working at this clinic, capturing their experience and understandings of the particularly
physiological needs and incentive needs and barriers of older adults with fragility. We
have also conducted observation during field visits to a long term residence’s supported
living and (higher level) Memory Care living spaces, which provide scaled support for
mobility and cognitive care needs. This has included witnessing older adults with
significant cognitive impairment due to dementia and limited mobility- in their leisure
time at the residence, and taking an exercise class, all engaging from a seated position.

We are currently testing the ABLE in home settings to assess users’ abilities to set
up and use the ABLE platform independently, and their pleasure in this iteration
providing a digital painting and musical feedback experience in response to physical
therapy exercise and desires for changes to the interactions or different game/art
experiences. Via this observation, field testing and extended interviews with older
adults and physiotherapists, we have assessed a number of key needs and barriers of at
home participants.

First, we note that older adults, across these spectrums of mobility and cognitive
abilities, have widely different expectations for mobility, habits of and interest in
exercise, interests in art and gaming platforms. At the same time, we have found
widespread interest in engaging in this digital platform and pleasure in doing so– across
these diverse participants. Geriatricians and physiotherapists express need for sup-
portive technologies that can encourage sustained use of physiotherapy exercises for
this population in order to provide physiological, cognitive and socialization benefits–
all of which improve mood and combat depression. To this end, it has become clear
that all elements of the ABLE platform need to be designed with the goal of making the
platform: universally accessible, customizable, offering diverse and numerous art and
gaming options, and the possibility to play alone or in pairs or groups, and finally,
affordable, easy to use and appropriate to various residential and medical environments.

Because older adult users have diverse mobility expectations, physiological and
cognitive needs and differing desires for art and game experiences, it is imperative we
adopt user interaction techniques that capture these diverse needs, desires, interests and
barriers of this diverse population. The methods must be respectful and foreground, at
all times, the needs of participants. This requires as well that captured data is, relayed to
the entire team, and integrated into all phases of project creation and design, as they
occur in independent (sequential) design work, and in our iterative design work. This is
a formidable challenge in two key ways: first, older adults are unable to participate in
sustained research practice due to their health and mobility barriers. Secondly, a suc-
cessful iterative process requires we adopt a method of data translation and integration
that is effective for all team members’ disciplinary expectations.

Our goal is to incorporate user-defined needs, goals and desires in each element of
the project from software design, app design, and user experience to overall platform
design that suits multiple spaces of use. It also requires assessing the aesthetic
engagements, interactions and play that incentivizes different participants, including
preferences for independent versus shared peer or intergenerational experiences. In so

10 P. Gardner et al.



doing, we seek to design the system not only in terms of its components and efficacy
but geared toward participant’s preferences for play and art experiences hypothesizing
that participants are most likely to be incentivized by self-defined goals and interests.
This assumption is also grounded in literature suggesting that exercise or movement,
art practice, and socialization, each enhance pleasure and mood in older adults, and we
hypothesize are also likely to incentivize sustainable cycles of use and play. Research
shows for example that positive psychological states are closely intertwined with
enhanced physical and mental health outcomes [14]. There are, however, major barriers
to incorporating older adults into a regular design research process who experience
fatigue or gaps in knowledge while participating in testing, or due to health problems,
are will be unable to at regular research meetings. In pursuit of these goals and mindful
of these barriers, we discuss below, our emerging design thinking method, which seeks
to: integrate participants fully in each element of design; draft a method enabling our
designers, physiotherapists and engineers to integrate user data into their research
methods and design interface.

5 Barriers in the Design Thinking Approach
and Methodological Alternatives

While many teams attempt to employ user interaction design, doing so in everyday
practice poses numerous challenges. In our early attempts to employ user interviews,
field observation, platform tests, we recognize issues must be overcome in two areas:
the practices by which we collect user inputs and data and the practices by which our
team integrates these data systematically into to design elements and the overall
platform. In reviewing our use of interaction design, we target the problematic nor-
mative and ableist assumptions of many design thinking practices that might reinforce
the designer as expert and in so doing disempower participants, particularly those who
are already vulnerable or fragile.

5.1 Challenges in Design Thinking Approaches

Our team came to this research project employing a standard 5 step design thinking
approach that includes empathizing, defining, ideating, prototyping and testing in a
iterative process. It became clear early on that this design model, which required
constant feedback from “users” was ableist in assuming that “users” could in fact
participate in regular sessions, held in regular intervals and could use their bodies in
similar ways over each research session. In reality, older adults with fragility and
cognitive impairments have a range of health factors (fatigue, hearing, vision and
cognitive limitations) that complicate and limit testing and interviewing sessions. As
well, regular attendances is not possible for a range of reasons including changing
health and mobility status, cognitive challenges, and practice restraints including
inconsistent personal care support and transportation enabling participants to attend
sessions at testing spaces. A key challenge then is to create a method to integrate
diverse participants into our process that accommodates their barriers to participation. It
is useful to draw from critical ethnography approaches that foreground the creation of
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methods that level instances of power imbalances that can occur in health and medical
relationships as well as in academic-participant research practices.

We also recognize that due to participant’s changing health and mobility, it is
important to return to defining the problem and to the empathizing stage, in order to
capture changing participant needs and concerns. This requires adjusting the five step
model which returns designers, in each iteration, to the definition rather than the
empathy stage. A second challenge then is to shift our focus to observe and understand
the everyday life activities in empathize more acutely.

The university environment poses another barrier to this 5-step method in that our
differing work schedules and responsibilities create time and space barriers; these make
it challenging for the entire team to assess the meaningfulness of captured data, discuss
its integration into all phases of the project and then integrate it immediately following
data capture sessions- before the next test phase is conducted. A third challenge, then,
is to create a method by which we can iterate effectively and quickly, integrating
collectively defined interpretations of user data into each element of design and the
overall platform design.

The Promise of Critical Ethnographic, Speculative and Affective Design
Approaches. Critical ethnography, speculative and affective design approaches out-
line methods and practices to meet the challenges posed by design thinking approaches
for less mobile and able populations and challenges to deep interdisciplinary team
collaboration.

To begin, it is useful to reference critical design approaches, which draw upon
anthropological ethnography, that seek to overcome power disparities in all phases of
participatory research. [16], cite four key stages in this effort; first, researchers should
engage in participant observation to develop a ‘thick’ understanding and description’ of
user realities and needs and to begin to blur the observer/observed dynamic, followed
by co-constructing an understanding of the problem, in this case, aging, and decreased
mobility and its meaning. These two key understandings– the problem, and the
meaning of the problem are crucial to moving toward solutions, but crucially, this
participatory design process is never complete and must be revisited throughout the
research. This objective to reassess with participants and in team process– empathy,
problem naming and meaning in an ongoing manner poses a challenge to the standard
design thinking and iterative design models.

Relatedly, as team members from diverse disciplines, we also must recognize how
our disciplinary-centric expectations and assumptions can restrain interdisciplinary
collaboration. To encourage self-reflexive evaluation of our disciplinary assumptions,
[17], who suggests we fine tuning principles of design thinking by first, identifying the
what (problem) and the how (techniques), to imagine the frame (approach) that will
achieve desired values [4]. At a macro manner we need to adjust our lens from so-
called ‘healthism’, the assumption that health and medical authorities define for users a
definition of health that good citizens unproblematically adopt and self-apply. [17],
Healthism is problematic in two ways– it instills authority for defining health in
governmental and scientific “experts”, reducing the agency of the individual, or the
potential for communities to self-define self and set goals and methods by which health
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is achieved. As well, it puts in place an individualist ethos, making the self responsible
to attain health goals determined by others.

To counter the ethos of healthism that can slip into institutional, medical and design
research practices with older adults, we are inspired by critical ethnography, which
calls for a method to continually assess the problem and its meaning with participants.
This might be accomplished in part by employing the critical design ethos articulated in
the speculative design approach of Dunn and Raby [10]. Indeed, in their provocative
call to imagine the future one wishes for via speculation, the pair caution us against
seeking advisement from ‘experts’. As so-called experts ourselves, we take this critique
as an opportunity to check our assumptions about health and the values and desires of
older adults (whom Dunn and Raby would uncomfortably term ‘non experts’, decrying
the expert/non-expert binary) by inviting participants instead to speculate on an
imagined health future for fragile adults. The authors propose we speculate about
imagined futures not only in the service of design, but to instigate design as a practice
encouraging more social engagement with ‘what if’ questions, so that we might col-
lectively speculate and build toward popularly imagined futures. By incorporating this
approach, we would invite older adults to speculate on the near future of mobility they
imagine for themselves, but also the longer range future for aging populations who will
live through similar challenges of fragility and cognition. Speculative design incor-
porates critical ethnographic concerns by asking: what should that future look like,
what is health in that future, who defines it, how do we achieve it, what tools or
resources are there to assist?

Affective user interaction approaches also can assist designers to attend to the
broader needs and interests of participants. For ABLE this means ensuring we focus not
only on the limitations of frail adults with dementia, but also attending to their affective
desires for technology of movement, and social engagement in addition to their
functional needs (e.g. to remain mobile in order to maintain control of self-care and
hygiene). In his design approach approach, [18], Norman proposes the ABC model,
which targets the visceral, behavioral and reflective impact of technology on partici-
pants. The approach calls on designers to ensure the experience brings not only
functional results but a rich and pleasurable experience to participants. Similarly useful
is Jordan’s 4 pleasures model [19], that calls on designers to address the physical,
psychological, social and ideological interests of participants. Such an approach
refocuses the design endeavour as one that provides practical support (e.g. offering
exercise, socialisation) while recognizing those practices as fully loaded with psy-
chological, social and ideological import that impact user’s everyday life experiences.

For example, we have designed our shoe sensor to sit in the shoe itself; some
participants may require assistance to place the sensor inside the shoe or may be unable
to read even the large font we have used on the app housed on the tablet. Such
participants may find such levels of assistance to be disempowering or even humili-
ating; inquiry into the level of independence users expect in ABLE then is crucial to
ensuring the affective impact of the technology is positive. As another example,
individuals from non-western cultures may find ABLE’s musical choices to be foreign
to them, and not interesting, and those with dementia may find the music to be dis-
arming and unfamiliar. Inquiring into user’s affective and personal desires for aesthetic
feedback is crucial to ensuring interest in the platform. Inserting this level of empathy
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into the design process signals that we respect personal and cultural differences, and
seek to avoid elevating certain styles of art, music or movement as normal or uni-
versally desirable.

Research has suggested that psychological well being and respect are crucial to
older adults and can improve physiological wellness, as demonstrated by the “Hap-
piness Project” [20]. This project queried whether working to enhance psychological
well-being in community-residing older adults, could enhance mood and in turn, trigger
physiological and wellness potentials. Participants were invited reflect on the meaning
of happiness and compassion and connection, activating approaches to inciting it,
including practices of foreignness, mindfulness and humour. Research results showed
significant improvements in mood, and depression, increased mindfulness and
decreased stress levels among participants. Participant comments suggest they were
empowered by their newly honed abilities to define and manage their happiness for
example, by locating it in small, everyday events. The study, while not yet replicated,
suggests the great potential of building personal agency in the simple act of self-
defining participant expectations for happiness, and perhaps wellness or mobility.

In seeking a method that can address struggles in working with populations with
disabilities and in an interdisciplinary team, we are intrigued by the persistent col-
laboration methodology of [21]. This team creatively adapted a method to enable their
research with children with autism who had limitations to engagement. Like our
research process, the authors recognize participant engagement as a key challenge for
developing suitable technology for this population ably managing the diverse and
divergent perspectives of all the disciplines and stakeholders involved. The team
foregrounds users as a participant in the design process, instantiating a method of
‘persistent and consistent’ integration of user testing data into four phases of research:
observation, reflection, design and action.

This model demonstrates the importance of integrating user data, again which
should be “thick” and negotiated among the team, into each phase of an iterative
process. Importantly, [21], insist this methodological labour and documentation is
significant not only to create research tools that serve users well, but to contribute to
theory and practice advancements.

5.2 Toward Fragile-Friendly Participatory Design Methods

In reflecting upon our research achievements and struggles and our review of these
methodological studies, we seek to inject the following additions into our critical
design approach. Methodological advancements, often cited as obligations in research
are, we contend, crucial elements that advance technological research help us to meet
the needs as defined by participants and advance theory and practice learnings that
move research forward. Toward this mission, in the following, we incorporate learnings
from affective and speculative design into our methodological revision for the ABLE
project.

First, in addition to enhancing our participant observation phase of research, a
speculative design component should be incorporated into our dialogues with partici-
pants. As will be discussed, a new tool will be devised to ensure full team dialogue and

14 P. Gardner et al.



integration of user participant feedback, and to include user response to iterative
alterations.

Significant barriers, however, are posed by ablest elements of standard design
thinking methods. Some fragile and vulnerable participants will not be able to give
routine feedback on design updates. In response, we propose to expand our research
testing participants to a broader and evolving participant group. We further empower
participants by positioning them as designers, which means empowering them to co-
define our understand of the current problem we are solving for, the meaning of the
dilemmas, and to assess our integration of their feedback at each stage. We will add
speculative questions to our ideation interviews, asking participants to discuss their
personal (short term future) goals for mobility and wellness, and also, to imagine
wellness for their children (or upcoming generations) as they age. In this speculative
research, we will invite participants to engage in a range of activities as designers–
including visualising and sketching spaces, technologies, resources and daily regimes
that they find would enhance their physiological, cognitive and mood health. In
response to the cognitive impairments limiting participant engagement, with their
consent, we will interview medical caregivers and loved ones to obtain further infor-
mation regarding needs or interests previously articulated by older adult participants.
We will ask participants their opinion on those suggestions, and integrate recom-
mended feedback.

We recognize time/space challenges as key problematics in university research
environments that can prohibit the cohesive integration of all user data and feedback by
team members in each phase of iterative design, despite best intentions. As solution,
agreed upon team processes are required where all members discuss the meaning and
value of participant feedback. This dialogue ideally takes place in face to face team
meetings because they engage members in dialogue and processing. This method,
common in critical ethnography, encourages dialogue such that the team collectively
unpacks the “thick” discourse of participant observation and feedback, and evaluate its
meaning and value as a team [16]. This should be the gold standard, but it not always
possible due to conflicting researcher schedules. Problematically, project management
and communication platforms such as Trello or Slack are not routinely used by all team
members. To address these issues, we will seek to devise a discussion tool (e.g. a blog)
that creates threads of discussion from face to face team dialogue, and solicits input
from team members (not present at the meeting) on the blog. This blog will process or
“digest” in order to not only summarize but to create collective understandings of the
meaningfulness of data, and then plug those ‘findings’ iteratively into design plans, and
chart changes employed to platform components and the entire platform. To ensure
subteams have both digested and integrated data, teams will log these digestion and
integration efforts into the team digestion blog in regular intervals. This research tool
ensures we have, in our individual work and in our collective design of the platform,
integrated data in a coherent and systematic manner. In turn, the tools will allow us to
track progress, successes and hiccups, to contribute back to theory and practice
findings.
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6 Solutions from Emerging Research on Complex Gaming
and Generative Design

The challenge to meet diverse needs and interests of participants with effective art and
gaming experiences is limited when researchers use research drawn primarily from
their own disciplines. Research is advanced when teams draw in diverse, relevant
research that addresses research questions and challenges. In the case of ABLE,
emerging research on digital movement gaming techniques (specifically) helps us to
frame exercise and art interactions toward enhanced learning. As well, recent neuro-
science research on brain plasticity helps us to craft the ABLE platform to trigger a
range of cognitive and physical learning that might in turn create desired physiological,
cognitive and affective benefits in our older adults population. We review that research
briefly below.

Digital Movement Gaming Research. The potentials of digital gaming to meet varied
needs of older adults is a small but growing area of research. Researchers [22] have
found that older adults are keen to engage in gesture-based and digital movement
games, and that these often enhance mood and emotional well being. The researchers
note the relative deficit of research with older adults. Research has shown the natural
movements in games, such as steering, locomotion and walking, cause help participants
older adults to learn to match learned game movements to real world activities [23]. Of
note, it has been shown to be helpful to provide older adults taking part in such
movement interaction research, with guided tutorials and on-screen instruction to
support learning in digital environments [24].

It appears that much research with older adults has focused on designing to physical
constraints, rather than creating desirable challenges or employing interaction and
aesthetics to encourage older adults’ interest or risk taking. There is little research
focusing on the combined role of art and exercise in digital movement experiments, nor
the benefits of participatory research and how each of these might incentive older
adults’ sustained use and the potential of these to enhance mood, physical health,
socialization.

Learning Through Generative Experiences. There is great potential in drawing
upon learning findings from movement game design research in our investigations of
potentials for older adults to incorporate physical therapy learning (gained from ABLE
experiences) into their everyday activities.

Much learning research in gaming environments has focused on video gaming. It
suggests that learning might be enhanced for a broad range of ages, via experiences
with complex gaming interfaces. Drawing from theories of complexity thinking,
researchers surmise that video gaming enables learning due to the complex and
emergent process experienced; specifically, players negotiation of their role in the game
while observing the experiences of others players, resulting in transformations that are
both physical and behavioural. [25] Where rules-based systems cause players to learn
patterns and actions by ‘coupling’ information to their actions, emergent systems are
different. As complex environments, they structure rules or limit possibilities, but also
offer engagement that is interactive, dynamic and flowing, providing the potential for
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infinite interaction possibilities [26]. Citing Davis and Sumara [27], the authors explain
that learning arises in adaptive, self-organizing systems when the learner is transformed
by the experience. Hopper et al., find that users become agents in such ‘distinct
semiotic systems’, thriving on the instability and the unknown which heightens the
coupling of perception and action, generating user interest and engagement.

To encourage this type of transformation and attendant agency, the authors urge
game designers to create complex systems of learning that befit the interests of diverse
players. To achieve this, design methods must ensure that game platforms include 3
features: allowing diverse (among players) to generate different experiences; providing
‘liberating’ restraints that create common vocabulary among players; and finally
allowing play scenarios or contexts to produce local (or individual) understandings.

Attention to the links between learning and game engagement, then, is crucial to
creating an ABLE experience that will offer gaming that is engaging but also trans-
formative and thus works to build agency. In creating these opportunities for complex
learning, we enhance the potential that the older adults will return to the gaming, and
garner a range of benefits that will also transmit learnings into everyday life
experiences.

Cognitive Enhancements and Gaming. Much can be learned from gaming research
that investigates how learning occurs via cognitive processes. Video gaming has been
shown to enhance attention control, cognitive flexibility and learning for different types
of users, thought little has focused on older adults. Specifically, gaming can positively
impact perception, attention, task switching, spatial cognition and mental rotation.
Research suggests that complex training environments (e.g. video games) seem to
foster brain plasticity, that teaches users to ‘learn to learn’ [28, 29]. While much
research assume that real life experiences (e.g. aerobic activity, working memory and
action video gaming) cause learning, other research claims that gaming instead more
generally teaches us how to learn skills. Real life game play testing, in contrast to lab
testing, engages users in complex visual scenes, producing enthralling feeling, and
moving toward varying goals, at different timescales [29]. Engagement in such com-
plex tasks results, researchers find, in learning that transfers to different tasks and
environments with different goals. In other words, action game play doesn’t train
people in particular skills but rather increases the ability to extract patterns or regu-
larities in the environment. The authors also evaluate neuroscience literature demon-
strating that action video game play leads to enhanced cognitive resources, but also an
‘intelligent allocation’ of resources in response to the game’s goals.

These finds suggest great promise in research, such as with the ABLE platform, to
investigate how learning occurs in movement-based (digital/video) gaming. Specifi-
cally, ABLE can investigate how embodied (wearable) action-based gaming might take
different forms, including competitive or cooperative game play or art creation. As
well, in focusing on this older adult population we have the opportunity to investigate
how players might learn to learn for example by extracting and transferring distinct
needs (e.g. spatial memory, and cognitive memory processing, physical benefits such
as balance and agility) into everyday life practices.

Next research steps for ABLE, then, include designing a testing platform of art and
movement exercises to test to determine if complex game training might impacts the
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varying physical and cognitive abilities of older adults with frailty and dementia and to
set up testing scenarios that gauge the transfer to skills to other learning in everyday
life.

7 Incorporating Diverse Research to Improve Physical
and Cognitive Learning in Older Adults with Fragility
and Dementia

The point of this review has been to probe and employ a variety of research to advance
our design research methods to best suit our research population and objectives, and
fully integrate these methods into our team based practices. In the first round of
prototyping, teams often seek to achieve a functioning tool. In a true and rich iterative
approach, we suggest that with this experience behind them, teams are positioned to
then reflect upon their initial research questions, successes, mishaps, and barriers, to
reframe their method in responses to arising demands and gaps, and to integrate
solutions from relevant research obtained from multiple disciplines.

The problems our team seeks to address in the next phase include engaging in
critical participatory design with a population deep diversity (differing abilities,
mobilities and ages, as well as divergent cultural backgrounds and health goals) cre-
ating diverse needs. Our methods must respect these needs and find techniques to
capture these needs, reflecting users differences, while also respecting their inability to
engage in long term regular participatory process. Finally we must return, cyclically, to
inquire into the limitations, goals and meaningfulness of the research for users, which
evolve over time. The platform goals to incite interest must be complicated to consider
the types of learning that can be accomplished (e.g. how learning to learn might be
facilitated) and can be transferred to everyday life. We must expand our design
methods to consider the value not only of creating recognizable and intuitive experi-
ences, but also those that challenge users with changing scenarios and risk and a
potential for rich experiences and complex learning. Models must be created to test
these outcomes and the potential synergistic contributions of art plus exercise to
achieve sustained user engagement and positive impacts on physiology, cognition and
affect.

For ABLE this mean altering the standard design thinking method, incorporating
speculative and affective design components that centre older adults with fragility and
dementia as designers. This also requires incorporating their visions of an imagined
future for themselves and the next generation, as well as foregrounding the distinctive
mobility, cognitive and affective needs outlined by older adults, with attention to the
meaningfulness of these objectives in their everyday lives. This approach requires we
conduct this research with care given to reflecting participants’ diverse ideological
views and affective needs. We are also cognizant that we must integrate this participant
input with consistency across our iterative process and because users needs change.

Through our diverse interdisciplinary research, it has become apparent that the
question of creating engaging gaming that produces physical and affective benefits are
questions well informed by research on movement learning and brain plasticity. This
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area of research is currently sparse requires more researchers to contribute. Advanced
research will test how embodied learning occurs through the distinct practices of
gaming that require both cognitive and physical engagement and produce learning that
translates into everyday life activities that produce pleasure and fitness. Scenarios will
need to vary tasks, and test learning scenarios, and how these build personal interest
and agency.

There are great potentials to employ artificial intelligence in a various ways. First,
we are currently capturing data from diverse bodies to train the ABLE AI system to
respond to the different abilities, needs and baseline movements of differently aging
bodies. In the next iterative phase, AI will be employed to capture learning data, to
understand under what conditions and in what scenarios (physical practice alone or
with art feedback) the participants learned. This captured data can then be used to level
up exercise and interaction challenges for users to ensure they are engaging in complex
challenging scenarios that are more likely to increase engagement and interest. These
data can then be incorporated into post testing design models, to query if users have
translated physical and cognitive learning into everyday life mobility practices such as
dressing, walking, and non-digital exercise.

Cognitive ability data captured via AI and via field testing and observation can be
combined in the next iteration of game design for participants with dementia; these
game scenarios can aim to help users to maintain ability levels across time, and test if
cognitive successes in the gaming scenarios translate to everyday life.

In our approach, we have, to date worked in a cooperative and user-focused rather
than participatory manner to assess how stakeholders define mobility goals, the barriers
posed by diverse environments, and exercise and interaction techniques that could be
effective for subjects in diverse residential and hospital spaces. Armed with experience
and approaches learned in this research review, our enhanced participatory model
integrates participant goals and desires more meaningfully and regularly. Planned tools
and methods for capturing and integrating data seek to create an enhanced iterative
process. A renewed focus on ‘learning to learn’ and offering challenges in play to
heighten interest will be employed as we test potentials in wearable action-based
gaming attempting to couple perception and action in players.

Research testing will seek to understand how these new gaming and art scenarios
incentive older adults, whether learning translates into everyday life, and whether any
or both of these results produces sustained use of the platforms. In later research stages,
we will be prepared to test the potential synergistic impact of art and exercise, and how
these produce cognitive, physical and affective benefits for older adults with dementia
and fragility.

We have conducted this review of our own methods to highlight the complex
problems posed to researchers seeking to understand how complex interactions (such as
art and exercise) can be employed to stimulate synergistic physical, cognitive and
affective benefits. Researchers sometimes restrain their research questions and pro-
grams to practices that are more narrow, have fewer variables and are easier to test.
This is not practical nor possible when dealing with the complex frailty and cognition
problems experienced by these older adults, who experience complexly linked physi-
cal, cognitive and affective barriers. Research in the areas of brain plasticity and action
gaming research, usefully examines complexity in digital learning and gaming as
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complex processes; such scholarship outfits researchers with tools and methodological
findings enabling us to iterate our own methods. It is essential that that we continue to
ideate, test and discuss our research methods and struggles, to encourage more research
tackling complex problems (such as fragility and dementia in older adults) in order to
innovate understandings and solutions to such growing social health dilemmas.
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Abstract. In the aging society, it will play an effective role in preventing
chronic diseases that the elderly adults improve the health knowledge and form a
healthy lifestyle with health education. At present, people did not pay enough
attention to the health education, because of some reasons. This paper explores
the persuasive design method of health education in accordance with the PSD
model and health behavior theory. Through literature review, questionnaire
survey and focus group interviews, user’s motivation and ability are studied and
the corresponding persuasive design method and design principles are put
forward.

Keywords: Aging health education � Persuasive design method �
Healthy behavior theory

1 Introduction

1.1 Current Situation and Demand of Health Education for Aging

Health education is defined by the World Health Organization as “Consciously con-
structed opportunities for learning involving some form of communication designed to
improve health literacy, including improving knowledge, and developing life skills,
which are conducive to individual and community health.”, “fostering the motivation,
skills and confidence (self-efficacy) necessary to take action to improve users’
health……” [1].

This paper summarizes the status quo of community health education on elderly
adults through literature review and user survey: (1) Lack of health education pro-
fessionals. (2) The working platform of health education is not perfect. (3) The existing
records and data of health education activities in the community are incomplete.
(4) The form of community health education is out of date. (5) The content of com-
munity health education is simple and outdated, lacking uniform health education
materials and systematic and individualized content.

Yang et al. [2] proposed that the appropriate difficulty of health education contents
should be matched for users. The evaluation dimension of the level of textbooks should
be difficulty, readability, content appropriateness and culture. Wang and Li [3] believe
that the diversified demand of health education for empty nesters in community is
needed. Modern technology should be combined to the health education with rich
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knowledge, strong practicability and easy acceptance traits. Shan et al. [4] and Jiang
et al. proved that exposure to health knowledge in We-chat can improve control level of
blood pressure and ability of self-management in patients with hypertension [5].

The above research shows that the elderly group lacks effective health education
services. The focus of this paper is to study the design strategy of health education for
the elderly according to their learning motivation and learning ability, combined with
the interactive characteristics of mobile phones, and to establish a set of persuasive
design method of health education for the aging society through user research.

1.2 Persuasion Design Model and Health Education Theory

Health education persuasive design method combines persuasive design model, healthy
behavior theory, and cognitive theory. There are two persuasion models that have the
greatest impact in design. One is the Fogg Behavior Model (FBM) [6] proposed by
Professor BJ Fogg, in which the user’s behavior is mainly affected by motivation and
ability, and the trigger of design. The other is the persuasion design model of inter-
active system proposed by Oinas-Kukkonen and Harjumaa [7]. Interactive design
persuasion system model is divided into four parts: task support, dialogue support,
system reliability support and social support according to different persuasive
strategies.

American scholar Prochaska holds that different motivations and needs are corre-
sponded to people’s behavior at different stages. People’s behavioral patterns can be
changed gradually due to different behavioral stimulus factors [8]. In carrying out these
activities, we should pay attention to long-term effectiveness, systematisms and conti-
nuity of the health education, guiding people to change their lifestyle actively. There are
many health behavior theories, such as rational model, health belief model, extended
parallel process model, trans-theoretical model of change, planned behavior theory,
activation health education model, communication theory, innovation diffusion theory,
etc. In different designs, these theoretical methods should be selected reasonably.

Cognitive Behavior Theory is a kind of psychological and behavioral therapy
which aims at eliminating negative emotions and unhealthy behaviors by means of
reconstructing cognition, counseling psychology, solving problems and correcting
behavior [9]. Daud et al. (2013) proposed a preliminary model of persuasion design
based on Web Learning environment [10]. The persuasive design method is based on
the above theories and models.

Motivation Study of Health Education Objects. Yang compared the traditional
propaganda health education mode with health belief education mode, and concluded
that health belief mode can significantly improve the compliance behavior of patients
with coronary heart disease in community [11]. The object of health education should
include users themselves and their relatives and friends [12]. Scholar Guilera et al. [13]
concluded that the effect of comprehensive intervention group was better than that of
traditional propaganda group. Laslett et al. [14] think that the long-term improvement
of health behavior needs more efforts and self-control of users. Therefore, health
education needs to be carried out regularly in order to strengthen users’ health literacy,
and to promote users’ healthy knowledge and memory for a long time.
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Study on the Ability of Health Education Objects. Xu et al. [15] believed that the
factors affecting health education for the elderly included changes in sensory organs,
memory, reaction speed, physical strength and personality. Mechanical memory and
unfamiliar content memory should be avoided in the health education activities. Health
education should respect the autonomous willingness of the elderly, and gradually
expand from their known areas to the unknown areas [16]. According to the old
people’s past experience and knowledge, a learning plan should be established to
stimulate their interest and create a suitable learning environment. Health content
should meet the individual’s different needs in different stages of life. Establishing task-
or problem-oriented learning methods can help elderly users apply what they have
learned and improve their motivation for learning (Table 1).

Table 1. Ability of elderly to receive health education - design strategies

Ability Characteristics Principles of health education product design

Sensory Psychological ability As to users’ anxiety, fear, social isolation, low
self-confidence, low activity ability, change of
perception, impaired language communication
ability and impaired self-protection ability,
elderly users’ interest and motivation should be
stimulated

Hearing loss In health education, the speaking speed should be
slower than usual and the tone be lower. At the
same time, facial expressions, gestures, body
language and audio-visual textbooks should be
used to assist the explanation

Vision change Large font and the color with high contrast should
be used. Blue, green and purple should be Avoid
in design. Because of changes in crystals, it is not
easy for the elderly to distinguish these shorter
wavelength colors. In addition, keeping the
environment quiet and full of light is very
important

Memory Information processing The health content should be organized and
processed for easy to remember. The situational
logic strategy should be used to enhance memory
with the fully developed of the user’s experience

Memory strategy In order to grasp the learning content easily,
relevant memory methods should be adopted,
such as association, categorization and repetition,
location method and image card method

Emotional preservation According to health belief model, the elderly
should be helped to pay attention to self-care,
maintain emotional stability, happy mood and
confidence to delay memory decline

(continued)
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Study on the Content of Health Education. Zhao summarized the content structure
of health education needed by the elderly as follows: strengthening health education
and behavioral intervention for chronic diseases, developing health education to
establish a good lifestyle, take care of psychological nursing, popularizing knowledge
of health care and disease prevention, and introducing the dietary structure [18]. The
content of health education mainly involves establishing healthy lifestyle, maintaining
stable and optimistic dietary structure [19]. The single factor analysis study of Jiang
showed that smoking, drinking, inadequate intake of protein food, inadequate intake of
vegetables and fruits, heavy diet, lack of physical exercise and excessive intake of
seafood were the causes of chronic diseases [20]. The survey of Zhang et al. [21]
showed that the subjective needs of the elderly for health education were mainly health
diet, prevention and treatment of chronic diseases, medication, psychological health
care and first aid. Some knowledge, such as sports, fall prevention, sleep and so on, are
important but with inadequate attention. Wang [22] formed five parts of community
health education system network by analyzing user needs: health information man-
agement module, doctor consultation and answering module, hospital doctor man-
agement module, personal health service module and health knowledge testing module
(Table 2).

Table 1. (continued)

Ability Characteristics Principles of health education product design

Reaction
rate

Slow down of the reaction
rate

Educators should speak slowly so that the elderly
have enough time to absorb what they have
learned

Change of thinking
process

The time of health education should not exceed
half an hour each time. Don’t give too much
information at a time. Health contents should be
divided into multiple introductions, and the
information should be simplified

Language communication
barriers

Use body language to communicate, and mostly
use the click-and-choose

Solidification of thinking
mode

Let the elderly adults recall past life experiences
and link those with new knowledge and skills

Physical
strength

Spasm and soreness of
Muscle, stiffness of joint

Old people often need to spend more time to
complete every movement. It is need to prevent
the occurrence of musculoskeletal diseases or
minimize their impact on the elderly

Total sleep time is
Reduced

The rest time can be appropriately provided to
maintain the appropriate physical strength of the
elderly people

Character Caution, conservatism,
decreased in interest of life

Safety, Familiarity, Ease of use, Entertainment,
To ensure that the operation of health education is
simple and easy to use, and has a pleasant
emotional experience [17]
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Persuasive Design Strategies of Health Education
Zhuang and Lv put forward various innovative ways of health education, such as
setting up stations of community health life guidance and health counseling service,
issuing health guide of health and disease prevention, conducting health education
lectures and knowledge competitions, and setting up health training classes in senior
activity centers [23]. Hua and Chen put forward health education methods, including
establishing follow-up card, conducting regular group discussions and regular testing
[24]. The suggestion of health education of Wen [25] is customize the training plan
according to the education level, age and related health knowledge of elderly patients,
and form a multi-batch, regular and diversified health education mode. Hu [26] studied
the health education tool of picture-reading dialogue, that is, to let users participate in
the interactive learning experience of pictures and text, and to discuss the topics and
pictures that users are most interested in.

Table 2. System architecture of health education content

Major
Categories

Subcategories Contents

(1) Medical
knowledge

Knowledge of
Chronic Diseases

Knowledge modularization, knowledge
systematization, knowledge customization,
learning effect testing, etc.

Medication
knowledge

Main and side effects of drugs, methods of taking
drugs, increase or decrease of dosage of drugs,
first aid knowledge, etc.

Psychological
health knowledge

Focus on Alzheimer’s disease and depression
knowledge, counseling of mental health in the
elderly

Healthy Lifestyle Diet: Dietary structure, focusing on intake of oil,
salt, vegetables, fruits, alcohol; Sports:
Recommend types of sports, focusing on speed
and time; Knowledge of sleep

(2) Elderly
health records

personal data General sociological data of patients
Record of Medical
Drugs

Records of physical examination, medical
treatment and use of drugs in past years

Intervention
follow-up records

Diet and exercise intervention, follow-up records,
etc.

(3) Stakeholders Family members Actively encourage, urge and cooperate with
patients

Community
workers and
Volunteers

Enhance communication with old people and their
families by means of online interaction, and
understand the implementation effect of users’
good living behavior

Community
hospital

Medical consultation and lecture guidance by
medical experts
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2 The Persuasive Design Method of Health Education
for the Aged

According to Fogg model, on the basis of researching users’ motivation and ability,
following design strategies are built: first, to stimulate users’ motivation through
interesting interaction, social interaction, incentive system and other design strategies;
second, to reduce users’ difficulty in using product according to usability design
strategy; third, to maintain users’ behavior of accepting health education through timely
reminder strategies.

The persuasive design method of health education for elderly adults can be sum-
marized as follows: (1) user motivation and ability survey; (2) choice of health
behavior theory; (3) decomposition of health education content as self-health status
inquiry, health knowledge popularization and cultivation of healthy lifestyle; (4) con-
sultation of health experts on system architecture; (5) learning tools design of easy-to-
use: e.g. video learning method, game learning, dialogue graphics, etc. (6) Compare
different persuasive design strategies; (7) Establish design prototype.

3 Research Process

3.1 Questionnaire Survey

(1) Questionnaire star was used to survey the health education status of the elderly
adults. A total of 300 questionnaires were distributed and 287 valid questionnaires were
collected, with a recovery rate of 95.7%. (2) Questionnaire analysis. The content of the
questionnaire was formulated according to Fogg’s persuasive model. The motivation,
ability, interest and media of users’ acceptance of health education were analyzed.
(3) The focus group method and literature analysis method were combined to analyze
the existing health education methods and media interaction characteristics, and the
advantages and disadvantages of the existing health education are obtained through
user interviews. (4) Combining the research results and the content of literature anal-
ysis, the expected structure and design strategy of health education system are con-
firmed, which will provide guidance for the interactive system design of health
education that meets the needs of the elderly in the future.

3.2 Survey Result

Description Classification Frequency Percentage

Gender Male 137 47.74%
Female 150 52.26%

Age 51–60 60 20.91%
61–70 197 68.64%
71 and above 10 10.45%

Education Junior high school and below 135 47.04%

(continued)
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(continued)

Description Classification Frequency Percentage

Senior High School 116 34.49%

Undergraduate 25 8.71%
Master and above 11 3.83%

Occupation Retire 68 23.69%
Management 22 7.67%
Ordinary staff 125 43.55%
Workers/Farmers 72 25.09%

According to the data of health survey, 9.76% of users said they never did exercise,
28.22% said they did regular and quantitative exercise every week, and 62.02% said
they only did sport occasionally. The situation of health check-up is that 8.36% of the
respondents never do health check-up, 57.14% of the respondents do health check-up
when they feel uncomfortable, and 34.49% of the respondents have at least one
physical check-up every year. When answer the question “If you were ill, what would
you do?”, 11.85% chose to “do nothing and wait for to be good by itself”, 43.9% chose
to “buy medicine in pharmacy”, and 44.25% chose to “see a doctor in time in a hospital
or other medical institution”. In response to the attitude of “participating in health
education activities to improve their health status”, 36.59% of the people chose to be
very willing, 45.64% chose to be willing, 12.89% chose to be indifferent, and 4.88%
chose not to be willing, indicating that most people had the motivation to accept health
education.

According to the proportion of users’ choices, the order of users’ concern about the
content of health education is: doctor consultation, disease treatment, daily health care,
chronic disease prevention, personal health records, etc. (Fig. 1).

Surveys on “common chronic diseases that need to be prevented in the elderly”
showed that hypertension and cardiovascular and cerebrovascular diseases account the
highest proportion (Fig. 2).

Fig. 1. Survey of health education concerns
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According to the survey of “acceptance mode of health education”, many elderly
people have a higher acceptability of the health education on network and mobile
phone. 47.74% of the respondents chose the affirmative answer to the question whether
they had ever used the medical health APP in mobile phones. To sum up, the
advantages of various media should be fully used for reference in the design, so as to
conform to the usage habits of the elderly (Fig. 3).

According to the survey on the purpose of receiving health education, self-health
management is the strongest motivation, followed by improvement of existing diseases,
prevention and health care, self-learning to treat and so on. The ranking results should
be reflected in the system design of health education for the elderly (Fig. 4).

Fig. 2. Common chronic diseases in the elderly

Fig. 3. Expected methods of health education
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3.3 Focus Group Interview

Fifteen elderly people aged 60 to 75 (8 females and 7 males) were invited to participate
in the focus group discussion. Users were asked to compare the advantages and dis-
advantages of the existing community health education with the online health education
to inspire design principles of health education on the mobile phone (Tables 3 and 4).

Fig. 4. Purpose of health education learning

Table 3. Problems and needs of community health education

Type Status Design strategy

Memory
effect

It is difficult to recall without deep
memory

Provide long-term, high-frequency
and systematic health education to
Deep memory; reduce mistake of
drugs and missed medication; limit
the length of content, and avoid
redundant information

Publicity Less publicity Long-term, repeatedly, coherent
Propaganda
form

Banners, leaflets and brochures,
propaganda boards, promotional
films, Experts provide lectures and
advisory services etc.

Content is refined, propaganda form
is life-like and easy to remember,
content is updated in time and keep
up with the times

Content Content is scattered and
unsystematic

Content should be relevance,
persistence and coherence

Easy to
apply

Difficult to remember and apply in
life

Different health education
information is customized for
different needs of elderly adults, and
mobile health memorandums are
provided to be consulted at any time
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Through focus group interviews and Research on existing health education web-
sites and APPs, the persuasive design principles of health education for elderly adults
are as follows:

(1) The principle of demand-driven design: health education for the users should
adapt to the cognitive characteristics of the elderly, and pay attention to the
knowledge, science, interest and Understandability in content and form. Investi-
gation and research confirmed that the main needs of the elderly for health edu-
cation are doctor consultation, disease treatment, daily health care, chronic disease
prevention, personal health records, etc.

(2) Easy-to-use design principle: Health education should conform to the learning
ability and health literacy level of the elderly adults. As every old person has
different life background, acceptance ability of new technology and health liter-
acy, health education should give effectively support according to users’ different
characteristics. User’ s health literacy level and difficult level of the health edu-
cation should be assessment, so as to provide the appropriate health education
content for users. Older people with higher education level is suitable to learn
health information by reading, while those with lower education level are suitable
for a simple and intuitive way of education, such as face to face explanation and
watching videos.

Table 4. Problems and needs of the online health education

Type Status Design strategy

Health Education
Website

Self-regulated learning is
supported, but the content of the
interface column is too much, and
the information is not organized
effectively. The elderly has less
chance to log in the website with
the computer

Clear display to provide a better
learning environment for the
elderly. To overcome the
disadvantage of inconvenience
use

Application of
Health Education
Mobile Phone

Chunyu Doctors APP:
Focus on online fee-based
consultation with many
advertisements
Renwei MOOC:
Video courseware is abundant for
professional doctors, and the
content is not easy to understand for
ordinary people
WeChat Subscription of health:
content with daily push, rich and
concentrated content, lack of user
interaction and action promotion
strategy. The authority and
credibility of information cannot be
guaranteed

Easy to use;
Simplified content and easy to
browse;
Daily push;
Easy to retrieve and apply;
Convenient to record data;
Have self-detection;
Study at any time by Keeping it
with you; Support multimedia
format;
Rich content;
Select the content of health
education according to user’s
need…
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(3) Design principle of personalized customization: Serialized and targeted health
education should be adopted according to the characteristics of individual dis-
eases. Design strategies of personalized customization is a good way to improve
user experience.

4 Result Discussion

According to the health behavior theory, the important strategy of health education is to
disseminate health information systematically, promote people to accept, believe and
voluntarily adopt healthy behaviors. On this study, Fogg’s persuasion theory was used
to investigate the motivation and ability of elderly. Focus group method was used to
analyze the existing problems of health education, and corresponding persuasive
strategies of the health education for the elderly was established.

In the follow-up study, we will study the relationship between different motivations
and abilities of the elderly users in the selection of persuasive strategies. The user’s
satisfaction of various persuasive strategies will be discussed based on the prototype
design method.
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Abstract. A high-quality ontology for eldercare service can help deliver high
quality eldercare services in increasingly aged and digitized societies because it
can serve as a reference for formulating eldercare service standards and
exchanging information pertain to eldercare services over the Internet.
Improving upon previous work, we proposed an agglomerative hierarchical
clustering method to construct such an ontology. This method incorporates
longitudinal denoising and the word bag model to achieve accurate results
verified by experiment results.

Keywords: Ontology construction � Eldercare services �
Agglomerative hierarchical clustering

1 Introduction

As people live in increasingly aged and digitized societies, many researchers have
looked into assisting elders to cope with the digital world [1, 2]. However, little
research has studied how to provide standard names for eldercare services that have
been growing in both volume and varieties. Many eldercare service names are by
convention or coined by service providers. This leads to at least two issues: (1) one
service has multiple names and (2) one name means different services at different
places. These issues could cause confusion in the marketplace and hinder the infor-
mation exchange pertain to eldercare services on the Internet.

As shown in other fields [3], an effective way to tackle this problem is to build an
ontology for eldercare services. Ontology is the philosophical study of being. More
broadly, it studies concepts that directly relate to being, in particular becoming, exis-
tence, reality, as well as the basic categories of being and their relations. Traditionally
listed as a part of the major branch of philosophy known as metaphysics, ontology
often deals with questions concerning what entities exist or may be said to exist and
how such entities may be grouped, related within a hierarchy, and subdivided
according to similarities and differences. Philosophers can classify ontologies in vari-
ous ways, using criteria such as the degree of abstraction and field of application [4]:
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Upper ontology, Domain ontology, Interface ontology and Process ontology. Here we
choose the domain ontology, for example, information technology, computer languages
and the specific branches of science. The ontology defines a common dictionary for
researchers to use when sharing information in a particular domain. It contains the basic
concepts in the field that can be interpreted by the machine and the relationships
between the concepts. Domain experts can leverage many rules for developing stan-
dardized ontology. Building an ontology is like defining a set of data and their structure
for use by other programs. At present, there are several cases in which other ontology
libraries have been successfully constructed in other fields, for example, Ontology
Construction for Information Selection [5], Ontology construction for information
classification [6] and so on. The use of these tools significantly reduces the complexity
of dealing with patients at home [7]. To our best knowledge, we were the first to
propose building an ontology for eldercare services in China [8]. The K-means method
was used to preliminary studied building an ontology for eldercare service in China, but
there is no evaluation of the clustering result and the related names merging. In the
previous method, they used the K-means method which used must give an initial
cluster number K first, the result of clustering will be different for different K values.
When there is noise in the dataset, the k-means clustering proceed will deviate con-
siderably. In this paper, we perform the text denoising before we apply the agglom-
erative hierarchical clustering method.

The construction of ontology is a systematic project that should follow certain
construction guidelines and under the guidance of reasonable methodology, using
suitable ontology description language and convenient ontology development tools [9].
There are many methods to build an ontology, for example, Skeletal Methodology,
IDEF5 (Integrated Definition for Ontology Description Capture Method), TOVE,
Methontology, and seven-step method. In this paper, we use the seven-step method.
The seven-step method was developed by Stanford University School of Medicine and
is mainly used for the construction of domain ontology, they are determined the scope
and scope covered by the ontology, considering multiplexing existing ontology, enu-
merate all terms, defining the hierarchy of a class, define the properties of the class,
define class constraints, create instances. In the seven-step method of ontology con-
struction, the most critical step is the fourth step. There are usually many concepts
involved in building ontology, and manually defined methods are often inefficient.
Everyone has a different understanding of a particular term may result in multiple
classifications. In view of this, many researchers will do preliminary classification
through cluster analysis.

2 Clustering Methods

Clustering is to divide a given data set into different clusters according to a specific
criterion, so that the similarity between objects in the same cluster is high whereas the
dissimilarity between objects in the different clusters is high [10].

Researchers generally categorize clustering algorithms into the following six cat-
egories: partition-based methods, density-based methods, network-based methods,
model-based methods, fuzzy-based clustering and hierarchy methods.
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Partition-based methods [11]: firstly, it is necessary to determine the number of
clusters, then select several points as the initial center point randomly, and iteratively
reset the points according to the predetermined heuristic algorithm until the target effect
is finally achieved. Partition-based methods are simple and efficient for large data sets,
furthermore, it has good performance both in time and space. The disadvantage is that
the result is easy to be locally optimal when the data set is large, the K value needs to
be set in advance and it is very sensitive to the K points selected at the beginning. Such
algorithms form the k-means algorithm and its variants, including k-medoids, k-modes,
k-medians, kernel k-means, and other algorithms.

Density-based methods [12]: there are two parameters should be defined, one is the
maximum radius of the circle, the other is the number of points that the circle should
contain at least. As long as the density of adjacent regions (the number of objects or
data points) exceeds a certain threshold, the clustering will continue. Finally, each
circle corresponds a class. Its advantage is that it is insensitive to noise and can find the
arbitrary shapes. The disadvantage is that the result of clustering has a great relation-
ship with parameters. Its typical algorithm is DBSCAN (Density-Based Spatial Clus-
tering of Applications with Noise).

Grid-based methods [13]: the principle of this method is to divide the data space
into grid cells, map the data object set into grid cells, and calculate the density of each
cell. According to the preset threshold value, each grid cell is judged to be a high-
density cell, and a class is formed from a group of adjacent dense cells. The advantage
of this type of method is that it is fast because its speed is independent of the number of
data objects but only depends on the number of cells in each dimension in the data
space. The disadvantages are sensitive to parameters, inability to handle irregularly
distributed data.

Model-based methods [14]: this method assumes a model for each cluster and looks
for the best fitting of data from the given models. This kind of method mainly refers to
probabilistic model-based method and neural network model-based method, especially
probabilistic model-based method. Its advantage is that the division of classes is
expressed in the form of probability, and the characteristics of each class can also be
expressed by parameters. The disadvantage is that the execution efficiency is not high,
especially when the distribution quantity is large and the data quantity is small. The
most typical and commonly used method is the GMM (Gaussian Mixture Models).

Fuzzy based clustering [15]: a sample belongs to a class with a certain probability.
There are some typical fuzzy clustering methods based on objective function, similarity
relation and fuzzy relation. The FCM algorithm is an algorithm that determines the
degree to which each data point belongs to a certain cluster degree by membership
degree. This clustering algorithm is an improvement of the traditional hard clustering
algorithm. It is sensitive to isolated points, but it does not ensure that the FCM con-
verges to an optimal solution.

Hierarchical methods are described in more detail in Sect. 3.
Because this paper study the name of eldercare services, we focus on text clustering

here. Text clustering is to treat every text as a sample and clustering all the samples.
However, the difference from the common clustering operations in machine learning is
that the text clustering object is not the direct text itself, but the features extracted from
the text. Because the characteristics of the text directly affect the quality of the
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clustering results, so how to extract features and filter noise is a very important step
[16]. There are two kinds of algorithms for text clustering. The first kind is based on
layered algorithms, including single links, full links, group averaging, and Ward
methods. Using aggregation or division method, one can cluster documents into a
hierarchical structure. The other kind contains K-means and its variants. In general,
layered algorithms produce more in-depth information for detailed analysis, while
algorithms based on variants of the K-means algorithm are more efficient and provide
sufficient information for most purposes. Here we build the corresponding text docu-
ments by merging the search results of the care service names, and the clustering result
of the corresponding service name is obtained by clustering the text documents.

3 Proposed Hierarchical Clustering Method

In this paper, we apply an agglomerative hierarchical clustering method to construct an
ontology for eldercare services. We first acquire names of the eldercare service by
assigning search engine results as a text document for the corresponding service name.
Next, we segment these text documents before denoising and longitudinal denoising
them. Then, we use the TF-IDF method to give weights of all word segmentation
results of the corresponding name. Subsequently, converts each eldercare service name
into a word vector. At last, we apply an agglomerative hierarchical clustering method to
cluster the service names in multiple layers. Figure 1 illustrates the follow of the
proposed method.

3.1 Term Acquisition

The eldercare service names under study come from two sources. The first group of
eldercare services was crawled from the website of the civil affairs department of each
province and city. This group of service names include meal service, living service,

Fig. 1. Eldercare service name clustering method flow

Ontology Construction for Eldercare Services 37



bathing service, sanitation cleaning service, agency service, preventive health service,
medical assistance service, health consultation service, elderly health file filing. The
second group of service names came from the official websites of major pension
institutions, nursing homes and pension service companies including health assessment
services, physical examination services, health knowledge courses, self-health man-
agement services, food supplements, cleaning, walking, bathing, lighting, hood
cleaning, carpet cleaning, air conditioning cleaning, errands, vegetables and fruits. The
total number of names is 412. It is clear that many service names could overlap with
others in terms of services they represent, such as babysitters and home sitters, cleaning
and sanitation.

3.2 Concept Acquisition

In the Baidu search engine, we crawl the search results for each eldercare service name.
The search results include a subtitle of each column and an introduction below the title.
We use 20 search results for each service name and merge them together as a text
document corresponding to the service name. Because the content of this advertisement
may be more relevant to the service, the search results contain the advertisements.

3.3 Concept Segmentation

We use the jieba tokenizer to perform word segmentation on our text dataset. The jieba
algorithm for word segmentation uses a prefix-based dictionary to achieve efficient
word graph scanning, and generates a directed acyclic graph composed of all possible
word generated by Chinese characters in sentences. Dynamic programming is used to
find the maximum probability path, and the maximum segmentation combination based
on word frequency is found. For the unregistered words, the HMM model based on the
ability of Chinese characters is adopted. The jieba tokenizer is used because it is
suitable for search engine segmentation. Using the precise model, the long words are
divided into words and the recall rate is improved.

The jieba word segmentation actually supports custom word segmentation, so we
need to add our care service names to the custom dictionary in advance to avoid
splitting our care service names. Finally, more than 1000 kinds of Chinese stop words
in the network are used to perform preliminary noise reduction on the processed word
segmentation text documents.

3.4 Text Denoising

Through the pre-processing of the previous steps, we have obtained a relatively
complete text: the first column of each line is the name of the eldercare service and
remaining columns are the search results related to this particular service name. Lon-
gitudinal denoising is achieved by comparing the similarity between the service name
and each column of word segmentation, then intercept the similarity higher than the set
threshold. The word2vec model proposed by Mikolov et al. [17] has attracted a great
amount of attention in recent years, and it has shown effectiveness in text mining
analysis. In fact, it is a group of related models used to produce word embedding.
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Taking a large corpus of text as input, the Word2vec generates a vector space that
typically is of several hundred dimensions, before it positions each unique word in the
vector space in such way that words that share common contexts in the corpus are
located in close proximity to one another in the space [17]. Through the training of a
large number of corpora, each word is mapped into a vector of high dimension, that is,
the processing of text content is simplified to vector operation in vector space, and the
similarity in vector space is calculated to indicate the similarity between words. By
setting the similarity threshold, one can delete many unrelated words to improve the
clustering effect. In this paper, the result segments with thresholds of 0.6, 0.65, 0.7,
0.75, 0.8, 0.85, and 0.9 are set as new texts, the best clustering results are obtained by
comparison.

3.5 Building a Word Bag Model

The next process needs to perform the following steps on the seven data sets obtained
in the previous step and compare them for the best results.

The bag-of-words model is a simplifying representation used in natural language
processing and information retrieval. In this model, a text (such as a sentence or a
document) is represented as the bag of its words (disregarding grammar and even word
order but keeping multiplicity). The bag-of-words model is commonly used in methods
of document classification where the occurrence of each word is used as a feature for
training a classifier. Zellig Harris’s 1954 paper on Distributional Structure [18] is an
early reference to “bag of words” in a linguistic context. Intuitively, all the word
segmentation results in this paper constitute a large word bag, each eldercare services
have a corresponding word bag with different value.

The term “Term Frequency–Inverse Document Frequency” (abbreviated as TF-
IDF) is a commonly used weighting technique for information retrieval and data
mining and it intends to reflect how important a word is to a document in a collection or
corpus [19]. The importance of words increases with the number frequency appear in
the file, but decreases inversely as it appears in the corpus. Various forms of TF-IDF
weighting are extensively applied by search engines as a measure or rating of the
degree of correlation between a file and a user query.

If a word or phrase appears in an article with a high frequency and rarely appears in
other articles, then the word or phrase is considered to have good class distinguishing
ability and is suitable for classification. For the word ti in a particular file, its weight can
be calculated as follows:

The word frequency (TF) refers to the frequency at which a given word appears in
the file. The value is obtained by the following formula:

tfi;j ¼ ni;jP
k nk;j

ð1Þ

Where: ni;j denotes the number of occurrences of the word in the file dj.P
k nk;j denotes the sum of the occurrences of all the words in the file dj.

The inverse document frequency (IDF) is a measure of the universal importance of
a word. The value is obtained by the following formula:
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idfi ¼ log
Dj j

j : ti 2 dj
� ��� �� ð2Þ

Where: Dj j denotes the total number of files in the corpus
j : ti 2 dj

� ��� �� denotes number of files containing the word ti (the number of files
with ni;j 6¼ 0) will cause the dividend to be zero if the word is not in the corpus.

Then calculate the product of TF and IDF:

tfidfi;j ¼ tfi;j � idfi ð3Þ

The high word frequency within a particular file, and the low file frequency of the word
in the entire file set, can produce a high weight of TF-IDF. Therefore, TF-IDF tends to
filter out common words to retain important words.

The result is that each service name corresponds to a word vector, and each vector
has the same dimension.

3.6 Hierarchical Clustering

It groups a set of data in a way that maximizes the similarity within clusters and
minimizes the similarity between two different clusters. Hierarchical clustering meth-
ods seek to build a hierarchy of clusters. The strategies for hierarchical clustering
generally contain two types:

Divisive: a top-down approach starts from all the texts, and splits the texts
according to some rules recursively.
Agglomerative: a bottom-up approach considers each text as a cluster, and merges
pair of clusters for each step.

We chose the agglomerative method in this paper. Its basic ideas are as follows.
Initially each sample is treated as a cluster, so the size of the original cluster is equal to
the number of samples, and then these initial clusters are merged according to certain
criteria until a certain condition is reached or the set number of categories is reached.
The main steps are as follows:

(1) Get the distance matrix of all samples;
(2) Treat each sample as a separate cluster;
(3) Calculate the cosine similarity between each pair of samples (x,y) according to the

following formula, and find a pair of sample points with the smallest cosine
similarity (x,y):

cos x; yð Þ ¼
Pn

i¼1 xi � yið ÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn
i¼1 xið Þ2

q
�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn
i¼1 yið Þ2

q ð4Þ

Where: x, y denote any two clusters, also refer to the service name;
xi denotes the weight corresponding to each word in the word bag after the x
cluster;
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(4) Combine the two clusters x and y with the largest cosine similarity, then update
the distance matrix of the merged samples by calculating the mean of these two
matrixes;

(5) Repeat steps (2)–(4) until we merge all samples into one cluster.

The advantage of hierarchical clustering methods is that it does not require spec-
ifying the number of clusters in advance. On the contrary, K-means method used in our
previous study [8] must first give an initial cluster number K, and the result of clus-
tering will depend on different K values. Hierarchical clustering methods view data
having different granularity levels, hence can assist people to visualize and interactively
explore large document collections [20], then we cut the clustering tree according to the
quality of clusters.

However, the disadvantage of hierarchical clustering is that the amount of com-
putation is large, since hierarchical clustering algorithms require pairwise inter object
proximities, the complexity of these clustering procedures is at least O(N2) [21].

3.7 Eldercare Service Name Merging

Researchers intervene at this step and divide the clustering results into 24 named
subcategories. The training model introduced in step 3.4 is then used to calculate the
similarity of the two care services in each category. The calculation results will provide
a reliable reference to decide whether to merge.

4 Experimental Results and Analysis

4.1 Result Verification

According to the clustering results, the final clustering results have 24 categories. In
order to select the optimal clustering results, we calculated the F-measure of 9 corre-
sponding result types in 3.4. We select 2 researchers to manually label the 412 care
service names according to the naming results, and calculate the precision, recall and F-
Measure. The accuracy rate is the proportion of objects that are clustered in the
clustering result, and it is judged whether each service name is correctly classified to
the category to which it belongs. The recall rate is the proportion of similar names in
the same topic merged into a class, and it is judged whether the name of each category
is completely divided into the corresponding class.

F-measure is a composite indicator that is the harmonic average of precision and
recall. The larger the value of f-measure is, the better the clustering effect is. The
formula is as follows:

Precision ¼ nij
ni

ð5Þ

Recall ¼ nij
nj

ð6Þ
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F�Measure ¼ 2� Precision� Recall
PrecisionþRecallð Þ ð7Þ

where: nij denotes the number of names in class i manually labeled in cluster j;
ni denotes the number of names in manually labeled class I;
nj denotes the number of names in cluster j.
Finally, the clustering result obtained when the threshold is set to 0.75 is the best.

The F-measure results are shown in Table 1. For the sake of simplicity, we have chosen
1–24 instead of 24 types of services.

According to the results, the proposed method consistently achieves the good F-
measure. The eldercare service names with obvious characteristics such as hospital
departments and health records have higher accuracy.

4.2 Eldercare Service Names Merging Result

Utilizing domain knowledge, we finally merged the eldercare service names: 23 pairs
of service names merged and 28 service names deleted. For example, unlocking locks,
repairing locks, changing lock cylinders, changing locks, technical unlocking, cost
collection, payment of various fees, spiritual comfort, psychological comfort, family
doctors, family doctor services, health file establishment, health files, appointments
Registration, registration services, hospital registration and other services.

4.3 Result Analysis and Display

Through aforementioned steps, we finally build a bottom-up ontology with protégé4.3
and generate the output in OWL format. The ontology is divided into four layers, the
first layer is the eldercare services; the second layer is the four major categories of life
demand service, daily demand service, health care service and hospital service. There

Table 1. F-measure

Category code 1 2 3 4 5 6

Researcher 1 0.86 0.96 0.86 0.85 0.81 0.9
Researcher 2 0.9 0.92 0.88 0.8 0.86 0.93
Category code 7 8 9 10 11 12
Researcher 1 0.93 0.91 0.96 0.95 0.94 0.9
Researcher 2 0.98 0.93 0.97 0.86 0.88 0.91
Category code 13 14 15 16 17 18
Researcher 1 0.95 0.98 0.95 0.7 0.94 0.86
Researcher 2 0.91 0.96 0.89 0.9 0.97 0.93
Category code 19 20 21 22 23 24
Researcher 1 0.89 1 0.82 0.84 0.8 0.96
Researcher 2 0.95 1 0.94 0.95 0.91 0.82
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are 24 categories in the third floor, which are leisure service, life assistant service, life
guidance service for the elderly, life distribution service, errands service, housekeeping
service, home cleaning service, payment unlocking service, travel service, home
appliance repair service, and elderly rights service, elderly cultural and sports services,
elderly care services, health assessment services, health monitoring services, rehabili-
tation care services, psychological care services, common equipment services, feature
testing services, accompanying medical services, health records services, hospital
services, elderly data services, hospitals Assistant service. The fourth layer is the name
of various eldercare services. Each of these classes and its subclasses are inclusive. Part
of the results as shown in Fig. 2.

5 Conclusion

To meet the needs of rapidly aging population, eldercare services continue to grow in
both volume and types. While there are new technologies to support this aging pop-
ulation [22], the naming and content of existing, and especially emerging, eldercare
services lack of clear specifications. A high quality ontology for eldercare service can
help experts categorize these services into standards that not only has their own merits,
but also can enable IT technologies to improve the efficiency and quality of eldercare
services. Extending our preliminary work on this subject, we propose an agglomerative
hierarchical clustering method to improve the quality of the constructed ontology for
eldercare services. The experiment results demonstrate the proposed method has a good
accuracy. As more work need to be done on this practical and important subject, we

Fig. 2. Diagram of an eldercare service ontology
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plan further optimize our method, especially by looking into reducing the word bag
redundancy.
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Abstract. The aging of populations worldwide has emerged as an important
focus of research and policy. Concomitantly, capturing the daily life of elders is
becoming a major task for researchers and service providers. In a mobile internet
environment, traditional methods are not adequate to support contextualized
information behavior research on the elderly. Based on a comparison of six
methods from four perspectives (context, time, user, and data), this paper
introduces the mobile experience sampling method (mESM) as an effective
approach to the study of elders’ everyday information behaviors. An overview
of mESM is presented, and a general three-stage framework is proposed to
discuss its implementation. We also offer suggestions to improve the efficacy of
mESM in addressing the real conditions and characteristics of the elderly and
discuss the method’s advantages, disadvantages and related problems from the
perspectives of researchers, elders, and policymakers. Overall, we find mESM to
be an ideal longitudinal method for capturing the contextualized day-to-day
information behavior of elders.

Keywords: Mobile experience sampling method � Daily life � Elders �
Longitudinal research � Real situation

1 Introduction

The world population is aging rapidly. It is estimated that by 2050, the proportion of
the global population aged 65 and over will reach 20% [1]. This demographic shift has
emerged as an important focus of both research and policy planning worldwide. Within
the field of information behavior research, capturing the daily life of older people has
become an overarching task for researchers and service providers, who hope to
understand the needs of older people and thus provide more effective information
services for them. However, in the emerging mobile internet environment, elders’
information behaviors are highly situational, and traditional methods are thus some-
times inadequate to capture the day-to-day information behaviors of elders. This study
aims to introduce a new approach—the mobile experience sampling method (mESM)
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—with which to investigate elders’ everyday information behavior. Two principal
questions guide our research:

1. Why is mESM suitable for capturing the daily life of the elderly in the emerging
mobile internet environment?

2. What are the necessary steps to implement the mESM approach? How can mESM
be employed to effectively explore elders’ information behaviors?

2 Why mESM?

Traditional methods for capturing data from the elderly include interviews [2–8],
surveys [9–11], experiments [12], diary-keeping [13], and general ESM [14, 15]. In
addition, sensor-based method can provide real-time monitoring of older people [16–
18]. Together, these methods have played an important role in collecting qualitative or
quantitative data from elders. However, in the current mobile internet environment,
elders’ information behaviors are always rooted in specific contexts. Accordingly,
when we try to go deep into the everyday life of the elderly, we need to capture not
only the qualitative or quantitative data of needs, behaviors, experiences and emotions
in a given time and place, but also the corresponding real-life situations in which data
are generated. Meanwhile, if a method can easily support repeated measurements of
daily life and build cumulative data sets for comprehensive and fine-grained analysis, it
will help us more accurately understand the rhythm and regularity of elders’ day-to-day
information behavior. These research requirements prompt us to seek a more suitable
longitudinal method of capturing intensive information from the real-life situations
faced by the elderly.

The criteria for selecting such a method can, we suggest, be viewed from four
perspectives: context, time, user and data. Such an analysis suggests that traditional
methods may not be adequate for current daily-life research. The pertinent issues are
summarized in Table 1. First, in terms of ecological validity, interview, survey,
experiment and diary methods each face great limitations in collecting real-situational
data. Researchers using these methods obtain only fuzzy recall data, not a real-time
sample. Although a diary may help the respondents recall incidents and situations, it
can hardly capture the real situation in the moment. The general experience sampling
method (ESM) is designed to facilitate data collection concerning both the context and
content of individuals’ daily life [18]. The sensor-based method likewise derives
greater ecological validity from its provision of context-sensitive raw sensor data in real
time.

From the perspective of time, interviews, surveys and experiments usually collect
transverse data at a specific point of time. They are implemented only once and are
typically classified as one-shot evaluation methods. Diary, general ESM, and sensor-
based methods, in contrast, permit repeated measurements of variables and collect data
cumulatively; they can be grouped as intensive longitudinal methods [19, 20]. With
respect to the user’s participation and perception, most of these methods (interview,
survey, experiment, diary and general ESM) require active participation or self-
reporting, and the whole process is made explicit to the users. An exception is the
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sensor-based method, which collects data directly without user’s participation and can
thus be characterized as implicit and passive, reducing the interruptions experienced by
users.

Table 1 also presents five aspects of data as they apply to each method: data
characteristics, data size, the collection of emotional or experiential data, the data’s
semantic richness, and the presence of retrospective bias. In general, data collected via
interviews and diaries will be qualitative, whereas surveys, experiments, and sensor-
based methods usually collect quantitative data. Notably, general ESM can capture
both [18, 21]. In terms of data size, surveys usually allow for a large sample, whereas
interviews, experiments, diaries, and general ESM are often restricted to a small sample
size; the sampling size of sensor-based methods can be large or small. Diary, general
ESM and sensor-based methods can collect cumulative data, while the other methods
obtain one-shot data. Sensor-based methods yield raw sensor data without semantics,
which gives rise to a problem of interpretation. Such methods, unlike the others, cannot
supply information about individuals’ experiences and emotions per se. Since sensor-
based methods and general ESM can capture real-time data, these two methods have a
smaller retrospective bias.

The above comparison shows that traditional methods, such as interviews, surveys,
experiments and diary-keeping, cannot effectively capture real-situation data or facil-
itate longitudinal research. Although sensor-based methods can be applied to large or
small samples with implicit data collection, the data obtained by this method is only
raw sensor data, lacking semantic information. General ESM provides a good
methodological framework for studying daily life, helping to capture real situations and
supplying intensive longitudinal data; it can collect both qualitative and quantitative
data and supply semantically rich descriptions of experiences and emotions, but it is
complicated and inconvenient to implement (a point developed further below), espe-
cially when being used to study the elderly, and a small sample size is typical. Thus, in
a mobile internet environment, it is necessary to improve general ESM to allow for the
effective and convenient study of elders’ day-to-day information behaviors.

Information and communication technology (ICT) offers tremendous opportunities
for both researchers and the elderly. As mobile technology gradually integrates into our
lives, a mobile phone has become a necessity, not a luxury. Increasingly, older adults
use mobile phones or smartphones to satisfy their everyday health, social, and leisure
needs. The corresponding information behaviors have been of great interest to
researchers. Meanwhile, more and more researchers have adopted mobile technology to
facilitate their elderly-related studies. In this paper, mobile experience sampling method
(mESM) is proposed as highly suitable for research on the day-to-day information
behavior of the elderly within this emerging mobile internet environment. mESM is a
longitudinal method that uses mobile technology to study behaviors and experiences
occurring naturally in people’s everyday life. It is, in essence, an experience sampling
method that inherits the implementation framework of ESM and improves upon it with
mobile technology. Herein, we aim to introduce mESM and its implementation
framework, and to contemplate potential improvements to mESM for studying the
daily life of the elderly.
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3 How to Use mESM

3.1 Make Good Use of the Implementation Framework

mESM is a descendant of the experience sampling method (ESM), a systematic phe-
nomenology approach proposed at the University of Chicago in the 1970s [18].
Typically, general ESM uses a tool to signal participants, allow them to answer
questions at random moments every day or complete a report following a particular
event of interest, achieving the purpose of data collection. It is essentially a self-report
method. Because participants voluntarily and spontaneously perform their reports in a
real and natural situation, ESM is ecologically valid. Through repeated measurement,
ESM can help to explore people’s dynamic and complex behaviors, experiences and
emotions.

Generally, the signaling tool and experience sampling form (ESF) are the two
important components of ESM [18], as shown in Fig. 1. Early ESM studies used a
setup known as paper-based ESM (ESMp), with pagers for signaling and paper ESFs
for data collection. After receiving a signal, ESMp participants filled out the paper ESF
immediately and mailed it back to the researcher as soon as possible (e.g. at the end of
the day) [22]. It was understandably difficult for ESMp researchers to control this
cumbersome process, and participants may have felt inconvenienced as well. Com-
puterized ESM (ESMc) was welcomed by researchers because it alleviated some of
these problems, allowed researchers to better understand the process of participants’
completion of the forms, and reduced the cost of data transcription. The ESM programs
ESP and iESP, for example—both developed by Intel Research [23]—used a PDA to
signal participants and collect data. However, researchers still needed to download and
aggregate data from every participant’s PDA after finishing their research. This created

Table 1. Comparison of six data capture methods

Interview Survey Experiment Diary General
ESM

Sensor-based
method

Context Ecological validity Low Low Low Low High High
Time Transverse ✓ ✓ ✓

Longitudinal ✓ ✓ ✓

User Participation Active ✓ ✓ ✓ ✓ ✓

Passive ✓

Perception Implicit ✓

Explicit ✓ ✓ ✓ ✓ ✓

Data Characteristics Qualitative ✓ ✓ ✓

Quantitative ✓ ✓ ✓ ✓

Size Sampling Small Large Small Small Small Large or
small

Cumulative ✓ ✓ ✓

Emotional or experiential ✓ ✓ ✓ ✓ ✓

Semantic richness High High
or low

High or
low

High High Low

Retrospective bias Large Large N/A Large Small Small
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problems with data synchronization and prevented ESMc from attaining popularity as a
tool for large-scale field research. The development of mobile devices, the proliferation
of wireless networks, and the growing popularity of online surveys led to the creation
of mESM, which highlights the advantages of using mobile technology. Modern
mESM software usually runs on smartphones, supports both signaling and ESF
completion, and has servers to support real-time synchronization of data. Some mESM
tools can even support context awareness and signaling based on sensors (e.g. GPS
sensors). Therefore, mESM greatly improves the convenience of everyday-life research
and makes it possible to enlarge the sample size. In addition, a mESM tool with sensors
may collect both explicit self-report data and implicit sensor data, thereby obtaining
more richly contextualized data and semantics. In short, mESM is an ideal method for
everyday-life research.

Table 2 shows a detailed implementation framework for mESM. It can be divided
into three stages: before implementation (BI), during implementation (DI) and after
implementation (AI). In the BI stage, researchers need to select a sampling method,
determine a timeframe, choose an mESM tool, and design the ESF. Next, they must
recruit, select, and orient participants. Within ESM, there are generally three classes of
sampling method from which to choose (Table 2). In time-contingent sampling, par-
ticipants are signaled at random times or at different time intervals every day [19]. For
example, researchers may send a certain number of signals randomly between 7:00 am
and 10:00 pm every day. The event-contingent sampling method solicits self-reports
following a specific event of interest [18] (e.g. an interaction in social media). Mixed
sampling usually combines time-contingent sampling with event-contingent sampling;
for example, researchers may signal readers to complete self-reports at specific times; at
the same time, the readers may complete their reports once they have finished reading
an e-book.

Fig. 1. Evolution of ESM tools
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The timeframe decision concerns how many days participants will be asked to
report (research cycle) and how many times per day they will be signaled to provide
these reports (daily sampling frequency). Together, these two criteria determine the
sampling schedule. Some guidance can also be obtained from researchers’ long
experience with general ESM: studies shows that a seven-day cycle is likely to yield a
fairly representative sample of the various activities individuals engage in and to elicit
multiple responses from many of these activities [18]. The most common daily sam-
pling frequency is three times per day (e.g. in the morning, at noon and at night) [24].
Sampling for longer than seven days or more frequently than six times per day may
place an excessive burden on some participants [18, 25].

Although there are some ready-made mESM-style tools (e.g. Ohmage, Open Data
Kit, Paco, LifeData, Ilumivu, MetricWire, Movisens, Expimetrics, Aware, ESM cap-
ture, and Piel Survey) [21], researchers must still decide between a ready-made tool and
a custom tool according to the needs of research. It is also necessary to design an ESF
that can be completed within five minutes or less to reduce the burden borne by
participants.

In principle, anyone who can read and operate a smartphone can participate in a
mESM study. It is essential, however, that individuals voluntarily participate in the
study and can guarantee their completion of the entire research process. Because of the
richness of the data, studies with as few as 5 or 10 participants can produce enough data
to be used reliably in simple statistical analysis [18]. Certainly, with the support pro-
vided by an mESM tool, a larger sample size is possible. However, before actually
going into the field, researchers should have an orientation meeting and implement a
pilot test. Orientation will provide instruction about the procedure and strengthen the
research alliance by providing further explanation of the study’s goals and answering
any questions.

In the DI stage, participants first receive SMS or other signals, then fill in and
submit ESF anytime and anywhere. Researchers should track the research every day to
find missing data and send reminders to corresponding participants. Incentivization
(whether material or nonmaterial) and retention of participants are necessary; to realize
the latter, it is beneficial to provide a thorough and honest explanation of the study and
establish a relationship of trust. In this stage, researchers are highly recommended to
write memos every day, because memos provide more extensive and in-depth data and
thinking for mESM research.

In the AI stage, a debriefing interview may help researchers get more extensive
information. For example, participants are often asked whether they felt that the period
of signaling represented a “normal week” in their lives and whether any specific
activities or situations caused them to fail to answer the signal. After data cleaning, the
process of data analysis includes both response-level and person-level analysis [18].
The former involves the raw data submitted after each individual signaling, while the
latter involves summarizing and analyzing the raw data for each individual. According
to the underlying purpose of the research, this analysis may be qualitative (e.g. case
analysis) or quantitative (e.g. ANOVA, ordinary least squares (OLS) or hierarchical
linear modeling (HLM)) [18].
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3.2 Improvements for the Elderly

The above implementation framework provides basic guidance for mESM field studies.
However, there are some specific improvements to consider in studying the day-to-day
life of elderly people (those who use smartphones). First, older participants may not be
comfortable reading text in small fonts, so picture, voice, and video channels may be a
good choice. For example, items in the ESF may be displayed as pictures or videos, and
participants may complete their report as a voice recording. Second, researchers should
consider allowing elderly respondents to capture their experiences by taking photos,
which can also assist in recollection after the fact [26]. Third, the cognitive load of the
elderly should be taken into account: it is recommended to use mESM tools with a
simple interface and a simple feature set. Fourth, it should be acknowledged that health
problems are prevalent among the elderly; a large amount of sensor data involving
position, movement, etc., can be integrated into health information behavior research
conducted on elderly subjects. Fortunately, all of these criteria can be satisfied with
smartphone-based mESM; accordingly, our team are developing a mESM tool tailored

Table 2. Implementation framework for mESM

Stage Contents Details

BI Determine sampling method • Time-contingent sampling
• Event-contingent sampling
• Mixed sampling

Determine framework of time • Research cycle
• Daily sampling frequency
• Signaling schedule

Decide on mESM tool • Choosing a ready-made or customized tool
Design ESF • Controlling items of ESF
Recruit, select and orient
participants

• Basic requirements for participants
• Prerequisites of participation
• Number of participants
• Orientation

DI Send signals • SMS or other signals
Participants fill in and submit
ESF

• Anytime, anywhere

Track the research • Anytime, anywhere
Reminder participants to fill in • Timing and frequency of reminders
Incentives and retention • Material or nonmaterial incentives

• Explain the study and establish relationship of
trust

Create memo • Provide extensive data
AI Interview • Debriefing interview

Process and analyze data • Data cleaning
• Response-level analysis
• Person-level analysis

Note: BI: before implementation; DI: during implementation; AF: after implementation
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to the elderly. In addition, the sampling method, timeframe, orientation, sampling
schedule, incentives, and retention practices should be tailored both to the age of the
participants and to the purpose of the research.

4 Discussion

From a researcher’s perspective, mESM has become an ideal method for capturing the
day-to-day information behaviors of the elderly. Compared with general ESM, mESM
is more convenient and can capture qualitative or quantitative data explicitly or
implicitly for a large or small sample size. In addition, mESM tools are readily com-
bined with other methods, such as ethnography or field experiments [21]. Therefore,
widespread adoption of mESM is expected in various fields, including clinical medi-
cine, healthcare and pharmaceutical research, mobile health management, mobile social
and mobile education. However, repeated signaling inevitably disturbs the elderly, and
the development or selection of a tool, combined with orientation and the provision of a
monetary incentive, will tend to increase the cost of this method. Additionally, if a
study integrates sensors, the investigators will face the challenges inherent in dealing
with heterogeneous data.

The perspective of the elderly, too, must be taken into account. Researchers should
favor reporting methods that are accessible, easy to navigate, and not cognitively
burdensome. Moreover, an effort must be made to improve the ICT literacy of the
elderly, and the privacy issues arising in an mESM-based study should be managed so
as to protect elders’ rights.

Policymakers also have a role to play. Given the method’s potential value for
understanding the needs and challenges of the elderly, the government should
encourage mESM studies with elderly respondents. Official guidance for research and
related industries is also important, as are clear policies on mESM-related privacy
protection.

5 Conclusion

In sum, mESM is an ideal research method that combines the strengths of classic ESM
with current mobile technology. Although there are still some challenges in applying
the method to the day-to-day life of older people, mESM shows evident promise in this
field. With the support of mESM-based studies, we may understand the elderly more
accurately, facilitate older adults’ self-management of daily life, choose policies that
better match the needs and characteristics of elderly citizens, and enable service pro-
viders to provide more accurate context-based services for this growing demographic.
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Abstract. In our ageing society, health and social problems of older people are
on the rise. A possible way to deal with these issues is to ensure older people
remain actively engaged in society by stimulating social interaction with other
generations, such as (grand) children. Playing intergenerational digital games
could be a way to achieve this kind of social interaction. The present state-of-
the-art literature review aims to provide insight into the factors to take into
consideration for setting up and conducting the co-design (involving younger
and older adults interacting both with one another and with game designers) for
an intergenerational digital game. Finally, this paper offers recommendations for
the co-design of such games.

Keywords: State-of-the-art literature review � Intergenerational digital games �
Co-design � Design recommendations

1 Introduction

Older people are at risk of health issues (e.g., due to mental and physical decline) as
well as social problems (e.g., loneliness) (http://www.who.int/about/mission/en/). As
the world’s population is ageing rapidly, with the number of older people estimated to
double to 1.6 billion globally between 2025 and 2050 (U.S. Census Bureau, 2016), this
is an important social issue. The ageing of the population is a megatrend that will
impact on global society for decades to come. Yet another megatrend that is swiftly
changing the world is that of the digitization of society. The number of users of digital
media in Western countries has soared over the past few years across all age groups,
from young to old (http://www.pewinternet.org/2017/05/17/tech-adoption-climbs-
among-older-adults/ and https://ec.europa.eu/eurostat/statistics-explained/index.php/
people_in_the_EU_-_statistics_on_an_ageing_society).
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Remaining actively engaged in society, for example, through social interaction with
other generations, such as (grand) children, could offer a way to deal with the health
issues and social problems confronting older adults. Studies have clearly shown that
fostering intergenerational contact can serve as a valuable instrument to achieve such
active engagement [1–3]. As play is a necessary human activity (see Huizinga [4] on
the “homo ludens”), and playing digital games in our everyday life has become as
common as watching television for many of us [5, 6], intergenerational digital games
could provide a useful tool in getting or keeping older people involved in our society.

Literature reviews [7, 8] explored the possibilities of intergenerational digital
gaming in a broad sense, and examined various characteristics of intergenerational
digital games. They did not, however, analyze in detail the process of designing
intergenerational digital games. Another literature review [9] provided insight into the
attraction of intergenerational digital games and the factors that need to be taken into
consideration when setting up and designing digital games targeted at mixed-aged
players. But to our knowledge, no state-of the-art literature review has yet focused on
how co-design can be used to set up and conduct an intergenerational digital game to
enable seniors to become or remain involved in society. This is somewhat remarkable,
as involving the future players – in this case, members of both older and younger
generations - in the design process is a logical condition to foster meaningful play;
gaming is a shared play activity for which the players need each other.

The present state-of-the art literature review, therefore, aims to provide insight into
the characteristics and dynamics of setting up and conducting the co-design of an
intergenerational digital game. We are aware of the fact that other terms have also been
proposed for this type of design, such as player-centered game, participatory design,
human-centered game design, and user-centered game design, each of which, however,
carries a slightly different meaning. In this article, we use the term co-design to refer to
a process in which involving users from the very beginning to the end is crucial.
According to Stewart et al. [10], such an approach blurs “the boundary between game
player and traditional ‘creator’” (p. 20). Following [11–14] we define the co-design of
an intergenerational digital game as: A process involving younger and older adults both
with one another and with game designers) in the design of a digital game through a
participatory approach to enhance meaningful play. And we follow [15] who, after first
having argued that “meaningful play in a game emerges from the relationship between
player and system outcome” (p. 34), later added in a section about Games as Social
Play that for such games, it is not enough to focus only “on the relationship between an
individual player and a game, but also on the social experiences that occur when more
than one player participates in the same game.” (p. 462). We also follow [16] who state
that “a thorough understanding of seniors, their expectations, their likes and dislikes,
social relationships, etc. is essential to designing meaningful play for elderly citizens”.
It goes without saying that, in the case of intergenerational digital game design, this
applies to younger citizens, as well.

The co-design process is an iterative, cyclic one that consists of the following four
phases: analysis, design, development and evaluation [17]. Several techniques may be
used during each phase. The analysis phase, for example, may involve performing
contextual inquiries and participatory design. Contextual inquiries are observations of
persons in their natural environments to understand how people usually behave [17].
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Participatory design is a technique that is used to collect qualitative data about the
proposed user, As the focus of participatory design is less on game concepts, and more
on the user, it is not only part of the design and development phase, but also of the
analysis phase [17]. Evaluations are preferably carried out after every phase, to ensure
that feedback is received in time to allow modifications to be made to the game. In
earlier stages, these user tests might be performed using low-fidelity prototypes, which
are low-cost preliminary versions of the game with only limited functionality [17].

As our definition of the co-design of intergenerational digital games makes clear,
the creation process should have a participatory character. This implies that game
designers should involve the target groups in an active way, i.e., ensuring the full
participation of older and younger people in the design process, from the very
beginning to the end.

In the present state-of-the-art literature review, we will examine empirical studies to
gain insight into factors to take into consideration for the set up and co-design of
intergenerational digital games.

2 The Importance of Intergenerational Games

Intergenerational play can serve different purposes, such as fun (leisure), seriousness
(learning) or serious fun (see [7, 18]). According to Davis et al. [1] intergenerational
play could be instrumental in enhancing intergenerational contact, which could be
mutually beneficial to grandparents and grandchildren. De la Hera et al. [19] argue that
this kind of social interaction, “must be stimulated, as not only do the generations hold
negative age stereotypes about each other, age differences also contribute to a lack of
mutual understanding, which may serve to inhibit interactions between the generations
[20]”.

In our opinion, intergenerational gaming is significant, because it can contribute to
an important societal issue: enhancing intergenerational relations. [1] state that “it is
well documented that ongoing social connection between the young and the elderly
increase the sense of wellbeing of both parties” (p. 191), and [3] argue that: “Inter-
generational contact can reduce the prevalence of ageism, and significantly help
improve the mental and physical health amongst the elderly [2]. Similarly, within the
family, strong intergenerational relationships have been found to increase self-esteem
for the young, and provide positive long-term psychological benefits for children as
they move into adulthood [21].” (p. 368).” So, intergenerational contact has the
potential to reduce the prevalence of ageism, and significantly improve the mental and
physical health of younger and older persons. Costa and Veloso [7] and Zhang and
Kaufman [8] have pointed out the potential benefits at the cognitive level (e.g. the
exchange of information, knowledge and skills [2], attitudinal level (e.g. reducing
ageist ideas, e.g. [7]; and the social level (companionship, e.g. [22]). Finally, [2]
underlined the importance of family contexts, especially grandparent-grandchild rela-
tionships, in this regard (see also [1, 22–25]).
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3 The Importance of Co-design

It is important to involve game players in game design, especially when it comes to
non-traditional player groups [13, 26]. The following statement, though, made by
Vetere et al. [25] in 2005, still applies today:

“One of the crucial critiques of the current state of game development is the
apparent lack of originality in design solutions: games are designed to appeal to a rather
narrow, already existing player demographic. As long as the design of new games is
based on the traditional model of individual game author or small team designing
games based on their personal likings and vision, rather than on understanding derived
from their potential new audiences, this is unlikely to change” (p. 1).

Game designers are typically young male adults with little understanding of the
needs that older adults have [11] Or, as Oudshoorn et al. [27, p. 41]) (citing Akrich
([28], see also [16, 29]) phrases it, the pitfall of I-methodology should be avoided: “The
I-methodology refers to a design practice in which designers consider themselves as
representative of the users [28]. Akrich [28] describes the I-methodology as the “re-
liance on personal experience, whereby the designer replaces his professional that by
that of the layman” [p. x].”

This is often an unconscious process: the designer is not aware of the fact that the
user representation he or she is using resembles himself or herself. In contrast to the
images created by designers and what people expect, implicit methods are often more
powerful than explicit methods in shaping the design (p. 41).

Co-design in an intergenerational context implies the involvement of two different
user groups (younger and older adult), who interact both with one another and with
game designers. As we saw in Sect. 1, involving younger and older adults - the future
players - in the design process is a logical condition to foster meaningful play, as
gaming is a shared play activity for which the players need each other. It follows,
therefore, that a co-design process is essential to developing a digital game that fits the
motivations and abilities of both older and younger players.

It is also important to be aware of the fact that the motivations to play digital games
differ between older and younger individuals. This finding led De la Hera et al. [19] to
argue that older players (1) tend to reject reflex-oriented games such as fighting or
racing games, as they find such games more difficult, less interesting and therefore less
enjoyable to play [30], (2) avoid action and violent games, (3) prefer games with
intellectual challenges [30–33], (4) like playing games because of social aspects, in
particular when playing with family members, when the social aspect is more important
than the game itself [33, 34], and (5) tend to be less competitive and inclined to assume
more passive and supportive roles [30, 31, 33, 35]. Common ground should therefore
continuously be sought: the need for fun and relaxation, to escape reality and for social
interaction and connectedness is shared by both generations [11].

De la Hera et al. [19] also argue that, as older players are generally less competitive
than younger adults and children, digital games designed for intergenerational play
should preferably take the form of collaborative games or digital games implementing
cooperative competition (e.g. Khoo’s digital game Age Invaders) rather than compet-
itive games [35–37].
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Finally, we should keep in mind that there are age-related differences between
younger and older players. Loos [11] points to a number of problems confronting
senior players, such as age-related decline in vision (difficulties with reading texts on
screens and with detecting items in the periphery of the screen), hearing (problems
hearing certain sounds), cognition (difficulties with speed) and visual-motor coordi-
nation (problems with mouse and key board controls, selecting and scrolling pages on
the screen); see also [23, 37–40].

To accommodate these age-related differences, De la Herra et al. [19] have sug-
gested taking the following points into account when co-designing intergenerational
digital games regarding:

• older players:
(1) strive to develop in-game adjustable speeds instead of time restricted games

[31];
(2) allow for the possibility to play according to the players’ own abilities (see the

digital game Age Invaders [23, 24];
• younger players:

tailor the game technology to their age and abilities [25, 41];
• older and younger players:
(1) include easy to master physical and tactile controls, because they elicit higher

degrees of involvement for both generations, tend to be shorter (attractive for
older players) and feature lighthearted themes and characters (attractive for
younger players) [36];

(2) make use of enactive interaction that avoids relying on specific knowledge of
how to operate digital games [36, 37].

After having presented the characteristics of intergenerational relations, play and
gaming, including implications for game designers, in the next sections we move on to
the central theme of our article: the co-design of intergenerational digital games.

4 Method State-of-the-Art Literature Review

As our goal is to review empirical studies to get insight into the dynamics of setting up
and conducting the co-design of an intergenerational digital game. The focus is on
intergenerational game activities in which game designers collaborated with younger
and older players to get insight into their experiences of gaming together to optimize
the design process. So, the goal is not to provide a basis for evidence-informed poli-
cymaking and practice, and for this reason we decided against conducting a systematic
literature review, opting instead for state-of-the art literature review, including full
papers of empirical studies published until the end of 2017, with this focus. We started
with the review by Costa and Veloso ([7], and using the snowball method [42], we
finally included eight empirical studies.
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Please note that we did not include Knudtzon et al. [43] in our state-of-the art
literature review as the term ‘intergenerational’ in their title ‘Starting an intergenera-
tional technology design team: a case study’, referred to children and game designers
and not to older players. Neither did we include Van den Abeele and De Schutter [44]
as this publication was not a full paper but a one page description of a design research
project based on a framework (called P-III) to facilitate intergenerational play between
grandparents and grandchildren (see also a comparable research project, called e-
Treasureproject by the same researchers, aiming at developing a digital game by means
of a player-centered design process, including seniors and youngsters from the
beginning until the end - https://iiw.kuleuven.be/onderzoek/emedia/projects/etreasure).

4.1 The Included Empirical Studies

As explained in Sect. 4, eight articles on the co-design of intergenerational digital
games were retrieved from the literature (see Table 1), and discussed in terms of study
design, aims and populations, theoretical/methodological approach or design rationales,
and the recommendations given for the co-design of intergenerational digital games
(see Table 1).

Table 1. Co-designing intergenerational digital games

Article Study design Study aim(s) Study
population

Theoretical/methodological
approach or design
rationales

Recommendations for the co-
design of intergenerational
digital games

1. Al
Mahmud
et al. [45]

3 case studies: ! :
designing and
testing with
children, 2:
designing and
testing with older
adults,
3. testing both
digital games with
both user groups

“(…) we
investigated
various options
for enhancing
the gaming
experience
through
augmented
tabletop games
for children and
older adults”
(p. 147)

Children aged
7–11 and
older adults
aged 65–73.
Both groups
were studied
separately and
together.

Qualitative and quantitative
user test of the digital game
Tangible (social) interaction
was the starting point for the
development of the digital
game. Augmented tabletop
gaming was found to be
suitable by the researchers

• Maximize social interaction.
For instance, by including
guessing, cooperation, and
competition

• Create uncertainty within the
digital game, such as hidden
resources, to introduce new
challenges

• Theme and game elements
should attract children

• Maintain a balance between
social interaction and
immersion

• Make sure the digital game is
easily followed by both user
groups, for instance by
gradually introducing
technology and use simple
game rules

• Game rules must encourage
cooperation

• Keep in mind the preferences
of children, rather than the
elderly

(continued)
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Table 1. (continued)

Article Study design Study aim(s) Study
population

Theoretical/methodological
approach or design
rationales

Recommendations for the co-
design of intergenerational
digital games

2.
Derboven
et al. [46]

Case study: User
tests of an
intergenerational
digital game

“(…) explore
how direct
video
communication
in an inter-
generational
game influences
game
experience”
(p. 57)

15 couples of
one senior (60
or older) and
his/her
(grand)-child
(15 or older)
participated in
user tests

Qualitative and quantitative
user test of the digital game
(i.e. evaluation/proto-
typing)
Observations of older people
to understand the kind of
digital games usually played
(i.e. contextual inquiry)
Starting point was that the
digital game had to include a
social aspect/social
interaction

• Use video chat functionality
• Moving through game phases
should occur simultaneously
for all players

• Include an exercise mode,
preferably in such a way that
older and younger players can
explore the digital game
together

• All players should have to
opportunity to ‘take the lead’

• Digital games should have the
possibility to play both with
and without extra
communication functionality

3. Khoo
et al. [23]

Case study: a
description of the
digital game
(design) and user
tests

“[Highlighting]
the general
methodologies
for designing
computer
games for the
elderly.” (p. 15)

5 university
employees
aged 45–60,
and
5 students aged
16–20

“General methodologies
followed for designing
computer related games for
elderly [were followed].”
(p. 5) (e.g. assessing how
well elderly understand
modern technologies,
finding out which digital
games are currently
available, and conducting
user studies with target
population) Starting points
for the digital game
included four different
aspects: social gaming,
physical gaming, a
cognitive aspect, and a
psychological aspect

• Recommendations for the Age
Invaders game only

4. Khoo
et al. [24]

Case study: a
description of the
digital game
(design)

“This paper
presents steps
for designing an
inter-
generational
family
entertainment
system which
focuses on
physical and
social inter-
actions using a
mixed reality
floor system.”
(p. 76)

User studies:
49 students and
20 persons
from the target
groups (10
persons 60-80
and 10 children
10–12)

A User-Centered design
approach was followed,
including:
- problem identification
- problem exploration (e.g.
observation of or focus
groups with target groups) -
setting design goals
- identifying design
requirements for prototype of
the digital game, including
identification of financial
resource, time constraints
and user needs, and
researching the
context/setting of use
- design idea generation (e.g.
brainstorm sessions)
- usability studies Design
goals: (physical and tangible
interaction) Social interaction

• Recommendations for the Age
Invaders game only

(continued)
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Table 1. (continued)

Article Study design Study aim(s) Study
population

Theoretical/methodological
approach or design
rationales

Recommendations for the co-
design of intergenerational
digital games

5. Rice
et al. [47]

Case study on the
co-design of an
intergenerational
digital game

To explore
interests,
motivations,
and design
ideas for digital
game
applications
among young,
old, and game
designers

50 participants
aged 15–21
and 55–74

Three design workshops
with 2 to 4 persons within
own and mixed age groups
performing several activities
(e.g. “100 pictures”)
A co-design approach was
applied. Co-design methods
and activities were borrowed
from [42], among others

• Take advantage of differences
in ability between older adults
and young persons (e.g. life-
skills and experiences,
physiological abilities)

• Use relevant user group
expertise (comparable to
previous recommendation);
e.g., children/younger adults
could support older adults in
understanding the digital
game, older adults could pass
on positive life experiences

• Make sure there is long-term
motivational interest in the
digital game: intergenerational
digital games require both
complexity and challenge

• Explore opportunities within
public spaces for community
engagement

• Recognize local challenges and
opportunities for
intergenerational digital games

6. Romero
and
Ouellet
[13]

Intergenerational
digital game
design
workshops

Analyzing “the
scaffolding
process of inter-
generational
game design
activities as a s
an instructional
learning
strategy.”
(p. 74)

34 18 to 80
years old
participants

Participatory activities
involving older and younger
participants to scaffold a
digital game creation
process (by using a
storyboard and the visual
programming tool Scratch
(http://scratch.mit.edu).
Approach characterized by
the fact that “… the final
game product is not the
objective, but an intergen-
erational facilitator.” (p. 80)

• “A highly guided approach to
scaffold the intergenerational
game creation workshop was
a key element for its
successful development.”
(p. 80)

7. Vanden
Abeele
and De
Schutter
[37]

Case study on the
design and user
evaluation of
existing digital
games and user
evaluation of the
developed mini-
game

To verify the
design
rationales and
test the inter-
generational
digital game

User-
evaluation of
existing mini-
games: 5 pairs
of a senior and
a younger
adult (3 of the
pairs had a
grand-parent-
grandchild
relationship, 2
pairs were
acquaintances)
User-evaluation
of developed
mini-game:
7 seniors (and
one 45-year-old
stand-in) and 8
younger adults

Qualitative user test of the
developed digital game (i.e.
evaluation/proto-typing)
and comparable existing
digital games
Ethnographically inspired
research
The digital game was
developed applying a player-
centered design process, but
the authors report that “the
discussion of the entire
player-centered design
process is beyond the scope
of this paper” (p. 426)
Three design rationales were
reported. These were
produced by the design team
and supported by theory

• No general recommendations
for co-design of
intergenerational digital
games mentioned

(continued)
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4.2 Discussion of the Empirical Studies

Although the studies differed substantially as regards study design, aims and popula-
tions, all dealt with an empirical study on the co-design of (newly developed) inter-
generational digital games involving users form different generations. Most authors
reported on one or more case studies and focused on user tests of newly developed
intergenerational digital games. Of the eight studies in our state-of the-art literature
review, Rice et al. [47] and Xie et al. [48] were the ones that focused most on the co-
design process of intergenerational digital games.

Xie et al. [48] explicitly aimed to explore co-design methods that could be
employed to involve older adults and children in the use of technologies in intergen-
erational interaction. This study was specifically set up to develop co-design methods
for technology use in an intergenerational context. The authors call one particular
activity within their design process ‘co-design of the co-design methods’, through
which important insights were gained as regards setting up and conducting the co-
design of an intergenerational digital game. The most pivotal recommendation in this
study was that intergenerational collaboration, according to these authors, could best
take place in a distributed fashion. Co-located collaboration is not essential; instead,
older and younger adults should spend time together (to understand the needs and
preferences of each other) as well as apart (to elaborate on ideas). Other recommen-
dations for co-design were to work in small groups, to use art supplies with children,
and to make use of sticky notes for both target groups (i.e. older adults and children) to
share ideas. An important point to keep in mind about this study is that the older adults
and children had never met before taking part in the study. Hence, the extent to which

Table 1. (continued)

Article Study design Study aim(s) Study
population

Theoretical/methodological
approach or design
rationales

Recommendations for the co-
design of intergenerational
digital games

8. Xie
et al. [48]

Case study on the
design and user
evaluation of
existing digital
games and user
evaluation of the
developed mini-
game

To understand
how older
adults and
children can
work together
to co-design
technology and
to determine
what (new) co-
design methods
are needed

6 older adults
aged 68–81
and 7 children
aged 6–9 who
did not know
each other

Co-design activities took
place in several stages and
included among other,
distributed design sessions,
sticky note ideas, and
brainstorming. One of the
methods was called “co-
design of co-design” (p. 16)
by the authors. A co-design
approach was applied. One
of the study aims was to
“revise and improve
methods with co-design
partners.” (p. 415)

• Children and older adults
need time together to start the
collaboration and understand
each other’s needs, but also
time apart to advance the
collaboration in a less
stressful environment

•Work primarily in small groups
when children and older adults
are together

• It is important to build and
elaborate upon the (shared)
ideas of children and older
adults

• Spend time on a group
discussion with older adults
only so they can express their
needs and wishes

• Use art supplies for children
• Use sticky notes for children
and older adults to share ideas
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the findings can be generalized to co-design processes with older adults and their
(grand) children is unclear.

Rice et al. [47] focused on “the roles games have in fostering relations with
strangers, and the extent they differ to a family context” (p. 377). They conducted three
workshops with 50 participants, who took part in a range of design activities intended
to create an intergenerational digital game. They analyzed videotaped workshop ses-
sions and materials (e.g. game concepts, storyboards) created by the participants. They
recommended “to address possible disparities in skill sets, designers should build on
the intrinsic qualities and experiences of targeted age groups (p. 376)”. For a discussion
of age-related differences between younger and older individuals, we refer to Sect. 3.

Although the design process was not the main focus of the other studies, these
nevertheless also provided useful insights for designers aiming to set up and conduct
the co-design of an intergenerational digital game. Some of the studies used a quali-
tative approach (#5, 6, 7 and 8), other studies used a mix of qualitative and quantitative
users’ tests (#1, 2, 3 and 4). The co-design characteristics most often reported were user
observations and interviews with user groups, to understand the type of game they play,
and user tests of prototype games that have been developed. Al Mahmud et al. [45] for
instance, reported that their game design started with an observation of the target
groups in their natural environment. These activities can be regarded as contextual
inquiries and are obviously part of a player-centered design process [17]. The evalu-
ation of a prototype of the game was part of the design process in several studies (#1, 2,
3, 4 and 8). This method occurs in the player-centered design process as well,
preferably following each of the three design phases, i.e., after the analysis phase,
design phase, and development phase) [17]. In most empirical studies the design
processes were difficult to reconstruct from the information available in the articles and
as a result and hard to evaluate in the light of the predetermined criteria. By contrast,
[23, 24] published a series of articles on the design process of Age Invaders, in which
low-fidelity prototypes were followed by higher fidelity prototypes. For example, [23]
presented the results of a user study with a preliminary prototype, while in their later
article [24], they describe the use of a more advanced prototype for this purpose.

None of the eight articles alluded to the use of theories in the co-design process, nor
were any theories, such as the Self-Determination Theory [49, 50], the Uses and
Gratifications Theory [51–53] and the Domestication Theory [54, 55] used as a the-
oretical frame work for co-design. Design methodologies were barely mentioned or
only implicitly touched on. Study findings and recommendations were highly depen-
dent on how the (co-)design had been conducted. Exploiting the differences in skills
and abilities of both user groups (by studies #2, 4, 5 and 8) were recommendations for
the design of intergenerational digital games that emerged a couple of times.

5 Conclusions

Our state-of-the-art literature review clearly showed that empirical studies providing
insight into the dynamics of setting up and conducting the co-design of intergenera-
tional digital games are scarce. While the eight studies we discussed critically in our
state-of-the-art literature review differed with regard to study design, aims and
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populations, they all focused on an empirical study on the co-design of intergenera-
tional digital games, or on user tests of such newly developed games. The following
Table shows which lessons can be drawn from our state-of-the-art literature review
(Table 2).

We conclude that for setting up and conducting the co-design of intergenerational
digital games distributed collaboration is important: children and older adults should
spend time together to start the collaboration and to understand one another’s needs,
but also time apart to advance the collaboration in a less stressful environment, work in
small groups, and pay attention to and make use of differences in their skills (including
age-related differences). To sum up, we recommend “designing with, rather than for
participants …” ([47], p. 369).

Acknowledgements. This research was supported by the Focus Area Game Research at Utrecht
University and the paper was written within the project “Persuasive Gaming in Context. From
theory-based design to validation and back” funded by the Netherlands Organization for Sci-
entific Research (NWO). See www.persuasivegaming.nl.

Table 2. Recommendations for the co-design of intergenerational digital games

• Allow children and older adults to spend time together to start the collaboration 
and understand each other’s needs, but let them also have time apart to advance 
the collaboration in a less stressful environment. 
• Work primarily in small groups when children and older adults are together.  
• Build and elaborate upon the (shared) ideas of children and older adults. 
• Use relevant user group expertise (e.g., children/younger adults could support 
older adults in understanding the game, older adults could pass on positive life 
experiences). 
• Make sure that the game is easily followed by both user groups (e.g. by grad-
ually introducing technology and use simple game rules). 
• Moving through game phases should occur simultaneously for all players, use 
relevant user group expertise (e.g., children/younger adults could support older 
adults in understanding the game, older adults could pass on positive life expe-
riences). 
• Make sure there is long-term motivational interest: intergenerational digital 
games require both complexity and challenge. 
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Abstract. While many digital asset management platforms and digital libraries
exist, most have been designed for technically savvy users and not the older
adults who are a key audience for our Digital Drawer platform. In the domain of
digital humanities collections, our project is significant in that we are utilizing a
participatory design (PD) process wherein all of the stakeholders and potential
users of a system are actively involved in the design process to help insure the
result meets their needs and is usable. This paper presents a case study on the PD
process and the challenges of designing a crowd-sourced media and metadata
submission tool for the Historic Rural Churches of Georgia to accommodate
older adult users with low technical savvy and disabilities. We report on the PD
process to design the user interface and user experience (UI/UX) for this user
demographic, present conclusions and plans for future work.

Keywords: Access to education and learning � Design for aging �
Design for all best practice � Design for all methods � Techniques and tools �
Evaluation of accessibility � Usability � User experience

1 Introduction

The Digital Drawer partnership is a rare collaborative partnership formed to pilot a
method of gathering, curating and disseminating crowd-sourced community memory.
This effort of the Georgia state library system, universities, humanities and non-profit
organizations is testing an online concept through a program permitting Georgians to
upload their carefully preserved documents, photographs, images of artifacts and oral
memories of historic churches that were the foundation of their community life. The
Digital Drawer platform, being developed by the Georgia Institute of Technology’s
Interactive Media Technology Center (IMTC), in collaboration with Emory Univer-
sity’s Center for Digital Scholarship (ECDS) and the Historic Rural Churches of
Georgia (HRCGA), is unique in that it will be designed to accommodate the limited
technical capacity of an anticipated older demographic with disabilities. The platform
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will be a cloud-hosted media and metadata repository with data sharing service
available to the public through their public libraries or partner websites.

The goal of the Digital Drawer partnership is to create a methodology for gath-
ering, curating and disseminating these crowd-sourced collections of rural church
histories, establishing a digital community memory. We intend for the Digital Drawer
to become an international, open-source platform to be used by humanities scholars and
the general public to access collections of these historical and often lost voices in our
past.

While many digital asset management (DAM) platforms and publicly accessible
digital libraries exist, most have been designed for technically savvy users (to the extent
that these systems were designed with the involvement of end-users) and not the older
adults who are a key audience for our Digital Drawer platform. In the domain of digital
humanities collections, our project is significant in that we are utilizing a participatory
design (PD) process wherein all of the stakeholders and potential users of a system are
actively involved in the design process to help insure the result meets their needs and is
usable.

We have engaged our target user community in a series of participatory design
activities, including focus groups, UI prototyping interviews and collaborative design
exercises.

This paper presents a case study on the participatory design process and the
challenges of designing a public-facing media and metadata submission tool for our
identified user population. We report on both the PD process and activities as well as
our initial findings and conclusions.

Our findings are helping to inform a preliminary report on design guidelines for the
public-facing Digital Drawer web application that is uniquely innovative in its uni-
versal approach to accessibility, accommodating the needs of this older audience.
Having recently secured funding from the National Endowment for the Humanities
(NEH) to design, implement and deploy the Digital Drawer, we plan to continue to
employ the PD approach, involving all stakeholders from end-users to public library
personnel and humanities researchers, as we refine the UI/UX design and user
requirements and implement the Digital Drawer platform. Our goal is to develop a
platform, including a publicly accessible API and data sharing service, upon which
future applications, data visualizations and collection sharing can be developed. We
plan to open source the API and documentation to encourage further development of
the Digital Drawer platform and its use in other domains.

1.1 History and Cultural Importance of the Project

Religion has played an important role in forming America and from its first settlements,
rural churches formed the vital core of community life in America [1]. Many of the
churches that once functioned as centers of rural life are today physically disinte-
grating. As congregations disappear and church structures are abandoned, local his-
torical memory of communities that date back to the beginnings of the European
occupation of North America are also endangered. In fact, society may lose many of
these records that generations before us preserved, but are now at risk.

The Digital Drawer 71



Churches are often key sites for examining several important strands in American
history. In Georgia, rural churches document the settlement of the state in the wake of
the forced removal of Native Americans. Churches tell stories of the state’s racial
history in the post-Civil War era through the long Civil Rights Movement, and they
document the rise and fall of population centers as the state’s political economy shifted.
Church records, replete with names, dates, and descriptions of events large and small,
contain information useful in understanding the state’s history from the bottom
up. Rural churches, scattered across often resource-poor sections of the state, are
significant yet under-represented sites preserving components of this history.

1.2 Historic Rural Churches of Georgia

Saving this important part of American history is the mission of Historic Rural
Churches of Georgia (HRCGA) [2]. Historic Rural Churches of Georgia was founded
in 2012 by Sonny Seals and George Hart with a mission to research, document, and
ultimately preserve historic rural churches across Georgia. They initially created a
pictorial archive of endangered churches and associated history around Georgia that is
featured on their website, launched in 2013 (see Fig. 1). With over 50,000 followers on
Facebook, over 30,000 monthly visitors to the website and a Georgia Public Television
show broadcast in the Fall of 2018, HRCGA engages a large public audience interested
in and involved with Georgia’s historic rural churches. Visitor and follower data from
HRCGA’s web site and social media pages reveals that their primary demographic is
older women (65+) living in rural areas of the state.

Fig. 1. Church detail page from hrcga.org.
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A key component of preserving these vitally important structures is collecting and
disseminating information about their history. The HRCGA’s Digital Drawer was
conceived as a platform and editorial structure to crowd-source the collection of such
documents and it has the potential to build an archive of significant historical impor-
tance while providing a model to extend such work beyond the state of Georgia.
Crowd-sourcing documents also helps build community around historic structures in
need of preservation, providing an extensible model for such work. The Digital Drawer
platform is being designed to better serve HRCGA’s identified primary demographic
(elderly, female, rural).

2 Designing the User Experience for Older Adults

Recent survey data shows that technology adoption is steadily rising among older
adults, including adults 65 and older, but this population still has lower than average
technical savvy and a relatively higher incidence of disabilities, attributes that should
inform user interface/user experience (UI/UX) design of apps and web sites [3].

There have been many efforts to improve the accessibility and usability of web sites
and web apps, including the development of accessibility guidelines for web content
(i.e. the WAI’s WCAG 2.1) [4, 5] and authoring tools [6]. The W3C’s WAI-AGE
project, in fact, concluded that existing web accessibility guidelines such as WCAG 2.0
adequately address the accessibility needs of older web users [7]. Aside from explicit
adherence to accessibility guidelines, other possible indirect contributors to improving
accessibility include new browser capabilities and page layout technologies, wide
application of search engine optimization (SEO) techniques and an increasing need to
create cross-device web designs [8].

It is important to adhere to accessibility guidelines when designing and building
web pages and apps, especially for older adult users, but as some researchers point out,
relying on guidelines alone to improve the accessibility of web sites and apps for older
users and users with disabilities doesn’t necessarily also result in better usability of
those sites and apps [9, 10]. Guidelines for designing systems for older adults often
recommend simplifying the graphical UI of a system, increasing the size and visual
contrast of fonts and icons to increase accessibility, but it is also important to address
the ease-of-use of such systems by employing other techniques such as using a system
navigation style which is more familiar to older adults [11]. Castilla et al. (2016) found
that when designing software user interfaces for older adults, it is often beneficial to
leverage their previous experience with analog media which presents information in a
linear format (i.e. books, video) [11]. Their experiments comparing perceived ease-of
use, satisfaction and task performance on a web mail application with participants aged
60 or older showed a clear preference for a simplified, linear navigation version of the
UI compared with a hypertextual version (i.e. Gmail).

2.1 Digital Drawer User Requirements Gathering

In designing the UI and UX of the Digital Drawer content submission web app, we take
a user-centered design approach with an emphasis on maximizing usability for our
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target user demographic. We employ a participatory design (PD) process wherein all of
the stakeholders and potential users of a system are actively involved in the design
process to help insure the result meets their needs and is usable.

As part of our PD approach, we conducted user requirements gathering activities
with members of our target user demographic, expanded to include public library
personnel who could provide insights into what typical technology troubles that library
patrons experience when using similar tools and how such a tool could be used by the
library system.

We conducted two focus groups at the Waycross Public Library in Waycross,
Georgia on Thursday May 11, 2017. The first focus group included four library per-
sonnel (3 women, 1 man) and the second group for content researchers (i.e. members of
the general public who have an interest in historic rural churches, genealogy, Georgia
and American history, etc.) included five participants (3 women, 2 men). Overall,
participants were enthusiastic about a proposed web-based online content submission
system for the facilitation of research on historic rural churches in Georgia. Library
personnel made suggestions on the design and feasibility of a dedicated kiosk within a
library for content submitters. Researchers described their research methods, use of and
familiarity with technology, and design recommendations for the online system.

Focus Group 1 - Library Personnel: Questions for this focus group were designed to
assess three main topics: (1) current process in assisting library patrons with technol-
ogy, (2) acceptance of proposed dedicated space for content submission system, and
(3) advice on design of this system based on their experience and expertise.

Currently, these library personnel spend a significant portion of their daily duties
assisting library visitors with using computers. Requests include basic computer help
(e.g. starting the machine, using a mouse or web browser) and setting up online profiles
for banking systems and social media. For a dedicated machine set up for historic rural
church content submission, our participants had the following advice:

• If visitors anticipate needing help for any stage (e.g. creating a profile, scanning,
uploading content), they should schedule a 30 min time slot through the library
website so library personnel can make sure they have the human resources available
to assist

• Appointments for assistance using the space would need to be limited to a couple of
days a week

• Equipment this library would need and does not currently have is a flat bed scanner
• Particular attention to the accessibility design of a system that is W3C compliant is

paramount.

These participants suggested capturing oral histories and this library is equipped
with high quality audio equipment they purchased for their maker space. They rec-
ommended partnering with local high schools to create a program where students
would assist and interview content submitters, then edit the captured media to create
short projects (e.g. podcasts, videos). This would satisfy the requirement that high
school students complete community service hours to graduate while also teaching
them how to interview, as well as media capturing and editing skills. Additionally, this
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would solve the problem of having sufficient human resource hours to assist content
creators while resulting in finished content that can be posted online for the public.

Focus Group 2 - Content Submitters and Researchers: Questions for this focus
group were focused on understanding the (1) motivations, (2) research process, and
(3) technology familiarity of the demographic involved in researching and submitting
information on historic rural churches.

In this group, two were current content submitters/researchers and two were inter-
ested in doing so, but had experience with similar projects (e.g. graves). All participants
were enthused at the prospect of having a dedicated online system to assist in the research
and aggregation of information on Georgia’s historic rural churches. Their current
research process involves exploring an area by car or on foot, investigating if there is a
written history associated with that church by contacting people nearby or those asso-
ciated with the congregation (if any), examine names in the nearby cemetery (if there is
one), and checking with nearby church phone directories. One experienced researcher
takes extensive notes on paper in addition to taking video with a point-and-shoot camera
while verbally annotating the features he sees around the site. He later transcribes these
notes and supplements photos with more information. The most important tool cited was
a point-and-shoot camera, though many in the group were beginning to prefer using their
smartphone for picture and video taking. This may be a good opportunity for a mobile
version of the site, where participants can upload photos directly from their smartphones.

Each current and interested researcher had favorite interests they preferred to begin
their research on and continue the focus on throughout their process. This included
architecture/church design (“I like to see if the church has a special reinforced floor,
suggesting that dancing was important to services”), age of the building and of attached
cemeteries (“I like to look for extremes – what is the oldest gravestone in the cemetery,
who lived the shortest length, who the longest?”), and longevity/persistence of the
church (“If an old church has been well cared for and is still used, that shows the
success of a community”).

In this small group, the younger participants (40–55 years) were interested in using
technology and fairly adept at common activities such as using a smartphone, web
browser, and similar online resources like Ancestry.com. An older participant (90 years
old) self-described himself as “old-fashioned” and preferred analog tools, though he
noted that a video camera was his most important tool and that he had interest in using
a web-based content submission system.

Ideas Generated by the Group for Wants in This System Were:

• Easy, concise site use tutorials
• A “general help button” to be connected with a “buddy” that could help them use

the site
• Ability to search preferred localities, such as by county
• Ability to view and search by historical maps
• Upload audio recordings
• Ask questions through a board or forum and communicate with other site members
• Ability to organize local events so that researching members of a community can

meet together in person: a picnic or clean-up event, for example
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• A feature to flag at-risk churches (e.g. slated for demolition, in need of preservation)
• Individual log-ins and profiles so that users can track their progress researching

specific church profiles.

Conclusions: Our initial design hypothesis describing a submission system similar to
Ancestry.com appears to be on the right track based on the feedback received from our
second focus group. The home landing page should be a simple site allowing for two
main functions: (1) search the database for current church profiles by location, name, or
other tags (e.g. date, architecture), and (2) create a new profile for a new researched
church not currently in the database.

The home page may also have a carousel with a “featured church”, links to tutorials
(e.g. video how-tos), and information on the project. Each church may have a social
media-esque profile, like Facebook, to leverage user familiarity with these systems. For
example, the most prominent features of a church profile would be the common name
(in addition to “also known as” names), date built (if known), a carousel of user
submitted photos, fields for other known and submitted information beneath, and
possible a Timeline-esque space for comments and questions by community members.

Some Important Design Considerations of This System Include:

• Many churches have many historical names that have changed throughout the years
(based on town name changes, re-dedications, etc.). Each church profile should
have an “also known as” field with other common names the church has existed
under. This may help prevent duplicate submission, as well.

• Community moderators would be a useful addition. These mods may be locally
specific (for example they moderate all submissions within a particular county), can
review submissions for accuracy and can remove or consolidate duplicate church
profiles.

2.2 Prototyping Interviews

Having established that our target user demographic may have a desire for a research
and content contribution tool for users interested in historic rural churches, we next
conducted one-on-one design prototyping interviews with several potential Digital
Drawer users. We constructed a series of UI/UX paper prototype screen variants of a
hypothetical Digital Drawer search and contribute workflows. Our prototype search
and contribute workflow screens were designed to have a linear flow and to require or
allow a minimum number of branching decisions or options, a navigation style.

Three older men (ranging from very low to moderate technical savvy) met indi-
vidually with a Georgia Tech researcher to work through paper prototype use cases and
usability requirements of a proposed content submission for the Historical Rural
Churches of Georgia (HRCGA) Society. Paper prototyping consisted of proceeding
through a hypothetical use case of uploading pictures and text information to an online
church profile within the proposed system. The researcher asked questions regarding
usability (e.g. what would you expect this button to do?), familiarity (e.g. have you
uploaded photos to a website before?), acceptability (e.g. is this a process you would be
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interested in learning how to do?), and their expert research advice (e.g. do you have
recommendations for the functioning of a system like this?).

Mockups of the proposed system were created and provided by Amy Lambeth,
IMTC’s graphic designer. The proposed system is modeled after popular content
submission procedures championed by social media sites (e.g. Facebook) to leverage
user experience and knowledge of these functions. Over the course of 1 h through a
participatory design process, a Georgia Tech researcher led each participant through a
hypothetical use case of uploading photo and text to an existing church’s profile.

Searching for a Church: In this proposed use case, a user possessing information
(e.g. pictures) on a certain church would visit this page to search for the church of
interest (see Fig. 2). Our participants greatly enjoyed the textual nature of the search
that had them fill in the search terms as blanks within a sentence.

For users who are more intimidated by technology appreciated that this search
function operated within a complete sentence so there was no confusion for what terms
to insert. Our participants were familiar with the picture carousel design and understood
that their search term results would scroll horizontally.

Selecting the Target Church: Figure 3 represents a search screen with supplementary
church profile information, like a map. Our participants were enthused about the map,
particularly if it were a Google Maps display, which most participants were already
familiar. They cited this was helpful in planning daytrips to churches in their area,
knowing if they could get gas or food nearby, and studying the satellite imagery to
understand the road terrain and nearby natural features (e.g. forests, rivers). The
prominence of the church image, name, and map were most important to our partici-
pants in their understanding if this was the correct church they were searching for.

Fig. 2. Searching for a church screen
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Adding Church Information: This screen (see Fig. 4) leverages existing profile
display designs utilized by sites like Facebook and Wikipedia. Our participants were
most familiar with using Wikipedia for daily research and they appreciated the tab
organization and prominent display of summary information beside the main church
image. The “add more information” button was more clear to them on its function, as
opposed to hyperlink text.

Uploading Photos: Our participants were not as familiar with a drag-and-drop
uploading function, but felt confident they could learn that or use the traditional file
system exploring function for the file of interest.

Fig. 3. Selecting the target church screen

Fig. 4. Church information screen
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Adding Metadata to Uploaded Media: Figure 6 shows a screen design wherein
users would populate information on the submitted content (here, a picture) such as
date of the content, context (i.e. event/occasion), and people. Back, next, and save
buttons guide users through the process without overwhelming them with too many
actions at once. Participants had no privacy concerns for uploading people’s names
associated with images, particularly if the image were old and the members of the
photo deceased. They felt that including historical names was an important archiving
feature to having a complete record.

Adding Tags to Uploaded Media: Our participants were not as familiar with the
concept of “tags”, but were familiar with keywords. All participants understood and
liked that content could be given accompanying tags to help with search for other users.
Figure 7 shows a screen design for adding tags/keywords to an uploaded image.

Fig. 5. Uploading photos screen

Fig. 6. Adding metadata to uploaded media screen
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Adding Freeform Information: Figure 8 shows a screen which allows users to input
other information such as stories, anecdotes, and informal notes about the submitted
information. Our participants felt this was particularly important to include because so
much of this content exists within personal stories that need to be captured.

Final Review and Submit: Figure 9 shows a screen design where users would review
the uploaded content and the information they have provided for final edits before
submitting it to the church profile.

Fig. 7. Adding tags/keywords to uploaded media screen

Fig. 8. Adding freeform information screen
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Design Recommendations: Overall, our initial prototype design seemed appropriate
and clear to our three participant users. Incorporating familiar designs provided by
Facebook and Wikipedia was useful in supporting their understanding of how such a
system would work. All participants said that a system like this exceeds the func-
tionality of other sites, like Find-A-Grave. Even the participant most intimidated by
technology said he would be interested in learning to use a system like this, especially
if he had some help.

3 Conclusion

Based on our PD activities with target users, we recommend using a conversational
style for instructions throughout the site’s functions to make the system more intuitive
and approachable for this demographic of older, less confident technology users.
Gating users through the search, upload and metadata annotation process by dividing
the content submission procedure into simple steps, each with only the minimum
required choices and decisions, is also recommended. Dividing steps into separate
screens also allows more of the display to be magnified and simplified making it easier
for older users to operate. This finding, a preference for a simplified, linear navigation
style, agrees with results reported by Castilla et al. [11].

Our participants were mostly familiar with how image file types work and how they
need to be uploaded. The most complex process by one participant to import photos to
his computer was to take a picture with his phone and then fax the photo to his home
computer’s native faxing application. Our other participants preferred to email the
photo taken from their phone and download it to their desktop.

The Google Maps function was particularly important to our participants and they
would want to be able to zoom in/out from the church profile page, download or save
the location, and complete navigation functions within the church profile tab. Other
recommendations for content fields include if the church has a cemetery (active or not),

Fig. 9. Final review and submit screen
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denomination, event calendars, relevant community and newspaper article links, and
links to social media pages for that community and church.

4 Future Work

The Digital Drawer project is ongoing and at the time of writing we have completed
the first two phases of our participatory design process. Beyond the user-facing
components of the Digital Drawer, the platform will include a web API and back-end
database and will be designed to interoperate with other digital libraries and reposi-
tories using common metadata schemas (i.e. Dublin Core [12]) and will support 3rd

party applications via a public web services API (see Fig. 10).

Future work on the Digital Drawer will include implementing a prototype content
submission web app based on the sequential screen designs resulting from our UI/UX
prototyping interviews. We plan to continue our PD activities by engaging our target
users in user testing sessions with the prototype, for example, A/B testing a sequential
screen design for the content submission app against a more monolithic design
incorporating all of the information and input fields of the sequential design on a single
screen (i.e. a design more akin to Gmail, Facebook, Ancestry.com and similar web
apps).

REST API

Digital Drawer Database

Public HRCGA web site

HRCGA Web Site

Public Digital Drawer
content submission web app

Digital Drawer Public

Private Digital Drawer
administration web app

Digital Drawer Admin

“Road Trip” Moble App

Digital Public Library of America

GALILEO

Fig. 10. Digital drawer platform web services architecture
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Abstract. How can we support the development of age-appropriate system
design in a society with new information and communication technologies
(ICT) emerging at an ever-increasing rate, making it imperative to consider age-
appropriate design to achieve the best possible usability and acceptance for older
adults? This paper describes the development of a style guide within the His-
torytelling Project to increase the consistency and therefore efficiency of the
interface and to gain a higher software development efficiency. The imple-
mentation of the style guide is based on the preexisting CSS framework
Bootstrap because of its high amount of predefined UI elements. The developed
style guide consists of two components: the actual implementation of the style
guide in the form of CSS customizations and the associated documentation.
Both components are freely accessible and editable online. An adjusted interface
was tested against a standard Bootstrap interface with 31 older adults aged 51 to
93 (M = 71), of which 15 participants used the standard Bootstrap interface and
16 the age-adjusted interface. Findings indicate a higher task completion rate
(effectiveness) across tasks for the adjusted Bootstrap+ version.

Keywords: Aging users � Human-Centered Design (HCD+) � Style guide

1 Introduction

How can we support the development of age-appropriate system design? And how can
the demographic change and steadily increasing percentage of older adults be used to
create something meaningful for each individuum and for the society? The History-
telling project (HT) addresses these issues by developing a digital social platform for
older adults to empower them in recording, visualizing and sharing their life stories.
These stories are an anchor to strengthen the ties between different generations and to
tie new ones. The research project relies on the strengths of older adults, giving them a
voice in the development of the software and seeks positive impact on the societal,
group and personal level (for an illustration see Fig. 1). On a personal level, HT offers
possibilities for reminiscence, for biographical work and for stronger contact to one’s
own history and other people. On a group level it can strengthen the ties of existing
relationships with friends and family and help establish new ones. And on a societal
level, HT offers the possibility to experience history from multiple perspectives and to
pass on life experience and knowledge from generation to generation.
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The core of the HT project is an interactive website, creating a digital network on
which older adults can document their life stories, enrich them with multimedia content
and embed them in a temporal and spatial context. Furthermore, story sharing is
possible within a family and public space to help establish vivid interaction between
users through the stories, providing a powerful trigger to write even more stories.

For the development of HT, the integration of potential users as participants is
crucial. Participants should be integrated in the development process from early on and
continuously in preferably all steps of the HCD process. HT uses the HCD+ framework
[1], which in turn helps to improve this framework by adding new guidelines for the
participatory development with and for older adults. HCD+ is an approach based on
Human Centered Design (HCD), to develop information and communication tech-
nology for older adults and focuses on “user characteristics and their impact on the
design process and results” [1].

1.1 First Development Steps

As stated above, the involvement of older adults throughout the development process is
important for HT. Thus, 19 interviews with older adults were conducted already in the
ideation phase of the project [1]. Preliminary results can be found in [2]. Interviews
were analyzed using the User Centered Design Canvas developed by [3] based on the
Business Model Canvas to visualize information about challenges and motives.
A project plan was created based on these results, and the HT topic was further
narrowed to specific features. This plan was used to simultaneously develop features in
a component-based software engineering approach, first described by McIlroy [4].
Although the idea of component-based system engineering is not new, with the advent
of (web-) technologies focusing heavily on this approach, it gets easier to reuse and test
parts of the source code within different user interfaces, increasing the development
speed, yet creating new usability challenges, especially regarding consistency [5–7].

Fig. 1. Illustration of the three levels Historytelling addresses: personal, group and societal

Development of an Age-Appropriate Style Guide Within the Historytelling Project 85



Figure 2 shows resulting interface examples described in [8–10]. They show that
there is little consistency among the interface elements, although the usability of each
interface tested positively in isolation. Figure 3 emphasizes this fact in detail by dis-
playing all different buttons of theHT interface. One approach to address these challenges
and ensure consistency among interfaces is to establish an age-appropriate style guide.

Fig. 2. Example of HT interfaces prior to style guide development

Fig. 3. Interface inventory of all buttons used in the various HT components
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1.2 Style Guides

User interface style guides are about as old as user interfaces themselves and were first
introduced by Apple for the Macintosh, with IBM and Microsoft following shortly
thereafter. The importance and benefits of these style guides were also discussed early
on [11]. As Gale [11] stated, the objectives for style guides are to “promote visual and
functional consistency within and between different applications”, “promote good
design practice” and to “reinforce company branding or an organization’s public
image”. Frost [12] and Debenham [13] define style guides as a clearly defined col-
lection for documentation and organization of design materials to provide guidelines,
practical application and guidance. In the literature, various motivations for using style
guides are mentioned, among them:

• Consistency and therefore efficiency [11, 14, 15]
• Having a clear, tangible output [11]
• Increased user participation in design [14]
• Increased user acceptance [14]
• Higher software development efficiency [14].

With the development and usage of style guides, there are potential pitfalls to
consider. Occurring problems can be divided into two groups: “Problems with the
contents of a style guide and problems with handling the document” [16]. Some
potential problems and challenges regarding style guides are the following:

• Shifting responsibility for design away from the programmers [11]
• User interface and style guide complexity and quantity of guidelines [11, 15]
• Low or no update frequency [11]
• Development process and schedules [15]
• Incorrectness and inconsistencies within the style guide [16]
• Continuous appearance of new style guide tools [16]
• Lacking style guide introduction within the organization [11]
• Access [16].

Some of the problems only occur with offline or paper-based style guides and could
be bypassed by using online open source style guides. Vogt [16] discusses some of
these challenges in further detail. For example, regarding incorrectness and inconsis-
tencies within the style guide he states that these are solvable intrinsic problems.
Concerning the appearance of new tools, Vogt states that the development of new tools
will not slow down in the future. Torres [15] sees a solution to the challenges of style
guide usage and development in applying HCD principles. He stresses the importance
of setting measurable goals, keeping users involved throughout the development pro-
cess, appealing competitiveness, designing the whole user experience, designing with a
multidisciplinary team and evaluating designs and design decisions. Gale [11] also
proposes a collaborative approach to style guide development with the following five
steps based on the involvement of developers and users throughout style guide cre-
ation: (1) “Raising awareness amongst developers and end users. (2) “Building con-
sensus” (3) “Documenting the Style Guide” (4) “Providing training and support
material” (5) “Establishing an environment which enables the guide to evolve”.
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Also, Gale sees advantages in using enriched style guide. He argues that a style
guide should not just be a document, but rather an “interactive demonstration to
illustrate the look and feel”, using “reference tables for quick reference of critical data”,
and provide source code to “promote sharing user interface code.”

Olsson and Gulliksen [14] promote the communication and involvement of users as
an inherited feature of style guides. They built a hypertext based online accessible style
guide with the capability to communicate opinions and ask questions. The advantage of
this approach is, as Olsson and Gulliksen state, the easier maintainability and the
possibility to perform revisions.

Looking at the “Website Style Guide Resources” by Anna Debenham [17], it is
apparent that the usage of the term “style guide” is nearly extinct in today’s use.
Instead, terms like “design system” or “pattern library” are used. One example is the
carbon design system by IBM [18]. Often, these design systems contain not only
design guidelines but also the company’s corporate identity. As Debenham [13] states,
design systems are an umbrella term for design principles, design of language and
tools. Pattern Libraries in contrast focus on the integration of elements and components
into a website and address the needs of programmers and less the needs of designers.

For HT, style guides can help on two levels: (1) the consistency of the developed
user interfaces and (2) the coordination and efficiency of student’s work on theses and
other qualifications creating them. Students usually have little programming experience
and work only briefly on the HT project due to the nature of qualification work.
Therefore, there is little time for onboarding and first steps guidance is critical. Also,
with a growing number of components, documentation and source code, the
onboarding into the development and the maintainability of the project gets more
difficult, impeding the goal of age-appropriate design.

1.3 Age-Appropriate Guidelines

With higher age, limitations in perception, cognition and motor control increase, which
are relevant for using digital technology [19]. Also, socio-cultural factors and the
acceptance of technology usage among generations and can influence or impair user
behavior [20] and it is important to consider the diversity of older adults as a group,
especially regarding their limitations, capabilities and experience with technology [19].
To avoid stigmatization, labeling user interfaces as ‘specific for older adults’ should be
avoided [21].

Much has been written about age appropriate guidelines for older adults, mostly
based on a combination of literature reviews, focus groups, interviews and user studies
and concluding to list age-specific requirements [20–25]. Arch, Abou-Zhara and Henry
[22] conducted a literature review based on 150 articles and observed some recurring
patterns in user requirements. Information overload was one of the most common
challenges, in particular the number of various items on one page, making it hard to
focus on relevant information, the usage of advertisements and animated elements
which were distracting, non-linear navigation through websites and inconsistency
regarding layouts, navigation and interaction. The authors saw a lack of information in
three areas: (1) Considering hearing loss and deafness. Although hearing loss was
identified as age related, most of the literature did not include recommendations to
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address hearing limitations. (2) Assistive technology or adaptive strategies were rarely
mentioned and thus guidelines regarding these technologies are seldom included.
(3) Existing Web accessibility guidelines are mostly not acknowledged or discussed
and thus many authors develop redundant recommendations.

2 Development

The implementation of the HT style guide is based on a preexisting CSS framework
and uses the component-based approach of the underlying source code. There are many
usable frameworks for different purposes. Typical examples for general purpose
frameworks are for example Foundation, UI Kit, Semantic UI and Bootstrap [26]. CSS
Frameworks have the benefit of providing predefined initial CSS rules, reusable layouts
and UI elements, meeting a certain standard [27]. Also, they make differences between
general and age specific style guides testable. The style guide developed for HT uses
Bootstrap because of its high amount of predefined UI elements, which can be used
first and then be adapted to age specific guidelines step by step. In analogy to the
development of the underlying HCD+ approach, the adjusted Bootstrap framework will
be called Bootstrap+.

2.1 Bootstrap

Bootstrap provides HTML, CSS and JavaScript patterns for layout, typography, forms,
buttons, navigation and further user interface elements. These components can be
extended and adjusted by using a CSS and JavaScript layer on top the framework. The
current version is 4.2.1. Bootstrap describes itself as a CSS framework for “responsive,
mobile-first projects on the web” and as “the world’s most popular front-end compo-
nent library” [28]. It comes with good documentation, has an active community with
1059 contributors (as of February 2019) since 2011 and is the most starred CSS
framework repository on github with over 130.000 stars. Originally, Bootstrap was
developed and published 2011 by Twitter and is by their own account used by NASA,
FIFA, Spotify and others.

2.2 Bootstrap+

Bootstrap+ consists of two components: the style guide documentation and the asso-
ciated implementation (accessible via the node package manager npm named
historytelling-styleguide [29]). The recommended way to include the style guide into a
project is by installing it via npm. If a module bundler, such as webpack, is used inside
a project, the provided SCSS preprocessor files can be included into the project and
adapted if required. If no preprocessor is used, also a standard CSS file can be used
inside a project. The loadable index file loads bootstrap, adjusted variables and the
custom HT styles, such as colors. The second component of Bootstrap+ is the docu-
mentation, accessible at [30]. The various UI elements are divided into different cat-
egories according to Debenhams design system [13]: Components, Elements, Tokens
(See Table 1 for an overview).
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Tokens define basic design bits such as color schemes, fonts and icons. Elements
define stand-alone UI elements such as buttons, text areas and headings (See Fig. 4 for
an example). Components define combinations of elements which should have one
single purpose such as indicating the current login status (see Fig. 5 for an example).
The implemented pages typically consist of various components. Each item consists of
a heading, an explanation, a graphical representation of the element and copiable code.
The documentation exists as a living style guide in an open github repository in which
suggestions for improvement can be submitted by the issue tracker or pull requests.

Table 1. Overview of the components, elements and tokens used within the style guide
documentation

Components Elements Tokens

• Progress indicator
• Process card
• Timeline
• Story card
• Navbar
• Bottom navigation bar
• Login indicator
• Story Display
• Story Content
• Media
• Feedback input
• Emoji input
• Feedback display
• Emoji bar
• Commentary display

• Buttons
• Media buttons
• Progress buttons
• Button group
• Text area
• Text entry
• Headings
• Running text
• Smileys
• Date block

• Color
• Logo
• Language
• Icons
• Font
• Structure and content
• Functionality

Fig. 4. An example for an element. The element is described, visually represented and source
code is provided
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3 Empirical Evaluation

To evaluate the developed prototype with age appropriate adjustments, it was tested in
an A/B-Test with the standard Bootstrap interface without age appropriation and without
style guide adjustments vs. the adjusted interface simply called Bootstrap+, as has been
suggested by Torres [15]: “A new style guide should be evaluated against predecessors
competitive style guides, just as products are evaluated.” Below, this empirical evalu-
ation is documented regarding participant recruitment, testing atmosphere and proce-
dure as well as methods applied as described in the HCD+ approach [1].

3.1 Recruitment of Participants

Participants were recruited in two ways, one successful, one less so: at first, people
were directly approached and asked for participation in spontaneous short interviews at
the central train station. The aim was to quickly reach a high number of diverse
participants, yet that approach failed leading to merely one participant. Thus, local
residencies, care facilities and associations were contacted, based on established con-
nections from previous projects as well as new internet search results. Most of the new
care facilities and residential homes dismissed the request due to a stated lack of
technology use by older residents. Ultimately, only one residential home with 9 par-
ticipants and two local women’s associations (Frauenring Lübeck and Lübecker
Landfrauen) with 9 and 12 participants could be recruited for the empirical evaluation

Fig. 5. An example for a component. The component is described as well as other used
components and elements and the component is visualized
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of the prototype. Hence, a total of 31 mostly female (22 f; 9 m) older adults aged 51 to
93 years (M = 71, SD = 9) were interviewed. 74% of them indicated daily use of at
least one ICT device such as computers, tablets or smartphones, 19% estimated a
frequency of at least three times a week, and 6% declared that they do not own any of
these devices. 15 participants used the Bootstrap interface and 16 the age-adjusted
Bootstrap+.

3.2 Procedure and Atmosphere

To allow for a natural conversation between participants and interviewer, the survey
was carried out in teams of two: one interviewer and one recording observer.

Interviews lasted 15 to 20 min and focused on participants solving six hypothetical
tasks. These tasks confronted participants with different system processes, examining
how well the system was perceived and understood. Tasks included the following
functions: search and read a story, comment, register for the platform, create a story,
publish a story and navigate.

All interviews but the one at the train station were held in well suited locations,
such as a common room within the residential home, a university usability lab, an
empty café and a private home – all of which allowed for a pleasant conversational
atmosphere. In the residential home, interviews were conducted at an afternoon coffee
gathering, leading to high noise level and some insecurities among the participants.
Also, a number of residents interested in the project did not consider themselves
capable enough for participation.

3.3 Methods

For the evaluation, an A/B between subjects design was chosen with an even split
between Bootstrap (N = 15) and Bootstrap+ (N = 16) interfaces. A detailed evaluation
sheet was used in which the recording observer categorized participants performance
for each task, based on an adjusted evaluation scale presented by [31]. The performance
on each task was rated as not solved, partly solved (e.g. with help) or completely solved
(alone). The evaluation sheet combined quantitative and qualitative data, revealing
common problems, misuses or other observations while at the same time including
individual opinions and ideas of single participants. Results from the evaluation sheets
were aggregated and analyzed in search for patterns or similarities in the distribution of
code-frequencies. Qualitative data was aggregated and interpreted using content
analysis [32]. Based on this analysis, specific problems and potentials for optimization
of the adjusted Bootstrap+ interface were identified and integrated into the developed
prototype of the style guide. See Fig. 6 for an exemplary comparison of both interfaces.
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4 Results

The following section provides a description of the results from the collected data in
regard to general demographic aspects of the participants, as well as relevant infor-
mation on differences in participants performance between the two interface versions.

4.1 Quantitative Data

Findings indicate a higher task completion rate (effectiveness) across tasks for the
adjusted Bootstrap+ version, see Table 2. Looking at individual tasks, Bootstrap+
showed higher task completion rates in all tasks but the third, concerning the regis-
tration process for the platform. Accordingly, there were more tasks solved with help or
not solved at all with the unmodified Bootstrap interface.

Fig. 6. Examples of interfaces used in the evaluation. Standard Bootstrap on the left and
Bootstrap+ on the right.

Table 2. Comparing effectiveness (as task completion rate) for Bootstrap (N = 15) and
Bootstrap+ (N = 16) interfaces across all tasks

Interface Task1 Task2 Task3 Task4 Task5 Task6 Means

Solved 
Bootstrap+ 72% 76% 68% 81% 78% 83% 77%

Bootstrap 68% 67% 73% 78% 72% 48% 69%

Solved 
with 
help

Bootstrap+ 11% 9% 13% 12% 11% 7% 11%

Bootstrap 11% 18% 27% 16% 18% 16% 18%

Not 
solved 

Bootstrap+ 17% 15% 18% 7% 11% 10% 12%

Bootstrap 21% 16% 0% 5% 9% 36% 14%
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4.2 Qualitative Data

Qualitative data was summarized in task-specific categories and clustered into general
themes. In general, they support the improved effectiveness of Bootstrap+, in detail a
few findings for the tasks shall be described here as follows:

• Task 1 (searching for stories), difficulties with Bootstrap found with the timeline,
as the depiction of two beams (one selecting the year and the other the month) lead
to confusion and misinterpretations

• Task 2 (commenting), the emoji-bar was either not noticed or not understood in the
Bootstrap interface, suggesting a better visualization in Bootstrap+, which still
showed a lack of comprehension regarding the interactivity of the emoji-bar

• Task 3 (registration), common problems across versions, e.g. with the displayed
progress bar, understanding the presented information or general attitudes towards
user registration

• task 4 (story creation), difficulties with Bootstrap interface regarding text input for
the story title and navigation through the process of story-creation, suggesting an
improvement in Bootstrap+, which still showed problems with the temporal and
spatial classification of stories

• Task 5 (story completion) and 6 (navigation) again show common problems
across versions that provide good starting points to improve the existing prototype
(see Table 3).

Also, participants stated their demands for the interface and potential further
development of the style guide and HT: Options to set restriction for stories’ visibility
to others (6), Sharing stories via email (2), Uploading option for documents (1),
Uploading option for externally created stories (1), Keyword integration (1), Freedom
of not completing the story creation at once, option to review and revise (1), Enhanced
community functionality (1).

Table 3. Frequencies of participants’ difficulties with the style guide’s interface elements for
Bootstrap (N = 15) and Bootstrap+ (N = 16) interfaces

Style guide item Bootstrap Bootstrap+ Total

Timeline 12 2 14
Navigation bar 17 13 30
Emoji bar 12 6 18
Commentary display 3 2 5
Progress indicator 12 7 19
Bottom navbar 4 1 5
Text entry 1 1 1
Date picker 1 0 1
Language/Labeling 15 15 30
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5 Discussion

The goal of this paper was to show how the development of age-appropriate system
design can be supported. In first iterations of HT, it became apparent that the
component-based development process efficiently produces components with high
usability scores, but lacks consistency across HT components. The development of a
style guide helps to harmonize the development of HT and presents possibilities for
other researchers and designers to implement age-appropriate software. Furthermore,
new style guide approaches like Debenhams [13] with components, elements and
tokens, work well within the component-based development approach of HT.

As Gale [11] stated, one of the reasons why style guides fail is a lack of updates.
Thus, as Gale [11] and Torres [15] suggest, a collaborative approach for the develop-
ment of the HT style guide was used. Also, the style guide has been implemented as a
living online document, which can be easily shared and edited. Finally, there are special
requirements for the development of HT: Since the nature of student’s qualification
work brings about short collaboration times, fast onboarding with a short training period
is essential for the success of new component development. On the other hand, the
setting makes it easier to follow Gales suggestions [11]: (1) “Raising awareness amongst
developers and end users” (2) “Building consensus” (3) “Documenting the Style Guide”
(4) “Providing training and support material” (5) “Establishing an environment which
enables the guide to evolve”. For the HT project, we were able to show that both
components of the style guide, the documentation and the customized CSS source files,
can help to improve the effectiveness measured as task completion rate.

6 Outlook and Future Work

Future development of HT will follow Bootstrap+ to maintain consistency across all
components of the interface. Of course, there is still much room for improvement. Over
time, new HT components will be developed, and new elements will be added to the
HT style guide documentation and the source code to attain an ever more complete
style guide for more general purposes. Also, for further development and establishing it
will be crucial to formalize the organization and usage of it and parameters for goals
and objectives have to be set as for example Kholmatova [33] states. To keep the style
guide alive, new functionality will be added to it, such as a feedback loop for devel-
opers and an option to edit content without editing the source code.
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Abstract. Older consumers are a quickly increasing segment of the consumer
market. However, few products have been designed specifically for this group,
and little research has been done specifically on their aesthetic perceptions. This
study focuses on symmetry and cultural elements related to aesthetics from older
persons’ points of view. The experiment featured 77 subjects (24 males; 53
females; ages 55–70) who responded to a survey of seven questions. Indepen-
dent variables included symmetry and asymmetry with and without cultural
elements, while dependent variables covered subjective aesthetics, emotions
(i.e., valence, arousal), preference attitudes, and purchase intension. A total of
32 stimuli were used to examine (1) high symmetry + a high culture pat-
tern � 8, (2) high symmetry + a low culture pattern � 8, (3) low symmetry + a
low culture pattern � 8, and (4) low symmetry + a high culture pattern � 8.
The results showed that female participants tend to be more sensitive to products
that include cultural elements, and older consumers have greater aesthetic
responses to products with symmetry than those marked by asymmetry. Prod-
ucts with cultural elements also had greater responses than products without
cultural meanings.

Keywords: Order � Symmetry � Cultural elements � Emotion

1 Products with a Beautiful Appearance Evoke Greater
Emotional Responses

The dramatic increase in the population resulting from the baby boom has led to an
continuously expanding aging population in the 21st, century; By 2025, Taiwan will be
called as a super-aged society since the population of elderly will increase up to 20%
(Lin and Huang 2015). The older population in many countries will also have a great
impact on society and product markets, which means that marketing efforts of the
future will undergo a great change to appeal to these consumers. As is well-known, a
good product should offer not only functional satisfaction and an ergonomic fit, but
also a beautiful appearance, from the user’s perspective. Moreover, a product must fit
consumers’ tastes (Dhar and Wertenbroch 2000; Hoyer and Stokburger-Sauer 2012;
Postrel 2003). Therefore, creating a product that suits the tastes of older consumers,
particularly their aesthetic tastes, has become a critical issue in design.

A product with a beautiful appearance often enjoys added value (Blijlevens et al.
2009; Bloch et al. 2003; Hirschman and Holbrook 1982; Hoyer and Stokburger-Sauer
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2012; McDonagh et al. 2002). Moreover, the product may increase consumers’ positive
emotional responses when they use it. Thus, a good product for the older population
should have smart functions, be user-friendly, and have a pleasant aesthetic quality; all
of these can enhance the user’s experience and further increase positive emotions
(Helander and Khalid 2006; Khalid 2001). A product’s aesthetic appeal can be very
important for its first impression and for evoking consumers’ emotions. Despite the
importance of product aesthetics on first impressions, there is little research focused on
older consumers’ sense of aesthetics and emotions. This gap in the research has
inspired this study.

2 Products with Symmetrical Forms and Cultural Elements
May Enhance Aesthetic Qualities

Aesthetics involve complex characteristics that are affected by a variety of attributes
and factors. External aesthetics include principles such as symmetry, unity, contrast,
balance, and proportion (Coates 2003; Lauer 1979). These can be visualized and
quantified during an experiment. Several past studies have shown that people prefer to
observe forms that are symmetrical, compared to forms that are asymmetrical, because
of their more stable and balanced look. In other aspects, some studies have shown that
older consumers prefer classic decorations and retro style (Marchegiani and Phau
2011). When considering internal aesthetics, responses can be derived from the
understanding of a cultural pattern’s meaning, which is often connected to the viewer’s
memory and which can further evoke his or her emotions. For example, when older
consumers observe a product made with a familiar and traditional pattern, it may
prompt them to recall something meaningful in their past. This, in turn, can lead to the
showing of strong responses to these classic patterns, due to the sense of nostalgia they
evoke. When an item is associated with a part of someone’s memories of the past, it has
the chance to resonate emotionally immediately (Holbrook and Schindler 2003). In
sum, we can conclude that symmetrical forms and meaningful patterns can enhance a
product’s aesthetics and evoke consumers’ emotions right away. Taking advantage of
nostalgia, designers should try to create products specifically targeted at older con-
sumers, in order to satisfy the future of the market. In this study, we focused on
symmetry and asymmetry (i.e., an external effect) and cultural patterns (i.e., an internal
effect) because of the ease with which we can control such visual elements. We
hypothesized that products with a symmetrical shape and those with culturally related
patterns would be able to evoke positive emotions strongly among older consumers.
The purpose of this study is to test (1) whether older consumers have greater emotional
responses to products that are symmetrical and (2) if older consumers have greater
emotional responses to products that contain a cultural element.
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3 Symmetry as an Aesthetic Factor

One of the principles that can enhance aesthetics most strongly is symmetry. Humans
of all nationalities are capable of perceiving and judging symmetrical aesthetics pre-
cisely (Evans et al. 2000; Julesz 1971; Tyler 2002; Wagemans 1999; Wenderoth 1994).
Washburn and Humphrey (2001) note that people naturally seem to prefer symmetrical
objects, even without any professionally guided training. Coates (2003) believes that
the characteristics of products’ aesthetics are associated with how their elements are
assembled in the design process. During the form development process, the principle of
symmetry is the simplest way to display objects with a balanced image (Lauer 1979).
Symmetrical forms visually convey a sense of order and can relieve tension (Schmitt
and Simonson 1997). Creusen et al. (2010) suggest that symmetry is associated with
tidiness, uniformity in button shape of the clothes, and placement in space. Murdoch
and Flurscheim (1983) have referred to symmetry as a state of order. Designers use the
principle of symmetry to create beautiful shapes, so this is often an element of the
product form development process. Designers assemble and rearrange visual elements
until they are satisfied that they have constructed the most optimal product form.
Conversely, asymmetrical forms may conjure up feelings of visual instability. Some-
times, this is done for a creative and/or amusing effect. To date, few studies have
focused on aesthetic principles; more research has focused on the simplicity and
meaninglessness of artificial nonsense stimuli.

Although older consumers may pay more attention than average to a product’s
usability, functionality and stability, some studies have shown that ordinary users
prefer products with highly consistent and symmetrical forms (Berlyne 1971; Hekkert
et al. 1994; Lauer 1979; Lewalski 1988; Veryzer and Hutchinson 1998). Moreover,
related research on symmetry has found that people prefer to observe faces that are
symmetrical (Rhodes 2006). Generally speaking, prior studies have implied that the
symmetry aesthetic is very important to older people’s aesthetic judgments, and
specifically as they relate to product designs. Therefore, this is an important factor for
increasing a product’s aesthetic appeal. In short, we hypothesized that products with
symmetrical forms would be able to psychologically convey both visual balance and a
stable visual perception. We thus assumed that older consumers have a similar pref-
erence when it comes to their visual perceptions of products.

As Giannouli (2013) stated, symmetrical arrangements can be classified into three
types: translational, rotational, and mirror. In this study, we adopted translational and
mirror symmetry when developing the stimuli, because of their popularity in product
design. The common ground among facial, body art, and the decorative arts is the
symmetry design principle. Surprisingly, facial symmetry studies conducted in a
variety of cultures have demonstrated the same results: symmetry enhances physical
attraction (Grammer and Thornhill 1994; Hume and Montgomerie 2001; Jones et al.
2001; Koehler et al. 2002; Little et al. 2001; Mealy et al. 1999; Penton-Voak et al.
2001; Perrett et al. 1999; Rhodes et al. 1998; Rhodes et al. 2001a; Rhodes et al. 2001b).
In addition, one study on website layout design showed a similar result: that vertical
symmetry is the most important factor when designing a website. By contrast, websites
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with asymmetrical layouts are considered less beautiful (Tuch et al. 2010). Overall,
previous works have implied that designs marked by symmetry provide unique means
of increasing attraction.

4 Method

This experiment examined the independent variables of symmetry and asymmetry and
items with and without cultural elements. The dependent variables were related to
subjective aesthetics, emotion, preference, and purchase intension.

4.1 Subjects

The subjects were 75 participants, 35 men and 40 women, between the ages of 55 and 75.

4.2 Stimuli

The stimuli were product pictures collected from websites and magazines depicting
familiar objects in the participants’ daily lives. Such high involvement products have
strong connections with the users’ daily lives, because they are used often and seem
important to them. Based on this familiarity, participants can be expected to pay close
attention during the experiment (Zaichkowsky 1985). Participants may observe the
products’ information closely, and/or show strong attitude and high levels of purchase
intention (Bart et al. 2014; Lutz et al. 1983). Items selected for use in the study included
lamps with shades, two cabinets, a contemporary chair, a classic chair, a kettle, a
computer monitor, and a radio. A total of 32 stimuli were created. These covered four
classifications (two stimuli for each classification): (1) high symmetry + high culture
pattern � 8, (2) high symmetry + low culture pattern � 8, (3) low symmetry + low
culture pattern � 8, and (4) low symmetry + high culture pattern � 8. The stimuli
pictures were edited and displayed with only line work, to bring the profile into a
uniform level of quality. Photoshop software was used to edit the stimuli to make them
consistently high quality images.

4.3 Questionnaire

The questionnaire contained three dimensions: aesthetic, emotional, and behavioral
responses. The aesthetic items included both symmetry and asymmetry and cultural
pattern variables, while valence and arousal items were used for assessing emotion;
purchase intention or preference items accounted for behavior.

4.4 Experiment Processes

The experiment was conducted in a quiet room without any interruptions. Participants
were invited to answer the questionnaire as volunteers. The researcher explained the
definitions of the terminology used and the experiment processes before starting the
experiment. Each participant received a $7 honorarium upon completion of the survey.
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5 Results

One-way ANOVA was used to analyze the results. The statistical analysis demon-
strated that there were no significant differences between the male and female partic-
ipants in terms of aesthetic, preference, or emotional factors. However, the results did
reveal that men and women had different perceptions (P < 029; see Table 1) of those
products that included a cultural element, which affected their attitudes toward pur-
chasing the products. Female participants (M = 4.4694; SD = 1.60929) had greater
responses to those products with cultural elements than those without them
(M = 4.3133; SD = 1.68065). This implies that the female participants are more sen-
sitive to products with cultural elements. Moreover, female participants (M = 3.3624;
SD = 1.64938) were also willing to purchase more of the products than their male
counterparts were (M = 3.6094; SD = 1.68271) (see Table 2).

The results of the descriptive statistics show that the participants had significant
responses related to asymmetry–symmetry and cultural–no cultural elements. First, we
examined the participants’ responses to the symmetry–asymmetry of the products’ forms.
The results showed that our participants tended to have higher aesthetic responses to
products with symmetrical forms (M = 5.2116; SD = 1.43161), compared to those with
asymmetrical forms (M = 4.2541; SD = 1.74078). Our participants also showed
greater cultural responses when looking at products with symmetrical forms
(M = 4.6374; SD = 1.55090) thanwhen observing asymmetrical products (M = 4.2026;
SD = 1.68489). When we asked participants how they felt about the items’ aesthetic
qualities, they reported that products with symmetrical forms (M = 4.5091;
SD = 1.47109) are more beautiful than products with asymmetrical forms (M = 4.1431;
SD = 1.62815). Similarly, participants preferred products with symmetrical forms
(M = 4.0248; SD = 1.49198), compared to products with asymmetrical forms
(M = 3.6988; SD = 1.59673). This indicates that older consumers are likely to prefer
products with symmetrical forms. Furthermore, they showed a greater willingness to

Table 1. ANOVA results of the influence of cultural factors on men and women

ss df Ms F Sig.

Cultural meaning Between groups 4.785 1 12.749 4.785 .029
Within groups 6434.010 2415 2.664
Total 6615.494 2390

Table 2. ANOVA results of men’s and women’s purchase intensions

ss df Ms F Sig.

Cultural meaning Between groups 31.703 1 31.703 11.504 .001
Within groups 6583.791 2389 2.756
Total 6615.494 2390
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purchase products with symmetrical forms (M = 3.6346; SD = 1.62803), compared to
products with asymmetrical forms (M = 3.2477; SD = 1.67719). The participants con-
sistently showed greater emotional responses (i.e., valence and arousal) when looking at
products with symmetrical forms (M = 4.3607/4.1177; SD = 1.40423/1.50883) than
when looking at products with asymmetrical forms (M = 4.0315/4.1177;
SD = 1.55902/1.57853).

Next, we examined the participants’ responses to product with cultural elements.
The results indicate that our participants had significant responses to those products
with cultural elements. Overall, the participants reported greater levels of feeling
regarding the products with cultural elements than products without such elements. The
participants agreed that products with cultural elements (M = 4.8659; SD = 1.62832)
were more beautiful than those without them (M = 4.5997; SD = 1.68878). The par-
ticipants also had greater responses to products with cultural elements than to those
products without cultural elements. In other words, a product with cultural meaning is
more attractive than a product without cultural meaning. Subjectively, participants felt
that products with cultural elements (M = 4.6192; SD = 1.56252) were more beautiful
than the products without cultural elements (M = 4.0339; SD = 1.50635). Further-
more, they preferred products with cultural elements (M = 4.1020; SD = 1.58218)
over products without cultural elements (M = 3.6228; SD = 1.48670). In short, our
participants preferred products with cultural elements. Similarly, older consumers are
more willing to purchase products with cultural elements (M = 3.6552; SD = 1.72045)
than those without cultural elements (M = 3.2285; SD = 1.57754). Finally, the results
indicated that products with cultural elements have a greater chance of evoking
older consumers’ emotions (valence: M = 4.4183/4.1993; SD = 1.50337/1.56865),
compared to products without cultural elements (arousal: M = 3.9743/3.7313;
SD = 1.44845/1.49826).

6 Discussion

Products with aesthetic qualities can evoke users’ emotions affectively. This result is
consistent with previous research (Bloch et al. 2003; Creusen et al. 2010). The results
of the present study further confirm that both external aesthetics (i.e., symmetry) and
internal aesthetics (i.e., cultural meaning) are capable of evoking older participants’
emotions. In this case, participants’ emotions were evoked by products whose
appearances contained Chinese cultural patterns that made sense to them. Most of our
Chinese participants obviously perceived the patterns in the stimuli, and somehow
these patterns connected to their cognitive processes. It is also possible that these
patterns were familiar to the participants. The population studied here had long been
familiar with these patterns, as they appear on their furniture and are present in daily
television shows.

We determined that older consumers prefer products that have a beautiful
appearance, which increases their familiarity, visual adaptation, and satisfaction when
observed and used in daily life. Designers should be aware that older consumers prefer
both symmetrical forms and cultural elements, as both provide stable images and
meaningful content.
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In this experiment, we used very traditional patterns in the stimuli, and these were
attractive to our participants, but are there any other patterns also associated with these
cultural elements in older consumers’ minds? Do they have to be visual elements?
Might they, instead, be familiar scents, for example? We believe that all aspects of the
senses could be the elements to evoke users’ emotions, as long as they are capable of
recalling users’ memories. With this in mind, products’ physical appearances should be
designed with stable-looking forms, such as those rooted in symmetry. As designers,
we should note that older users also prefer beautiful products that include both sym-
metry and culturally pleasant forms. These designed elements are capable of motivating
them to purchase products that, in turn, have a greater chance of satisfying them and
making them happy when using them.
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Abstract. Cognitive issues associated with aging have become a major concern
as it affects how seniors carry on activities of daily living, like cooking. The
kitchen has been cited as the key problem area for seniors and it is well cited that
almost all senior Americans and Canadians (90%) live independently in their
community and wish to remain this way for as long as possible. We propose a
solution, InOvUS, which focuses on safety and reducing the risk of fire, burn
and intoxication for the rising senior population. We also developed a con-
ceptual adoption model that is specific to the 65+ segment and that is based on
existing scales like Consumer Adoption Intention (CAI), Consumer Innova-
tiveness (CI), Technology Acceptance Model (TAM), Perceived Ease of Use
(PEOU) and Perceived Usefulness (PU). We evaluate the adoption intention and
interest of InOvUS by dissecting seniors’ willingness-to-adopt through the
application of a cluster analytical procedure. The segments were profiled using
K-Means analysis. Our results confirmed that the seniors do not behave like a
homogenous group when assessing their need to acquire and use technologies
such as InOvUS. Rather, four distinct segments further define the senior pop-
ulation, which differ considerably in terms of their buying intention, perceived
usefulness, perceived ease of use, adoption intention and consumer
innovativeness.

Keywords: Willingness-to-adopt � Intelligent oven � Safety �
Cognitive decline � Seniors

1 Introduction

As the rising number of seniors globally doubles from 12% to 22% between 2015 and
2050, all countries will be facing major challenges to ensure that their health and social
systems are ready for this major demographic shift [20]. Cognitive issues caused by
aging have become a major concern as it affects how seniors carry on activities of daily
living, like cooking. As a matter of fact, the kitchen has been cited as the key problem
area for seniors and it is well cited that almost all senior Americans and Canadians
(90%) live independently in their community and wish to remain this way for the
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longest possible time. More specifically, in seniors aged 65+ burns and fires have been
found to be the 5th leading cause of accidental death [1].

As reported in the American Burn Association [6] 43% of these accidental deaths
occur from fire/flame, 34% from scald injuries and 9% from a contact with a hot object.
Seniors’ limited mobility combined with the physical inability to quickly react and
reach safety when faced with danger are one of the main factors that impact their
vulnerability to burn injuries. In fact, 23.7% of seniors collapse when they are caught in
a fire which aggravates their injuries [17]. Moreover, in a recent leading study on senior
patients who were discharged from the emergency unit, it was demonstrated that 68%
of all burns among seniors were related to cooking, with the majority of these burns
originating in the kitchen [12]. When we take into account that 82.6% of all burn
injuries reported actually occurred at home [5], the kitchen embodies a very high
majority of all cases of burns.

Indeed, the aging process is said to trigger physical, sensorial and cognitive
declines, with all of which have severe impacts on Activities of Daily Living
(ADL) and not to mention the side effects of medication. Aging is a complex multi-
factorial process that is often associated with increased dependence and requirement for
assistance with activities [7]. Even more specifically, some cognitive decline in aging,
like problems related to attention and memory, limit people in performing their cooking
tasks. As a result, seniors and their family members become strongly concerned with
cooking-associated risks (e.g., fire, burn or intoxication) [1].

In Canada there are 5.8 million 65+ Canadians and the number of 80+ has been
forecasted to more than double to 3.3 million by 2036 based on a medium growth
scenario [23] whereas in the United States, by 2060, the number of 65+ (47.8 million)
is projected to double (98.2 million) and 19.7 million will be 85+ [25]. All this making
the safety management of cooking risk a vital concern and even more so when taking
into account that the vast majority of seniors living independently (90%) want to
remain in their environment as long as possible [8]. Consequently, one of the moti-
vations for assistive technologies research is the significant increase of an aging
population around the globe which is projected to increase to 2 billion in 2050 [19].
More specifically, the senior population projected growth pattern places a real burden
on healthcare facilities and social services, aside caregivers, as ensuring safety of
activities of daily life becomes a critical element in helping seniors remain autonomous.
This is even more accentuated when seniors engage with what can become a high-risk
activity such as cooking. As a result, today there is an increasing number of tech-
nologies that focus on specific assistive needs. However, although there have been
advances in the sensing and ambient intelligence technologies, the focus has been on
the technology side, rather than on building knowledge and methods to understand
seniors’ willingness-to adopt such technologies.

The research objectives of this paper are: (1) to research the literature to identify the
risks and solutions posed for seniors when cooking; (2) to identify the interest in an
intelligent oven, such as the Intelligent Oven at the University of Sherbrooke (InOvUS)
a safety kitchen solution which focuses on safety and reducing the risk of fire, burn and
intoxication, designed to better manage such risks; and (3) to assess whether there are
segments within the senior population and examine the ways in which these segments
differ in their willingness-to-adopt InOvUS. In fact, the application of a segmentation
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strategy to our analysis will deepen our understanding of the dynamics of seniors’
needs and requirements regarding assistive technologies.

2 Literature Review

The literature was assessed from 2015 to 2018 by conducting a methodological review
analysis, a technique which aims at identifying and appraising relevant research to see
how researchers addressed a variety of topics ranging from the needs assessment to the
conceptual development of intelligent oven as a response to burns, fire and intoxication
among the 65+. The focus was on the proof of concept, quantitative and qualitative
work, sampling techniques, data collection and data analysis involving the senior
population.

Essentially, there are 3 major risks that can emerge while cooking in the kitchen:
fire, burn and intoxication [1, 28]. Although, these 3 risks can result in devastating
consequences, current research often addresses only fire as a risk in cooking [9, 14, 18,
27] and no global solution for kitchen safety has been reported. As seen in the liter-
ature, most work concentrate on identifying the causes and consequences of home fires
without addressing specific populations that may present higher risks than others. Yet,
a review of studies from 1990 to 1998 on factors that trigger domestic fires demon-
strated a correlation between domestic fire sources and the type of people living in the
housing unit [9] still no research work has focused on specific populations.

Additionally, the literature has also demonstrated that unattended cooking is the
leading main factor responsible for fire in the kitchen [2, 16] and fires related to the
usage of the oven, the use of unattended stove burners and the use of portable devices
such as toasters [13] have been reported as the three main causes of fires while cooking.
Moreover, a three-decade review of senior burn patients showed that for any given type
of burn, among the 75+ age category, more serious consequences were reported
including higher mortality rates. And although we can extrapolate that intoxication by
inhalation is higher in the senior population, the literature has rarely covered this and
instead has focused on injuries caused by carbon monoxide [21].

Although it is undisputable that the consequences of fire risks can be fatal to this
date, there is a limited range of solutions that have been designed to reduce cooking-
related risks affecting seniors in the kitchen. For instance, Doman et al. [11] devised a
system that assists seniors avoid potential cooking hazards in the kitchen. By means of
video and audio, the system transmits reminders to senior-users to follow the correct
steps when performing a cooking task but this system has not been conceived to react
in the advent of a dangerous situation. The literature also brings forth other systems that
involve the help of a human. For instance, Sanchez et al. [22] designed a system to aid
people when they are engaged in a cooking task. The system works by reacting when a
potential dangerous situation is detected through rapid variations in temperature and
smoke found in the kitchen. In response to rapid temperature variations, the system will
send notifications with camera shots to caregivers and to the fire department, activate
exhaust fans and a fire-extinguishing suppression system. Although it can be argued
that this type of system can help mitigate risks from cooking activities, systems with
camera surveillance are generally not well perceived and adopted by users due to the
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intrusion into the user’s private life [15]. This is a critical issue because in the provision
of care high usability and acceptance are essential for a system to be recognized as a
practical assisted living system.

Some work has been done involving oven monitoring as a part of larger systems to
track ADL. More specifically, Alwan et al. [3] focused on measuring oven usage
whereas Wai et al. [26] approach was based on detecting unsafe usage of the oven. In
the conception of intelligent systems, the key is to understand the user environments
such as the surrounding kitchen temperature and senior activities, in order for the
system to provide adaptive assistance to seniors. As such, both of these systems use
embedded temperature sensors to measure the burner status, ultrasonic sensors to detect
the presence of a pot and electric current sensors to detect the usage of the oven and
levels of abnormality in the kitchen [26]. Still, similar with Sanchez et al.’s [22]
system, these two systems could be considered intrusive, as they either use visible-light
cameras or require modifications to the oven to install sensors.

A study by Yuan et al. [29] investigated an automated top oven-monitoring system
that used thermal cameras to track dangerous situations. More precisely, this system
alerts users or caregivers when a hazardous situation arises. What differentiates this
system from Alwan et al. [3], Wai et al. [26] and Sanchez et al. [22] is that Yuan et al.
[29] system is based on thermal imaging instead of visible-light cameras, thereby
respecting user privacy. In fact, thermal cameras do not process regular images but are
constricted to important limitations: they are sensitive to cooking heat and smoke.
Although this system addresses the privacy violation concern by using a thermal
camera, which in theory would increase the likelihood of such system to be accepted
and used by seniors, the accuracy in detecting a dangerous situation in the kitchen
environment that is subject to smoke and cooking heat is an issue. In fact, Demiris et al.
[10] work showed that for an assistive living system to be accepted and used by seniors
three major concerns need to be removed: privacy violation, sensor visibility and
accuracy of the assistive living system.

Moreover, the aim of assistive technologies used in assistive living solutions is to
provide hands on support to ensure that seniors live safely and independently in their
homes. However, in all related work, it is obvious that the systems designed to manage
or reduce cooking risks have major limitations that can impact senior’s willingness to
use and adopt such systems. Paradoxically, although the risks associated with age-
related cognitive decline may positively influence seniors to adopt such systems, the
invasion of privacy by the cameras of these systems can severely attenuate the interest
and willingness of seniors to adopt them. It is clear that with the rapid rise of an ageing
population, the numerous statistics on fires, burns and intoxication risks, as well as the
restrained technologies available in the market all call out to the urgent need to develop
solutions to improve senior quality-of-life while meeting their needs. Despite the fact
that systems could provide the best assistive technology solution, if these systems are
not easily accessible and user-friendly and if they do not correspond to the needs and
concerns of seniors, such systems would not be accepted.

Moreover, to the best of our knowledge, only a limited number of assistive tech-
nologies to assist seniors in the kitchen have been developed. However, these previous
studies have shown greater interest on the technology side, rather than on building
safety (i.e., reducing the risk of fire, burn and inhaling) and knowledge from the
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perspective of the user. Indeed, almost all related work focuses more on evaluating the
technical mechanisms and validating algorithms than on evaluating the end-user per-
spective of such systems. There is a greater importance that has been attributed to the
accuracy of activity recognition for assistive technologies as the accuracy rate varies
depending on the number and type of activities, the number and location of sensors
used and the activity recognition models that detect ADLs often achieve lower accu-
racy than models that detect ambulatory activities [30]. Consequently and most
importantly, none of the studies seen in the literature addresses the interest and/or
adoption intention from the end-user perspective and the studies that focus on the
technology side are mostly conducted by using young adults or rely on simulation
which might not represent the true activity and reactions of a senior person [30].

To this end, this study aims at proposing an intelligent oven, or a sensor-based
cooking safe system, called ‘InOvUS’. InOvUS is designed to identify hazardous
situations by monitoring and measuring relevant parameters around the oven to
specifically reduce the risks of fire, smoke inhalation and burn. As such, InOvUS’ fire
parameters include concentrations of Volatile Organic Compound (VOC) and Alcohol
gases that are found in the cooking environment. The burn parameters are derived from
the relative humidity, utensil temperatures, burner temperature and presence of utensils
on the burner for burn by splash and contact. Lastly, the concentration of Carbone
monoxide (CO) gas is observed for intoxication by gas/smoke. These parameters are
extracted based on an in-depth risk analysis [1]. Additionally, a segmentation strategy
is incorporated to our analysis as key insight on the needs, requirements and interests of
end-users have the ability to provide decisive information to ensure the effective
development and design of assistive technologies.

3 Methodology

As the world senior population is projected to about 2 billion by 2050 [19] attention
and a more profound understanding of seniors’ complex needs is a necessity. As such,
this paper is part of a framework for understanding the various components of seniors’
willingness-to-adopt InOvUS.

In a previous exploratory phase, we developed a conceptual model to test senior’s
willingness-to-adopt, which was defined by five constructs in a past study [24]: Buying
Intention (BI), Perceived Usefulness (PU), Perceived Ease of Use (PEOU), Consumer
Adoption Intention (CAI) and Consumer Innovativeness (CI). Consumer Adoption
Intention (CAI), a 4-item scale, measures and relates to whether consumer level of
understanding of a product is strong enough to potentially lead to purchase. As such it
is a good metric to utilize as a base to measure, ‘Willingness-To-Adopt’. Consumer
Innovativeness (CI) has to do with the level of comfort consumers find with the use of
new products, in general. The literature has also consistently shown that both the
perception of ease of use (PEOU) and usefulness (PU) on the part of consumers are
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important aspects of a decision of whether to adopt a new product (CAI) or buy it (BI),
and therefore are also incorporated in our model. Our conceptual model is specific to
the 65+ segment and it is based on existing scales for each construct. Figure 1 shows
our research model.

In total, these five constructs were captured by 14-items. The reliability for each
construct was obtained using Cronbach’s a and results show that our scales hold
satisfactory internal consistency with all Cronbach’s a above 0.750 and the Bartlett’s
Test of Sphericity has an associated p-value of 0.000 thereby confirming the statistical
significance of our model. Participants were asked to rate their agreement with each
statement on a 5-point scale anchored by “strongly disagree” and “strongly agree”. The
questionnaire, the detailed factor analysis, and key statistics can be consulted in our
previous study [24].

The main objective of this research is to further investigate the interest and needs on
an assistive technology such as InOvUS, to be able to better understand the design and
development of intelligent ovens for an aging population. Therefore, our methodology
is designed to evaluate the adoption intention and interest of InOvUS by further dis-
secting seniors’ willingness-to-adopt through the application of a cluster analytical
procedure. The underlying purpose is to see if there are segments within the senior
population and examine the ways in which these segments differ in their willingness-to-
adopt InOvUS. As such, we use the K-Means analysis to profile the segments. The
applicability of segments in the senior population will derive a clearer understanding of
seniors’ needs and interest to assist and inform the design, development, and imple-
mentation decisions of InOvUS.

4 Results

In total, 57 seniors (65+) aged 65 to 95 participated in our study to test our model on
seniors’ adoption intention and interest of InOvUS as an innovative safety kitchen
system. The key demographics of our sample can be examined in Table 1.

Ease of Use (PEOU)     Buy Intention (BI)

Usability (PU) Consumer  Adoption  
Intention (CAI)

Consumer Innovativeness (CI)  

Potential Moderators: IOCAI 
UFI 

Fig. 1. Model Used: CAI: Consumer Adoption Intention; PEOU: Perceived Ease of Use; PU:
Perceived Usefulness; CI: Consumer Innovativeness; IOCAI: Impact on Consumer Adoption
Intention (by family members, caregivers); UFI: Usefulness for Family Influencers; BI: Buying
Intention.
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To test the presence of segments in our sample, K-Means analysis was performed
on the regressed factorial scores. The minimal sample size to be included in a cluster
analysis is 2k cases, where K is the number of variables [4]. As there are five factorial
scores, the minimum sample size require to perform our analysis is 32.

Results confirm that the seniors do not behave like a homogenous group when
evaluating their necessity to acquire and use technologies such as InOvUS. Rather, four
distinct segments further define the senior population, which differ considerably in
terms of their interest and willingness-to-adopt InOvUS (Cluster Mean Square BI
a = 0.000, Cluster Mean Square PU a = 0.000, Cluster Mean Square PEOU
a = 0.000, Cluster Mean Square CAI a = 0.000, Cluster Mean Square CI a = 0.000).
In other words, the senior population is composed of four distinct segments that differ
considerably in terms of their buying intention, perceived usefulness, perceived ease of
use, adoption intention and consumer innovativeness.

Table 1. Demographics of the sample

Gender Male 44 Female 13

Driver’s License Yes 50 No 7

A
ge

65 - <
70

70 - < 75 75 - <
80

80 - <
85

85 - <
90

90 - <
95

95+ 

20
(35.1%)

18
(31.6%)

12
(21.1%)

3
(5.3%)

3
(5.3%)

1
(1.8%)

0
(0%)

General Health Excellent Very 
Good

Good Fair Poor 

17 22 16 1

Physical Health or Emotional 
Problems Interference with So-
cial Activities

None of 
the time

A little 
bit of the 

time

Some 
of the 
time

Most 
of the 
time

All of 
the time

42 12 1 1

Marital Status Single In
couple

Mar-
ried

Di-
vorced

Sepa-
rated

Wid-
ow

4 9 22 9 1 12

In-
come

0 –
10,000 

10,001 
–

15,000

15,001 – 
20,000 

20,00
1 – 

25,000

25,001 – 
40,000 

> 40,001 not 
disclose

1
(1,8%)

13
(22.8%)

3
(5,3%)

9
(15,8%)

30
(52,6%)

1
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The results in Table 2 enable us to start profiling our segments. The most pre-
dominant segment in terms of size is segment 2, it is composed of 40% (23/57) of the
senior population. 28% (16/57) of seniors are in segment 1, 23% (13/57) fall in seg-
ment 3 and 9% (5/57) of seniors form part of segment 4.

One of the benefits of conducting a segmentation analysis on InOvUS is to see how
seniors’ needs, attitudes and beliefs towards an intelligent oven varies. In more tech-
nical terms, these differences are explained by distance found between segments,
whereby the distance measures how far apart two segments are from each other. Results
in Table 2 show that all of our segments have different interests in InOvUS as there is a
fair distance that exists between each segment. Specifically, the greatest distance is
noted between segment 3 and 4 (3.646), as these are the two groups that are the least
similar to each other followed by segment 2 and 4 (2.793). The differences in InOvUS
are more accentuated between seniors in segment 1 and 4 (2.581) than between seniors
in segment 1 and 2 (2.304).

Next, results in Table 3 show how the four segments differ according to their
buying intention, perceived usefulness, perceived ease of use, adoption intention and
consumer innovativeness.

Compared to other segments, seniors forming part of segment 1 attribute the higher
importance to CI (0.75754) and their willingness-to-adopt InOvUS is the least affected
by PU (−0.72958). CI is the most important element for this segment, this is why we
called them the early adopters. However, PEOU (0.55983) and BI (0.51169) also play
a role in their interest level on assistive technologies such as InOvUS. Segment 2 is the
segment that is the most difficult to convince in terms of BI (−0.67989), PEOU
(−0.9501), and CI (−0.2644) and these seniors are almost indifferent towards PU

Table 2. Segment constitution and segment distances between final segment centers

Segment Number of cases in each segment 1 2 3 4

1 16.000 2.304 2.360 2.581
2 23.000 2.304 2.660 2.793
3 13.000 2.360 2.660 3.646
4 5.000 2.581 2.793 3.646

Table 3. Segments scores per willingness-to-adopt construct

Segments
1 2 3 4

BI REGR factor score .51169 −.67989 .48647 .22528
PU REGR factor score −.72958 −.00871 1.12250 −.54376
PEOU REGR factor score .55983 −.95010 .69214 .77946
CAI REGR factor score −.01527 .19519 −1.12175 2.06754
CI REGR factor score .75754 −.26440 −.19059 −.71236
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(−.00871). The key characteristic that differentiates them from all other segments is
how picky they are when it comes to BI, this segment is called the technology cautious.

Segment 3 sees the greatest PU potential in what they can do with InOvUS (1.125)
than all other segments. Conversely, they are also the ones that are the least concern
about CAI (−1.12175). This segment is called the technology driven. For that group,
PEOU is the other element that they will take into consideration when evaluating
assistive technologies to help them mitigate reducing the risk of fire, burn and inhaling.
Lastly, CAI (2.06754) is the key criteria, out of the five constructs that define the
willingness-to-adopt, that influences segment 4 in their decision to adopt InOvUS but
also when compared to all other segments. Therefore, CAI is what this segment values
the most. We call them the technology vigilant. PEOU (0.77946) also sets apart seniors
who belong in segment 4 as benefits is what interests this segment. Segment 4 also
includes seniors that will rely the least on CI (−0.71236) and PU (−0.54376) to
evaluate InOvUS.

5 Discussion

The results of our study show that to understand the needs of seniors and thus optimize
the technology development, there are greater benefits to be achieved by segmenting
the senior users as opposed to undertake a general approach to the needs assessment
and interest of an assistive technology solution. More precisely, in our past study we
demonstrated that PEOU was the driving force behind seniors’ buying intention of
InOvUS and that PU influences seniors’ actual CAI [24]. However, by pursuing a
segmentation approach we were able to see that seniors’ interests and needs are actually
more complex and can only be well defined by profiling each segment that constitutes
the seniors. Additionally, this research demonstrates how different variable sets of the
willingness-to-adopt (i.e., Buying Intention (BI), Perceived Usefulness (PU), Perceived
Ease of Use (PEOU), Consumer Adoption Intention (CAI) and Consumer Innova-
tiveness (CI)) impact each segment.

Indeed, the observation of the characteristics that differentiate the early adopters
(segment 1) reveals that for 26% of the senior market being the first in their circle to
adopt a technology such as InOvUS is a key driver behind the interest they will have
towards such a device and in their desire to adopt it. After all, the early adopters are
trendsetters, therefore, it is important for marketers and developers to understand that
early adopters are not interested on how an intelligent oven can enhance their cooking
effectiveness, improve their cooking performance or productivity, but that they are
rather interested on the new technological advancements that an intelligent oven has to
offer including its actual technological features and benefits. These are the key elements
that will transform an interest into an adoption resolution. Yet, it is important that the
early adopters perceive InOvUS as an intelligent oven that is easy to understand and
use.

The technology cautious, segment 2, are seniors that have high expectations
regarding what an assistive technology can do. Consequently, in order for them to be
interested in adopting and using InOvUS requires that developers possess a thorough
understanding of their technological needs for their expectations to be surpassed.
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Otherwise, the technology cautious will continue to be reluctant to use InOvUS and
they constitute 40% of the senior users. Additionally, as technology does not neces-
sarily speak to them, as they need to see that how their needs can be met, they are
negative as to how easy it can be to use and understand an assistive technology.

The key technological features for the technology driven, which represent 23% of
the senior population, is what InOvUS can do to help them improve their cooking
effectiveness, performance and productivity. These are the technological features that
will make them seek to adopt an assistive technology when evaluating assistive
technologies to help them mitigate reducing the risk of fire, burn and inhaling. For this
segment, understanding what are the trade-offs among the costs and benefits of buying
and using InOvUS, or knowing how they will have to change their behaviors to attain
the potential benefits of such a technology or even what are the benefits they could
expect if they bought it, are the least important technological concerns they can have
compared to all other segments. For this group, an assistive technology has to be easy
to use, clear and understandable as well as easy to get the technology to do what they
want it to do for them to be willing to adopt it.

For the technology vigilant, an assistive technology has to be designed in such a
way that the relevant trade-offs between the costs and benefits of using it are very
apparent including whether or not a senior person has to change their behavior quite
significantly to attain its potential benefits of using it. If developers are successful at
this, the technology vigilant, which includes 9% of the senior users, will be inclined to
adopt and use assistive technologies as that is the main driver influencing their
willingness-to-adopt InOvUS and other assistive technology. Compared to other seg-
ments, the easiness to use InOvUS will seal their willingness-to-adopt it. Consequently,
it is important that technology vigilant see that InOvUS is easy to use, easy to work
with for them to get InOvUS to do what they want it to do and that InOvUS is easy to
understand, as these seniors tend to pay more attention to features, in terms of usability,
than their peers.

As we can see, our results show that there are more practical implications for
targeting seniors by applying a segmentation approach than a general approach. Indeed,
segmenting the senior users provides better guidelines for developers on how to
address the technology development needs.

6 Conclusion and Limitation

Seniors have specific capabilities, limitations and experiences that affect their ADLs.
Assistive technologies such as InOvUS have the potential to provide value in providing
proactive support in mitigating the safety management of cooking risk. This is a vital
importance especially when we consider that there will be two billion seniors in 2050
and that the vast majority want to live independently and remain in their environment
as long as possible. The overall goal of our research work is to develop solutions for
seniors, such as InOvUS, compensating for cognitive declines associated with aging.
Our research instrument was designed to collect seniors’ view on the development of
the next generation of assistive technology to improve safety and reduce risks in
seniors’ home environment. However, many challenges remain to develop technologies
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that meet senior’s needs, support them in performing everyday activities such as
cooking, protect their independence and security. Indeed, one of the challenges to the
effective design and development a technology like InOvUS is the understanding of the
conceptual model of seniors and involving them at an early stage of development early
enough in the technology development or design process. The present study makes a
contribution that addresses this void. Our methodology of developing a willingness-to-
adopt conceptual model that is specific for the 65+ population combined with a seg-
mentation approach provides a unique opportunity to develop user needs studies and
concept development for technological products while increasing the odds of seniors’
willingness-to-adopt and use such products.

There is a limitation with regards to this study that pertain to a response bias that
might have occurred as participants completed the questionnaire on a paper format.
There was a section that had all of the 22 original willingness-to-adopt items divided in
two pages. This type of survey formatting could have introduced an acquiescence
response bias. This means that it is likely that a similar response pattern could have
resulted in this section.

Moreover, we recommend that this study be repeated with seniors 65+ living in
residence with full and partial autonomy as well as with seniors living at home.
Furthermore, we will further evaluate our willingness-to-adopt model to develop other
metrics aimed at obtaining an in-depth understanding of seniors’ needs and require-
ments regarding in-home safety assistance.
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Abstract. Against the current development of demographic change, the
proportion of older people in Germany increases. To compensate for supply
gaps, ambient assisted living (AAL) technologies and systems provide new
healthcare services for an aging population to grow old at home. However, the
acceptance of assistive devices in the living environment is limited, for instance,
by usability and privacy concerns. Hence, the present study examined the use of
ultrasonic whistles in home care with special attention given to older adults’
benefit and barrier perception. For this purpose, an online questionnaire was
conducted (N = 188) focusing on people aged 50 years and older. Results
revealed significant influences of the participants’ health status on the perception
and attitudes towards aging. Further, a cluster analysis revealed three groups of
participants differing distinctly in their perception of benefits and barriers of the
described AAL technology based on ultrasonic whistles. Besides considerable
evaluation differences, these groups were further characterized by impacts of
gender, attitude towards aging, and a distinct intention to use the described
technology. This study’s outcomes contribute to a deeper understanding of age
and the perception of aging in the context of AAL technology acceptance.

Keywords: Ambient assisted living � Technology acceptance � Age �
Aging in place � Ultrasonic whistle � Benefit and barrier perception

1 Introduction

Due to continuous shifts in the age structure, elderly people, their needs, and demands,
move into the focus of today’s society [1]. Regarding the European Union, Germany is
one of the countries where demographic change proceeds rapidly, since nearly one in
five people is 65 years or older – provided that this number will rise to one-third by
2060 – while the working-age population steadily declines [2, 3]. As aging restricts
health and mobility, new care measures are needed to bridge the gap between growing
care needs and shortages of skilled workers [4]. To this, ambient assisted living
(AAL) technologies and systems, such as the ultrasonic whistle, provide innovative
solutions to increase independence in old age and relieve health care.

In general, AAL is referred to as “the use of information and communication
technologies (ICT), stand-alone assistive devices, and smart home technologies in a
person’s daily living and working environment to enable individuals to stay active
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longer, remain socially connected, and live independently into old age” [5]. The
ultrasonic whistle is a new assistive device that is to be used as an integrated part of
supportive home environments and can be installed at little cost and effort, e.g., in
switches fixed to the wall. The user interface is particularly designed for people with
motoric disabilities, who can easily access and operate the ultrasonic whistle on a large
and robust surface at the push of a button, for example. As a holistic assistance system,
the ultrasonic whistle is adaptable to personal needs, such as the automation of
domestic tasks, safety prevention, and fall detection.

Though, assistive devices facilitate aging in place, they are not accepted per se due
to perceived restrictions, such as privacy concerns within living space [6]. In fact, the
perception and evaluation of AAL technologies and systems differ among users [7].
Hence, the willingness to adopt innovative technology strongly depends on user-
diverse factors, such as trust when dealing with technology [8], data security and
control needs [9], but also personal experience with care and disabilities [10]. Partic-
ularly with regard to older adults, a central but heterogeneous user group of AAL, there
are different needs and demands on what an assistance system should (not) be able to
do [11]. Hence, this study’s aim was to examine the assessment of ultrasonic whistles
in home care with special regard to older users’ benefit and barrier perception, since so
far there is only little known about requirements of the elderly in this context.

2 The Acceptance of AAL in an Aging Society

In recent years, the majority of frail and older people in Germany has been cared for by
family members at home, since nursing staff decreases [12], but also, because many
(care-dependent) people prefer to grow old in their familiar environment [13]. This
development opened up other ways of long-term care, besides traditional nursing
homes and care wards, leading to “aging in place” as a growing research branch [e.g.,
14–19]. In order to support aging in place and relieve those affected, ambient assisted
living (AAL) technologies and systems have been investigated in a variety of appli-
cations and contexts to meet individual user demands and care needs [e.g., 20–23]. In
practice, AAL includes stand-alone devices, which are often visible for others (e.g.,
stair lift), as well as holistic systems that are unobtrusively integrated into the living
environment (e.g., floor sensors for fall detection) to prevent stigmatization, support
residents and their relatives in daily life, and enhance caregiving tasks [24–27].

In the present study, the focus was set on the ultrasonic whistle, a new AAL
application for home care. The final ultrasonic whistle will be small and made of soft
silicone, so it can be installed in user friendly switches and easily retrofitted in different
places (e.g., living spaces and objects). Technically, ultrasound is generated mechan-
ically (when the switch is actuated) and transmitted via air towards microphones and
receivers for decoding [28, 29]. Receiving devices are installed in ceiling lights or other
home devices nearby, which are permanently connected to electricity, to ensure a
reliable signal transmission. The ultrasonic signal is frequency coded using different
pipe lengths to activate one specific function. In particular, the ultrasonic whistle serves
for home automation (e.g., automatic door and window opening or lightning control)
and emergency services (e.g., emergency calls to outside assistance).
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Against the background of an aging society, the key is to adjust AAL technologies
and systems to the needs of older users, as they are at a higher risk for diseases and care
[30]. One of the main challenges is, that the adoption of assistive devices in the
personal living environment can be limited by perceived barriers (e.g., low usability,
technical support, and experience) [31]. This is particularly important with regard to
older adults, who are less expertized [9] and may be restricted in the use of technology
by memory loss or motoric disabilities, for example [32]. However, disease incidences
[33], the way people feel satisfied with their personal aging process [34], as well as the
perceived need for technical assistance (e.g., due to disabilities) [10] differ between
individuals. Hence, it is essential to address “the elderly” as a heterogeneous user group
[17].

To predict the intention to use and usage behavior, age was integrated as a mod-
erating factor into technology acceptance models, here to be mentioned in particular
UTAUT (unified theory of acceptance and use of technology) [35] and its extension to
UTAUT2 [36]. However, both models lack the possibility of context transfer [37] – as
they were not specifically tested in the sensitive context of AAL – and the consider-
ation of age as a multidimensional factor (e.g., including self-perceptions of and atti-
tudes towards aging [34, 38]).

For a deeper understanding, user studies focused on older adults’ personal
requirements concerning the use of AAL, with special regard to trade-offs between
perceived benefits and barriers [e.g., 39–41]. For this purpose, diverse research
approaches were conducted, using qualitative and quantitative methods (e.g., inter-
views [42], focus groups [32], and scenario-based questionnaires [43]) as well as
participatory [44] and mixed-method designs [45]. Results showed that older users are
aware and appreciate the advantages of AAL as great support for aging in place – but
also, that it affects their perception and meaning of home, as the necessity of using
assistive devices creates an awareness of own health insufficiencies and users may
behave differently because of monitoring systems in their living environment [32, 42].

Major perceived benefits referred to an increased feeling of independence, a
stronger sense of security, and the opportunity to reduce burdens on family caregivers
[13, 41–43]. In particular, visual and hearing aids, the automation of home infras-
tructure, and reminder systems for appointment notices were appreciated to cope with
everyday tasks [32]. In contrast, privacy concerns, the feeling of losing control over
technology and being restricted in one’s own behavioral freedom, less human contact
as well as usability risks were detected as strong perceived barriers [31, 32, 41–43]. As
personal characteristics (e.g., confidence), attitudinal factors (e.g., the perceived use-
fulness of a technology), and the social environment (e.g., family support) influence the
decision to adopt or reject technology assistance at home [31], there is a need to take
greater account of user factors, particularly in connection with the technology accep-
tance of elderly people [46].

Concerning the ultrasonic whistle, previous studies showed that its acceptance
depended on different functions and usage locations, provided that emergency appli-
cations in the bathroom were appreciated the most – with regard to the users’ per-
spective, biological age and attitudes towards aging seemed to affect the adoption of
ultrasonic whistle in home care [47]. As the technology is still under development,
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there is great potential to iteratively integrate user requirements into the production
process to achieve high acceptance levels.

3 Method

The following section presents the study’s empirical approach, the design of the online
questionnaire, a description of the study’s sample as well as detailed insights regarding
the relationships between the user factors age, aging, and health status.

3.1 Empirical Design

The current study aimed for (a) an investigation of older people’s attitude towards
aging and (b) the examination of older people’s benefit and barrier perception with
regard to AAL technology based on usage of ultrasonic whistles. For both research
aims an empirical approach was needed considering individual user factors as potential
influencing parameters, e.g., gender, health status, or attitude towards aging (only for
benefit and barrier perception).

An overview of the underlying empirical research design is presented in Fig. 1. The
items of the online questionnaire based on a literature review (e.g., attitudes towards
aging) as well as on a preceding qualitative study [38], in which in particular diverse
benefits and barriers were identified with regard to using an AAL system based on
ultrasonic whistles within the own home environment.

The first part of the questionnaire referred to independent variables including
demographics of the participants such as age, gender, educational level, occupation,
income (optional), and living circumstances. Additionally, this part also considered the
participants’ health status by asking if the participants (answer options: yes/no) suffer
from a chronic illness, depend on care, depend on using medical assisting technology,
or have a physical impairment. If a participant answered one of these aspects with
“yes”, he or she was categorized as “ill” and otherwise as “healthy”. A last aspect
belonging to the independent variables, referred to the participants’ attitude towards
aging using 10 items focusing on the areas health, active aging, dealing with change,
autonomy, and social integration. The items based on a preceding study [38], included
potential positive as well as negative aspects of aging, and were assessed on a six-point
Likert scale (min = 1: “I strongly disagree”; max = 6: “I strongly agree”).

Following this first part of the questionnaire, a scenario was used in order to
emphasize the participants with a situation of care needs due to health restrictions. The
scenario contained a short explanation of an AAL system based on ultrasonic whistles
and described possible functions and applications, i.e. using ultrasonic whistles as
emergency button or for fall detection by integrating them into the floor. Within the
scenario, the participants were asked to imagine the situation that he/she or a close
family member is in need of care and an AAL system based on ultrasonic whistles was
integrated unobtrusively in the home environment in order to enable an active and
autonomous longer staying at home. The technical description as well as the scenario
were evaluated in a pretest with participants of different ages ensuring comprehensi-
bility and clarity.
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Following the scenario, the participants were asked to evaluate perceived benefits
and perceived barriers of the AAL system, as well as their acceptance in terms of their
intention to use the described AAL system in their daily routine. As first dependent
construct, perceived benefits were evaluated using 10 items (a = .918) focusing on
safety, relief, independency, mobility, invisibility, but also on technology-specific
aspects in terms of independency of electricity and batteries. As a second construct,
perceived barriers were assessed using 11 items (a = .891) reaching from data security
and privacy-related aspects to concerns about finances, surveillance, or control. Finally,
the acceptance of the described AAL system was evaluated using 4 items (a = .886)
referring to the participants’ behavioral intention to use the system. All items of the
dependent variables were evaluated using six-point Likert scales (min = 1: “I strongly
disagree”; max = 6: “I strongly agree”).

Overall, evaluations above the mean of the scale (>3.5) indicated acceptance,
whereas evaluations below the mean of the scale (<3.5) indicated rejection of a
statement or construct.

3.2 Sample Description

In total, 188 (= N) participants completed the questionnaire, aged between 50 and 93
years, with an average of 61.8 years (SD = 9.8). The sample consisted of 105 (55.9%)

Independent variables

Demographics
(e.g., age, gender, education)

Health status Attitude towards
aging

Scenario: AAL system based on ultrasonic whistles integrated within the own home
environment

Dependent variables
Benefits

• Independence of electricity and 
batteries

• Increased feeling of safety
• Higher independence from others
• More autonomy in everyday life
• Multifunctionality
• Unobstrusive technology (protection 

from stigmatization)
• Physical Relief
• Maintaining mobility
• Environment protection
• Time savings

Barriers
• Data transfer to third parties
• Self-funded finance
• Fear of data abuse
• Restriction of privacy
• Feeling of surveillance
• Less human contact
• Error rate through background noises
• Deficient usefulness in comparison 

with other technologies
• Loss of control
• Less self-determination
• Deficient aesthetics

Acceptance: Intention to use AAL system

Fig. 1. Empirical research design.
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females and 83 (44.1%) males. The educational level was above average with 44.1%
holding a university degree [48].

On a voluntary basis, 151 (80.3%) participants provided information on their
monthly net household income, which was mostly between 2,000 and 3,000 euros.
With regard to their home environment, the majority (65.4%) lived in flat-sharing
communities, provided that the intention to stay at home in old age was commonly high
(M = 5.2; SD = 1.0), next to the wish to be cared for at home (M = 4.0; SD = 1.5),
whereas moving to relatives (M = 2.4; SD = 1.3) or nursing homes (M = 2.3; SD =
1.2) received comparatively little approval. Overall, attitudes towards aging (M = 4.1;
SD = 0.7) and attitudes towards technology (M = 4.5; SD = 1.0) were high. Except for
blood pressure monitors (61.2%), personal experience with medical devices, such as
motion detectors (17%), wheelchairs (4.3%), emergency systems (4.3%), and bathtub
lifts (1.1%), was low. Yet, 85 (45.2%) of the participants indicated to be health-
restricted in terms of acute physical impairments, chronic diseases, and/or being
dependent on care assistance. Data was collected in Germany and on average the
participants needed 20 min to complete the questionnaire.

3.3 Age, Aging, and Health Status

Concerning AAL, older people are a major but heterogeneous user group, since aging,
its onset and extent, is an individual process with varying demands and needs [17, 30].
For a better understanding of age-related acceptance factors, we formed two age groups
considering older people in working-age (50–65 years), who came into question as
family caregivers, and the elderly (� 66 years) as potentially care-dependent patients.
Descriptive age group profiles of demographic and attitudinal data are presented in
Table 1. With regard to aging perceptions, both age groups were positively inclined.
However, slight differences were observable, indicating that people in working-age
(M = 4.1; SD = 0.6) tended to be a little more optimistic concerning issues such as
health, dealing with change, active aging, social integration, and autonomy than the
elderly (M = 4.0; SD = 0.8).

Table 1. Descriptive age group profiles of demographic and attitudinal data.

Older people in working age
(50–65 years; n = 134)

The elderly
(� 66 years; n = 54)

Age M = 56.6 (SD = 4.4) M = 74.9 (SD = 6.6)
Gender female n = 76 (56.7%) female n = 29 (53.7%)

male n = 58 (43.3%) male n = 25 (46.3%)
Health status healthy n = 75 (56%) healthy n = 28

(51.9%)
ill n = 59 (44%) ill n = 26 (48.1%)

Attitudes towards aging (min 1; max 6) M = 4.1 (SD = 0.6) M = 4.0 (SD = 0.8)
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Correlation analyses (see Table 2) did not confirm a relation between age and
attitudes towards aging (rs = −.057; p = .441; n.s.). However, health status correlated
with attitudes towards aging (rs = .348; p < .01), indicating that people in good health
shared more positive aging concepts compared to those who were affected by health
restrictions.

For a closer regard to attitudes towards aging depending on the participants’ health
status, two health groups were formed: The first group consisted of “healthy” partic-
ipants (n = 103) who were not affected by any health restrictions and thus, also not
dependent on nursing services, whereas the second group of “ill” participants (n = 85)
indicated to suffer from acute or chronic diseases and, partially, being care-dependent.
Descriptive health group profiles of demographic and attitudinal data are presented in
Table 3.

Overall, the group of healthy participants had more positive attitudes towards aging
(M = 4.3; SD = 0.6) compared to the ill ones (M = 3.9; SD = 0.7). In detail (see
Fig. 2), for the healthy group, aging in particular included staying in contact (M = 5.5;
SD = 0.7) with others, next to making plans (M = 5.0; SD = 0.8), being more relaxed
(M = 4.8; SD = 1.0), and keep on learning (M = 4.6; SD = 0.9), whereas pessimistic
aging concepts, especially less enjoyment (M = 2.6; SD = 1.2), did not seem to bother
them that much. In contrast, the group of ill participants tended to evaluate negative
aging attitudes more strongly, in particular the fear of being less fit and lively (M = 4.4;
SD = 1.2) and decreasing health (M = 4.3; SD = 1.0), as well as being dependent
(M = 3.8; SD = 1.3) on others, although, their perception of positive aging concepts
was still high.

Table 2. Correlation analyses of user factors (**p < .01).

Age Gender Health status Attitude towards aging

Age – .031 −.118 −.057
Gender – – −.073 −.097
Health status – – – .348**

Attitudes towards aging – – – –

Table 3. Descriptive health group profiles of demographic and attitudinal data.

Healthy group (n = 103) Ill group (n = 85)

Age M = 61.1 (SD = 9.0) M = 62.7 (SD = 10.6)
Gender female n = 60 (58.3%) female n = 45 (52.9%)

male n = 43 (41.7%) male n = 40 (47.1%)
Attitudes towards aging (min 1; max 6) M = 4.3 (SD = 0.6) M = 3.9 (SD = 0.7)
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4 Results

The following section presents the study’s results starting with the evaluations of
benefits and barriers with regard to the whole sample. Afterwards, the results of a
cluster analysis are detailed in order to understand user-specific evaluation patterns
concerning benefit and barrier perceptions of a specific AAL technology.

4.1 Overall Evaluation of Using Ultrasonic Whistles in Home Care

In general, the acceptance of ultrasonic whistles in home care was rather high (M = 4.0;
SD = 1.2) with minor evaluation differences concerning different usage locations and
installation sites. According to this, the participants agreed to use the ultrasonic whistle
in the bathroom (M = 4.7; SD = 1.2) rather than in the bedroom (M = 4.5; SD = 1.3)
and living room (M = 4.4; SD = 1.4). Besides, the installation on doors (M = 4.2;
SD = 1.5), wall switches (M = 3.9; SD = 1.5), and windows (M = 3.8; SD = 1.5) was
more acceptable compared with cupboards (M = 3.6; SD = 1.5), floor mats (M = 3.5;
SD = 1.6), and chairs (M = 3.5; SD = 1.5).

Concerning perceived benefits of using ultrasonic whistles in home care, all items
were marked with approval (see Fig. 3). Above all, an increased feeling of safety
(M = 4.9; SD = 1.1) and independence of electricity and batteries (M = 4.8; SD = 1.3)

Fig. 2. Evaluation of attitudes towards aging between two health groups (means).
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were highly valued within the whole sample, followed by higher independence from
others (M = 4.3; SD = 1.3) and more autonomy in everyday life (M = 4.3; SD = 1.3),
multifunctionality (M = 4.2; SD = 1.3), unobtrusive technology (M = 4.2; SD = 1.3) as
a protection from stigmatization, and maintaining mobility (M = 4.1; SD = 1.3). In
comparison, environment protection (M = 4.0; SD = 1.4), physical relief (M = 3.9;
SD = 1.4), and time savings (M = 3.5; SD = 1.3) were less decisive.

With regard to perceived barriers (see Fig. 4), in particular the fear of data abuse
(M = 3.6; SD = 1.4) and self-funded finance (M = 3.6; SD = 1.4) were assessed as
restrictions on the willingness to use ultrasonic whistles in home care. In contrast, data
transfer to third parties (M = 3.5; SD = 1.4), the feeling of surveillance (M = 3.3;
SD = 1.3), restriction of privacy (M = 3.2; SD = 1.3), and an error rate (M = 3.1;
SD = 1.1) due to interfering noises (for example in the background) were not perceived
as use-inhibiting. The same applied to less human contact (M = 2.9; SD = 1.3), defi-
cient usefulness (M = 2.8; SD = 1.2) in comparison with other technologies, loss of
control (M = 2.5; SD = 1.2), deficient aesthetics (M = 2.4; SD = 1.0), and less self-
determination (M = 2.4; SD = 1.2).

4.2 User-Specific Evaluation of Perceived Benefits and Barriers

To get a broader understanding of the perception of perceived benefits and barriers, a
deeper analysis and investigation of the participants’ evaluation was necessary. For this
purpose, a two-step cluster analysis was chosen (hierarchical and K-means cluster
analysis) [49] identifying user segments based on their evaluations of (a) perceived
benefits and (b) perceived barriers.

Fig. 3. Evaluation of perceived benefits regarding ultrasonic whistles in home care (means).
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Starting with the evaluation of perceived benefits, the hierarchical cluster analysis
identified a three cluster segmentation as best segmentation solution in the data set. The
first cluster contained n = 76 (40.4%) participants, the second cluster comprised n = 88
(46.8%) participants, and n = 24 (12.8%) participants were part of cluster 3. Subse-
quently, a K-means Cluster analysis was applied and segmented the respondents into
three distinct groups based on the evaluation of perceived benefits. In a next step,
ANOVAs confirmed the validity of the cluster segmentation, as the three clusters
significantly differed (a) with regard to demographic characteristics (see Table 4) and
(b) regarding all perceived benefit items.

With regard to the demographic characteristics, inference statistical analyses
revealed that the three groups differed significantly regarding their attitude towards
aging and gender (see Table 4). In contrast, the clusters were not influenced by the
participants’ age or health status. Cluster 1 contained a clearly higher proportion of
women than men and hold the comparatively least positive attitude towards aging.
Cluster 2 was the largest group of participants holding a nearly equal distribution of
women and men and also a clearly lower expressed positive attitude towards aging than
Cluster 3. Cluster 3 represented the smallest group of participants and was character-
ized by a slightly higher proportion of men than women as well as the most positive
attitude towards aging compared to the other two groups.

As a further criterion, the intention to use the ultrasonic whistle was investigated
with regard to the three clusters. The results revealed significant differences
(F(2,187) = 33.449; p < .01) indicating the highest usage intention for Cluster 1, a
neutral intention to use for Cluster 2, and a slight negative intention to use for Cluster 3.
Based on these differences and in accordance with the evaluation of benefits (see
Fig. 5), Cluster 1 was simplified called “Adopters”, Cluster 2 the “Undecided”, and
Cluster 3 “Rejecters”.

Fig. 4. Evaluation of perceived barriers regarding ultrasonic whistles in home care (means).
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Figure 5 shows the evaluation of benefits differentiating between the three identi-
fied clusters. Cluster 1, the “Adopters”, clearly evaluated all benefits positively indi-
cating a high acknowledgement of all potential benefits of using the ultrasonic whistle.
Thereby, independence of electricity and batteries (M = 5.5; SD = 0.7) as well as
increased feeling of safety (M = 5.5; SD = 0.6) represented the most confirmed ben-
efits, while environment protection (M = 4.8; SD = 1.1) and time savings (M = 4.6;
SD = 1.0) received lower, but still high agreements from this group.

In contrast, almost all potential benefits were clearly rejected by Cluster 3, the
“Rejecters”. This indicates that this group did not perceive the evaluated aspects to be
“real” benefits. Thereby, time savings (M = 1.9; SD = 1.4) and environment protection
(M = 1.9; SD = 1.3) represented the strongest rejected benefits, while increased feeling
of safety (M = 3.5; SD = 1.8) received the highest evaluations of this group.

For the “Undecided”, Cluster 2, the evaluations showed more heterogeneous pat-
terns: the participants acknowledged an increased feeling of safety (M = 4.7; SD = 0.8)
as well as independence from electricity and batteries (M = 4.6; SD = 1.0) as benefits,
showed slight agreements towards most of the other aspects, e.g., more autonomy in
everyday life, and slightly rejected physical relief (M = 3.4; SD = 0.9) and time savings
(M = 3.1; SD = 0.8) to be benefits of the ultrasonic whistle’s usage.

Considering the evaluation of perceived barriers, the hierarchical cluster analysis
also identified a three cluster segmentation as optimal segmentation solution in the data
set. The first cluster comprised n = 55 (26.1%) participants, the second cluster con-
tained n = 84 (44.7%) participants, and n = 49 (26.7%) participants were part of
cluster 3. Similar to the procedure for the perception of benefits items, a K-means
Cluster analysis was applied and segmented the respondents into three distinct groups
based on the evaluation of perceived barriers. In a next step, ANOVAs again confirmed

Table 4. Demographic characteristics and intention to use the ultrasonic whistle of the
segmented clusters (perceived benefits).

Cluster 1
“Adopters”
(n = 76)

Cluster 2
“Undecided”
(n = 88)

Cluster 3
“Rejecters”
(n = 24)

P

Age M = 62.4
(SD = 11.0)

M = 61.1
(SD = 8.8)

M = 61.7
(SD = 7.9)

n.s.

Gender female n = 49
(64.5%)

female n = 45
(51.1%)

female n = 11
(45.8%)

p < .10

male n = 27
(35.5%)

male n = 43
(48.9%)

male n = 13
(54.2%)

Health status healthy n = 40
(52.6%)

healthy n = 37
(42.0%)

healthy n = 8
(33.3%)

n.s.

ill n = 36 (47.4%) ill n = 51 (58.0%) ill n = 16 (66.7%)
Attitude
towards
aging

M = 4.0
(SD = 0.6)

M = 4.1
(SD = 0.7)

M = 4.6
(SD = 0.6)

p < .01

Intention to
use

M = 4.7
(SD = 0.9)

M = 3.7
(SD = 1.1)

M = 2.9
(SD = 1.1)

p < .01
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the validity of the cluster segmentation, as the three clusters significantly differed
(a) with regard to demographic characteristics (see Table 5) and (b) regarding all
perceived barrier items.

Taking demographic characteristics into account, the three identified barrier clusters
differed also significantly regarding gender and attitudes towards aging and were not
influenced by the participants’ age or health status.

Cluster 1 contained a higher proportion of men than women and hold a less positive
attitude towards aging compared to Cluster 2. Cluster 2 represented the largest group of
participants with a higher proportion of women than men and the comparatively most
positive attitude towards aging. Cluster 3 was characterized by the comparatively
highest proportion of women and the least positive attitude towards aging.

As a further criterion, the intention to use the ultrasonic whistle was investigated
with regard to the three barrier clusters. The results revealed significant differences (F
(2,187) = 8.412; p < .01) indicating the highest usage intention for cluster 1, a slight
positive intention to use for cluster 2, and a neutral intention to use for Cluster 3. Based

Fig. 5. Evaluation of perceived benefits differing between three clusters (means).
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on these differences and in accordance with the evaluation of barriers (see Fig. 6),
Cluster 1 was simplified called “Adopters”, Cluster 2 the “Undecided”, and Cluster 3
“Rejecters”.

Figure 6 shows the evaluation of barriers differentiating between the three identi-
fied clusters. Starting with Cluster 1, a clear rejection of all potential barrier aspects was
striking. Thus, this group did not perceive any of the aspects as “real” barriers of using
the ultrasonic whistle in home care. Thereby, loss of control (M = 1.5; SD = 0.6) and
less self-determination (M = 1.5; SD = 0.6) represented the most rejected aspects,
while fear of data abuse (M = 2.8; SD = 1.2) was comparatively least rejected by this
group.

In contrast, Cluster 3 showed partly high agreements of some barriers (i.e., data
transfer to third parties (M = 4.9; SD = 0.8), self-funded finance (M = 4.7; SD = 1.0),
restriction of privacy (M = 4.7; SD = 0.8), and feeling of surveillance (M = 4.6;
SD = 1.1)). Further, slight agreements were found for single aspects (e.g., less human
contact (M = 4.0; SD = 1.3) and loss of control (M = 3.7; SD = 1.3)). Even Cluster 3
slightly rejected less self-determination (M = 3.4; SD = 1.2) and deficient aesthetics
(M = 3.2; SD = 1.0) to be “real” barriers of technology usage.

Similar to the benefit cluster, a more heterogeneous evaluation pattern was found
for Cluster 2: Data transfer to third parties (M = 3.6; SD = 1.0), self-funded finance
(M = 3.5; SD = 1.1), and fear of data abuse (M = 3.5; SD = 1.1) represented the
barriers with the comparatively highest – but still nearly neutral – evaluations, while all
other barriers were slightly (e.g., feeling of surveillance (M = 3.1; SD = 1.0)) to
moderately (e.g., less self-determination (M = 2.4; SD = 0.9)) rejected to be real bar-
riers of using ultrasonic whistles in home care.

Table 5. Demographic characteristics and intention to use the ultrasonic whistle of the
segmented clusters (perceived barriers).

Cluster 1
“Adopters”
(n = 55)

Cluster 2
“Undecided”
(n = 84)

Cluster 3
“Rejecters”
(n = 49)

P

Age M = 61.0
(SD = 9.6)

M = 61.8
(SD = 9.1)

M = 62.8
(SD = 11.1)

n.s.

Gender female n = 21
(38.2%)

female n = 52
(61.9%)

female n = 32
(65.3%)

p < .01

male n = 34
(61.8%)

male n = 32
(38.1%)

male n = 17
(34.7%)

Health status healthy n = 24
(43.6%)

healthy n = 37
(44.0%)

healthy n = 24
(49.0%)

n.s.

ill n = 31 (56.4%) ill n = 47 (56.0%) ill n = 25 (51.0%)
Attitude
towards
aging

M = 4.1
(SD = 0.7)

M = 4.3
(SD = 0.7)

M = 4.0
(SD = 0.7)

p < .10

Intention to
use

M = 4.4
(SD = 1.1)

M = 4.1
(SD = 1.0)

M = 3.5
(SD = 1.3)

p < .01
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5 Discussion

In the following section, the study’s insights are discussed with regard to previous
research in the field of AAL, technology acceptance, and aging. In addition, limitations
of the study and ideas for future work are outlined.

5.1 Interpreting Perceptions of Aging, Benefits, and Barriers

This study’s aim was to achieve deeper insights into the assessment of ultrasonic
whistles in home care, with special regard to older users’ benefit and barrier perception,
as the risk for health restrictions and care needs increase with age. Though, commonly
referred to as “the elderly”, our study showed that older people represent a heteroge-
neous user group with subjective aging concepts and visions of life. As new insights,
the analysis of evaluation patterns proved an influence of attitudes towards aging on the
decision to adopt or reject home care assistance.

Fig. 6. Evaluation of perceived barriers differing between three clusters (means).
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In general, the obtained results revealed that the wish to grow old at home was
commonly high, confirming corresponding research in the field of aging in place [13]
and the importance of AAL studies. The majority of participants had only little
experience with AAL technologies and systems (except for blood pressure monitors),
presumably, as they were in good health. Overall, attitudes towards aging were posi-
tive, indicating an optimistic age frame regardless of predominant age stereotypes, such
as of “the old and frail” (cf. [34]). On closer regard to the user characteristics, it was
found that health status was related to the attitude towards aging. In detail, healthy
participants shared rather positive concepts and expectations of aging, such as social
inclusion, active lifestyle, and relaxed mood. In return, ill participants tended to agree
more strongly with negative attitudes, such as decreasing health, being less fit and
lively, which can be explained by negative experiences they have already made in
terms of care dependency, acute and/or chronic diseases. Interestingly, neither gender
nor age correlated with the attitude towards aging. Since in this context, personal
experience (e.g. through health restrictions) was obviously more decisive, a rethinking
of age and aging is required to meet individual needs of an elderly society, especially
when it comes to how people imagine and perceive their lives in old age.

Considering the use of ultrasonic whistles as a new assistive device in home care,
evaluation patterns were generally positive. With special attention given to the per-
ception of benefits and barriers, an increased feeling of safety (as in many other AAL
contexts [32, 42]) as well as independence from electricity and batteries (as a core
feature in the present scenario) were considered as major advantages within the whole
sample, whereas particularly the fear of data abuse restricted the adoption of ultrasonic
whistles, emphasizing the importance of transparency and users’ trust in the monitoring
system as essential acceptance factors. Besides, potential users were disconcerted by
the self-funded finance, which may be explained against the background of an
increasing poverty among the elderly [33].

With regard to effects of user diversity, we identified groups of “Adopter”,
“Undecided”, and “Rejecter” in both evaluation contexts (benefits and barriers),
summarized as follows: While the Adopters agreed with the benefits and rejected the
barriers more strongly, the Rejecters disapproved of the benefits and supported the
barriers, while the Undecided did not express a clear opinion in either context. Overall,
the results showed a distinct intention to use the ultrasonic whistle in home care (which
was highest for Adopters) as well as an influence of gender and the attitude towards
aging on the perception of benefits and barriers. It was particularly surprising that
people who did not appreciate benefits of using ultrasonic whistles (the “Rejecter”),
had a comparatively very positive attitude towards aging, which may be related to an
intrinsic drive for independence and autonomy, regardless of technology use. Hence,
with regard to further research, the handling and perception of aging should be focused
instead of the consideration of “age groups”.

5.2 Limitations and Outlook

Besides new insights into evaluation patterns regarding benefits and barriers of
assisting technology and their relationships with different user factors (age and attitude
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towards aging), there are some limitations of the current study, which should be
considered for future work in this research field.

As one methodological limitation, a cluster analysis was used to identify user
groups differing in their perception of benefits and barriers. The cluster analysis pre-
sents only one approach to investigate user diversity impacts. In order to gain deeper
insights into the relevance of user diversity, future research should aim an investigation
of standard deviation distributions comparing the whole sample and the clusters.
Besides this approach, future studies should investigate other relevant user factors such
as attitude towards care and handling of aging.

Further, the knowledge about relationships between benefits and barriers is limited
due to isolated evaluation of benefit items on the one and barrier items on the other
hand. Current and future work therefore focuses on other approaches such as conjoint
analyses [50] in which real life decisions, e.g., considering several benefits and barriers
of technology usage can be simulated.

Besides scenario-based approaches, future studies should aim for investigations of
the described AAL technology based on ultrasonic whistles in real life settings. This is
of major importance as previous research has already shown that the applied
methodology probably effects an underestimation of potential benefits and an overes-
timation of potential barriers [45]. Thus, future studies should aim for hands-on
evaluations of the described AAL technology considering diverse user groups.

Another aspect refers to fact that the current study was conducted in Germany and
represents a perspective of one single country. In particular with regard to perception of
aging and care, other countries and cultures will probably have diverse attitudes and
handlings of aging due to different family structures, (feelings of) responsibility, and
diverse health care systems. Future studies will therefore focus on cross-national and
cross-cultural comparisons of attitudes towards as well as handling of aging and care
and their potential relationships with technology acceptance.

With regard to the sample, the sample size was adequate – in particular considering
the fact that people aged 50 years and older were under study. While gender was
equally spread, the educational level of the sample was above average [48]. Thus,
future studies should investigate a more diverse sample with a broader range of edu-
cational levels (higher proportions of people with lower education levels) and its
potential impact on evaluation patterns of benefits and barriers.
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Abstract. With the ubiquity of smart and connected devices such as smart-
phones, and the ease of downloading Apps from various marketplaces, it has
become standard practice for companies to enhance their service experience by
releasing their own mobile apps. In one particular vertical, Fast-Food Restau-
rants, these applications have started to offer customers a chance to place
mobile-orders. While mobile ordering comes with a variety of benefits such as
skipping lines, order customization, and personalization features, it is not clear
that current design can benefit all users. This study is part of a larger project that
attempts to provide a service experience design that includes the needs of older
users. As a first step toward this goal, in this study we assess the adoption, user
experience (UX) and overall usability of an actual mobile ordering applications
in an organization with respect to generational differences.

Keywords: Mobile ordering � Ageing � Handheld devices �
Human-system interaction � Usability � Engagement

1 Introduction

In 2009 Apple Inc. coined their, now trademarked, “There’s an App for that” phrasing.
At the time this phrase was intended to be used to illustrate the diversity of applications
available for download on the Apple iPhone. With over two-million apps available on
the Google Play app store and the Apple App Store, and hundreds of thousands of
applications on other marketplaces, there truly is an app for almost everything [1]. The
breadth and variety of applications available cover nearly every imaginable niche, and
have given way to new means of interaction between companies and consumers.

The proliferation of e-commerce, and now with mobile m-commerce solutions, has
elicited a new model for service experience that allows for a new means of interaction
[2]. Beyond online shopping, the food and hospitality industry is another area that has
seen recent innovations in service experience. With big players such as McDonalds,
Dominos, and Starbucks releasing their own mobile applications, the industry has
followed suit with many players releasing their own services [3–5].

This increase in mobile commerce is due to the ubiquity of mobile devices.
According to PEW, mobile technology usage in 2018 is at an all-time high, with about
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95% of Americans owning a cellphone of some kind, and smartphone ownership at
77%, up from 35% in 2011 [6]. When looking at the access to devices across age-
groups the breakdown of ownership starts to diverge. As shown in Table 1, while
technology adoption is up among older populations, it has yet to reach the same
saturation that can be found among younger groups [6, 7].

Generational differences between the named generations, Baby Boomers, Gen X,
Gen Y (Millennials) and Gen Z, are an oft discussed topic in news media and academia.
The generational definitions were created along the idea of birth-cohorts which allow
for grouping of people born within common time-periods and cultural movements [8–
10]. With terms such as “Digital Natives” coined to describe those who grew up in a
world where technologic ubiquity and the proliferation of mobile devices and the
internet were not just common, but expected [11–13]. Prior works have examined the
use of new media, and the internet among generations, but have found that, while age
may be a factor, there are other important social, and financial factors as well [14, 15].
Further works have looked at habits of web-use, and information gathering on the web
and have found differences in use, especially with relation to speed and task time, but
not in general patterns [16–18].

While computer and internet usage differences among generations have been
studied, the increase in ownership and usage of mobile devices has created an interest
in investigating the adoption of mobile applications. Food industry companies use a
variety of features exclusive to mobile experiences, such as rewards programs, the
ability to skip lines, and coupons brands to get users to adopt their applications. Even
with many incentives, our initial observations of daily lines of many dozens of people
at an on-campus coffee shop shows that many people forgoing the application. These
lines are often comprised of a diverse group of people, however, we observed that those
using mobile order pickup skewed younger. This observation was the impetus for the
creation of a questionnaire to better understand factors that can impact the usage and
adoption of the mobile application for food services in an organization, such as the
coffee shop that was the focus of this study.

In addition to questions relevant to consumer behavior, we also focused on cap-
turing user engagement. When a system holds a user’s attention, they are attracted to it
for intrinsic rewards. Hence, user engagement is likely to be an important factor in
successful adoption of a technology [19, 20]. In this study our primary question is to
understand if there is indeed a significant generational difference in the adoption and
engagement for the use of a coffee shop’s mobile app. If there is a difference; what
factor(s) contribute to this difference?

Table 1. Breakdown of Cell Phone ownership by Age group [6]

Age group Any cellphone Smartphone Cellphone (not smart)

18–29 100% 94% 6%
30–49 98% 89% 9%
50–64 94% 73% 21%
65+ 85% 46% 40%
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2 Method

The primary method used in this study was an anonymous self-reported questionnaire
that assessed user engagement. Additionally, we asked users questions to better
understand the usage and incentives of the food service application.

2.1 Procedure

The questionnaire started with an informed consent statement and overview of the
study before following the conditional logic as illustrated below (Fig. 1).

Application Usage. To start off the survey we needed to sort respondents into two
groups based upon whether or not they had used the mobile application. Respondents
were presented with the following options (Table 2):

Respondents who chose yes or unsure were presented with a set of questions for
users who have used the App while those who selected no were presented with a set of
questions for users who have not used the app.

Users Who Have Used the App. The first set of questions that users in this group
were presented with were regarding frequency of usage. Users were asked how often
they use the application and were presented with the following options (Table 3):

Fig. 1. Process flow for survey logic

Table 2. Question 1: Have you ever used the Dunkin’ Donuts™ mobile app?

Yes
No
Unsure
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In order to get a deeper understanding regarding frequency of usage, these users
were also asked question 3a, “In a given month, how many days (0–31) do you use the
Dunkin’ Donuts™ app?”

These users were also asked about the features that they use on a regular basis, and
were presented with the following options (Table 4):

In order to measure engagement among users of the app, questions were adopted
from a web-site engagement questionnaire [19]. These users were presented with a
seven point Likert scale, and asked to rate their level of agreement with the following
statements (Table 5).

Users Who Have not Used the App. In order to provide some insight to barriers to
entry for users who have not previously used the app, these users were first asked why
they have not used it and presented with the following options (Table 6):

Table 3. Question 2a: How often do you use the Dunkin’ Donuts™ mobile app?

Several times per day
Several times per week
Several times per month
Several times per year

Table 4. Question 4a: In the app, which features do you regularly use?

Order On-the-Go (mobile ordering)
Payment
Auto-Reload
DD Perks™ & Offers
Find Locations
Menu & Nutrition

Table 5. Question 5a: For the following items, please rate your level of agreement.

The app kept me totally absorbed in using it
The app held my attention
The app excited my curiosity
The app aroused my imagination
The app was fun
The app was intrinsically interesting
The app was engaging
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Next we asked the users which features they would be likely to use and presented
them with the following list of Dunkin’ Donuts mobile application features [21]
(Table 7):

Users Who Displayed Interest in Mobile Ordering Feature. This set of questions
was presented to users who have used the mobile application and regularly use the
mobile ordering feature, as well as those who have not used the mobile app but
indicated that they would be likely to use the mobile ordering feature.

The first question users were asked was to rank features based on how important the
feature was to them, and they were presented with the following features (with a
randomized order for each survey participant) (Table 8):

Table 6. Question 2b: Why have you not used the app?

My phone does not support it
I did not know it was available
I prefer face-to-face interaction
I do not trust it
It seems confusing / complicated
Other

Table 7. Question 3b: Which of the following features would you be likely to use?

Order On-the-Go (mobile ordering)
Payment
Auto-Reload
DD Perks™ & Offers
Find Locations
Menu & Nutrition

Table 8. Question 6: Drag to rank the following mobile ordering features in order of their
importance to you (most to least).

Skip the line
Ordering in advance
Saving favorite orders
Browse the menu
Customize order
Stored payment
DD Perks™ & Offers
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Finally, in order to elicit any other feedback, these users were asked question 7,
“Do you have any other thoughts or feedback on mobile ordering?”

Demographics. All respondents were asked question 8, “What is your age?” These
respondents were then asked about their affiliation to the University, and were pre-
sented with the following options (Table 9):

Respondents were also asked about the type of smartphone they primarily use, and
were presented with the following options (Table 10):

2.2 Subjects

Participants for this questionnaire were recruited from the campus population of a
University in the United States. The university presented an opportunity to focus on a
population with a diverse range of ages, all with experience ordering from the on-
campus coffee shop. Respondents (n = 150) ranged from age 18–99 with a mean age of
M = 37.42 years (SD = 15.84) (Fig. 2).

Table 9. Question 9: What is your affiliation to WPI?

Undergraduate student
Graduate student
Faculty
Staff
Alumni
Other

Table 10. Question 10: What type of smartphone do you primarily use?

Android
iPhone
Other
I do not have a smartphone

An App for Who? 145



For analysis, subjects were classified according to four age groups based on the
birth cohort generational construct [8–10].

• “Baby Boomers”, aged 56–99, with a population of N = 25 (M = 62.52,
SD = 8.29).

• “Gen X”, aged 41–55, with a population of N = 36 (M = 47.72, SD = 4.18).
• “Gen Y”, aged 27–40, with a population of N = 40 (M = 33.15, SD = 4.17).
• “Gen Z”, aged 18–26, with a population of N = 49 (M = 20.53, SD = 1.84).

3 Results

3.1 Application Usage

Application usage among respondents was highest among Gen Y, with similar usage
among Gen X, Gen Y and Gen Z between 50–60%, while among Baby Boomers usage
was 16% (Fig. 3).

Fig. 2. Age distribution of respondents
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3.2 Users Who Have Used the App

Most respondents who have used the app indicated that they used it “several times per
week” in all four generations. Gen Z, Gen Y, and Gen X each had 1–2 respondents
indicate that they use the app “several times per day”, and many more who indicated
that they use the app “several times per month” or “several times per year.” The
average number of days per month that the app is used by each generation varies only
slightly, with all four averages ranging between 9–12 days per month (Figs. 4 and 5).

Fig. 3. Question 1: Percentages of Users Who Have Used the App (Yes) vs. Users Who Have
Not Used the App (No), by Generation
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Fig. 4. Question 2a: Users who have used the app - qualitative frequency of usage, by generation

Fig. 5. Question 3a: Respondents who have used the app - average, minimum, & maximum
number of days the app is used per month, by generation
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Respondents were asked to rate their level of agreement on a scale from [1–7]
(strongly disagree - strongly agree) with each of 7 statements. A higher level of
agreement with each statement is indicative of a higher level of engagement. Gen X,
Gen Y, and Gen Z all seem to have very similar trends among their responses to the
statements. Baby Boomers, however, indicated a noticeably stronger level of agreement
to all 7 statements, indicating a higher level of engagement (Fig. 6).

Respondents who have used the app most frequently used features such as DD
Perks & Offers, mobile ordering, and payment. In Gen X and Gen Y, more respondents
use payment than mobile ordering. However, in Gen Z, more respondents use the
mobile ordering feature than payment. There were 0 Baby Boomers who responded
that they use the payment feature, but some of them do use mobile ordering (Fig. 7).

Fig. 6. Question 4a: Rated level of agreement by generation with statements that “the app…”
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3.3 Users Who Have not Used the App

Of respondents who have not used the app, many either did not use it because they
prefer face-to-face interaction, or they did not know it was available. There was a high
response in Gen Z of subjects who did not know that the app was available, and there
was a high response in Baby Boomers of those who prefer face-to-face interaction
(Fig. 8).

The other option as a fill in was popular among all four generations. Many of the
other answers can be summarized using other choices provided as options, however
some additional insights provided through the other option include:

• Students on a meal plan using their provided meal plan dollars.
• Not going to the restaurant (enough) or making their own at home.
• Not “getting around to it”, with many intending to but not doing so.

Of the respondents who have not used the app, in all four generations there was a
high response indicating that they would like to use features such as mobile ordering
and DD Perks & Offers. In Gen Z, Gen X, and Baby Boomers, there was a particularly
strong response in respondents who would like to use the feature “Find locations.” All
four generations had a very low response in respondents who would be interested in
using the “Auto-Reload” feature (Fig. 9).

Fig. 7. Question 5a: Users who have used the app - regularly used features, by generation
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Fig. 8. Question 2b: Users who have not used the app - why they have not used it, by generation

Fig. 9. Question 3b: Users who have not used the app - features they would be likely to use, by
generation

An App for Who? 151



3.4 Users Who Displayed Interest in Mobile Ordering

Of the respondents who displayed an interest in mobile ordering, all four generations’
highest ranked features in terms of importance were the ability to skip the line and the
ability order in advance. Baby Boomers indicated that the least important feature to
them was being able to store payment in the app. Gen X, Gen Y, and Gen Z indicated
that the least important features to them in the app include saving favorite orders and
browsing the menu (Fig. 10).

3.5 Demographics

Of the demographic questions, the age question was used for sorting subjects, and the
affiliation was used only for quality control. However, the results of the device question
indicate a trend toward app-users being predominantly iPhone users, while among
those who had not used the app, there was more diversity in phone choice (Fig. 11).

Fig. 10. Question 6: Users with interest in mobile ordering - average ranked level of importance,
by generation (lower is better).
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3.6 Additional Feedback

The open response field for additional feedback was used by about one third of
respondents. Data was cleaned to remove: (a) short responses such as “No”, (b) non-
sense responses (c) feedback about the survey rather than the app.

After cleaning, the data was then coded to capture the main sentiment of the
comment and to group similar comments upon subject. Comment breakdown followed
these key topics:

• Like: These users like the app and were sharing their happiness with its features,
convenience, etc.

• Dislike: These users had bad experiences or were not in favor of the app.
• Buggy: A subset of dislike, these comments shared experiences with the app not

working as expected, or with bugs they had encounters.
• Trust: There were many comments about a fear of using the app, or trusting

financial data within the app.
• Face to Face: These users commented about the workers of the coffee shop, and

about wanting to see them, make sure they got tips, or worried for them.
• No Need: Several users commented that there just isn’t a need for this app, because

they have great experiences regularly at the coffee shop.

Fig. 11. Question 10: Percentages of types of phones that respondents primarily use, by
generation, sorted by those who have used the app and those who have not
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4 Conclusion

In looking for a significant generational difference in the adoption and engagement for
the use of a coffee shop’s mobile app, there does appear to be increased adoption
among younger generations. A key finding of this questionnaire is that usage of the
coffee shop’s mobile app aligns well with the general adoption and prevalence of
mobile devices, with the youngest generation having the most favorable reaction, and
the baby boomers not using the application as often.

In attempting to assess which factor(s) contributed to this generational gap a
repeated theme arose across all questions. Technology should serve to enhance or offer
new value where it can, perks and rewards, coupons, easy payment, and benefits such
as line skipping all do incentivize usage among app users. Not all rewards hold the
same sway, while some features like line-skipping may be beneficial to some, to others
they remove another benefit, such as social interaction, or the intimacy of a face-to-face
interaction with the workers. Among the baby boomers this last point was especially
pertinent with much of the enjoyment of their trip to get coffee being in the experience
itself. There is a perceived benefit to interacting with the workers, but also a trust in
them that to many, an app cannot replace. Older generations were less ready to trust
their financial information with the app, while younger generations were much more
willing to use the app and its many features.

Among those who were interested in mobile ordering, features were ranked fairly
similarly, with features like advanced ordering, line skipping and perks ranking highly.
Across all generations the idea of bonuses, coupons and free rewards was nearly
universally noted as a good thing. Boomers were consistent with their trust related
rankings in that they consistently ranked stored payment as their least wanted feature.
A feature that many called out in their open response fields and other boxes was their
love of customization. The application allows users to feel confident in customizing
their orders and getting exactly what they want. At the same time, users did note that
sometimes the customization feature was restrictive, and forced them to order food
within a certain construct or limitations, that they can bypass with a human, but the app
doesn’t allow.

Surprisingly, the Baby boomer generation provided higher average engagement as
compared to the other cohorts. This increase in engagement among older populations,
is similar to the generational difference in Loos study on use of new media [16, 18].
This may have the do with the novelty of technology as the older generations expe-
rience it [22]. The younger generations have lived a larger portion of their lives
absorbed in technology, having more time to become accustomed to mobile applica-
tions [11, 12]. Because these generations are more used to mobile applications in their
everyday lives, the same novelty of experience is not there as it is in the older gen-
erations [23–25]. For this study, these factors may have contributed to lower
engagement among younger generations.

Across all users it is important for companies to build trust among their users.
A mobile application can provide an enriched service experience and even offer users
the potential to interact in new ways. However, this experience can’t come at the
expense of the customer. Part of building out a mobile platform is to extend the
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company’s existing trust and reputation with users into a new environment, and allow
for increased engagement. This means having a consistent, secure, and valuable
experience.

While this sentiment works for all users, it is especially important when onboarding
new users from aging populations. The results of this questionnaire show that while
older users found the app engaging, they did not trust the app as their younger
counterparts. Trust with boomers is difficult to obtain, and if a company wishes to seek
engagement through new channels, they need to make sure that the application gains
their trust. While there may be “an app for that” it is important to consider who is
actually using those applications, and how an applications design and implementation
could affect long-term adoption.

5 Limitations

For the purposes of this study it is important to note the impact that some of our choices
have had to potentially inform the results of this research. The most influential factors
in that could change these results would be around our sample size and demographics,
and for the specific application we chose to study adoption within.

Demographically we focused on generation as a function of age, however our
sample was selected entirely from the community of a university within the United
States. The impact of this choice means that our results with a sample size of n = 150,
all respondents were faculty, staff, students, or alumni of the university. This means
that the responses were likely skewed toward the university population more-so than
representing a broader, random, sample. The results for a larger sample size selected
from the general population could vary.

The second important factor is in choosing a coffee shop for this study. While a
large subset of the university community takes advantage of the on-campus coffee
shop, not all people buy coffee or meals from this location. If the study had been run
focusing on a different type of application the results might have been varied.

In examining the university population, the potential for an intersectional sample
was available. The university accepts students globally, and hires positions across
many vocations from tradespeople to professionals, to executives, which meant that
there would likely be a diversity of responses. The most readily available, consistently
utilized on-campus location, with a mobile app was the coffee shop.

6 Future Work

The distribution of this questionnaire is the first step toward addressing the issue of
lower adoption among aging populations. The questionnaire has helped to identify that
there is a trust-deficit among older app users that needs to be addressed. Users across all
generations expressed interest in accessing some of the features and benefits of the
application, future work should help identify how we can personalize a service
experience within an application to appeal to multiple generations, while instilling trust,
but also maintaining a hospitable human-factor in interaction.
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In addition to personalization and increased generational accessibility, future work
will investigate the application of social presence theory in order to add more intimate,
personal, warm and sensible interactions to the application [26–28]. Through the
application of human-like agents for ordering, or the use of avatars as an analog for
face-to-face interaction, or even telepresence capabilities we can investigate if these
human-like factors increase adoption and trust among users, particularly older users
who seemed to place a great value on social interaction as part of service experience.

Additional work can investigate the engagement, and trust differences between
personal devices and on-site kiosks, to see if the issue is with the application experience
or the overall technology augmentation to the traditional service experience. It will be
important to establish if the disconnect within generational adoption is due to the
specific implementation, or if the adverse trust-relationship is resultant from technology
as a whole.

Finally, to address some of the limitations of this study, future work should
examine larger and more varied populations, and explore if these results hold true
across different verticals for technology adoption. Future studies should endeavor to
discover if the type of cuisine impacts results, and if a wider sample modifies the
outcome.
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Abstract. Digital transformation of work is in progress and will force
employees to focus on computer related competences, training and flex-
ibility. In addition, elderly workers are less experienced and slightly less
efficient in training, will play a key role for labour markets in the near
future due to demographic change. To understand elderly workers needs
and to further guide this transformation process, this article focuses
elderly workers concerns and barriers about the digital transformation
at work. In a fist step, we could identify user, technology, and context
related factors of importance, such as working effort, lack of competence,
unclear responsibility, fear of unemployment, compromised work-life bal-
ance, insufficient legal foundation, changing habits, and lack of support
in the company. In a second step, we found that elderly workers are most
concerned about changing habits, but nevertheless, concern ratings were
not high. These results show that it is of high importance to consider
employees needs during the digital transformation of work. Results were
discussed in order to provide validated instructions on how to supervise
and encourage digital transformation, and how to ensure participation
of less technology enthusiastic workers.

Keywords: Digital transformation · Future of work · Age ·
Mixed-method

1 Introduction

The digital transformation of work is in progress, but still, this process is mostly
researched by technicians or engineers who aim to optimize technical or eco-
nomical parameters like efficiency, effectiveness or costs. Nevertheless, since this
transformation is a manifold process involving technical innovations (e.g. big
data, cloud integration, artificial intelligence, decision support systems etc.) as
well as political, economical and social transitions, it is important to under-
stand every shareholder’s perspective (i.e. politicians, employers and employees)
to ensure societal integrity. Especially elderly workers play a key role in this
transformation process for several reasons: First of all, they started to work
c© Springer Nature Switzerland AG 2019
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in pre-digital environments and—even if digital transformation is different from
previous industrial revolutions—they possess a very experienced perspective and
a very elaborated viewpoint on technological change in general. Secondly, they
have different needs in terms of technology acceptance [1], making them harder
to address by technology developers, and thirdly, industrial countries perform
a demographic change, which makes elderly workers the largest working group
in the near future. Because the digital transformation of work might profit con-
siderably from understanding their perspective and needs, we aim to identify
and validate concerns and barriers using a two-step mixed method approach
and conducted two mixed-aged focus groups, followed by an quantitative online
survey with an elderly sample.

The outline of this article is as follows: In Sect. 2, we provide an
overview about the digital transformation of work (Sect. 2.1), and the domain
of elderly workers (Sect. 2.2). In Sect. 3, we describe the method of our
focus group study (Sect. 3.1), as well as the results from qualitative con-
tent analysis (Sect. 3.2). Correspondingly, we describe method (Sect. 4.1) and
results (Sect. 4.2) of our elderly-sampled questionnaire study in Sect. 4. We dis-
cuss the results of both studies in Sect. 5, deliberate limitations of our method-
ology in Sect. 6 and summarize our contribution in Sect. 7.

2 Related Work

2.1 Digital Transformation of Work

The digital transformation of work is an extensive and irreversible process that
will change the future of employment tremendously on several dimensions. We
use the terms digitization, digitalization and digital transformation according to
[2]: Digitization is the process of making analogue information digital, digital-
ization the use of digital information in applications and digital transformation
the process of increasing interconnection of digital data and processes.

What does it mean for employees? While in the classical analogue industrial
employment system—that might be digitalized, but not yet transformed—, the
employees fulfilled narrowly defined jobs in an office that is provided by the
employer, while being part of a strictly hierarchical decision-making process.
The digital employments system provides project-based working, is independent
from location, and decision making takes place in teams with flat hierarchies.
Furthermore, this shift put an emphasis on workers knowledge, training, skill and
intellectual property, while making borders between firms permeable: Workers
are hired for shorter tenures, and are instead expected to move horizontally from
company to company, rather than climbing a vertical job ladder [3]. However,
this is not even the final form of the transformation, since recent developments
broke work down into smaller parts than projects, such as clickwork (e.g. tagging
items on a website), or crowdwork [4], where smartphone apps are deploying
single tasks (e.g. driving) [5]. When considering that—despite the huge potential
on digital transformation on wellbeing—most of these new crowdwork jobs are
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precarious, the need to guide this process becomes a key challenge to retain
societal integrity.

Digital transformation of work affects the whole nature of work, it re-shapes
established job-roles and workforce-skills; workers have to acquire basic com-
puter skills to be able to interact in a digitalized working environment, and have
to develop data-related skills like data monitoring, analysis, and diagnostics,
while machinery operation and physical strength will be of decreasing impor-
tance [6]. The demand of labour power is shifting towards a competence profile
of employees that focusses computer skills as well as creativity and interper-
sonal skills [7]. Even though concerns about technological unemployment are not
novel, and technological development had always led to an increase in wealth in
intermediate-term, it is important to take employees concerns seriously [6], espe-
cially since machines are not just getting stronger, but are also getting artificially
intelligent [8].

2.2 Elderly People at Work

Elderly workers are of increasing importance for companies since demographic
structures are changing in form of falling birth rates and longer life spans, which
leads to an increased median age of workers and an increased proportion of
elderly workers in the labour force [9], especially in economically developed
countries [10]. However, the process of aging is multidirectional and multidi-
mensional, and its influence of task performance is quite extensively discussed
in research: According to a meta-analysis [11] (380 studies), age was not related
to core task performance and creativity, but positively associated to social and
safety behaviour (e.g. helping co-workers resp. complying with safety rules). Fur-
thermore, age was negatively related to counterproductive work behaviors, but
the performance in training programs was found to be slightly lower in elderly
workers. In contrast to these empirical findings, stereotypes against older workers
are quite persistent: They are considered less adaptable, more costly, at higher
health risk, less energetic, and disinterested in training [12].

As a consequence, companies are advised to develop a learning and aging
friendly climate, encourage knowledge transfer and provide physical as well as
psychological health practices [13]. In addition, aging employees are advised to
utilize current strengths and abilities at best and behave proactive in terms of
enquiring feedback, altering the view of the job, as well as defeating stereo-
types [14], which are otherwise internalized and replicated [15].

In summary, digital transformation is not yet finished and is already putting
an emphasis on lifelong learning, especially in computer-related domains. In
addition, older workers will be the biggest working group in the labour market
and might not have developed those skills yet. Furthermore, working tasks may
change to an extend that elderly workers might not benefit from their experi-
ence anymore, but are instead suffering under slightly worse learning abilities
and unfounded stereotypes. To understand elderly workers concerns and barriers
when dealing with digital technology in working context is therefor essential to
guide the digital transformation of work.
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3 First Study: Exploratory Identification of Relevant
Factors

As an initial step into the domain, we conducted two explorative focus groups
to get qualitative insights.

3.1 Method

Focus Group Design and Sample Description. Both focus groups were
designed as semi-structured guideline-based interviews and had the same mod-
erator to keep experimenter artifacts consistent [16]. The whole session was
designed to last about 60 min, and despite snacks and beverages there was no
monetary compensation, all participants volunteered. The guideline was divided
in 4 sections. Section 1 was about the status quo of digital transformation of the
subjects work environment, Sect. 2 about the increasing digitization in general,
Sect. 3 about specific challenges, barriers and concerns, and Sect. 4 was designed
as mind mapping task to make the participants recap the session. To prevents
participants from repeating stereotypes, age factors were not explicitly men-
tioned the guideline, but unknowingly to them, two members of the group were
deliberately sampled to be older than 50. Both groups automatically discussed
the topic of elderly workers.

In addition, all subjects were sampled to be employees and both groups
were composed to have equally represented gender and work experience. Overall,
n = 7 volunteers (3 female), aged from 24 to 58 (M = 38.14, SD = 15.5) could
be recruited to take part in our focus groups. Both focus groups were held in
German language.

Analysis Procedure. To keep the analysis as objective and reliable as possible,
we used a consensual approach of thematic qualitative content analysis [17]. The
recordings of the two focus groups were transcribed in accordance to the GAT2
standard [18]. As initial step into the analysis, we defined two main categories
deductively: Usage Barriers and Concerns, and Factors of Age. We used our
transcriptions as sampling units, the participants contribution to the discussion
as recording unit, a single phrase as smallest possible content unit, and a whole
coherent statement as context unit.

The whole material was assigned into the two main categories by four expe-
rienced coders independently, while memos and headings were written into the
material, complying with the open coding approach [19] and the guidelines
defined in [20]). Inductive sub-categories were developed subsequently. The final
consensual category system was elaborated by combining the four independent
approaches among several coder-meetings. The final result is unanimous and
inter-coder reliable. Anchor examples are translated into English language for
Sect. 3.2.
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3.2 Qualitative Results

In this section, we report the results of two focus groups. We identified 81 content
units and assigned them into 17 sub-categories that were developed inductively.

Main Category 1: Usage Barriers and Concerns. The fist main category
contains usage barriers towards the digital technology in professional domains.
Our content units could be assigned into three sub-categories: Technology Fac-
tors, User Factors, and Context Factors.

Technology Factors. This category contains arguments that were related to
digital technology itself. Among these content units, we could furthermore derive
two sub-sections: Working Effort is not Decreasing, but Increasing, and IT Secu-
rity is not Sufficient.

Working Effort Is not Decreasing, but Increasing. Subjects stated in various
cases that the use of digital technology led to more working effort and therefor
not to an increase in efficiency. According to our subjects, this is mostly related
to poor usability design (“If a customer wants to buy three things, I have to
open his account three times and he leaves the shop with three separate slips of
paper.”) or insufficient scope of functions.

IT Security Is not Sufficient. One participant argued that she wants to use free
third party software at work, but she is not allowed to because sufficient IT
security could not be granted. Others stated that cybercrime is already a huge
threat to the company: “I was advised to pull out all plugs immediately when a
specific notification shows up. Otherwise, the company could be forced to close
the doors for several months.”.

User Factors. This second sub-category contains factors that are quite essential
to the research question: User Factors. Among all arguments that contained
indicators for transformation of work being delayed for reasons of users barriers
or fears, we could examine five sub-categories: Lack of Competence, Who is
Responsible?, and Fear of Unemployment, Unbalanced Work-Life Balance.

Lack of Competence. Participants often argued that a lack of competence is a
barrier to deal with. One the one hand, they argued that they “have to deal with
more and more information”, as well as they need “domain knowledge AND the
knowledge about the technology”. On the other hand, two participants argued
that some workers underestimate the autonomy of analogue work, because some
jobs can not be done anymore if services out of reach (e.g. servers) are down.
The topic of apprenticeship and schooling was discussed quite controversely, since
some subjects stated that there is an urgent need for more digital content, while
others argued that some educational material is already digital, but shouldn’t be.
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Who Is Responsible? Subjects often stated that the question of responsibility is
still unsolved. The representation of relevant content on a display might lead to
a “responsibility-shift from worker to machine”. Users fear to carry not only the
responsibility for their actions and decisions, but in addition the responsibility for
the maintenance of hardware. Workers often feel urged to give up responsibility,
because otherwise they would not be able to work, but on the other hand they
would be “made responsible” for faulty technology.

Fear of Unemployment. Some content units contained arguments that reflected
the fear of being substituted by technology. Besides “the fact that there is the
potential for substitution”, participants also minded that “the whole process is
driven by short-term improvement of costs instead of human-centered transfor-
mation”.

Unbalanced Work-Life Balance. When talking about the possibility to work
independently from time and location, our subjects stated that it is already a
challenge to remain work and life well balanced. Underlying factors were the
uncomfortable feeling to be contactable at all time, and the fear of not getting
a promotion if taking too much off-time. One participant stated that “it could
be positive to be able to work all the time, but i don’t want to be obliged to.”.

Context Factors. The third sub-category adresses the basic conditions that
were mandatory to workers: Legal Foundation, and Support in the Company.

Legal Foundation. Several participants argued that the actual legal foundation
fails to cover the possibilities of a digitally transformed world of employment.
Legally limited working times might not be sufficient for projects, even if there is
enough off-time as compensation. On the other hand, according to our sample,
there is not enough worker protection for newly created jobs like clickworkers.
Furthermore, workers in jobs with an increasing amount of sensor information
often suffer from regulations from pre-digital area, since they “have to write
documentations until they are completely exhausted”.

Lack of Support in the Company. Furthermore, subjects identified co-workers
or even managers as unsupportive and overcautious in processes of change:
“employees use what they are instructed to, but higher levels fear that some-
thing goes wrong”. In addition, one participant even said that “there are smaller
fights from time to time to convince people of technological development”.

Main Category 2: Factors of Age. The second main category contains fac-
tors that were directly related to workers’ age. We could identify Younger Work-
ers in Disadvantage and Elderly People in Disadvantage as sub-categories. We
could furthermore identify two content units that were relevant for our research
question, but could not be covered by any of the other categories. We report
those as Additional Findings.
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Younger Workers in Disadvantage. Participants stated that especially
younger workers are disadvantaged if technology fails, because they are less
experienced in working without technology. Furthermore, one subject argued
that “younger workers often struggle to combine classic work with the technical
component”.

Elderly Worker in Disadvantage. When discussing the topic of elderly work-
ers, participants argued that those workers are often overcharged by digital tech-
nology. Underlying factors were inexperience, because they are just not “grown
up” with technology, or they are just not considered by technology designers
to cope with e.g. visual impairment. In addition it was reported that especially
elderly workers struggle to change their habits.

Additional Findings. One of the elder subjects argued that she is not at
all concerned about digital transformation because she had no problems with
technological progress at work during the last decades. Another subject argued
that especially older and more experienced workers are expected to suggest ideas
about digital transformation, even if they are less experienced in the use of
technology.

4 Second Study: Evaluation with Elderly Sample

To further evaluate our results from the first study (Sect. 3), we conducted a
quantitative online survey as a follow up.

4.1 Method

Survey Design and Variables. The survey was designed to have a comple-
tion time of 15 min. As demographic data we measured gender, age, highest
education degree and self-efficacy towards technology (SET) [21]. As dependent
variables we measured the barriers and concerns from the first study by ask-
ing a single 6-point likert-item per concern/barrier. The ascertained variables
reflected Habits, Competence, Effort, Age, Unemployment, Work-Life Balance,
Responsibility, Legal Foundation, and Support. The wording of the items was
chosen accordingly to the results from study 1, e.g. “When thinking about the
digital transformation of my job, I am concerned that the usage of digital work
equipment leads to higher effort for me, because the application is not easy to
use.” for the variable Effort. All likert items were measured on a scale from 0
(“strongly disagree”) to 5 (“strongly agree”).

Sample Description. Overall, n = 239 participants (49% female) completed
the survey. Age was ranged from 50 to 66 years (M = 56.31SD = 4.45).
34.7% of our sample completed lower secondary school, 36.4% secondary school,
and 24.9% had a high school diploma. SET was ranged from 0.5 to 3.5 (M =
2.33, SD = 0.65, α = 0.85) on a scale from 0 to 5. All participants were recruited
via an online panel and got a small monetary incentive in return.
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4.2 Results

Descriptive Statistics. Table 1 shows the descriptive statistics of our depen-
dent variables. Every single items covered the whole theoretical range from
0 to 5. Surprisingly, concerns about habits were rated the highest (M =
2.35, SD = 1.57), while concerns about insufficient legal foundation remained
the lowest (M = 0.78, SD = 1.19). Concerns about the own competences
(M = 1.87, SD = 1.53) resulted in the same (rounded) mean value as con-
cerns about age (M = 1.87, SD = 1.58), while the worry about increasing effort
remained slightly lower (M = 1.81, SD = 1.42). Furthermore, the fear to be
unemployed resulted in a mean value of M = 1.52 (SD = 1.47), slightly above
the concern of unsure responsibility (M = 0.98, SD = 1.31), impaired Work-
Life Balance (M = 0.98, SD = 1.31) and insufficient support by co-workers or
management (M = 0.93, SD = 1.21).

Table 1. Descriptive statistics of measured concerns and barriers.

Min Max Md M SD

Habits 0 5 2 2.35 1.57

Competence 0 5 2 1.87 1.53

Effort 0 5 2 1.81 1.42

Age 0 5 2 1.87 1.58

Unemployment 0 5 1 1.52 1.47

Work/Life-Balance 0 5 0 0.98 1.31

Responsibility 0 5 0 0.98 1.33

Legal Foundation 0 5 0 0.78 1.19

Support 0 5 0 0.93 1.21

Note: Order of rows was chosen according to Dia-
gram 1.

Figure 1 shows the likert plot of the same results. Overall, its rather visible
that concerns and barriers are more frequently disagreed than agreed on. Even
the most agreed concern, that habits need to be adapted to digital technology,
is slightly more often declined (51%) than affirmed.

4.3 Evaluations of Barriers

As could be seen in the previous chapter, concerns and barriers were not that
severe in terms of absolute agreement. When considering correlations (Table 2),
it can be shown that within our elderly sample, the concern to get unemployed
for reasons of digital transformation decreases with age (R = −.15∗, p < .05).
Furthermore, higher SET is associated with lower fear to be left behind by
younger coworkers (R = −.16∗, p < .05). Gender (dummy-coded) is as well
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Fig. 1. View of the subject; 2 pillars are out of sight.

correlated to the concern to get unemployed (R = .19∗∗, p < .01), the concern of
impaired work-life balance (R = .18∗∗, p < .01), and lack of legal circumstances
(R = .16 ∗ ∗, p < .01), all with men being more afraid. All three results can be
covered by inferential statistics (Mann-Whitney U-Test): Elderly men are more
afraid to lose their jobs (U = 5371.5 ∗ ∗∗, p < .001), more afraid that their work-
life balance gets impaired (U = 5534.5 ∗ ∗∗, p < .001), and more concerned that
legal foundation fails to cover their needs (U = 5753.5∗∗, p < .01). Furthermore,
all barriers/concerns are heavily intercorrelated.

5 Discussion

According to our qualitative results, we could replicate some of the previous
findings: Workers are concerned about being substituted by technology, are aware
of the importance of training and development of data related competences,
and consider elderly workers to be less flexible. Surprisingly, we found a gender
difference regarding the fear of unemployment with men being more afraid. This
might result from different working domains, since men of our sample (recall:
age was 50+) might work in more technology driven or even physical strength
requiring domains. However, the underlying factor is not sufficiently explored,
yet important. In addition to that, we could identify indications that current
working technology lacks of usability, which is rendering the desired increase
in productivity void. Following that argument, its important to consider the
hitherto underrated role of software developers and highly usable products for
the digital transformation as well. This is also covered by the finding, that elderly
people need to be specifically addressed in terms of e.g. visual impairment.



Elderly Workers’ Concerns and Barriers Towards the Transformation of Work 167

Table 2. Significant Spearman-Correlation for age, gender, SET and concerns/barriers.

The fear to changing habits was rated as the highest concern about digital
transformation, which leads us to the conclusion that future training programs
should not only foster technical skills, but also flexibility and iterative improve-
ment and adaption of routines. This becomes a key challenge, especially since
elderly workers are slightly less effective in training programs, less experienced
in the use of technology and are also facing stereotypes according their flexi-
bility. Nevertheless, the concerns were slightly negated in absolute benchmarks,
indicating that elderly workers are not only experienced in their domain, but are
also experienced in the domain of change, which might include digitization. This
is also covered by the qualitative results: Elderly workers are not overly-worried
in general, yet underlying factors are not explored sufficiently; we were not able
to find a factor that explains inter-individual differences. Future work should
address the role of habits on well-being and productivity at work, particularly in
the context of computer-related skills, as well as the influence of human factors,
such as demography, specific work experience and personality.

6 Limitations

As mentioned in Sect. 3.1, our guideline design was not specifically mentioning
age factors to avoid the problem of stereotype replication vs. experience based
result. We consider this a valid approach, but especially qualitative designs are
very vulnerable in terms of guideline topics and moderator behaviour. Future
studies should triangulate our results by choosing a different approach, e.g. by
letting the subjects discuss purposely aging stereotypes, or by conducting focus
groups with an all-young or all-old sample. Furthermore, our quantitative design
is based on the analysis of single items, which is not only sensitive to response
biases, but also prohibits parametric analysis. Our second study aims to give a
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first insight into the topic of concern priority, but these important concerns need
to be operationalized into reflective or even formative self-reporting scales for
future studies. In addition, we found legal foundations to be of surprisingly low
importance in the quantitative results, which might not be transferable to other
industrial nations, because the attitude towards legislature might differ among
cultures.

7 Conclusion

Since digital transformation of work is in progress and elderly people play a key
role for the labour market in the near future, we conducted two exploratory
studies—an to examine elderly workers concerns and barriers when dealing with
digital technology at work. In our first study, we examined technology, user and
context related factors that were of relevance to elderly workers. Our subjects
stated that the use of digital technology leads to an increased working effort,
while furthermore essential technological competences are not sufficiently devel-
oped or educated. Furthermore, the question of responsibility, the fear of unem-
ployment and an impaired work-life balance were topics of high importance,
along with insufficient legal foundation, lack of support in the company, and the
need to change habits. The need to change habits was found to be rated higher
than the other concerns, while the fear of impaired work-life balance, the ques-
tion of responsibility, while insufficient legal foundation and company support
were predominantly negated. This result shows that companies should further
focus on training programs and reduction of stereotypes. Furthermore, we found
a significant gender difference in men being more concerned about unemploy-
ment, work-life balance and legal foundation than women. Future studies should
investigate underlying factors to consider user-diversity in training programs.
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weingarten. Gesprächsforschung-Online-Zeitschrift zur verbalen Interaktion 12, 1–
51 (2011)

19. Elo, S., Kyngäs, H.: The qualitative content analysis process. J. Adv. Nurs. 62(1),
107–115 (2008)

20. Van den Berg, A., Struwig, M.: Guidelines for researchers using an adapted con-
sensual qualitative research approach in management research. Electron. J. Bus.
Res. Methods 15(2), 109–119 (2017)
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Abstract. Head-mounted display has been commercialized and have
made a considerable market in the virtual reality industry. While many
seniors have interest to the consumer head-mounted display, the oppor-
tunity to experience the head-mounted display is still very limited. Hence
this paper aims to resolve whether the current contents or products are
acceptable and to clarify the challenges to discuss solutions. To inves-
tigate on this issue, an event to experience head-mounted display took
place within a regional event for seniors at Kashiwa city in Japan. Dur-
ing the event, voluntary participants were asked to answer the ques-
tionnaires. The questionnaire was gathered from 5 seniors over age 60
and 10 young under the age 60. The seniors acceptance level was not so
high in contrast to the young. However, positive results indicated seniors
enjoyed experiencing the head-mounted display contents, willing to expe-
rience more opportunities, and also highly recommend to experience to
others.

Keywords: Senior · Head-mounted display · Acceptance ·
Virtual reality

1 Introduction

Recently, head-mounted display (HMD) has been commercialized and have made
a considerable market in the virtual reality industry. While it has become one
of the successful virtual reality consumer products, it still requires technologi-
cal knowledge to use as a home device. Meanwhile, many seniors are aware of
consumer head-mounted display through broadcast on television. However, the
opportunity to experience the HMD is still very limited.
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Supporting seniors are an important aspect within the aging society includ-
ing to provide entertaining contents for their daily life. Therefore, providing the
opportunity to experience a consumer type HMD to the senior is important.
However, it is assumed that there are several challenges to resolve in order to
provide a good experience to seniors using the HMD. Some of the challenges
assumed or known, is about the aspects of physical depression due to age affect-
ing virtual reality experience, and the complexity of the HMD use. To clarify
the challenges, in this paper, a HMD experience event and questionnaire were
prepared within a regional event for seniors.

2 Head-Mounted Display

Within the topic of this paper, we would first need to clarify the principles for
virtual reality to understand the HMD’s affections to the seniors. There are
several well-known definitions or principles of virtual reality such as, the I = 3
[1] which is composed of Immersion, Interaction, Imagination, and AIP cube [2]
which is composed of Autonomy, Interaction, Presence. While HMD has many
possibilities in use such as an MR/AR device [3], recent low priced HMD’s device
are designed as a closed type HMD with a non see-through monitor placed in
front of the field of view. Although they can be configured as a video see-through
HMD for MR/AR, recent commercially available HMD contents are made as a
VR content.

It has become very popular for consumer video games, with many contribu-
tions from Sony (PlayStation VR), Facebook (Oculus, Oculus GO), HTC (HTC
Vive) for developing and releasing the HMD to the market. However, as reported
in early studies [4] and recent studies [5] still report that game users experience
motion sickness. Therefore, understanding the users’ characteristics, and follow-
ing early research literature and proposed guidelines [6–8] is important. However,
not all of the released game always follows the suggested guidelines. There are
no way the user can recognize whether the VR contents include some motion
sickness aspects or not, which may lead to bad first time experience.

2.1 Consumer Market of Head-Mounted Display in Japan

Currently in Japan, there are several consumer HMD products that can be pur-
chased. From a consumer point of view, the consumers’ behaviour to purchase
can be categorized into several points, such as the design, weight, performance
and price. Firstly, it can be categorized into two types based on the difference
in components, a smartphone-based type or a dedicated-device type.

A smartphone-based type HMD is fairly cheap and sometimes free, since it
basically is just a smartphone mount kit sometimes made from cardboard. Some
notable products are Google Cardboard [9], Hacosco [10], GearVR [11] and free
companion HMD featured at CardboardClub [12]. Normally, the cardboard type
HMD cost few hundred Yen to few thousand Yen according to cardboard quality
(from about $1 to $20). When it is plastic manufactured like the GearVR the cost
goes slightly up to around five thousand yen (about $50). Since it is fairly cheap
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has high portability, it provides many opportunities to people, and is expected
and studied such as some serious game with pain management [13].

A dedicated-device type HMD are relatively expensive where the prices range
from thirty thousand Yen to twenty hundred Yen ($500 to $2,000). Some notable
products are PlayStation VR [14], Oculus CV [15], HTC Vive [16]. Since it is
developed with a dedicated display and sensors, these HMD’s provides one of the
highest quality of virtual reality available for consumers in terms of I3 or AIP
cube. However, usage is still limited whereas the most popular use is within the
entertainment field. Therefore, Oculus Go [17] has been released as a relatively
cheaper model ($200) for consumers which may not want to pay for more than
$500 for an entertaining device.

While the consumer market of HMD in Japan is rapidly increasing, the adop-
tion rate is not that high yet. Using some classical theory of categorizing the
consumers as adopters [18], in general, there is a well known diffusion curve to
describe cumulative adoption of a new technological innovation [19–21]. The cat-
egories are named “innovators”, “early adapter”, “early majority”, “late major-
ity”, and “laggard” as it differs in terms of the adoption rate. Innovators are the
first adopters which has the positive attitudes to technology, and the laggards
are who have extremely negative technology attitudes and therefore never adopt
technology among the mainstream [22]. Seniors are relatively are considered to
be close to laggards even though they gain some interest in the technologies since
their attitudes in changing their life are not as high as the young. However, the
attitude does depend on the individual so giving the opportunity and enhancing
their interest still may convince seniors to purchase the HMD. In order to realize
that situation, giving positive experience to the seniors will be the key, and also
that experience shall consider further experience after they have purchased.

2.2 Head-Mounted Display for Seniors

Considerations of adapting the virtual reality technology to the seniors has been
addressed in previous research [23]. While there is huge potential of new possible
services, there has been many reports about the effect of spatial cognition ability
declines due to increasing age. While there is individual difference, it suggests
that at some point the individual becomes not capable to recognize the 3D envi-
ronment as intended [24–26]. Although there are individual differences, some
similar aspects can be observed such as motion sickness. There also has been
some reports about sickness occurring even with a very simple virtual reality
environment which is composed only from one CRT monitor [27,28]. Further-
more, some studies report some seniors may feel extreme sickness which can lead
to some of the participants dropping out from the experiment [29,30]. Therefore,
it needs cautions for the seniors not to feel too much sickness.

Early studies using high virtual reality environment CAVE [31] and HMD
comparing the effect to the seniors showed better results for HMD [32,33]. While
the CAVE is considered better in providing higher virtual reality aspects, reduc-
tion of some of the aspects such as texture or model of the 3D world may have
some possibilities in reducing the sickness. Therefore, while some of the seniors
are concerned about the virtual reality, interest about the HMD and providing
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the experience in HMD still has the capability of adoption to the new technology
compared to the CAVE or much higher virtual reality device and experience.

3 Regional Community Event: Luncheon Meeting for
Senior People Living Alone

Every year an event named “Luncheon meeting for senior people living alone” is
organized at the Toyoshikidai area of Kashiwa City, Chiba Prefecture. Almost
200 local seniors attend this event, and some session within the event is organized
by the Institute of Gerontology, the University of Tokyo. Although the event
itself is organized by the local city government, the Institute of Gerontology
has been significantly cooperating with the government to develop a successful
community and social participation for seniors [34]. The 9th annual event was
held 8th October 2018 at a facility within the Toyoshikidai area, which had the
schedule shown in Table 1.

As showed in Table 1, the luncheon meeting starts at 11:30 with an opening
speech for the event, and consists of 2 parts. Part 1 is composed from a 30 min
activity time called cognicise (cognition + exercise), lunch time, and listen and
sing time performed by the local senior electric band (Fig. 1). Part 2 is a session

Table 1. Event schedule of the luncheon meeting.

11:00 Open

11:30–11:50 Opening speech and greetings

Part 1

11:50–12:20 Cognicise activity

12:20–12:50 Lunch time

12:50–13:20 Concert by the local senior electric band

Part 2

13:30–15:00 Booth activity time(*)

15:00 Close

(*) The opportunity to experience HMD contents was
provided in this session.

Fig. 1. Scenery picture of Part 1 of the luncheon meeting.
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Stage area

Entrance

Fig. 2. Overview of the booth areas at the luncheon meeting Part 2. The opportu-
nity to experience HMD contents was provided at the booth “State-of-art technology
experience” area.

Fig. 3. Scenery of a senior experiencing a HMD content at the booth.
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composed of six small parallel sessions (Fig. 2). Within the booth at State-of-art
technology experience, an area was prepared for the senior to experience the HMD
(Fig. 3). It is to be noted that within the area, a table to experience Internet
of Things was also prepared for the seniors. Therefore, the booth was named
State-of-art technology experience rather than using the words of virtual reality,
such as VR or HMD.

Since the research aims to provide consumer level experience potentially lead-
ing the seniors to purchase an HMD, Oculus Go was chosen for the device to
experience, and the applications were chosen from the application list down-
loadable at 1st October 2018. For the virtual reality contents, six contents were
chosen which were named as Art experience, Aquarium tour, CM experience, Pop
star live event experience, Movie experience, Comic experience listed on a simple
instruction manual. Seniors chose the contents with their own will, after listening
to precautions instructed from the instructor. The informed precautions are as
follows (original sentences are written in Japanese).

– Experience time may be limited in case of crowded situation.
– We have carefully selected the VR contents from among the contents publi-

cally released by production companies, although, some people may feel VR
sickness similar to car sickness by experiencing VR contents.

– The experience can be stoped at any time. Please do note hesitate to tell us
if you are not feeling well.

The questionnaire consists of thirteen questions shown in Table 2. The ques-
tionnaire was designed based on the usability scale named System Usability
Scale (SUS) [35]. Within this research we used Oculus GO for the HMD device
to experience, therefore the function was very limited. Therefore, originally, SUS
has a question I found the various functions in this system were well integrated.
though it was skipped within the questionnaire list. However, to calculate the

Table 2. List of the 13 questionnaire to evaluate the seniors HMD experience.

List of questionnaire

Q01 I enjoyed today’s VR experience

Q02 I think that today’s VR experience was easy to understand

Q03 I would like to take home the VR device I experienced today

Q04 I think that I would like to introduce VR device to my friends

Q05 I think that I would like to use this system frequently

Q06 I found the system unnecessarily complex

Q07 I thought the system was easy to use

Q08 I think that I would need the support of a technical person to be able to use this system

Q09 I thought there was too much inconsistency in this system

Q10 I would imagine that most people would learn to use this system very quickly

Q11 I found the system very cumbersome to use

Q12 I felt very confident using the system

Q13 I needed to learn a lot of things before I could get going with this system
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SUS, respect to the original calculation, the question was calculated as a skipped
question, considering it as a 3 within the five-level Likert scale. From Q05 to Q13
was taken from the SUS, and from Q01 to Q04 was prepared to evaluate the
satisfaction of the booth experience and further possibilities whether the par-
ticipants consider using the HMD at their home or not. For comparison, young
staff at the event was also asked to voluntarily answer the same questionnaire
after their experience of HMD.

4 Results and Discussion

The questionnaire was gathered from 5 seniors over age 60 and 10 youngs under
60. The means and standard deviations of the age of participants and the ques-
tionnaire results with SUS score is shown in Tables 3 and 4, for the young and
senior, respectively. The young senior was labeled as Group, and a one-way anal-
ysis of variance was conducted for Q01 to Q04 and the SUS score (Tables 5, 6).

Table 3. Questionnaire results of young
participants means and standard devia-
tions on the age, Q01 to Q04, and SUS
score.

Group: Young

Statistic Mean SD

Age 29.800 8.176

Q01 4.900 0.316

Q02 4.900 0.316

Q03 3.700 1.636

Q04 4.400 0.843

SUS score 75.500 15.977

(n = 10, Male = 6, Female = 4)

Table 4. Questionnaire results of senior
participants means and standard devia-
tions on the age, Q01 to Q04, and SUS
score.

Group: Senior

Statistic Mean SD

Age 71.600 7.436

Q01 4.800 0.447

Q02 4.400 0.548

Q03 3.000 1.871

Q04 4.000 0.707

SUS score 51.500 13.532

(n = 5, Male = 1, Female = 4)

Table 5. One-way analysis of vari-
ance of Q02 by Group.

SS df F p

Group 0.833 1 5.159 0.041 *

Residuals 2.100 13

(* p< .05)

Table 6. One-way analysis of vari-
ance of SUS score by Group.

SS df F p

Group 1920 1 8.238 0.013 *

Residuals 3030 13

(* p< .05)

From Q01 to Q04, only Q02 showed a significant difference (Table 5), imply-
ing that the seniors may have felt more difficulty compared to the youngs. How-
ever, the Q02 mean for senior is 4.4, which is rather high within the five-level
Likert scale, indicating that seniors thought that today’s VR experience was easy
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to understand. Although, results from SUS score for senior were 51.5, which is
generally low score, considering there are suggestions that score less than 50
should be judged to be unacceptable [36]. According to Bangor [36], score of 50
indicates a serious usability failure rather than being “half as good” as a product
that scores 100. Therefore, we can discuss that while the HMD experience was
easy to understand there are still issues with usability.

For the young SUS score 75.5, according to Bangor’s suggestion [36], the score
indicates that the HMD experience is within the acceptable range, fairly good
but not an excellent score. However, it is to be noted that it indicates that it
shows that the HMD experience was not unacceptable, not that it is acceptable.
As Lewis [37] points out, it is easier to show that a product is unacceptable than
it is to show that it is acceptable. It also needs to consider the fact that to obtain
reliable SUS results it is suggested it shall establish the “acceptability” within
the number of participants in the hundreds [36].

Overall, consideration about “acceptance” can be argued within the objec-
tive point of view of the usability and whether if the usability is high from a
subjective point of view. Even from the results of SUS score, the score is affected
strongly from the subjective point of view, whereas the score rises if the partic-
ipant thinks they are successful doing the tasks, even though if the participants
were actually failing the tasks. To assess this problem, other scales and meth-
ods need to be combined for use [38]. However, if the product/system can be
well popularized, if the basics are acceptable, it may be overall may not need to
be strictly assessed. Recently, highly advanced products such as television and
smartphones have already become popularized even within the seniors. There are
many known issues such as the remote television controller becoming complex,
or the smartphone becoming a very complex system, although, if there are needs
or if there is high interest or desire, the product will well be purchased. Further
research can be studied though it is still hard to distinguish if the product was
really accepted, or if it is only a consumer behavior [39].

5 Conclusion

To provide a good experience to seniors using the Head-Mounted Display
(HMD), this paper focused on the current acceptance level of consumer based
HMD. While it is known that there are challenges for seniors using virtual real-
ity devices, it is yet unclear how it may be accepted by the seniors which may
not have much skill to use the device. To clarify the challenges, in this paper, a
HMD experience event and questionnaire were prepared within a regional event
for seniors. Based on statistical analysis, we obtained suggestive results that even
while the current consumer based HMD’S SUS score is low, it may still satisfy
their need or will. This may suggest that even products with usability difficul-
ties to seniors may still provide high benefits to their life. However, it should be
carefully argued with first impressions bias which shall be considered as topics
which need to be featured in future research.
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Finally, this paper suggests that consumer HMD products are nowadays in
the phase to increase free and easily accessible contents to provide new opportu-
nities to experience virtual reality. Especially, while many seniors gain knowledge
about state-of-art consumer products through television programs, the oppor-
tunity to actually experience or consider buying the products are still low. The
opportunities may be delivered through local events such as events held within
local comprehensive care programs.
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Abstract. Cognitive decline is one of the most feared aspects of growing older
that may produce financial, personal, and societal burden and serious conse-
quences on older adults’ independence and quality of life. The findings of
previous studies suggest that playing digital games can activate cognitive skills,
while exergames can be beneficial both for physical activities and cognitive
training. In this study, we used the Xbox 360 Kinect gaming console that
employs advanced sensing technologies to allow players to interact with a game
using body movements. The purpose of this research was to explore the gaming
experience of older adults and to identify the benefits and obstacles they
encounter while playing Xbox Kinect games. A total of ten older adults (an
average age 82.8) were recruited from two senior centers in British Columbia,
Canada. For five weeks, participants played mini exergames from collections:
Kinect Sports, Dr. Kawashima Body and Brain Connection, Your Shape Fitness
Evolved, Kinect Adventures, and Dance Central 3. Each session lasted for 30 to
60 min. Interviews were conducted after each session and at the end of the
study. The findings show that older adults enjoyed most games they played, but
preferred ones that are familiar to them. Also, they valued the exercise aspect of
the games because they had to use their cognitive and physical abilities at the
same time. However, they also report many obstacles while using the system.

Keywords: Exergames � Older adults � Xbox Kinect

1 Introduction

Modern society is aging. Statistical trends show an increase in the population of older
adults aged 65 years and over [1]. If this trend continues by 2036 older adults “could
constitute more than one-fourth of the population” [1, p. 59]. The problems of an aging
population are seen in reduced mobility, raised the risk of falls and injuries [2], social
isolation [3] and cognitive decline [4]. Accordingly, the number of older adults with
mild cognitive impairment, Alzheimer disease, and dementia has been increasing in
recent decades [5]. This increase in the aging population has as effects not only on the
quality of life of these individuals and their families but on the world economy as well,
mostly on the health care and pension systems [6]. To provide a better quality of life for
older adults and their families and reduce burden on economy, researchers have been
examining different types of cognitive training and “how technology and computing
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might reduce [the] deficit [of physical and cognitive abilities] and problem of old age”
[6, p. 4]. Some researchers are developing hardware, devices or small appliances, and
others are looking at the possibilities of how existent technology can be used to prevent
a physical, cognitive and social decline in older adults. A special interest developed
over the years in gerontology research has been on the use of digital games and
gamified applications for improving many aspects of older adults’ lives. On the con-
trary to traditional cognitive training, digital games present a fun and enjoying activities
that can enrich a person’s life, regardless if they are played in groups or individually.
Results from some empirical studies show that digital games are known to reduce
depression [7], loneliness [3], and improve self-confidence while enjoying social
interactions and engaging in cognitive and physical activity [7, 8], but the results of
many studies are not evidence-based (see for example the review by Loos and Kauf-
man [9]). All these aspects contribute to the overall quality of life which is defined not
only as the absence of disease but as “…a state of complete physical, mental and social
well-being” [10].

The purpose of this research was to investigate the gaming experience of Canadian
older adults and identify the benefits and obstacles they report with commercially
available off-the-shelf (COTS) Xbox Kinect games with the following research
questions:

1. What types of Xbox Kinect games are suitable for older adults aged 65 and over?
What are the features of these games?

2. Which challenges do older adults aged 65 and over encounter when playing Xbox
Kinect games?

3. What are the opinions of older adults aged 65 and over on using Xbox Kinect
games?

1.1 Cognitive Training

The effects of cognitive training have been a subject of many discussions in neuro-
science, gerontology, education, and human-computer interactions, and there are many
controversies around this issue. Review articles that have been investigating the ben-
efits of any type of cognitive training, traditional, computer or game based, concluded:
“that training improves immediate performance on related tasks, but there was no
evidence for generalization effects to overall cognitive functioning” [11, p. 263].
Several review articles were investigating the cognitive benefits of both physical and
cognitive training in older adults using digital games. Some of the findings suggest that
there are short-term beneficial effects of playing digital games “on older adults’ bal-
ance, mobility, executive function, and processing speed” [12, p. 14] regardless of the
health and living conditions of this group. However, more research is needed to
determine the effects of cognitive training to untrained tasks, activities of daily life,
with the follow-up data on the far transfer of the training [11].

On the other hand, neuroscience research found “the relationship between serum
BDNF [brain-derived neurotrophic factor], IGF-1 [insulin-like growth factor type 1],
and VEGF [vascular endothelial growth factor], and functional connectivity in healthy
elderly adults” [13, p. 90]. By measuring the presence of these factors in human blood,
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they determined “that aerobic exercise-related increases in circulating growth factors
are related to temporal lobe functional brain connectivity in elderly humans” [13,
p. 98]. This study provides evidence that exercise, even moderate, can influence
changes in chemicals in our organism that are relevant for the age-related changes in
the brain.

A new gaming technology that emerged in 2006, first used by Nintendo Wii,
enabled a new form of physical activity using digital games called exergames [14]. As
defined by Oh and Yang [15], an exergame is “a video game that promotes (either via
using or requiring) players’ physical movements (exertion) that is generally more than
sedentary and includes strength, balance, and flexibility activities” [15, p. 9]. This new
technology can detect movements of players body by either tracking of hand-held
controllers [14] or by tracking the movements of player’s body joints [16, 17]. The
research shows that older adults are motivated to play exergames [18] and see them as
fun and engaging physical activities that could be done indoors [19]. On the other hand,
many older adults report issues with the use of new technologies which could be a
consequence of the fact that digital games, including exergames, are usually created for
a younger audience without the consideration of limitations that come with old age
[18]. Exergames can range from light to vigorous physical intensity while at the same
time being entertaining for users [14]. As neuroscience research indicates that physical
activity is beneficial not only for physical health but also to age-related cognitive
decline [13], these games could be valuable for improving both cognitive functioning
and physical abilities in older adults. However, Loos and Kaufman [9] in their state-of-
the-art paper about the impact of exergames on the mental and social well-being of
older adults concluded that 6 out of 9 empirical studies they analyzed report some
positive impact on the cognitive performance of older adults while others did not report
any significant results, therefore, they advocate for more empirical research to be
conducted.

1.2 Microsoft Xbox Kinect

In November 2010, Microsoft launched its new gaming technology named Kinect [16],
which uses advanced sensing technologies [17]. To detect body movements, Kinect
uses two cameras and one infrared projector that scan the environment to detect body
joints and facial expressions [17, 20] with the ability to recognize different players.
Also, Kinect uses voice recognition technologies that enable controlling a game with
users’ voice [17]. When tested, the Kinect sensor showed high sensitivity in both
response time and accuracy [21], which is important when the game expects from a
player to perform cognitive tasks and provides greater potential for adequate feedback
on performance [22]. Besides Xbox Kinect, Nintendo Wii and PlayStation Move use
motion tracking to control gameplay. However, Nintendo Wii uses Wiimote, a remote
controller that requires users to push buttons on the remote during gameplay which can
be challenging and frustrating for older adults. Features facilitated by Kinect present
great improvement in the gaming experience especially for users with less experience
in gameplay.
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1.3 Usability of Xbox Kinect COTS Games

Research conducted using the Kinect system can be divided into two groups. One
group that developed and tested their own applications/games, and the other that
explored commercially available games. The development of new games is important
for creating games that are suitable for older adults, especially concerning barriers of
the user’s interface [23], options for personalization and adaptation [24] and having
dual-task activities included [25–27]. These applications are usually designed with the
consultation of appropriate experts, but they still have to be tested for the usability of
older adults and commercialized for broader use. On the other hand, there are numerous
commercially available exergames developed for different gaming consoles [24].

To determine the usability of the Kinect system and COTS games for older adults,
researchers have done several studies. Marinelli and Rogers [28] conducted a heuristic
evaluation and hierarchical task analysis, using games from Body and Brain Con-
nection and Your Shape Fitness Evolved, by decomposing large tasks into networks of
nine sub-tasks and pre-requisites. Several studies explored the use of the Kinect games
together with exergames for other platforms. Barenbrock, et al. [24] conducted a
qualitative study with four participants aged from 71 to 86 years old “to investigate
strengths and weaknesses of commercial exergames with regard to older people” [24,
p. 1]. From nine games that were tested throughout three days in participants’ homes
only two were for Xbox Kinect, Dance Central games and one game from Kinect
Adventures collection, 20,000 Leaks [24]. Harrington, Hartley, Mitzner and Rogers
[23] conducted a qualitative study with 20 healthy older adults, aged 60–79, “to
identify usability challenges of Kinect-based exergames for older adults” [23, p. 490]
and provide recommendations for the design of the games for this population. They
used Body and Brain Connections and Your Shape Fitness Evolved, recorded game-
play and conducted interviews after each session to analyze errors in starting and
handling the system and to examine perceptions of the participants of the use of two
game collections for older adults, especially in the personal home settings.

Difficulties in using gesture to control the game and navigate through the system
were observed in all studies. When the system was placed in older adults’ homes who
were asked to play three games every day in for three weeks and to record their
progress, participants expressed “difficulties adapting to the physical demands of
Kinect play” [29, p. 18:16]. However, older adults did find ways to adapt to Kinect by
developing strategies that will compensate their bodily limitations through anticipating
required activities during gameplay, for example, starting required action few second in
advance [29]. This finding suggests that for new technologies to be adopted by older
users they should be present in everyday lives and practices so that the interactions can
be modified based on personal abilities [29]. Also, it was noticed that initial errors were
reduced when participants used another set of games due to the familiarity with the
Kinect system [23].

Moreover, researchers proposed the recommendations for future game developers
to follow: design less complex and dense environment, minimalize information pre-
sented on the screen, develop user-friendly interface, provide “on-screen instructional
gestures… to serve as guidance and reinforcement” [23, p. 497], put the importance on
progress in contrary to challenge, allow additional time for reactions, and create
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environments that support adaptability and realistic scenarios over fantasy settings [24].
While others concluded that “game redesign based on principles of universal acces-
sibility would be ideal” [28, p. 1251] or the use of supplemental materials, comple-
mented with guidelines or training, to accommodate knowledge and skill transfer from
familiar games to the new ones.

We often speak about technology specifically designed for the use of a certain
group. Similarly, researchers are developing special games or digital training targeted
at older adults. While such an approach is innovative and creative, it takes time to
produce, test and put into use these technologies. On the other hand, there are plenty of
COTS games that are sporadically tested for the usability of older adults, often
excluding participants with some physical or cognitive impairments. With that in mind,
we conducted a study to explore older adults’ perceptions about commercially available
Xbox 360 Kinect games, especially in the context of physical and cognitive training.

2 Methods

2.1 Research Design

The research instruments for this study included a background questionnaire, post-
session interview protocol, and post-intervention interview protocol. Also, about 40%
of the gameplay was video-recorded. This paper will present only the results of the
post-intervention interviews with some information taken from the background ques-
tionnaire, while the results of gameplay analysis and short post-session interviews will
be the focus of another report.

2.2 Participants

We recruited ten older adults from two senior centers to participate in this research.
Eight participants were female, and two were male. The average age of participants was
82.8 with the age span from 74 to 89. As we wanted to explore how COTS Xbox 360
Kinect games can be used in any situation where Xbox 360 with the Kinect sensor is
available (independent living facilities, retirement communities, seniors’ private
homes, or the homes of their families), we decided not to exclude any participants with
physical or cognitive limitations. Therefore, all participants that were willing to par-
ticipate in two selected locations were included in the study. Both locations provided
independent living arrangements, so most participants were able to take care of
themselves independently. Nine participants lived alone, while one was living with his
spouse and had an early stage of Alzheimer disease. However, their physical abilities
did vary.

There were multiple physical challenges that participants were facing which inter-
feredwith their gameplay. Some of them reported having issueswith balance and strength
in lower extremities, or pain in legs, back and shoulders. A couple of participants had to
use a walker, and one of them could not play any of the games that required extensive
standing. One participant reported having heart conditions, and one was diagnosed with
Alzheimer disease. Table 1. provides detailed information for each participant.
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The level of education of participants also differed. Three of them had less than a
high school, four finished high school, one was college and two university graduates.
Experience with digital games was equally distributed. Five were non-gamers, and only
one of them plays non-digital games (such as card games or puzzles) once a day.

Table 1. Characteristics of participants

Participant’
code

Experience
with digital
games

Non-digital
games or
puzzles

Physical activities Self-reported and observed
physical limitations

AL87f Never
played

Never played Light walking, stretching (a
few times a week)

Severe back and legs pain,
issues with balance.

RN87f Plays once a
week

Plays once a
week

Other - bowling (a few times
a week)

Generally, no issues, feels
strong, sometimes may lose a
balance. Considers herself
active.

MP89f Plays twice a
week

Plays once a
day

Light walking (once a day) Uses walker, had to sit all the
time, but was able to stand up
to initiate the game with a
help of a chair.

TD85mA Never
played

Never played Stretching, fast
walking/hiking, other -
played soccer (once a day)

An early stage of Alzheimer
disease, no physical
limitations.

RT89m Never
played

Plays once a
day

Light walking, stretching, fast
walking/hiking (once a day)

Light shoulder pain.
Considers himself active.

TA84f Never
played

Never played Light walking, stretching,
balance exercise, fast
walking/hiking, gym exercise
(once a day)

Low strength in lower
extremities, had to sit
frequently.

BD77f Plays three
times a day
on her cell
phone

Plays a few
times a week

Light walking, other -
shopping (once twice a
month)

Back and shoulder injuries,
heart diseases.

AM74f Plays twice a
week

Plays a few
times a week

Light walking, yoga (a few
times a week)

Some pain in legs, couldn’t
stand for too long.

AL82f Never
played

Never played Other - yoga (once in two
weeks)

Uses walker, wanted to sit
down and play games,
however, played them
standing up. Did not report
any physical limitations but
said that she couldn’t jump if
needed.

RM74f Plays once a
day

Plays once a
day

Light walking, square
dancing (once a week)

No physical limitations
reported or observed.
Considers herself active.

Note: The first two letters in the participant’s code represent their initials, the number represents the age of a
participant, while “f” and “m” letters represent female or male gender, respectively. One participant is
assigned with the letter “A” for Alzheimer disease.
For example: TD – initials, 85 – age, m – male, A – with Alzheimer disease.
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The other five participants had some experience with digital games. Their
involvement with digital games varied from a couple of times a day, once a day, once a
week to a couple of times a week. Participants who played digital games, also engage
in non-digital games activities from once a day to a couple of times a week. On the
other hand, all participants practice light walking and stretching, while some engage in
other physical activities such as yoga, hiking and fast walking, balance and gym
exercises, and square dancing.

2.3 Games and Game Sessions

As the literature review showed a need for more research conducted on the evaluation
of COTS games since only a small number of games were explored with older adults
[23, 24, 28], this study aimed to expose older adults to a variety of games. It was also
important to explore perceptions of participants about these games in the context of
cognitive and physical training. Based on the previous research done on the usability of
digital games with older adults [23, 24, 28] criteria for game design suitable for older
adults were used. These criteria included: giving importance to the progress instead of a
challenge, taking care of health risks during gameplay, the complexity of the game, and
moderate visual and audio stimulations. After a thorough investigation of both
gameplay and previous research, following game collections were selected: Kinect
Sports, Body and Brain Connection, Your Shape: Fitness Evolved, Kinect Adventures,
and Dance Central 3. These collections were also used in previous research. The most
popular collection of games in the research with older adults is Body and Brain
Connections that was used in at least three studies with older adults [24, 28, 30]. The
reason for that popularity may be in the fact that games in this collection were
developed under the supervision of a neuroscientist Dr. Ryuta Kawashima [31].
However, not all games of this collection were available for older adults to choose in
these studies. For example, Chiang et al. [30] used only three games from this col-
lection: Follow the arrow, Matchmaker and Mouse mayhem. Aside from this collec-
tion, Marinelli et al. [28] and Harrington et al. [23] explored the Kinect fitness games
under the title Your Shape, while Barenbrock et al. [24] explored usability challenges
of older adults while playing two Kinect games: Kinect Adventures and Dance Central
3. In this study, we decided to explore all these titles, but we also included the Kinect
Sports games, as a collection with potentially familiar and fun activities for older
adults.

Table 2 shows a schedule of games offered to older adults in the period of five
weeks. Seniors were asked to play a specific list of games each week, but in later
weeks, they were offered both games assigned for that week and games that were
played in previous weeks. Also, participants were able to choose any game from
available collections after they played required games to see if the motivation for play
would help them overcome challenges they experienced with the system.

Each session lasted for 30 to 60 min. The reduced time of gameplay was noticeable
for seniors who have less interest in gaming activities as seen in their background
profile. For example, TA84f never played digital games, nor she engages in non-digital
gaming activities, so her sessions were usually shorter as she reported not feeling
motivated to play.
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On most sessions, there were two research assistants present. One would observe
gameplay, asking questions about games and video or audio record sessions, while the
other one would assist older adults in their play.

2.4 Interviews

For this study, we collected data using two interview protocols. We interviewed par-
ticipants after each session to collect participants perceptions about games right after
gameplay. In addition, we conducted a final interview after participants completed the
last session to understand their overall experience and opinions about games and the
Kinect system. Questions for the final interview can be divided into three sections:
opinions about games (most liked and least liked game and features of these games),
experiences with the Kinect system (challenges in using the system, comparison to
other consoles if applicable), and opinion about the usability of games and the system
for cognitive and physical training of older adults (including observed changes in their
abilities after the intervention).

2.5 Data Analysis

Data collected in this study were audio recorded and transcribed. Transcribed docu-
ments were uploaded to a qualitative data software, NVivo 12, to identify emergent
themes using in-vivo coding method. These themes were then compared and organized
using axial coding into higher categories [32].

Table 2. Game sessions

Session Must play Optional

Week 1: Sports All mini sport games Any other sports games
under the Main Event
Model

Week 2: Body
and Brain
Collection

Traffic control, What time is it?, Match
Maker, Perfect 10, Math Jock, Balloon
Buster

Other body and brain
games, any sport games

Week 3: Your
Shape

All body shape games Any sport and body shape
games

Week 4: Kinect
Adventures

All adventure games with and without
stories

Any sport, body/brain
collection, and body shape
games

Week 5: Dance
Central 3

Any dance games participants choose Any other game
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3 Findings

In that sense, findings are organized in three sections: types of games and their features
preferred by older adults; challenges experienced with games and the Kinect system;
and opinions about games, the system and the potential of both for cognitive and
physical training of older adults.

3.1 Game Preferences of Older Adults

Many participants highlighted that they liked all games “because they were different
and gave a variety” (TA84f). However, the most popular games among older adults
were games from the Kinect Sports collection: Bowling, Boxing and Soccer. Next in
line were the Kinect Adventure games and Dance Central 3 games, while only two
participants mentioned liking the best games from Body and Brain Connections and
Your Shape, respectively.

The familiarity of games including the connection to previous experiences and
challenges were reported equally as highly desirable features of games played. Par-
ticipants felt a closer connection to the games which they played in real life and for
some of them that brought up old memories:

“Bowling was good, yeah. I liked them all actually, because I have three sons that I brought up,
so we did a lot of sports because their dad was… I was divorced so we always went with
them… So, it was fun, three boys.” - BD77f

For others, it was a matter of knowing the rules of the play and having personal
interests in these activities:

“The boxing would be my favourite. [Why?] Possibly ‘cos I did all that before: tennis, boxing,
soccer.” - RT89m

Even though seniors reported challenges that prevented them on playing and
enjoying some games, like a game being too fast, most of them like being challenged a
bit. They regard challenge as a motivation to engage with the game further and having
fun in that process:

“I like to figure how things go, and I want to do the best I can so, yes, the challenge. No matter
which one I do I’m going to try it and beat what I can…the astronaut games [Space Pop game
from Kinect Adventures] where there’s a bit of a challenge, but it’s not overwhelming chal-
lenge. Like if you can laugh at yourself, that helps.” - RM74f

Another important feature of games that emerged from the interviews was enjoy-
ment and fun:

“It was a lot of laughs because I kept getting banged. [Kinect Adventure]” - BD77f
“Even if you don’t make it. You know, if you don’t… if you can’t do it, it was still enjoyable…
I had fun, yes.” - MP89f

Reasons that made seniors dislike a game are usually difficulties they experience
playing, such as a game being too complex or fast. Some participants disliked certain
games as they perceived them “kind of childish” (AL87f).
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When asked which games they would play again and potentially buy, opinions
differed. Most participants still preferred sport games, while others liked adventure
games and dances; some of them would like to play these games again and others
would not. Reasons for that might be in personal preferences, the perceived difficulty of
a game and even inabilities to play some games due to their physical limitations. One of
the quotes describes the issue well:

“If the dances were more in line with the age group, I’d probably go for the dances. I like the
Macarena, and I like the YMCA one, the Hustle, and probably the other ones, I wouldn’t have
even attempted. I won’t even attempt them with my grandson. Because these are all the young
ones and I like the adventure ones myself. But I’m a go, go, go type of person.” - RM74f

This quote also represents mixed perceptions about dance games. On the one hand,
many older adults like dancing and would love to be able to play games from Dance
Central collections. However, they find them too fast and challenging, or how seniors
would put it “Not the dance. [You didn’t like dance?] Because not that easy. Just the
leg or the hand but both you… maybe the younger will be okay” (AL82f).

3.2 Challenges

Exergames that are available on the market are usually created for a younger audience,
people who are physically able to complete moderately complex physical and dual-task
activities. Also, previous research tended to exclude people with physical limitations
[24], unless the goal was to
develop a game or application
targeting this population [25–27].
However, the availability of
gaming consoles in senior centers
and homes is increasing, so the
accessibility of these games to
older adults will be increasing as
well. Having that in mind, we
wanted to see what kind of chal-
lenges seniors experience when
playing commercially available
titles and what would be needed
for them to enjoy gaming activi-
ties at their own home.

Since the background survey had shown the lack of experience of our participants
with games and gaming consoles, we decided to set up the system each week ourselves.
The first couple of sessions started with a research assistant navigating the interface and
doing all necessary preparatory activities. After that, the game tutorial would be shown,
and in some cases, the research assistant had to play the game before a participant
would start playing. Some participants learned how to navigate the system easily, but
for some others, we had to initiate the game each time. One participant especially had
difficulties in navigating the system, as she had to sit all the time and was not able to
use her body to control the system. As she had to stand up to initiate the game, we

Fig. 1. Gameplay supported by objects from the
environment
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provided support in the form of additional chairs that she could hold on to be able to
stand up (Fig. 1). We used the same adjustments in several cases. However, a chair on
which a player would sit during gameplay presented an obstacle in some games. For
example, in the game Math Jock from Body and Brain Connections, a mathematical
equation is displayed at the top of the screen, and the player is supposed to kick the ball
with the correct result of with their foot (Fig. 2). If the player had to sit and play, the
system would detect a leg of the chair, which interfered with the ability of the Kinect
sensor to respond to the player’s actions correctly.

Challenges that participants reported as interfering with their gameplay can be
grouped into several themes: their own physical limitations and injuries, the complexity
of games or games being “fast and hard” (BD77f), inability to focus on dual-task
activities, defined as “simultaneous locomotive and cognitive performance activity”
[26, p. 348], issues with the Kinect sensor response, and learning new thing.

Physical abilities tend to decrease with age in some people [34]. Most participants
in our study reported some physical limitations and previous injuries that prevented
them from completing tasks in games:

“The basic challenge was speed because I was having a hard time standing. I’m in pain all the
time. You know, I shouldn’t have signed up for this because I’m a disappointment to you.” -
AL87f
“Just a sore back and bad shoulder, broken shoulder that’s still not healing properly. So, it’s just
some injuries that can limit my activities or exercise.” - BD77f

Although participants appreciated dual-task activities in games, they also found
them fast and challenging. The fact that they had to process information cognitively
and the same time thinks about physical movements made some activities too complex.
Also, the time available to complete these activities was too short. Some participants
suggested that time given in games (for example, 10 seconds to resolve an equation and
kick the correct ball) is more suitable for younger people and felt that they needed
either more time, less complex activities or activities involving only one section of the
body in combination with cognitive activities. Here are some quotes from the
participants:

“Well, you’re watching what is she [the virtual trainer] going to do next. I’ve done the
Macarena before, but I have a hard time to follow. [Why?] Why, it’s just so fast. Like you’re
standing there, there, there, this way and that way.” - TA84f

Fig. 2. Math Jock screenshot of gameplay [33] and a photo of the actual play
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While previous quotes illustrate participants highlighting physical challenges, some
participants reported an inability to focus on dual-task activities regarding cognitive
processing.

“Coordinating and focusing. Learning to really keep focused. In my mind it’s like this is just a
game so I had to learn to really concentrate and focus so I could do it properly and get the little
bit of points that you can get.” - BD77f

For some participants, the biggest challenge was being recognized by the system.
The Kinect sensor was not able to recognize and connect to the body joints of two
female participants that had to sit most of the time. This resulted in the limited scope of
games they could play.

“What challenges? Just trying to be recognized on the TV, I guess.” - AM74f

Another participant was upset that the system was responding late to his actions:

“I didn’t really dislike any of it, but I was disappointed in some of them. The technology isn’t
quite there to respond to my responses. And I dislike them on account of that but not because…
[Of the game.] It was quite good. Concept is excellent, but it could be quicker response to my
actions. Like for instance when I was trying to kick the ball there if that was a real ball, I knew a
real ball I know what to kick. And they were on the machine I was missing them.” - RT89m

The last statement can be linked to another challenge seniors experienced learning
new things. Some of them had to put a lot of energy into playing game and under-
standing its rules. It should be also noted that half of participants never played digital
games before.

“Well, I really… let’s put it this way. I had to put all my energy into it. I think this type of a
game maybe 30 years ago then you’re going to say, yeah, okay, this is a kiddie’s game, right?
But I won’t say that now anymore. I really have to follow exactly what it says.” - TD85mA

3.3 Opinions

Aside from exploring the experiences of older adults with the Kinect systems and
selected game collections, we wanted to hear seniors’ perceptions about the value of
the system and games for older adults especially in the context of dual-task training and
the perceived benefits of engaging in these activities. Several themes emerged in the
analysis.

Value of the System and Games and Perceived Benefits
When asked if games and the system would be useful for seniors, participants see their
value as physical exercise and cognitive training, having fun while exercising, for
learning new things, and making them feel better. However, they believe that some
adjustments should be made so older adults could play them.

Most participants believe that the system and games could be used in dual-task
training:

“I think it’s good if you can get people to take, use it, because when you’re using it you’re using
your brain and what mobility you have. So, it’s to keep everything working and because you
use it, or you lose it.” - RM74f
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In addition, participants expressed belief in the high value of games played to make
seniors enjoy physical activities while having fun. For some “time went very fast”
(RT89m), while others appreciate exercising without knowing it:

“I enjoyed the games. It gave me exercise that didn’t feel like exercise. I have never done
exercise for the sake of doing exercise. And if you want people to do exercise without them
knowing they’re actually exercising, this is the way to get it… As far as I’m concerned, I never,
I don’t go for walks unless I’ve got to go somewhere. Okay. It’s my own way, I’ve got a
destination, I’ll go. Am I going to walk around the corner just to say I walked? No… [So, you
want to say that these are more fun activities than regular exercise.] Correct. These are fun
activities that actually count as an exercise.” - RM74f

Having fun while exercising made some of them change attitude towards exercise:

“Yeah, in general, I have a better attitude towards exercise… That’s amazing because I don’t
want to do exercise, but this is showing me that it can be a lot of fun and very helpful.” - BD77f

Some people think that these types of games would provide seniors ways to learn
something new:

“Well, I was happy to try them all because it’s something new and it gives… we’re seniors. We
don’t do them. I go to the gym three times, but we do different ones and I do the step thing and
then I practice standing a lot, you know, about 20 times. Then you can just get up. A lot of
people can’t get out of their chair if they don’t have the strength in their legs.” - TA84f

Or make them feel better:

“Usually when we all have sicknesses, when you get sick you start feeling miserable and get a
headache or whatever. Here you don’t notice nothing.” - TD85mA

However, some adjustments are required:

“They could be very beneficial in like you’re going to have to figure out which… how to
moderate some of them a bit probably. [They would need some adjustments?] Some adjust-
ments, I would say. Like the Hustle. I mean, there are some that are here that will try to learn
something new but most of them it’s not what they want to do. Have you seen that yourself?
Yeah.” - RM74f

The majority of older adults believe that their gaming skills improved during the
five weeks of the study. They report learning how to play games and how to use the
system, as illustrated in the following statement:

“Well, the gaming skills you got used to what was happening, so you get better at it.” - AM74f

Some participants even reported seeing certain abilities improved during the study:

“I think it’s improved my reaction. [We are interested in using these games to improve the
physical and also the cognitive function of older adults. What’s your opinion on this?] Oh, I
think it helps.” - AL87f

On the other hand, some of them think they would need more practicing time to
improve their gaming skills:

“No, because I didn’t do them that much, although they did improve while I was doing them.
But if I had access to the machines all the time they would definitely go way up to what I did
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there for the first time. You just bring in the game and spend a… your real reaction to things.” -
RT89m
“That they’re too short to indicate that with. I think if you play this game let’s say four hours a
day, every day, every single week you will do a lot better but that’s not the idea.” - TD85mA

Difference Between Digital Games and “the Real Thing”
Since only five participants played digital games before, they tend to compare games
played during the study with activities like walking, playing sports, doing yoga, and
dancing:

“[Well, do you think that these… you can replace your dancing courses with some of these
games, dancing games?] Not even close. [Why? Just be honest.] Because I’ve always been
extremely active and when I dance I love the fast… I don’t know if you know what a polka is
but that’s one of the faster ones. And the jive, maybe you know that. And western dancing. And
they’re all very, very lively dances and they use every muscle in your body, your neck, your
arms, your legs. 100% exercises. [And these are not like that?] They are trying to be, but they’re
still machine and…” - RT89m

Some participants even considered the Kinect games easier than real life activities:

“I did the hula hoop. That wasn’t too bad. I didn’t think I was going to do it because I haven’t
been able to do the hula hoop in like I can’t remember. I think I got a daughter hula hooped and
I tried it to show her, I couldn’t do it anymore. But because it’s animated it did work.” - RM74f

Comparison to Wii Console
A couple of participants had some experience with the Nintendo Wii console and its
remote controllers. We asked them whether they preferred using their body to control
gameplay or controllers as used in the Wii system. Again, they had different opinions.
Two female participants that had the biggest challenges with being detected by the
Kinect sensor reported preferring Wii over the Kinect system:

“[And this system is… how different is this system from Wii?] It’s quite a bit different. But
yeah, it’s quite a bit… well, it’s similar. It’s similar enough but you have to pick up the ball.
And you’re playing bowling and… [Which one would you choose?] I would still choose Wii
bowling because it’s less… you don’t have to detect the person. [And it’s not challenging for
you to hold the remote?] No, no.” - AM74f

On the contrary, some people feel more freedom without having to use the Wii
controller:

“I like that. I like the bowling better than the Wii bowling because you don’t have that…
[remote]… on your wrist and because you go like this here, but that thing could turn a different
way. So, this here it’s your own hand that…” - RM74f

Lack of Interest in Digital Games
On the question whether they would use the system if it becomes available in their
center, seniors had split opinions. Some see the opportunity to play these games as a
new and exciting activity, or as a way to exercise and have fun at the same time.
However, others are just not interested in digital games:

“I don’t think I’ll play. [Why?] Well, it just doesn’t interest me. There’s no real interest.” -
AL87f
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Participants in this study lived in two senior communities in which there are many
activities organized during a week. This means that they are usually surrounded by
their peers with whom they can connect on a personal basis:

“Will I use it? Probably not… For me if they’re happening at a game night or something, then I
might go and do something. But it’s called a game night a fun night or something like that. And
what machine is not going to generate a fun night, you know… Yeah. Like if you start all
machines at the same time two players on each one or something then, okay, let’s see who gets
the best score, the best time or… [Actually, RT89m and TA84f danced together this morning,
so that was fun.] Yeah. And that would make it more fun because you’re not feeling like you’re
exercising.” - RM74f

Personal Value for One Participant
Even though we had no aim in elaborating experiences of individual participants in this
study, experiences with the system and games had a special significance to one par-
ticipant. The biggest value of the system and games for the participant with Alzheimer
disease was, in his perception, that these games could be a good assessment tool for
tracking his decline. He emphasized this on several occasions:

“I find all these games it’s like a little challenge in itself. It’s what I like about something like
that, if you had these games you could test yourself and really do some of these things and
really assess how far you go down.” - TD85mA

One of the reasons for this belief may be in the description of the collection and an
option for initial assessment present in Body and Brain Connections. Before selecting
games, in this collection, there is an opportunity to be evaluated by playing sample
games which will give an initial assessment of dual-task activities. Later on, games
would provide an assessment based on the progress. TD85mA might have perceived
that this option would be valuable for him:

“I have nothing to hide or anything like that. Then the more I learned about myself that way,
and I know better off I am. I know you’re on a decreasing light, but it is always hard to find out
exactly where you are on… So, I think even games like this remind me again, and I can assess a
little bit where I am at.” - TD85mA

However, he did indicate that in some games you can track your progress by
tracking the amount of energy you put into gameplay, which could be seen as a self-
evaluation:

“Well, I think I like the idea of it. And I think also it’s probably a good way, I don’t know.
I have so far on my journey I have never learned of a systematic way of assessing well, like
noticing such… But games like this are actually very good because it shows in a practical way I
think, how, where you are at on the whole thing… Well, I, for instance, assume I think he
would know it by let’s call it the energy you can produce in the…[game]…to set the same
results.” - TD85mA

3.4 Suggestions

While suggestions for designing the dual-task training will be derived from the analysis
of the actual gameplay of participants and presented in a separate report, some valuable
suggestions came from the interviews with participants. For example, since one of the
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challenges experienced by participants was speed and time allocated to complete game
tasks, one of the suggestion was to make games easier or less complex:

“Comfortable would be easy game… Because, just as I said, if it’s just hand or just leg will be
easy. But if you want both leg and hand, move and match, they have the beat slowly.” - AL82f

However, the certain degree of challenge should be present, enough to make it
exciting and still be able to complete it successfully:

“I don’t like being beat. I don’t mind being not good at it, but I don’t like not being able to get
it.” - RM74f

For some seniors having assistance in setting up the system and navigating the
interface would be highly preferable:

“[Why is assistance from another person important?] Well, I didn’t understand it [how to play
those games] to begin with.” - AL87f

In addition, providing more themes related to older adults’ younger age and pre-
vious life experiences would provide more entertainment and motivation:

“Bring in some old-type dances. The hustle…There’s the Bunny Hop. Just the fun… you know,
just simple type moves that we can grasp and enjoy…So, if you’re enjoying it and you’re going
to do it a little bit longer personally, I think that.” - RM74f

4 Discussion, Conclusion and Limitations

While exploring the usability of commercially available titles, researchers suggested
more empirical studies to determine the benefits of COTS games and to provide rec-
ommendations for the use of the Kinect system at homes. Additionally, they were
discussing reasons for the small number of games designed for older adults and the lack
of knowledge about gameplay preferences of this population, as well as challenges of
game designers with age-related declines in sight, hearing, reduces motor and cognitive
abilities [23, 35, 36]. Moreover, the research explored only several titles of COTS
games [23, 24, 28], leaving the huge number of titles to be further explored [22]. After
exploring five different Xbox COTS gaming collections with ten Canadian older adults,
we can derive the following conclusions and provide answers to our research questions:

1. What types of Xbox Kinect games are suitable for older adults aged 65 and over?
What are the features of these games?
Older adults like games with familiar activities such as sports games, adventures
and dances. They prefer games that can bring up old memories and provide a
connection to previous life experiences and interests. Games that are fun and
challenging are also valued more than games with simple activities that they regard
as childish to some extent. They see the challenge as a motivation and a way for
deeper engagement in gameplay.

2. Which challenges do older adults aged 65 and over encounter when playing Xbox
Kinect games?
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Older adults without physical limitations can use the Kinect system with some
support, while people who have issues with their balance or extremities face
challenges being properly detected by the Kinect sensor. In addition, seniors find
most of the games too fast and complex. Although they appreciate dual-task
activities in some games, they report having issues with focusing on both cognitive
and physical activities at the same time and in a limited timeframe.

3. What are the opinions of older adults aged 65 and over on using Xbox Kinect
games?
Doing physical activities while playing games and having fun participants saw as
one of the strengths of exergames. Many report the lack of physical activities in
their lives and believe that these games would motivate them in being more
physically active. They also believe that games with dual-task activities could be
useful for cognitive training.

The limitations of this study come from a small number of seniors who participated
in the research, limited time for gameplay, and the broad scope of games tested. Even
though we wanted to explore the usability of the wide variety of exergames, this broad
scope also prevented us from gaining more precise knowledge of the features of games
that are suitable for older adults. Exploring many games during one session could have
also affected older adults’ opinions on different games due to their similar content and
activities. Lastly, exploring the experiences of a larger number of older adults could
have provided deeper insights into seniors’ perceptions and experiences in exergaming.

The potential of commercially available exergames exist, and while researchers
should make more efforts in finding ways of using them in their current form, game
developers and designers should be encouraged to create more fun and adventurous
games that would include adjustments appropriate for older adults and other people
with some physical limitations.
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Abstract. Aging of population is now a serious and complex problem in many
countries, including China. Due to the shortage of nursing resources for the
elderly, the needs of their growing population are hard to satisfy. However,
thanks to the development of assistive technologies, there is hope for the
problem to be solved in the future. Discovering the needs and attitudes of senior
citizens and the relevant caregivers, the main focus of this study is crucial for
successfully applying new technologies to the elderly population. To do so,
questionnaires and interviews were administered to 119 elderly people with
different self-care abilities, who were residing in homes or nursing homes. Their
caregivers were also included in the study. The data about their daily life, needs,
abilities, and attitudes towards assistive products are analyzed and compared for
different groups of participants. In addition, based on the analyses, key points
for the design of assistive products and possible practical applications of
assistive technologies in the future are discussed.

Keywords: Aging and technology acceptance � Assistive technology �
Elderly people � Caregivers

1 Introduction

Nowadays, the problem of global aging is becoming more and more serious. It is
projected that by 2030, 33% of the world’s population will be over 65 [1]. The aging
problem has become a social problem. In this context, the elderly will gradually
transition from home care to social care and the attending of the elderly population
becomes an urgent problem to be solved. Young people don’t have enough time to look
after old people so they have to ask for help. However, lack of nursing workers makes
the demand for elderly care cannot be fully met and their lack of qualification and high
intensity of work make care deficient.

To solve these problems, assistive technology could be a good way. Still, the
concern with assistive technology is how to make the product really meet the needs of
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the elderly and make them accept it in their life. There are several papers that have done
some research in this field. For example, a series of technology acceptance model has
been proposed including Technology Acceptance Model (TAM) [2], Technology
Acceptance Model 2 (TAM2) [3], the Unified Theory of Acceptance and Use of
Technology (UTAUT) [4] and the Senior Technology Acceptance & Adoption model
for Mobile technology (STAM) [5]. They are used to explain or predict the factors that
influence or determine the attitude towards accepting new technologies. According to a
survey [6], 53% of the elderly would like to be able to control a robot by voice or
remote control. However, it is difficult to find such products on the market, and other
methods to a certain extent increase the difficulty and cost of learning to operate for the
elderly. Another study shows that, the older the user, the lower the technology
acceptance [7] and the use of new technologies [8]. Similarly, needs and attitudes of
elderly people towards assistive technologies change for different groups in physical
[9–11], psychological [12, 13], social [10, 14] and cognitive aspects [9, 10].

The relative works remind us that, the needs and attitudes of elderly people towards
assistive technologies cover many aspects and the apparent differences among older
people need to be taken into account. Therefore, this paper further studies the needs and
attitudes of the elderly and their caregivers towards assistive technologies, especially
the differences among different groups of elderly people.

2 Methods

The results of this study were obtained by analyzing the data of a questionnaire and an
interview. Considering the environments of the senior citizens in homes and nursing
homes are different which may lead to diverse needs and attitudes with regards to
assistive technologies. The two different groups with the relevant caregivers were
included in the questionnaire. In addition, self-care abilities were also taken into
consideration. The questionnaire included demographic questions, physiological and
mental problems and attitudes to assistive technologies. To complement the study, the
nursing workers in two old people’s homes were interviewed.

2.1 Participants

The questionnaire included 119 elderly participants and their relevant caregivers
including family members or nursing workers, and 58 of the elderly people were
female. A number of 20 of the older adults lived in nursing houses. Ages of them were
classified into 4 categories: between 60 and 69 (35%), between 70 and 79 (37%),
between 80 and 89 (22%), and over 90 (6%). Forty-five percent of them reported fair
self-care ability; 47% reported their self-care ability to be good or excellent; only 4%
reported poor or very poor self-care ability. Three nursing workers in a welfare nursing
house and two in a middle-to-high end nursing house were interviewed as a
complement.
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2.2 Procedure

The questionnaire started with a short introduction to the study. After that, a set of
demographic questions were asked, which included age, gender, self-care abilities, and
living situations. The second part is the old people’s physical pain points which con-
sisted of their athletic, optical, auditory, dental, memorial abilities and sickness status.
Next, questions including the current situations and aspirations of group activities and
interpersonal communications, and mental needs were asked. Finally, their knowledge
and attitude toward assistive technologies were also examined. For the caregivers, the
questions included the relationships between the older people they care for and
themselves and the problems and needs they found while looking after the elderly. In
addition, their levels of concern on the elderly people’s physical health, mental health
and personal safety were questioned in a five-point Likert Scale. As for the interviews,
it was focused mainly on the assistants’ working conditions.

SPSS was used in data analysis. Frequency analysis and histogram were used for
the overall results. The reliability and validity of a Likert five-point scale were ana-
lyzed. Cross analysis of multiple variables was also carried out, including chi-square
analysis, normality analysis, and non-parametric analysis. Finally, according to the
interview results, the key points of comparison are summarized.

3 Results

3.1 Questionnaire Results of the Elderly

For the self-evaluation of the physical functions of the elderly people, the results are
shown in Table 1. From the table, we can see that poor memory (such as forgetting to
take medicine or forgetting where they put something) is a common problem among
the elderly people which affect the quality of life of one third of the elderly. Next come
dental function and mobility (like get up, dress, walk, squat and bend). Only a few
participants reported that their quality of life is affected by visual and auditory
problems.

For the self-evaluation of the participants’ attitudes towards collective activities,
interpersonal communication, and assistive technologies, the results are shown in

Table 1. The self-evaluation of the elderly participants’ physical functions.

Good Not good but does not affect
the quality of life

Not good and affect
the quality of life

Mobility 62 (52.10%) 40 (33.61%) 17 (14.29%)
Vision 59 (49.58%) 56 (47.06%) 4 (3.36%)
Audition 62 (52.10%) 50 (42.02%) 7 (5.88%)
Dental
function

49 (41.18%) 52 (43.70%) 18 (15.13%)

Memory 35 (29.41%) 44 (36.97%) 40 (33.61%)
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Table 2. From the table, we can see that the number of participants who like collective
activities is significantly greater than those who actually attend collective activities. It
means that, due to certain restrictions or setbacks, some elderly people may have to
give up collective activities which are against their will. The specific reasons are
analyzed in the cross analysis. For communication, most participants often contact with
others. The same amount of elderly people said that they like to communicate. It seems
that the ability to communicate is less affected by degenerative body functions.

Check the attitudes towards assistive technologies, only 36.97% elderly people
reported that they had smart devices. About half participants know of assistive tech-
nologies and also half accept the help from assistive technologies. This means that
more people accept and understand assistive technology than use smart products.

Table 2. The self-evaluation of the elderly participants’ attitudes towards collective activities,
interpersonal communication, and assistive technologies.

Yes No

Attend collective activity 63 (63.03%) 44 (36.97%)
Like collective activity 87 (73.10%) 32 (26.89%)
Often contact with others 75 (63.03%) 44 (36.97%)
Like to communicate 78 (65.54%) 41 (34.45%)
Use intelligent electronic products 44 (36.97%) 75 (63.03%)
Know of assistive technologies 65 (54.62%) 54 (45.37%)
Accept help from assistive technologies 67 (56.30%) 52 (43.70%)

Fig. 1. The diseases the elderly participants once suffered from (only count the diseases of
which the number of cases is greater than 1).
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According to Fig. 1, the most common diseases among elderly participants are high
blood pressure, diabetes and cerebral infarction. They are all chronic diseases which
means long-term health cares are needed. In addition, from the raw data, we can realize
that a lot of elderly people at least two of these three diseases at the same time. In
addition, after classifying the diseases, we find out that circulatory system disease (45
person-times), endocrine metabolism disease (26 person-times), nervous system dis-
ease (21 person-times) and orthopedic disease (19 person-times) are four main types of
diseases. Besides, fifty-three percent of the participants believe that illness has an
impact on their quality of life. Finally, they reported that diseases mainly affect their
mobility (37%), diet (36%), emotion (7%), communication (5%), medication compli-
ance (5%), pain and physical discomfort (5%) and hypofunction (in addition to
mobility) (4%).

3.2 Questionnaire Results of the Caregivers

For caregivers, firstly, their concern (attitude) about the physical health, mental health
and personal safety of the elderly people are investigated and the results of it are shown
in Table 3. This is a Likert five-point scale, and the options from 1 to 5 represent
strongly disagree, disagree, neutral, agree and strongly agree respectively. The relia-
bility of this question is analyzed by using the split reliability. It is found that the data is
suitable for Spearman-Brown coefficient, and the value is 0.641 which is greater than
0.6, indicating that the data reliability is acceptable. The interpretation rate is 82.204%
which is greater than 50%, indicating that the information of the study can be effec-
tively extracted.

It can be seen from the results that, as caregivers, people have a high degree of
concern for the three problems. However, people are more concerned about the safety
(average = 3.97) and health (average = 3.86) of the elderly people, but less concerned
about the psychological problems (average = 3.48).

Next, according to the questionnaire, the most common tasks involved in the care
of the elderly people are cooking (41%), housework (28%), chatting and psychological
counseling (18%), auxiliary movement (7%), and medical assistance (7%). As for the
pain points in the care process, unable to care for the elderly for a long time (63%),
hard to take care of the elderly to go to the toilet or take a bath (13%), difficult in

Table 3. Caregivers’ concern about physical health, mental health and personal safety of the
elderly people.

Score Physical health Mental health Personal safety

1 (Strongly disagree) 4 (3.36%) 10 (8.40%) 2 (1.68%)
2 (disagree) 8 (6.72%) 13 (10.92%) 7 (5.88%)
3 (neutral) 25 (21.00%) 32 (26.89%) 27 (22.69%)
4 (agree) 46 (38.66%) 37 (31.09%) 39 (32.77%)
5 (Strongly agree) 36 (30.23%) 27 (22.69%) 44 (36.97%)
Average 3.86 3.48 3.97
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communicating with the elderly (8%), cannot meet the specific needs of the elderly
(8%), cannot undertake heavy manual work (5%) and lack of specific knowledge about
the health care for the elderly (5%) were reported.

Finally, for acceptable maximum spending on assistive technologies of the care-
givers, the maximum is 100,000 RMB (approx. 14,800 USD); the minimum is 100
RMB (approx. 14.8 USD); the average is 8,384.82 RMB (approx. 1,200 USD); the
median is 5,000 RMB (approx. 740 USD); the standard deviation is 14,361.98 RMB
(approx. 2,100 USD).

3.3 Cross Analysis of Questionnaire Results

To analyze the different needs and attitudes of different group of elderly people and
their caregivers, cross analysis including chi-square analyses and non-parametric tests
are adopted.

Table 4 shows the results of chi-square analyses. For different ages, the body
functions of elderly people are significantly different. Particularly, according to the raw
data, body functions decline with age. At the same time, older people are less likely to
participate in group activities while their desire to do so does not decrease. It can be

Table 4. Chi-square analysis for elderly people of different age, gender, self-care abilities, and
reside in homes or nursing homes.

Age Gender 
Reside in homes or
nursing homes

Self-care abilities

Chi-
square

p 
Chi-
square

p
Chi-
square

p
Chi-
square

p

Mobility 26.271 0.000** 1.855 0.3 11.585 0.003** 57.475 0.000**

Vision 29.543 0.000** 2.836 0.242 2.118 0.347 31.120 0.000**

Audition 32.788 0.000** 0.973 0.615 4.522 0.104 21.958 0.000**

Dental 
function 

15.450 0.017* 1.454 0.483 7.805 0.020* 20.024 0.000**

Memory 16.963 0.009** 5.296 0.071 14.704 0.001** 11.868 0.018*

Attend collective 
activity 

10.880 0.012* 0.360 0.548 0.581 0.446 7.425 0.024*

Like collective 
activity

2.219 0.528 0.855 0.355 0.045 0.833 0.606 0.739

Often contact 
with others

7.339 0.062 0.588 0.443 16.690 0.000** 9.694 0.008*

Like to
communicate

4.603 0.203 0.294 0.588 13.973 0.000** 5.735 0.057

Know of AT 13.330 0.004** 6.825 0.009** 19.461 0.000** 4.003 0.135

* p < 0.05, ** p < 0.01
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understood that old people’s physical function declines as they age, making it difficult
for them to support their participation in collective activities. In addition, the older the
participants are, the fewer of them have ever heard of assistive technology (hereinafter
referred to as AT).

As for gender, the only factor which it significantly affects is the knowledge about
AT. In detail, only 15.38% female participants have heard of AT while for males, the
percentage is 59.26%.

For elderly people living at home or in nursing homes, the results show that
mobility and memory are important factors. Dental function also has an effect on it. In
addition, the frequency and willingness of the elderly people living in nursing homes to
communicate with others are lower than those at home. At last, the number of elderly
people living in homes who know of assistive technologies is significantly higher than
those in nursing homes.

Finally, elderly people with bad physical condition (mobility, vision, audition,
dental function and memory) are in bad self-care abilities which is reasonable. In
addition, with worse self-care abilities, elderly people are less likely to engage in group
activities and contact others. It is sustained by the fact that 50.00% of participants with
bad self-care abilities reported that they usually don’t take part in collective activities
while only 21.05% of participants with good self-care abilities reported the same
choice.

In the end, the nonparametric analysis is carried out for the caregivers’ maximum
spending on assistive technologies. First, the normality of the spending is analyzed
which is shown in Table 5. Because the sample size is greater than 50, Kolmogorov-
Smirnov test is used. The statistic is 0.329 with p < 0.01, which indicates that this item
does not have the characteristic of a normal distribution. A nonparametric test can be
considered to compare the data differences of different groups.

As shown in Table 6, using nonparametric analysis, we can see that with different
level of mobilities of elderly people, the spending is significantly different (p < 0.05).
For those who do not have good mobility, their caregivers are willing to spend more
money on AT. More significantly (p < 0.01), those caregivers who concern more about
the personal safety of the elderly would like to pay more on AT. The differences are
evident in the median differences.

Table 5. Normality analysis results for acceptable maximum spending of caregivers on assistive
technologies.

Mean value
(RMB)

Standard deviation
(RMB)

Kolmogorov-
Smirnov test
Statistic p

Acceptable maximum
spending on AT

8358.165 (approx.
1,200 USD)

14361.980
(approx. 2,100
USD)

0.329 0.000**

** p < 0.01
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3.4 Interview Results for Nursing Workers

The caregivers in the questionnaire are mainly the elderly people’s relations which lead
to a lack of data of the nursing homes and workers. As a result, interviews on nursing
workers were done in two homes for seniors. One is Shanghai Gonghexin Rd. sub-
district nursing home, a low-end and welfare institution. Another one is Kunming
Changqing home for seniors, a state-run mid-to-high end institution. The comparisons
are given in Table 7. From the table, we can see that most of the nursing workers are
middle-aged and lack professional skills due to the simple pre-job training. Their work
is intense, but their salary is not high. One said she was “responsible for five elderly
people who are partially disabled” but actually they shouldn’t take care of more than
two people. This is caused by a shortage of nursing staff. Moreover, medical and
psychological care for the elderly living in nursing homes is lacking, while recreational
facilities and activities in low-end nursing homes are also lacking.

Table 6. Nonparametric analysis results for acceptable maximum spending of caregivers on
assistive technologies.

Median, Kruskal-Wallis
test statistic and p

Acceptable maximum spending
on AT (median, RMB)

Mobility Good 3000
Not good but does not
affect the quality of life

5000

Not good and affect the
quality of life

5000

Kruskal-Wallis test
statistic

7.351

p 0.025*
Concern about the personal
safety of the elderly

1 (Strongly disagree) 1000
2 (disagree) 2000
3 (neutral) 2000
4 (agree) 3000
5 (Strongly agree) 5000
Kruskal-Wallis test
statistic

14.499

p 0.006**

* p < 0.05, ** p < 0.01
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4 Discussion

From the above analysis, a series of key points can be found about the needs of the
elderly and their attitudes towards assistive technologies. These points are discussed in
this section as shown below.

First of all, at present, solving the physical problems of the elderly, especially the
basic mobility problems, is the most helpful way to assist the elderly people and their
caregivers. Firstly, mobility is affected by disease at a higher rate (37%). The number of
elderly people whose mobility was affected was also higher (14.29%). In addition,
housework, exercise assistance, assisted toilet use and assisted bathing are common
tasks and pain points faced by caregivers on a daily basis, all of which are related to
mobility. The weaker the elderly person’s mobility is, the more the family is willing to
spend money to buy assistive technology products. From this point, we can also see the
importance of mobility in the needs of the elderly. Second, 33.61% of the elderly said
their poor memory affected their quality of life, indicating that this is a common
problem. For example, poor memory has led to increased compliance problems in
elderly people. Third, many elderly people have dental problems, which lead to the
need for special care in their diet. Caregivers also spend more time cooking soft food
because of it. In addition, audition and vision problems also need to be concerned.
Therefore, it is necessary to design and improve the products related to physical
function assistance such as electric wheelchair, exoskeleton, medication management
system and automatic cooking machine.

Table 7. Interview results for nursing workers.

Institution Shanghai Gonghexin Rd.
subdistrict gerocomium

Kunming Changqing home for
seniors

Level Low-end, welfare State-run mid-to-high end
Interviewee 3 Nursing workers 2 Nursing workers
Current
situation of
nursing
workers

local middle-aged women in
Shanghai; after simple training on
the post; high work intensity; lack
of professional skills

Male: 30–60 years old, female: 30–
50 years old; after simple training
on the post; high work intensity;
lack of professional skills

Salary of
nursing
workers

<3000RMB/month; underpaid <3000RMB/month; underpaid

Medical care Equipped with a doctor, 800 meters
away from the nearest grade a
hospital as the crow flies

Equipped with doctors and nurses;
it is far away from large hospitals;
there is a community hospital
nearby, but its medical capacity
cannot meet the requirements

Psychological
care

Occasional care activities provided
by volunteers

Lack of psychological care

Life and
entertainment

Activity rooms are dilapidated and
lack recreational facilities

Some recreational facilities
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Secondly, long-term health management is an important direction for future design.
Many elderly people are chronically ill and need long-term medication and care. As the
elderly age increases, their physical function gradually weakens and their self-care
ability also gradually declines. However, since home-based care cannot meet the needs
of the elderly with insufficient self-care ability, such as diet, emotion and medication,
more elderly people choose to live in nursing homes. However, nursing homes cannot
fully meet the long-term health management needs of the elderly. In the future,
intelligent health management, telemedicine, artificial intelligence-assisted diagnosis
and treatment may be the hot topics in product design.

Third, safety is a high incidence of elderly problems, but also a need that the
caregivers care about most. The more concerned the family is about the safety of the
elderly, the more willing they are to spend money on assistive technologies. The most
prominent pain point for the family is the inability to take care of the elderly for a long
time, which is also the time when the elderly safety problems occur. As mentioned
earlier, problems with mobility and memory are most pronounced in elderly people. On
the one hand, limited mobility makes it more difficult for elderly people to save
themselves in unexpected situations, such as falling. On the other hand, memory
problems make older people more likely to get lost. As a result, safety functions should
be taken into account when designing a product, such as fall detection, fall protection,
electronic fence and behavior identification.

Fourth, psychological need is an important neglected need. According to our sur-
vey, as the elderly people age, their physical functions gradually decline, which leads to
a decrease in the number of people taking part in group activities even though there is
no obvious decline in their willingness. It is a pity that family members pay far less
attention to the psychological needs of the elderly people than to safety and health. In
addition, nursing homes lack facilities for psychological care and recreation. To
improve it, games for the elderly, entertainment products and social products could be
taken into consideration.

Fifth, elderly people have a general acceptance of assistive technologies, but more
people are willing to try assistive technology than actually using smart products,
showing significant gender and age differences. Therefore, the designers should pay
attention to the different attitudes of different groups of older people towards assistive
technologies, and pay attention to distinguish the target users. Voice interaction, eye
movement input devices and intelligent products for elderly female users are all aspects
that can be considered in the design.

Finally, common pain points for caregivers are lack of qualification, physical
incapacity and inability to provide long-term care for the elderly. Therefore, the use of
assistive technologies can make up for the deficiency of caregivers in these aspects, so
as to assist the caregivers to take better care of the elderly. Care assistants, handling
robots and service robots are practical examples.
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5 Conclusion

In general, this paper investigated 119 older people with different self-care abilities,
who were living at home or in nursing homes and their caregivers. In addition, 5
nursing workers were interviewed. Data about their pain points, needs, abilities, and
attitudes towards assistive technologies are analyzed and compared for different groups
of participants. The results show that the elderly people have obvious needs in physical
function, health management, safety and psychological care. Among them, the mobility
and safety of the elderly are the most urgent needs to be met. Psychological need,
especially interpersonal need, is an important thing being ignored. In addition, the
attitudes of the elderly towards assistive technologies show significant differences
among different ages and genders. Finally, the professional, physical and time limi-
tations of caregivers make it necessary to use assistive technologies to help caregivers
better care for the elderly people. These are also the key points to pay attention to in
design. In this study, the sample size of elderly people in nursing homes could be
larger, and the questions involved in questionnaires and interviews are relatively
limited. Therefore, more research should be carried out in the future. However, the
design points presented in this paper can be used for relevant practical applications.
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Abstract. This paper explores Finnish, German and Swedish older adults’
perceptions of a future welfare service with increased use of welfare technolo-
gies, specifically care robots. The issues are the rapid digitalization and devel-
opment of health and welfare technology, which presently is mainly technology
driven (not need or user driven), and the demographic challenge. The aim of the
study was to explore older adults’ perception of the future use of welfare
technology or care robots. A qualitative approach with focus group discussions
was employed, followed by thematic analysis. The results are presented in four
overall themes: the impact on daily life for older adults and professional care-
givers, codes of practice and terms of use, dissemination of information and
knowledge, and conditions for successful implementation. There were signifi-
cant differences in the informants’ attitudes toward and knowledge about care
robots. However, the informants’ attitudes appeared to change during the focus
groups and in general, became more positive. Authentic needs, which care
robots could support, refer to independence, safety and security, and the ability
to manage or ease daily life or working life. The results suggest that older adults,
after receiving relevant information, were open to the idea of being supported by
care robots in their daily lives.

Keywords: Care robots � Older adults � Implementation � Information �
Perceptions � Welfare technology

1 Introduction

The number of older adults is growing rapidly throughout the world. These demo-
graphic changes will increase the need for health care services, but the number of
people who can provide and finance these services is decreasing [1, 2]. Health tech-
nology, such as welfare technology, has been launched as a means of meeting these
challenges [2, 3]. Different types of welfare technology are also changing the traditional
health care organization. Welfare technology introduces technology in new spaces,
such as private homes, and it provides new functions, such as offering social stimuli
and entertainment [3]. This technology could make it possible for older adults to live
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longer in familiar surroundings, to have quick remote communication with professional
caregivers if needed, and to have a (remote) physical examination in their homes [4].
The purpose of this paper was to provide a cross-country inventory (Finland, Sweden
and Germany) of older adults’ perceptions of a future welfare service with increased
use of welfare technologies, in particular care robots, for support in daily life. The term
care robots includes machines that operate partly or fully autonomously while per-
forming care-related activities for people with disabilities, physical or mental, that are
related to age or health restrictions [5]. In this paper, the term care robots refers to
robotic technology that can be used to support older adults and care workers in pro-
viding physical, cognitive, or emotional support [6].

2 Elder Care and Welfare Technology

2.1 The Changing Landscape of Elder Care

Elder care, in particular, is facing a gigantic shift in technology and the demographic
challenge of an aging population. In the near future, the relative population of older
adults in Western Europe will increase because of aging and increased life expectancy
[7]. By 2050, globally the number of people older than 60 years is expected to be
higher than the number of people younger than 15 years [8]. We also live in a period of
rapid digitalization and health and welfare development. Old technology such as the
telefax machine required about 150 years from the time the patent was approved until
the product was available on the market compared to the contemporary time to market
of about 1 to 2 years [9]. Welfare technology is expected to help people live a healthy
life with retained integrity. This technology is also expected to contribute to efficiency
in elder care services and meet individuals’ needs in living independently. The
demographic challenge means that the older population is growing and the working
population is decreasing [10, 11]. Thus, the elder care sector must evolve, and intro-
ducing welfare technology might be the most effective method.

2.2 Acceptance of Care Robots

In welfare technology, robots have acquired cognitive functions and possibilities for
improved safety, which makes it possible to use them to provide new services for the
primary users. Although care robots have great potential for health and welfare, the
area is challenging due to ethical and social issues [12, 13] and the strong role of
legislation. In addition, the public has a negative attitude toward the use of robots in
elder care [14, 15]. To reap benefits, changes are needed at all levels of the individual–
services–society axis and across them. Technological and in particular, service inno-
vations that combine human and cognitive robotic skills might have high potential for
easing care professionals’ work and providing autonomy for older adults. These goals,
however, can be achieved only if all stakeholders accept the new technology.
Acceptance and the impact of digital technologies, such as care robots, on older adults
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who require elder care have implications for the possibilities of rooting technological
innovations in care [5]. The way in which older adults are involved in the emerging
area of care robots is essential for their health, well-being, and opportunities to learn
and participate in society throughout the different stages of later life. Technology use is
often a major change, but if planned carefully, technology may provide a welcome
addition in services. In the area it is also recognized that the health of older adults can
be promoted, sustained, and improved with technical aids [16, 17], but usable indi-
cators of good welfare technology solutions for older adults are lacking [18]. The most
significant factor related to the introduction of technology that motivates an individual
is the benefit that he or she gets from using it.

The different types of impact of technology use are often indirect and difficult to
identify. The skill levels of individuals differ, and a technical device is not born and
used in a vacuum in care: Behind the technology, there is a user with his or her own
values, living (or working) environment, and related service activities [19]. Tech-
nologies are still typically used in care services as separate ‘islands’ and a systemic
view is missing. Moreover, the perspective of older adults is often neglected.

2.3 Meeting User Needs

Older adults as technology users are often viewed stereotypically or represented by
assumptions or static identities, without cultural and historical constructions [20]. The
benefits of robots and technology in elder care are often embedded in a specific set of
claims, such as an aging population with rising care costs, a decreasing qualified
workforce, and the desire of older adults to live independently as long as possible [21,
22]. Older adults are mostly positioned as having deteriorating health and needing
costly care. In this narrow portrayal of older adults, old age is strongly related to illness,
frailty, lost competences, and high costs. If these kinds of images underlie development
processes, including the orientation phase, then the resulting technologies, for example,
care robots, may implicitly or explicitly position older users as frail, ill, or in need of
care [22]. If the design is based on stereotypical and homogenous sociocultural images
of older adults, it may reinforce this imagery and translate into key design decisions
[23]. If diversity in users is incorporated at all, it is most often only age and gender
differences [24]. Moreover, today’s older adults might differ from future generations of
older adults, for instance, regarding acceptance of technology for social needs and the
strong Western cultural value of being independent, which might be an incentive to use
robots in daily life. There is often an imbalance between perceptions of older adults’
technology needs and knowledge about their actual needs. The supposed user uses
technology according to the manufacturer’s idea of how the item should be used.
However, this is distinct from the real user, who is actually using the technology and
may, for instance, change its purpose [25]. According to Östlund et al. [20], the role of
older adults in digital agendas may be simply to legitimize development for fictive
users rather than real ones. Another aspect is that older adults are much more dis-
cerning than the manufacturers of robots for older adults believe. Frennert [26] found
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that older adults want to know what robots can do for them and are not interested in a
service robot if it does not add anything useful. Many manufacturers have a view of
older adults as passive recipients, and the stereotype of older adults governs robot
development. Age-based assumptions that lie at the heart of technology design and
implementation are maintained by ideologies that are resistant to change [27].

In Neven’s [22] study that tested health care robots, participants’ views did not
influence the designers’ overall view of elderly users. As designers and technology
developers seem to rely on stereotypical views of gender and age, user diversity is
neglected [23]. Old age is seen as a homogeneous stage in life, yet it covers tens of
years and includes several phases. There is a need for a paradigm shift and proactive
technology that meets the needs and demands of today’s actual senior citizens [20],
such as the robotic cat for people with dementia (JustoCat) [28, 29]. The changed view
of older adults as heterogenic welfare technology users involves analysis of the explicit
and implicit interactions among technology, designers, and users. A field study of the
implementation process of the care robot Zora in Finland showed that robot use affects
customers and their family members in many ways that are positive, negative, and
neutral. For instance, the robot stimulated users to exercise and led to reminiscing
because of its child-like character. The robot also created various new interactions with
the customer or between customers and professional caregivers. This study also
highlighted that customers should not be misled; the role of ethics is a key issue [30].

Rationale. The overarching aim of this paper was to explore older adults’ perceptions
of the use of welfare technologies, in particular care robots, for support in daily life.
The issue is important because of the rapid digitalization and development of health
and welfare technology, which is mainly technology driven (not needs or user driven),
and the demographic challenge the global society is facing. The specific aims were to
explore how older adults perceive care robots in elder care and how they discuss the
introduction/implementation of care robots in elder care.

3 Method

3.1 Design

A qualitative approach with focus groups was employed. Focus group discussions are
particularly suited to the study of attitudes, perceptions, and experiences. The inter-
action within the groups can help people explore and clarify their own attitudes in ways
that would be less accessible in individual interviews [31, 32].

3.2 Setting and Recruitment

The present study is part of the ORIENT project under the Joint Programming Initiative
‘More Years, Better Lives’. The ORIENT project focuses on orientation, introduction
to technology use, and learning of different skills for effective use in the spirit of co-
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creation. Partners from three European countries (Finland, Germany, and Sweden)
participate in the project. Various perspectives are considered within the project, such
as the perspectives of older adults, older adults’ family members, professional care-
givers, and care service organizations. Societal and other stakeholders’ (such as busi-
ness, industry, public administration, and the nonprofit sector) perspectives are also
included in the project.

The focus of this paper is the perspective of older adults who live at home. Pur-
poseful sampling was used to recruit the informants. Recruitment was conducted
through verbal and written requests to retirement organizations and through contacts.
The inclusion criterion was that the informants should have an interest in the field, and
variations in gender were also strived for.

3.3 Focus Groups

An interview guide was developed by the research team consisting of opening,
introductory, and transition questions, followed by key questions [32]. One focus group
was conducted in Sweden and Finland, and two focus groups were conducted in
Germany, with four to seven informants in each group, for a total of four focus groups.
In total, 24 older adults participated in the focus groups. The participants all lived in
their own housing and did not receive help from home care services (Table 1).

Informed consent was obtained from all informants before the focus groups were
held. Two to three researchers were present during the focus groups, one acting as a
moderator and the others as assistant moderators. The focus groups were conducted in
the informants’ native language. Each focus group began with an introduction and
description of the purpose of the discussion. Then, the moderator followed the inter-
view guide, moving from general to more specific questions, and showed a short video
and pictures that exemplified various types of care robots. The interview guide was
used to ensure consistency between the different countries (Table 2). The focus groups
lasted for 60–140 min and were audio recorded. The recordings were then transcribed
verbatim and processed as texts.

Table 1. Informants’ demographic data.

Characteristics Finland Germany Sweden

Women/men 3/1 8/6 5/1
Age, mean (range) 75 (70–81) 68.6 (60–79) 72.5 (69–75)
Highest level of education
University 0 4 6
Secondary school 3 0 0
Vocational education 1 9 0
Elementary school 0 1 0
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3.4 Analysis

The focus group discussions were analyzed using an inductive thematic analysis with a
semantic approach [33]. The six phases consist of becoming familiar with the data,
generating initial codes, searching for themes, defining and naming themes, and pro-
ducing the report. Accordingly, the transcribed text was read and reread to capture the
features associated with the research topic. The sentences and paragraphs, assessed as
interesting or meaningful in relation to the phenomenon under study, were identified
and marked, and initial codes were systematically generated across the entire data set.
This first part of the analysis was performed in the original language and by the
research team in each of the three countries. Then, all text (the codes) was translated
into English, and the rest of the analysis was carried out by two researchers (RMJP and
CG), though all authors reflected on the data during the process. The codes were
grouped together into potential themes and sub-themes. The relevance of the themes
was checked in relation to the codes and the entire data set. Finally, clear definitions
and names for each theme were identified. The analysis resulted in four overall themes
and 13 sub-themes (Table 3).

Table 2. Interview guide.

Introduction
question

Brainstorm about the use of and need for welfare technology in elder care

Transition
question

Thoughts about the use/introduction of robotic technology in elder care.
Should we use robots in elder care?

Key questions Display of a short video (3 min) and pictures, exemplifying various types
of care robots (used for service and support in daily life, such as social,
physical, and mental stimulation and communication)
- Reflections on the video and pictures; benefits and disadvantages from
different perspectives

Additional questions:
- How would you feel about being cared for or assisted by a care robot
when you get old and require help?

- Do we, in general, need to know more about care robots? What? Why?
How? By whom?

- If you would like to learn more about care robots, what would you do?
- How should the use of care robots be introduced in elder care, and what
training is required?

Ending question Reflection on what was said during the discussion; does anything need to
be added? The assistant moderator is invited to reflect or ask additional
questions
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4 Results

Four overall themes, including 13 sub-themes, illustrated older adults’ perception of the
future use of care robots. The term welfare technology is used alternately with care
robots, because what kind of welfare technology the informants referred to was not
always specified. The results are presented in themes and by underlying sub-themes.
Quotes from the interviews, provided in the sub-themes, are marked with a letter (S, F
or G) indicating the country of origin.

4.1 Impact on Everyday Lives of Older Adults and Professional
Caregivers

This theme covers older adults’ perceptions of different areas where welfare technology
or care robots could have an impact in their daily lives or support and improve the
delivery of care.

Independence and Safety. Welfare technology was perceived to provide conditions
for prolonging the ability to live independently. The ability to manage by oneself
implies maintained autonomy and integrity. “I would like to have a robot that can help
me pick up stuff, open the fridge…instead of somebody coming to help me, so I can
decide for myself” (S). Care service, perceived as threatening integrity, for example, in
having support with hygiene, could preferably be provided by some kind of welfare
technology. However, opposing views also appeared in the discussions, indicating
rejection of the use of such technology and the claim that human attention is preferred.
Welfare technology was also considered to ensure safety in different ways, for

Table 3. Sub-themes and themes revealed in the analysis.

Sub-themes Themes

Independence and safety
Physical and mental assistance
Communication and socialization
Complement to human resources

Impact on daily life for older adults and professional
caregivers

The individual’s right to decide
Expected functions

Codes of practice and terms of use

Introduction to technology earlier
in life
Tailored information
Training on welfare technology
and trust
Multiple channels for information

Dissemination of information and knowledge

Convincing professional
caregivers
Multi-level collaboration
Cost allocation

Conditions for successful implementation
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example, related to monitoring functions as sending health data (e.g., blood pressure
and blood glucose levels), and distributing medication.

Physical and Mental Assistance. One common perception was that welfare tech-
nology could facilitate practical tasks at home, for example, doing household chores,
picking up objects from the floor, and cleaning. Welfare technology that enables
mobility was also discussed as useful. “Yes, so if I had difficulties to move around at
home and do household chores, I would probably accept it [a robot]” (F). Supporting
people with cognitive impairments was also mentioned as a possible area of use.

Communication and Socialization. Possibilities for communication with professional
caregivers were perceived as beneficial. Welfare technology could then be useful for
receiving information quickly. For example, a video connection in a robot could make
it easier to get help from health care organizations. Professional caregivers, such as
physicians, could be supported in detecting health incidents and in diagnosing patients.
However, welfare technology with monitoring functions was viewed critically by some
informants. Furthermore, technology could facilitate communication with family
members, something that would be beneficial for both parties. Opportunities for a
social life would also increase. “…so it facilitate [for older adults] a social life, if I
cannot get out, then society can come in” (S). One perception was that welfare tech-
nology could enrich the daily lives of older adults, especially those in care homes,
where it could be used for mental stimulation, entertainment, and different activities,
such as reading and playing music.

Some informants would have conversations with robots while others would not.
Similar disagreements existed in the case of social robots. Some perceived that a social
robot could reduce feelings of loneliness, while others rejected the use of robots for
social interaction. One concern was the risk that those who are not capable of handling
the welfare technology could become even lonelier.

Complement or Replacement for Human Resources. Many informants perceived
the technology as a complement to professional caregivers. By using this technology,
professional caregivers would have more time for the older adults, and the human
resources would be used where they were required. “My spontaneous reaction is,
welfare technology, yes, it gives staff more time, and they can spend that time with the
older adult needing support” (G). The informants suggested that robots could assist
care professionals in different ways, for example, with personal hygiene, cleaning, and
physically heavy work. Informants also suggested that technology could be helpful in
the event of a shortage of professional caregivers. However, a major concern was
whether professional caregivers would be replaced by technology. The informants felt
that there was an imminent risk that this could occur, partly because in the end,
technology is cheaper than human labor. However, some informants emphasized that
there are situations where people cannot be replaced by technology. For example, a
robot cannot provide human warmth, or act as a substitute for interpersonal relations, or
provide psychological support. “…the technology cannot replace interpersonal rela-
tions…” (G).
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4.2 Codes of Practice and Terms of Use

This theme describes regulations of practice needed when welfare technology or care
robots are offered to older adults. Aspects of expected functions and usability are also
addressed.

The Individual’s Right to Decide. Regulations related to the implementation of
welfare technology in care for the elderly were an important issue. A common per-
ception among the informants was that each individual should be allowed to decide
whether to use welfare technology or not. Some people wanted human hands, and some
preferred welfare technology. Thus, welfare technology should not be forced upon
older adults. There must be sensitivity in assessing when welfare technology is
appropriate to use and when it is not. For instance, the use of welfare technology was
discussed in relation to older adults with cognitive impairment, such as people suffering
from dementia. Some perceived that welfare technology would work well for these
persons, while others thought it was not appropriate. “…but for people suffering from
dementia, I find it shameful and inhuman to use robots” (G). In contrast to the per-
ception that welfare technology use should be optional, some informants thought that it
should not always be possible to choose. Not everything can be optional, and some-
times, people just need to be told that this is the way of doing things. “This is how
nursing is done, this is the help we offer you, if it is cameras, help to turn off the stove…
there are a lot of things like that” (S). For health care services, an individual’s actual
needs are the basis for the assessment.

Expected Functions. This sub-theme mirrors different aspects of the expected func-
tions and the usability of welfare technology artifacts. During the discussion, it was
evident that some participants had high expectations for what care robots should be
capable of doing (the expected functions). For example, the robots should recognize
emotional situations and act accordingly. The robots should also be able to work
autonomously, make suggestions, and have the function to have conversations. If the
robot were dependent on additional instructions from professional caregivers, then the
caregivers could perform the task themselves. “I think, if an expensive nurse or trainee
has to stand behind the robot and give instructions, it somehow seems pointless…”
(G). One informant expressed a fear of robots eventually making decisions indepen-
dently. The question of safety was also a concern for some informants. In the case of
malfunctions, there must be some kind of security system, to ensure that no human
being comes to harm.

4.3 Dissemination of Information and Knowledge

This theme explores the general and societal needs for improving the introduction of
welfare technology or care robots, as well as suggestions for orientation activities.

Introduction of Technology Earlier in Life. Welfare technology should be intro-
duced earlier in life, before the actual need arises. When people become affected by old
age and illnesses, it is difficult for them to make their own decisions. “Inform as early
as possible, before you develop dementia, it do not have to be dementia, it can also be
physical and intellectual disabilities” (S). Although an early introduction to welfare
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technology is preferred, older adults often do not perceive the information as interesting
or necessary, until changes in their own life conditions occur. “…since I do not think I
need it [care robots] at the moment, I do not even know what to ask for and what kind
of information I would need” (F). However, with the gradually increasing use of
welfare technology in society, it will eventually become more common and accepted.
Some informants expressed that for future generations the use of welfare technology
will likely constitute a natural part of life.

Tailored Information. Information about welfare technology must reach those con-
cerned, older adults. To make decisions, one needs to know what kind of welfare
technology is offered and what it can do or assist with. The acceptance of welfare
technology depends on the level of information, and good examples need to be dis-
seminated. For example, the term “robot” must be clarified as it has a negative con-
notation and is perceived as alienating and inhuman. The informants expressed that
when welfare technology is offered to older adults, special attention should be paid to
its introduction. Welfare technology should be taught in a way that suits older adults,
and it should be ensured that they really grasp it. When young people give instructions,
they often do it too fast, which makes older adults feel slow, and thus, they give up
trying to understand the technology. “…when it comes to technology, I can manage,
but it goes too fast [instructions]…For us older adults, technology should be taught in
such a way that people understand” (F).

Different perceptions prevailed about who should provide information about
available welfare technology. Some thought that information should be given by
official sources or professional caregivers. Others thought sources for information
could be friends, health insurance funds, the manufacturers of the technology, and
consultants.

Training on Welfare Technology and Trust. Older adults need information and
training that enable them to trust welfare technology. Concerning robots, this could
involve practical training in how to use them, as well as how to approach and speak to a
robot. Training could also involve environmental and security issues. “They [robots]
can also do something wrong or have a malfunction, just like humans do…you have to
try to limit that so that no patient [older adult] will be injured” (G). Some older adults
were concerned about data security, how their data would be protected, and how they
could have control over their data.

Multiple Channels for Information. Several suggestions were given regarding how
to disseminate information about welfare technology. Welfare technology should be
visible to create demand. Television was a common suggestion as practically every
household has one. Other means for disseminating information could be social media,
fairs, through senior citizens’ associations, storytelling, shops, and similar places where
many people pass by. Some informants pointed out that using welfare technology must
be pleasurable and exciting. In addition, there should be opportunities to test it in real
life, that is, learning by doing. Another suggested channel for disseminating infor-
mation was through research and education; for instance, universities should offer
education in robots. According to some informants, the prevailing attitude among
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today’s professional caregivers is that there should be human hands, not welfare
technology, an attitude that could change through education.

4.4 Conditions for Successful Implementation

This theme describes the conditions identified as important for the successful imple-
mentation of welfare technology and care robots in the elder care context.

Convincing Professional Caregivers. For the implementation to succeed, profes-
sional caregivers must be convinced and positive about the use of welfare technology.
They should not perceive welfare technology as something separate; instead, it should
be an integrated part of nursing care. “Convince the professional caregivers, how we
can do it, I do not know, but it has to be done” (S). Some informants suggested that
some caregivers could receive special training in welfare technology use. Then they
could act as digital assistants and support other caregivers, as well as older adults.

Multi-level Collaboration. Successful implementation of welfare technology for
older adults would require collaboration at multiple levels. The informants perceived
that a whole chain of decisions and actions probably were required, ranging from
legislation and public organizations to interest organizations and older adults them-
selves. Some informants pointed out that welfare technology should be developed in
consultation with older adults. Their needs should form the basis for what technology is
needed and produced; subsequently, they, relatives and professional caregivers, should
be involved in the process. “I think it [welfare technology] is the future. We cannot use
the old system forever…but the older adults have to be taken into account when this is
implemented, and their relatives as well” (F).

Cost Allocation. The question of who should pay for welfare technology was a major
concern among the informants. Should society bear the costs or older adults them-
selves, or perhaps should the costs be divided? “It is the municipality’s responsibility to
pay, if the robot is absolutely necessary…those who have a high salary can pay for the
robot by themselves” (F). If so, how should the line be drawn between what is
accessible to everyone and what is considered to add extra value? One fear was that the
technology would cause further divisions in society, implying that only those with
resources would have access to the technology. In contrast, some informants claimed
that society cannot pay for everything, and people with the financial resources can pay
for the welfare technology themselves.

5 Conclusions, Limitations and Implications

5.1 Increased Knowledge Changes Attitudes

The focus group discussions in the present study revealed significant differences in the
informants’ attitudes toward and knowledge about welfare technology and care robots:
Some were negative and others positive. It is not that the attitudes in general were
negative. However, the context of elder care seems to have an impact on their stand-
points. This seems to make the use of care welfare technology or care robots
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questionable, which can be interpreted as whether the use of robots in elder care is not
as accepted as in other areas of healthcare, as also shown by, for instance, Euro-
barometer [34]. However, the attitudes appeared to change during the focus group
discussion. Some informants even expressed that they had a negative attitude when
they arrived, but it changed, mainly due to the increased knowledge and because they
understood what care welfare technology and care robots are and how they can support
daily life. As the results suggest that older adults are open to the idea of being sup-
ported by welfare technology or care robots in their daily lives when people have
relevant information, we interpret the result as meaning that there is a general urgent
need for an improved orientation within the field. This also applies to family members
and professional caregivers, as they are the main users in the elder care context and are
involved in the implementation processes.

However, all studies have several limitations. In the present study one limitation is
that informant recruitment was conducted by purposeful sampling. Many of the
informants were people interested in the subject welfare technology and care robots,
given that we cannot state having informants representing the full population. Another
aspect to highlight is that the informants in a majority were women. On the other hand,
participating informants were interested and had something to discuss and say about the
issue. This also refers to the present result showing that a negative attitude can change
when having increased knowledge. Another weakness in the data, which were collected
in three different countries all having different cultures and welfare systems, and
importantly different languages. All these aspects have impact in the analysis, in the
overall and contextual understanding. The final analysis were led by the Swedish team,
this might had the consequence that culture and language specific nuances can be lost
in that process, this were not further explored in the full research team.

5.2 Implementation of Care Robots in Elder Care

Examining the themes that appeared in the present study, it becomes clear that welfare
technology and care robots, which are “knocking on the door” to be implemented in
modern elder care, have important aspects that must be considered for successful
implementation.

User Involvement to Meet Authentic Needs. One aspect is that welfare technology
and care robots must have a considerable impact on users (older adults, family
members, or professional caregivers) in improvements in daily life or daily working
life. The authentic needs in which welfare technology or care robots could support
improvements, according to the present results, are independence, safety and security,
and the ability to manage or ease daily life or working life. Considering welfare
technology in care for the elderly, authentic needs should play a more central role.
Having the point of departure in authentic needs is described as crucial when devel-
oping health and welfare technology in this context [28]. End-user participation in
developmental activities (co-creation) is one of the basic principles of user-centered
methods [35]. Early and ongoing user involvement and participatory methods have
been recognized [36] as one of the principles that are particularly important in health
information technology [37, 38]. Robots have somewhat different characteristics
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compared to other technologies in elder care, such as embodied characters, which may
provide emotional attachments. Studying the acceptance and use of robots may require
consideration of other factors not included in the most frequently utilized technology
acceptance models, such as social and hedonic factors [30, 39]. The structure of elder
care is also different from other co-creation processes: Not only is the customer
involved but also family members and professional caregivers.

We suggest closer collaboration and the integration of users’ different perspectives
to achieve a comprehensive view of authentic needs, user involvement, and technology
possibilities when welfare technology and care robots are developed. All three per-
spectives should be emphasized equally for a successful development process.
Regarding representative and collaboration obstacles, we understand the challenges,
although they must be expressed and solved. Elder care representatives, must, for
example, learn to identify and communicate authentic needs of elder care that can be
solved by care robots and welfare technology. This refers to the overall aim to free up
time in favor of care that really needs human affection, which is considered one
solution for meeting the demands of the demographic challenge [7, 8].

Meeting the Needs of Information and Knowledge. There are expectations that the
use of welfare technology and care robots should solve some of the problems of the
demographic challenge. However, it is naïve to believe it is simple to implement care
robots and welfare technology in elder care. Elder care is complex, and there are many
aspects that must be respected. For example, there are conditions that must be clarified
on different levels in the welfare system, for example, regulations that allow free choice
to reject welfare technology or care robots. The question of financial responsibilities
must also be clearly communicated, an aspect that was evident in the present results.
Another important issue is the dissemination of information and knowledge about the
possibilities and support that welfare technology and care robots use offer, an urgent
aspect that must be resolved before the implementation can proceed successfully.
Nilsen et al. [40] found that when welfare technology is implemented, resistance
appears to play a productive role when the implementation is organized as a co-creation
process. Implementation of welfare technology must be carefully planned and orga-
nized for successful results. For older adults and family members as users, storytelling
is a powerful method that could complement the official authority practitioner’s (care
manager’s) information [41]. Storytelling in different media, which have the target
groups as readers, could be a strategy for meeting the information and knowledge
aspects. Raappana, Rauma, and Melkas [42] found that most of the negative effects of
welfare technology use could have been eliminated or relieved with a good orientation,
based on previous information and assessment. Without an appropriate level of skills
and knowledge, feelings of insufficiency and incapability arise, leading to decreased
motivation and distress, and may mitigate the impacts on well-being that are pursued.

For innovators working in elder care, it is important to remember that the digital
experiences and competences of today’s and future generations of older adults most
likely will differ [9]. This also refers to the rapid development of technology in general
in modern society. Again, this points to the importance of involving the potential users
and the right users in the development processes. When including potential users, the
categorization of older adults might not be enough. More nuanced inclusion processes
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for users in the groups of today’s and future users are recommended. In our under-
standing, the results indicate that today’s older adults with sufficient and relevant
information and knowledge of the possibilities of care robots and welfare technology,
in general, have positive perceptions of being future users. However, we as repre-
sentatives of welfare technology and care robots in elder care have an important and
desired mission to develop the content for an effective orientation to welfare tech-
nology and care robots in elder care.
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Abstract. With the increasingly aged population and advances in health
information technology (IT), personal health management services (PHMS)
have become an important topic, since they enable people to input health-related
data and to check preventive health records. Although several prior studies have
focused on the factors that impact the adoption of personal health information
management and electronic medical records, the literature directly related to
people’s self-management behaviors toward PHMS is scant. According to the
technology acceptance and status quo bias perspectives, this study develops an
integrated model to explain Taiwanese people’s intention to use to a PHMS.
A field survey was conducted in Taiwan to collect data from citizens over the
age of 20. The results indicate that perceived ease of use (PEOU) and perceived
usefulness (PU) have positive effects on usage intention, and PEOU has a
positive effect on PU. The results also indicate a significant negative effect in the
relationship between citizens’ inertia and intention to use a PHMS. Furthermore,
inertia was jointly predicted by behavioral-based inertia, cognitive-based inertia,
and affective-based inertia. The study has implications for the development of
strategies to improve personal health IT acceptance.

Keywords: Personal health management services � Self-management �
Technology acceptance � Status quo bias

1 Introduction

The rapid evolution of mobile technologies and the increasing diffusion of smartphones
have provided significant opportunities for health care organizations to create new
healthcare solutions and to offer value-added services to their customers. With Taiwan
now considered an aging society, Taiwan’s Health Promotion Administration
(HPA) must meet the growing demand for geriatric care and chronic illnesses care. By
using information and communications services based on cloud technology, the Tai-
wan HPA established personal health management services (PHMS) in 2015. It pro-
vides the public with convenient, all-in one smart and multi-functional health
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management tools for the management of a healthy lifestyle, health examination
records, health risk assessments, health alerts, and health education. It has become
possible for people to use mobile channels to obtain accurate health information and
preventive health services, leading to better health. Thus, the PHMS improves the
transmission of personalized preventive health information to those most in need.
Although some practitioners emphasize the opportunities that the PHMS offers to
citizens, the overall adoption rate remains low; therefore, citizens’ acceptance of, and
support for, the PHMS is particularly critical in Taiwan.

It is a fact that some user resistance is unavoidable and may cause performance of
the PHMS system to be lower than expected. Although prior studies have focused on
the factors that impact the adoption or use of medical informatics [1–3], the literature
directly related to citizens’ self-management behaviors toward mobile health man-
agement services are scant. Empirically, self-management is not a simple activity, yet it
is a lifesaving mechanism via the PHMS. Thus, the existing variables related to
technology acceptance theories do not fully reflect the motives of health it uses. Pre-
vious research has suggested the need to incorporate additional inhibitors to improve
the predictive capacity and explanatory power of these dimensions. A variety of
behavior theories can be used to explain health IT adoption or use phenomena. Among
them, two theoretical models that have been used extensively to predict user
involvement in technology-related behaviors are the technology acceptance model
(TAM; [4]) and status quo bias (SQB; [5]). In particular, the SQB theory aims to
explain users’ preferences for maintaining their current status. Thus, SQB theory
provides a set of useful theoretical explanations for understanding the impact of inertia
as an inhibitor of new health IT acceptance. Rooted in the TAM and SQB perspectives,
this study proposes a theoretical model to explain citizens’ intention to use mobile
health management services.

2 Literature Review

2.1 The Technology Acceptance Model

The theory of reasoned action (TRA; [6]) has been tested across a variety of behaviors
and contexts. It suggests that an individual’s behavior is determined by his or her
intention to perform the behavior, and that this intention is consequently a function of
his or her attitude and subjective norms toward that behavior. Based on the TRA, Davis
[4] introduced the TAM model to explain new technology use behaviors. The TAM
assumes that there are two specified beliefs that determine system use: perceived
usefulness (PU) and perceived ease of use (PEOU). PU refers to the extent to which
users believe that system use will enhance their job performance, while PEOU is the
extent to which users believe that their use will be relatively free of effort [4]. The TAM
suggests that PU and PEOU are two salient, cognitive determinants of technology
acceptance because users want to use new technology that benefits their tasks without
costing them a lot of effort. Since its introduction, the TAM has become the most
frequently cited and influential model for understanding the acceptance of new tech-
nology and has received extensive empirical support. Certain prior studies found that
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the TAM has good explanatory power for predicting health IT acceptance among
individual professionals [7–12]. According to the technology perspective, TAM has
focused on users’ enabling perceptions related to IT use (e.g., its PU and PEOU) [13].
Thus, we propose that citizens’ intent to use a new technology such as the PHMS is
based on two enablers of system use: PU and PEOU.

2.2 The Status Quo Bias Theory

The SQB theory explains why individuals prefer to maintain their current status or
situation, rather than to switch to a new action [5]. According to the SQB perspective,
one may express the intent to continue using the incumbent course of action, since this
is what they have always done, or in spite of being aware that better alternatives exist
(i.e., due to inertia). Thus, inertia reflects a bias toward the status quo [5]. Polites and
Karahanna [14] define inertia in a technology acceptance context as user attachment to,
and persistence in using, an incumbent system even if there are better alternatives or
incentives to change. Further, they conceptualize inertia as having behavioral, cogni-
tive, and affective components. Behavior-based inertia implies that the use of an
incumbent system continues simply because it is what a user has always done, and
therefore it persists without them giving it much, if any, thought. Cognitive-based
inertia implies that the user consciously continues to use an incumbent system, even
though he or she is aware that it might not necessarily be the best, most efficient, or
most effective way of doing things. Affective-based inertia occurs when a user con-
tinues using an incumbent system because it would be stressful to change, because they
enjoy or feel comfortable using it, or because they have otherwise developed a strong
emotional attachment to the current way of doing things. In the technology acceptance
context, inertia occurs when expected learning tasks related to a new system are dif-
ficult. It could be reasonably argued that individual inertia inhibits users from accepting
new technologies [15]. Inertia reduces the motivation to be and is a key predictor of the
use of health technology services; this is well supported, from a theoretical perspective,
in the literature [16]. Thus, the SQB view provides a set of useful theoretical expla-
nations for understanding the impact of maintaining users current status as inhibitors
(e.g., inertia).

3 Research Model

In keeping with the TAM and SQB perspectives, we propose that Taiwanese citizens’
intention to use the PHMS is based on two opposing forces: enabling and inhibiting
perceptions. In the case of enabling perceptions, we propose that users’ intention to use
the PHMS is based on two enablers of IS use: PU and PEOU. In the case of inhibiting
perceptions, inertia is seen as a manifestation of the SQB. Further, this study con-
ceptualizes inertia as a multidimensional construct comprising three components:
behavioral-based inertia, cognitive-based inertia, and affective-based inertia. Figure 1
shows the proposed research model.
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Fig. 1. Research framework.

According to the TAM perspective, PU and PEOU are two direct antecedents for
determining behavioral intention to use, because users want to use new technologies
that benefit their job tasks and that do not cost them a lot of effort [4]. Further, a new IT
tool that requires less effort and is easier to use will be perceived as more useful than an
older one. Since the PHMS is one specific instance of health IT, the salience and effects
of PU and PEOU on system use should also apply to the healthcare context as enablers
of system use. Tung et al. [17] and Yu et al. [18] provide empirical support for both
associations within the healthcare context, leading us to hypothesize the following:

H1. The PU of PHMS use is positively related to the intention to use the PHMS.
H2. The PEOU of PHMS use is positively related to the intention to use the PHMS.
H3. The PEOU of PHMS is positively related to the PU of the PHMS.

According to the SQB perspective, users persist in using an incumbent system or
work method either because this is what they have always done or because it may be
too stressful or emotionally taxing to change [14]. For example, when an individual is
confronted with a new technology and requested to develop a learning task for the new
system, the new task’s stress and (at least temporary) loss of control makes users
produce negative emotions [15]. Thus, inertia will result in lowered use intentions.
Hsieh and Lin [16] and Jaw [15] provided empirical support for both associations
within the healthcare context. With this in mind, we suggest the following hypothesis:

H4. Inertia is negatively related to the intention to use the PHMS.

4 Research Method

4.1 Questionnaire Development

The construct measures shown in Fig. 1 were all adopted from previous studies and
were rated using a 5-point Likert scale; the anchors ranged from “strongly agree” to
“strongly disagree.” Although previous studies have validated the questionnaire items,
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we conducted pretests by asking two health care professionals and an information
management professor to evaluate each item. To ensure the questionnaire’s validity and
reliability, we conducted a pilot test with a sample that was representative of the actual
respondents. We conducted structural equation modeling using partial least squares
(PLS) estimations for the data analysis because the PLS method requires a minimal
sample size and has few residual distribution requirements for model validation [19].

4.2 Sample and Data Collection

The target participants were Taiwanese citizens over the age of 20. This study employed
an online survey for data collection, because online surveys provide researchers with
various benefits, such as saving time and reducing expenses by overcoming geographic
distance [20]. A total of 250 questionnaires were distributed through an online survey
company, and 200 questionnaires were returned. We assessed nonresponse bias by
comparing early and late respondents (i.e., those who replied during the first three days
and the last three days). We found no significant difference between the two respondent
groups based on the sample attributes (i.e., gender and age).

5 Research Results

The resulting 200 valid questionnaires constituted a response rate of 80%. Respon-
dents’ demographics are presented in Table 1. Most were female (51%) and between
the ages of 20 and 49 (67.5%).

Table 1. Respondents’ demographics.

Respondent characteristics Frequency Percent (%)

Gender Male 98 49
Female 102 51

Age 20–29 45 22.5
30–39 45 22.5
40–49 45 22.5
50–59 41 20.5
>60 24 12

Education Secondary School or Less 37 18.5
College 22 11
University 99 49.5
Master/PhD 42 21

Occupation Industry 39 19.5
Public service 28 14
Service 44 22
Students 8 4
Farming 46 23
Homemaker 16 8
Others 19 9.5
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We tested the reliability and validity of the proposed model. Reliability was
assessed based on a construct reliability greater than 0.7 [21]. Convergent validity was
assessed based on the following three criteria: (a) item loading greater than 0.7 and
statistically significant, (b) composite construct reliability greater than 0.7, and (c) av-
erage variance extracted (AVE) greater than 0.5 [22]. The discriminant validity
between the constructs was assessed based on the criterion that the square root of the
AVE for each construct should be greater than the corresponding correlations with all
other constructs [21]. In this study, the construct reliabilities are all greater than 0.9. For
the convergent validity, the item loadings are all greater than 0.9, and the AVEs range
from 0.86 to 0.97. For the discriminant validity, the square root of the AVE for a
construct is greater than its corresponding correlations with other constructs. Table 2
shows the descriptive statistics of the principal constructs and the correlation matrix,
respectively. These results indicate acceptable reliability, convergent validity, and
discriminant validity.

The testing results in the structural model are indicated in Fig. 2. In general, the
statistical testing conclusions all support this research model. In this study, intention to
use was jointly predicted by PU (b = 0.36, standardized path coefficient, p < 0.001),
PEOU (b = 0.44, p < 0.001), and inertia (b = −0.40, p < 0.001), and these variables
together explained 68% of the variance of intention to use. As a result, hypotheses 1, 2,
and 4 were all supported. In this study, PEOU (b = 0.28, p < 0.001) significantly
influenced PU, explaining 10% of the total variance in PU. Accordingly, hypothesis 3
was supported.

Table 2. Reliability and validity of the scale

Construct Item
loading

CR AVE Correlation
PU PEOU BBI CBI ABI IU

PU .94–.96 .97 .91 .95
PEOU .90–.95 .97 .86 .28 .93
BBI .90–.96 .96 .88 −.04 −.32 .94
CBI .97–.98 .98 .97 −.03 −.27 .54 .99
ABI .92–.96 .97 .90 −.07 −.33 .57 .59 .95
IU .95–.96 .97 .92 .47 .57 −.53 −.52 −.51 .96

Note: Leading diagonal shows the square root of AVE of each construct
Perceived Usefulness (PU), Perceived Ease of Use (PEOU), Behavioral-
Based Inertia (BBI), Cognitive-Based Inertia (CBI), Affective-Based
Inertia (ABI), and Intention to Use (IU)
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6 Discussion

In this empirical study, we explored how variables affected citizens’ intention to use the
PHMS. Therefore, we extended the TAM by adding one belief construct (inertia) and
its three major components (behavioral, cognitive, and affective) to understand whether
our proposed extended model is a better model. The study results indicated that the
TAM integrated with inertia provides a superior explanation of citizen intentions
toward using PHMS, because the r-square of usage intention is 0.68. This implies that
the TAM integrated with inertia might be a robust research model for predicting
citizens’ use intention toward health IT.

The results indicated that PU and PEOU are key determinants in citizens’ use
intentions. The PEOU also has a positive direct effect on PU. These findings are
consistent with the results obtained by Tung et al. [17] and Yu et al. [18]. The effects of
these usage intention variables were significant in explaining citizens’ PHMS use
behaviors by conforming to Davis [4], who maintained that the relative importance of
PU and PEOU in predicting use intention varies across behaviors and situations.
Inversely, inertia has a direct negative effect on citizens’ use intentions, meaning that
higher levels of inertia result in lower intention to use the PHMS. Inertia contains three
major components: behavioral-based, cognitive-based, and affective-based elements.
People persist in using the incumbent method either because it is what they have
always done in the past (behavior-based inertia), because it may be too stressful or
emotionally taxing to change (affective-based inertia), or despite their awareness that it
might not necessarily be the best, most efficient, or most effective way of doing things
(cognitive-based inertia). This result coincided with the findings of previous studies on
IS adoption [14, 16]. In the absence of inertia, it is possible that a habitual user of an
incumbent process or tool may readily recognize the advantages of switching to the

Fig. 2. Results of the structural model (Value on path: path coefficient; R2, coefficient of
determinant; ***p < 0.001)
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PHMS and may form genuine intentions to do so. These findings could interest and
encourage researchers who are developing a health IT acceptance and resistance model.

This study has several implications for, and makes numerous contributions to,
future research. A primary contribution is that technology acceptance and user resis-
tance theories are combined to examine how individuals assess overall change related
to a new health technology. By making use of the TAM to integrate and add to relevant
concepts from SQB theory, the study contributes by operationalizing and testing the
developed model through a survey methodology, which has little precedence in the
user resistance literature. Hence, we provide theoretical insights that researchers may
employ to encourage users to adopt a new health technology. Second, our study
confirms that PU and PEOU are critical factors for facilitating the intention to use new
health IT. While the role of inertia is important, the driving forces would have a
negative effect on citizens’ intent to use the PHMS. This finding could interest and
encourage researchers who are developing a new health IT acceptance model. Future
research should aim to identify additional incumbent action constructs and theorize on
the interplay between incumbent action and new technology cognition and behaviors.
As an extension of previous research, this study has demonstrated how inertia can be
applied in health IT research to explain citizens’ intention to make new health IT-
related changes. Thus, this reliable and valid instrument provides an effective tool for
researchers to measure users’ behaviors and to explain, justify, and compare the dif-
ferences in study results.

Our study findings provide useful recommendations for systems managers aiming
to enhance citizens’ usage intent regarding the PHMS. Because higher perceived levels
of usefulness and ease of use encourage citizens to have more intentional behaviors, the
PHMS should be designed in a more user-friendly manner that is consistent with
current health needs. Those who can use the PHMS easily and who find that it enables
them to access their health information efficiently will develop a better attitude toward
it and increase their usage intentions. Systems managers should focus on creating an
environment in which citizens have a positive attitude that encourages their use of the
PHMS. Second, managers should be aware of the critical effect of inhibitors on users’
intention behaviors. Managers can attempt to reduce inertia by enhancing citizens’
favorable opinions toward new health IT-related changes. Furthermore, most health IT
designs tend to focus on system considerations, such as new functionalities and con-
nectivity, rather than on users’ considerations, such as the system’s impact on health
behaviors. A better understanding of users’ resistance to health IT may help facilitate
the design of better systems that are both functionally good and acceptable to their
targeted user populations.

The limitations of our findings should be acknowledged. The first limitation is our
choice of constructs, which was based on prior literature and our own observation of
the behaviors of users at our study site. There may be other inhibitors or enablers of
health IT use that were not included in this study and which could be the subject of
future research. There may be additional predictors of behavioral intention, beyond PU,
PEOU, and inertia, that should be examined in future research. The identification and
validation of such constructs will also help advance our preliminary model of health IT
acceptance behavior. Second, the relevance of this study is confined to the health IT
acceptance behaviors of the general public. The findings and implications drawn from
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this study cannot be readily generalized to other special groups, such as patients.
A study targeting patients, who might have varying information needs and different
levels of computing support and abilities, could yield different results. Future research
should focus on accumulating further empirical evidence and data to overcome the
limitations of this study.
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Abstract. Many older adults do not sufficiently engage in physical activity and
a sedentary lifestyle may pose a major health risk A recent survey showed that
71% of adults in the United States were overweight and obese between 2015 and
2016. To promote physical activities and reduce the risk of chronic diseases in
older adults, an activity tracker is becoming a viable solution. However,
adoption and long-term use of activity tracker are far less than a satisfactory
level. This study conducted a 14-week longitudinal experiment to identify their
adoption behaviors of activity trackers. We recruited 17 active senior adults who
had no prior experience of the tracker use. Surveys about prior technology
experience, affinity for technology interaction, and the attitude and usability of
activity tracker adoption were given to the participants to identify perception on
recent technology and to understand the adoption patterns and barriers to the
acceptance of activity trackers. In addition, bi-weekly interviews were con-
ducted to elicit older population-oriented usability and design issues. Results
indicated that participants have a favorable view and interests of advanced smart
technology, but they have not much recognized usefulness of activity data.
Quantitative adoption scale also showed a flat or slightly decreasing pattern
within two to three weeks before reaching to a satisfactory level. Participants
reported major usability issues around activity tracker and interface designs,
including data visualization and interpretation.

Keywords: Activity tracker � Adoption � Usability � Long-term use

1 Introduction

Exercise can be hard enough for healthy people, let alone older adults. According to the
Behavioral Risk Factor Surveillance System (BRFSS), over 35% of older adults in the
United States remain obese [1]. Obesity increases the risk for type 2 diabetes,
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cardiovascular disease, and some cancers [2]. It is recommended that adults engage in
at least 2.5 h of moderate or vigorous physical activities per week and in muscle-
strengthening workouts two days of a week [3]. However, these guidelines were
suggested for both general adults and older population, and older adults are less likely
to maintain the same levels of exercise as healthy young adults. Thus, older adult
oriented guidelines need to be developed and the monitoring their regular physical
activity is crucial to maintain or improve their health status and prevent obesity and
other related chronic diseases.

The activity tracker is a valuable tool to assess whether older adults accumulate
adequate physical activities [4]. Activity trackers have become pervasive following the
miniaturization of sensors like accelerometers. These low-cost sensors are embedded in
activity trackers, thereby allowing manufacturers to capture and analyze the wearer’s
movement data by deploying ad hoc algorithms. Consequently, activity trackers and
the information they provide are thought to motivate the user to be more active and
healthier [5]. Depending on the types of sensors that are integrated, activity trackers can
monitor physical activity and other health indicators such as sleep quality and heart
rate. They can also improve the user’s awareness of their physical health behaviors by
providing goal-relevant information [6]. Considering that only 14.7% of adults aged
between 65 and 74 meet the physical activity recommendations for their age group,
activity trackers have a huge potential to benefit older adults’ physical and mental
wellbeing [7].

However, empirical research supporting the long-term use and adoption of activity
trackers is still emerging. More than half of activity tracker owners no longer use the
device as a health management tool, and approximately one third abandon the devices
after less than a year [8]. Ledger andMcCaffrey [8] found that 50% of users who adopted
an activity tracker stopped using it within the first two weeks, and 62% of users of an
activity tracking mobile app abandoned it within six months after purchase. Similar
adoption attitudes and patterns have been shown in older adults: previously, only half of
92 older adults intended to use the trackers to help achieve their physical wellbeing goals
[9]. Three fourths of the participants stopped using their trackers after four weeks.
A recent survey study reported that less than 2% of respondents aged 65 years and older
took advantage of current activity logging or monitoring technology [10].

This study aimed to explore the adoption attitudes and usability issues among older
adults who had not previously used activity trackers. This study provided free activity
trackers to adults over 65 years old who indicated having a regular exercise regimen.
Compared to peers who are sedentary, active older adults were presumed more likely to
adopt activity trackers to help facilitate their goals related to physical wellbeing. They
were also presumed more likely to elicit feedback regarding challenges and usability
issues around activity tracker usage. Thus, we recognized informative patterns of the
tracker adoption and active behavior changes.

Specifically, we focused on (1) investigating the impact of prior technology
experience and affinity on active older adults’ perceived acceptance of activity trackers
by a longitudinal research approach, and (2) identifying the adoption patterns and
usability of activity trackers from the perspective of active older adults. The results
could inform design recommendations and yield strategies to educate and improve
activity tracker adoption among older adults.
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2 Method

A 3-month field study with 17 older adults was conducted to comparing their attitude
and perception in pre and post adoption of activity tracker. Four different surveys and
interview were given participants. Prior technology experience and the preference of
activity tracker were examined at the beginning of the study. An activity tracker
adoption survey and a quantitative usability scale were administered three times across
the study period among novice active older adult users. Participants also completed bi-
weekly interviews on issues around activity tracker usability and design.

2.1 Participants

Seventeen participants were recruited from a senior basic yoga class at a fitness facility
in South Texas. The target participants of this study were active older adults who had a
regular exercise regime or frequently attended exercise classes. We excluded partici-
pants who had previously owned or used an activity tracker or other smart watches with
activity tracking or monitoring function. This population was thought to be more likely
to find activity trackers beneficial, adopt them, and be actively involved in identifying
usability issues. Participants were asked to use the trackers for 14 weeks. The research
team provided support for them to setup the device, including creating an account,
familiarizing basic functions and features. The same information was also provided
within the packaging of the device. The detailed demographic information is shown in
Table 1.

All participants in this study were aged more than 65 years, with an average age of
73.4 ± 4.0 years. Seventy five percent of the participants were female. Each participant
received one activity tracker (Nokia Go, see Fig. 1) to wear. The tracker can monitor
and measure various activities including walking, running, swimming and sleep quality
and duration. It also provides distance data and calories burned. The selected device
offers a simple basic function of tracking activity and maintains consistency between
participants to avoid errors from device variation. The tracker also has a long battery
life that does not require recharge or battery replacement during the experiment.

Fig. 1. Activity tracker used in this study - Nokia Go
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2.2 Experiment Procedure and Measures

Prior to use an activity tracker, a prior technology experience and perspective survey
and the Affinity for technology interaction (ATI) scale [11] were given to the partic-
ipants to assess their adoption attitudes and perception of activity trackers. The ATI
survey is composed of nine unidimensional items using a 6-point Likert scale to
understand why users differ in new technology adoption and provides insights to
optimize the adoption process. This scale can quantify the assessment of users’ per-
sonality in the context of technology interaction, and it provides a tool to discriminate
how they engage in technology interaction.

The activity tracker adoption attitude survey was administered at three time points
across the study: beginning (week 1), middle (week 7) and end (week 13). The survey
was adapted from the survey scale developed for individual adoption of healthcare
wearable devices [12]. Some of the language was modified to make the survey more
pertinent to an activity tracker adoption context. In addition, a quantitative usability
measure was also evaluated on a biweekly basis using System Usability Scale
(SUS) [13]. A simple, 10-item scale provides an overview of usability and adoption
patterns of activity trackers in an inexpensive and effective manner. This measure can
be used by a broad range of population and any types of devices or user interfaces [14].

Interviews were conducted biweekly to identify usability and adoption issues. Each
participant participated in an individual in-face interview designed to gather various
opinions and user experience regarding the activity tracker usage. The interview lasted
approximately twenty minutes per participant and the major questions were about their
experiences of activity trackers and they were encouraged to answer in a flexible
conversational manner. The entire proceeding was recorded, transcribed for thematic
analysis, and reviewed by authors. The codes were independently developed through
reviews of the interview transcripts and compared between authors to reach the
agreement. Disagreements were resolved through consensus. Texas A&M University –

Corpus Christi institutional review board approved the study.

Table 1. Demographic information of experiment participants

Demographic factors Number of participants (Percentage)

Gender Female 13 (75%)
Male 4 (25%)

Age 65–75 12
76–85 4
85 or older 1

Education High school 2
Bachelor 13
Master 2

Race Caucasian/White 6
Hispanic 9
Black 2
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3 Results

3.1 Background for Activity Tracker Adoption - Prior Technology
Experience and Affinity Technology Interaction (ATI) Scale

As shown in Table 2, participants’ prior experience with technology and their famil-
iarity with various technology devices were assessed. All participants except one (94%)
reported owning a smartphone. All participants (100%) reported using the internet or
email. In addition, most (82%) participants reported frequently accessing social media.
On average, participants were confident about using modern technology. They also
showed neutral views of societal impacts of the technology.

In this study, the term “technology” in the original ATI scale was displaced with
“activity tracker.” Responses to the three negative items need to be reversed, and mean
score is calculated over all items per each participant. Table 3 shows the mean ATI
scores and standard deviations for all participants. In addition, Cronbach’s alpha was
computed to assess internal consistency and the results are excellent (a = 0.93). The
outcomes of ATI scale support the notion that the dimensions of respondents’ per-
sonality are associated with successful adoption of a technology in terms of problem
solving and learning processes [15]. Based on the previous empirical results, the
dimensionality, reliability and validity of the scale was confirmed [16].

Table 2. Technology experience and perspective

Experience questions Number of
participants

Percentage

Do you use the internet or email, at least occasionally? 17 100%
Do you have a smart phone? 16 94%
Do you access the internet on a cellphone, tablet or other mobile
handheld device, at least occasionally?

17 100%

Do you ever use social media sites like Facebook, Twitter or
LinkedIn?

14 82%

Please tell me if you happen to have each of the following items, or
not. Do you have…
- A desktop or laptop computer 17 100%
- A tablet computer like an iPad, Samsung Galaxy Tab,
Microsoft Surface Pro, or Amazon Fire

11 65%

Perspective questions Mean* SD

How confident do you feel using computers, smartphones, or
other electronic devices to do the things you need to do online?

5.7 0.46

Would you say technology has had a mostly positive effect
on our society or a mostly negative effect on our society?

4.7 1.05

*Strongly positive 7, Positive 6, Somewhat positive 5, Neutral 4 Somewhat negative 3, Negative
2, Strongly negative 1
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Mean and standard deviation (SD) of the ATI scores are shown in Table 3. The
average ATI score in the sample is 4.2 which is higher than 3.5, the center of the
response scale. This indicated that participants were moderately positive in learning
and using an activity tracker. The average ATI score indicates that the participants
moderately prefer the activity tracker. However, relatively high scores in item 6, 7, and
8 imply their interests in functional aspects of the activity trackers.

3.2 Attitudes and Perception Measures of Activity Tracker Adoption

Table 4 presents the results of the activity tracker adoption survey. We measured the
constructs with 5-point Likert scale with anchors ranging from 1 ‘strongly disagree’ to
5 ‘strongly agree’. Kruskal-Wallis test showed a difference of continuous dependent
survey outcomes for each categorical construct (p = 0.0445).

Table 3. Technology experience and affinity for technology interaction

Affinity for technology interaction (ATI) scale Mean SD

1. I like to occupy myself in greater detail with activity trackers 4.3 1.22
2. I like testing the functions of new activity trackers 3.1 1.01
3. I predominantly deal with activity trackers because I have to 3.3 0.87
4. When I have a new activity tracker in front of me, I try it out intensively 3.5 1.33
5. I enjoy spending time becoming acquainted with a new activity tracker 4.3 0.91
6. It is enough for me that an activity tracker works; I don’t care how or why 5.2 1.42
7. I try to understand how an activity tracker exactly works 4.9 1.01
8. It is enough for me to know the basic functions of an activity tracker 5.3 1.23
9. I try to make full use of the capabilities of an activity tracker 3.8 0.82
Average ATI score (all participants) 4.2 1.09

*6 Likert scale was used (6: Completely agree, 5: Largely agree, 4: Slightly agree, 3: Slightly
disagree, 2: Largely disagree, 1: Completely disagree)

Table 4. Integrated technology adoption survey results

Constructs Beginning
(1st week)

Middle
(7th week)

Ending
(13rd week)

Health information sensitivity 3.83 3.97 4.07
Personal innovativeness in IT 3.10 3.00 3.13
Legislative protection 4.30 4.27 4.30
Perceived prestige 3.97 3.93 4.00
Perceived informativeness 4.00 3.43 3.30
Functional congruence 3.83 3.53 3.53
Perceived privacy risk 4.07 4.07 4.10
Perceived benefit 3.97 3.77 3.60
Adoption intention 3.97 3.97 3.93
Actual adoption behavior 1.00 5.00 4.43

*5 Likert scale was used (5: Strongly agree, 4: Agree, 3: Neutral,
2: Disagree, 1: Strongly disagree)
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There were moderate positive trends toward adopting and using activity trackers in
the current sample. Most participants had favorable attitudes toward activity trackers on
health information sensitivity, legislative protection, perceived prestige, perceived
benefit and adoption intention, with scores well above the midpoint of 3 across all three
time periods. However, the changes in perceived informativeness, functional congru-
ence, and actual adoption behavior were notable. Average scores of perceived infor-
mativeness and functional congruence decreased by 22% (from 4.00 to 3.13) and 16%
(from 3.83 to 3.23) respectively, in the first half period. Perceived informativeness and
functional congruence decreased from week 7 to week 13 indicate that both scores
remained relatively consistent over the second half of the study. Actual adoption
behavior was lowest at the beginning, because participants had not received activity
trackers.

3.3 Quantitative Usability Measure - System Usability Scale (SUS)

Figure 2 shows the results of System Usability Scale (SUS) analysis. To report results,
a scoring template is adopted which turns the raw individual ratings across the par-
ticipants into a single score based on Brooke’s standard scoring method [13]. The
results can be valid for both user interface designs or implementations [17].

The SUS scores (mean 71.7) show that activity tracker usability did not reach the
“Good” level, while 68 is widely considered as an average SUS score (Fig. 3).
The SUS is not diagnostic and does not address specific problems, but it provides a
measurable status of how users perceive usability of a system. Scores initially increased
from week 1 to week 3, but were continuously maintained at “Marginal” levels
thereafter.

Fig. 2. System Usability Scale (SUS) scores for activity tracker
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3.4 Usability Interviews

There were two major usability issues raised from the participants’ interviews. Several
participants reported that the number of steps provided by the activity tracker inac-
curately represented their level of physical activity. Specifically, exercises such as
cycling, swimming, and strength training, were either partially tracked, mis-tracked, or
completely untracked. As one participant commented, “The tracker was good at
running and walking step count, but it wasn’t for all exercises. For example, yesterday
I rode a bike for an hour, and it didn’t register anything for that entire time.” Con-
versely, all steps measured by an activity tracker are counted equally, yet they do not
necessarily require equal effort. A participant denounced that, “I can make many small
steps to get to the same distance that can be reached by just taking a few big steps. This
was not considered.” This lack of effort levels in activity actually discourages vigorous
physical activity. Other participants mentioned that they often needed to supplement
their activity measurements with additional information to appreciate the perceived
exercise amounts and associated benefits. Sometimes, even when the measurement
accurately displayed the daily step counts and activity levels, activity tracker data did
not reflect participants’ health conditions or specific exercise environments.

Another issue identified from the interviews was the lack of recognition and uti-
lization of past activity history. Though exercise activity histories and trends are
available in activity trackers or associated apps in a tablet or a smartphone, most older
participants did not seem to be aware of how to integrate them for future exercise
planning, including goal-setting. One participant mentioned that “I like knowing what
days I was getting what amount of activity, rather than just thinking. But, I don’t know
how my performance was and how I can use it.” Another participant explained how the
previous exercise history impacted his goal setting, “I had a really good work-out on
Monday, but it’s now Thursday and I haven’t done any exercise. I don’t know how
much good exercise will be.” In addition, several participants suggested that although
they could access their activity tracker data history, they hoped to find the patterns of
success and failure that could help them plan for a more successful future.

Other usability issues around activity tracker device and mobile app interactions
emerged from our interviews. Participants made various usability or user experience
suggestions such as adopting large and easy to press buttons or icons at least on the
main screen, adding options to allow users to start, pause, and terminate data recording
and options to save the data to the cloud and send the data and/or feedback to the users.

Fig. 3. SUS score evaluation criteria Image [18]
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4 Discussion

4.1 Active Older Adults’ Willingness of Activity Tracker Adoption

This study focused on examining active older adults’ activity tracker adoption attitudes
and user experience for three months in free-living environment. We assumed that prior
experience and affinity of technology facilitate activity tracker adoption and use. The
results from the technology experience and perspective survey and ATI scale indicated
that participating older adults have a favorable view of activity tracker. They were
willing to adopt and use activity trackers.

The surveys indicated that despite demonstrating sufficient affinity (see Q. 6 and
Q. 8 results in ATI), participants were more interested in utilizing basic functions of an
activity tracker comparing to a tendency to engage in general interaction with activity
tracker. Though the distinction between them is not clearly conspicuous, active seniors
are more likely to be aware of those functions and not much attentive to operating
activity trackers beyond basic functions. This suggests that the activity tracker design
for active senior adults needs to be more concentrated on simple main function,
tracking activities. In addition, designers or developers of a new technology device for
older adults need to be aware the distinction between interests and understanding of
technology. Simple design to basic functions rather than additional features are crucial
to improve the device adoption and user experience.

4.2 Theoretical and Practical Implications for Long-Term Use

The integrated technology adoption survey found that participants have not much
perceived usefulness of activity data, falling below 3 in their “Perceived informative-
ness” after usage and “Functional congruence.” Additionally, no participants initially
scored a 5 in “Adoption intention”. However, after usage, four participants scored a 5.
Therefore, most participants initially perceived activity trackers moderately favorably,
but after using the trackers, participants became more polarized in their adoption of
activity trackers. These outcomes point out that specific design factors that need to be
considered and the importance of early training and detailed instructions when the
tracker targets the elderly population. High scores which were initially at or above the
midpoint of 3 on the 1 to 5 scales in “Health information sensitivity” and “Legislative
protection” would represent their interests and concerns about the adoption of health
information technology.

A quantitative SUS was administered to obtain a rapid and distinctive assessment of
the adoption and/or usability of an activity tracker. Though the scale does not offer a
full scale of diagnostic results and may not address what specific problems users face, it
presents clear and simple criteria to know how much the usability needs to be
improved. Though some measuring errors and individual differences by experts were
reported, a commonly accepted average SUS score is estimated to be 68 [17, 19]. The
average SUS score for the activity tracker across the study period is 71.7, which is
slightly higher than the average score. It demonstrates that the participants’ adoption
and usability had not been reached enough to the satisfactory level, and the usability
issues emerged in earlier periods had not been solved.
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For a longitudinal score pattern, similar to adoption survey outcomes, the score was
increased at early period and slightly decreased through the rest of study periods. This
pattern implies that interests and expectation for the tracker positively affect the score,
and some usability issues and lack of motivation for long-term use would be reflected
in the decreasing score patterns. Considering the participants’ positive perceptions on
new technology and their regular exercise routine, the SUS scores were expected to be
much higher and to show at least increasing patterns in the activity tracker adoption
period. SUS scores indicated the direct experiences with the tracker usage and inform
how usable the tracker actually is. Maintaining early expectation and motivation and
user-oriented design are key aspects to encourage active older adults to maximize the
benefits of activity trackers.

To investigate the reasons behind intention to use, and the roles of barriers and
facilitators for long-term adoption, we examined the interview. Comfortability for
continuous wearing, design comparability considering older population’s mental and
physical constraints, and utility of historical activity data were identified as major
usability issues. Current activity trackers may need to be improved to accurately capture
data during exercises like cycling and yoga, which are commonly adopted by older
adults. The optimal tracker placement for data reliability and comfortability also need to
be explored, especially during extended wear. In addition, historical data without any
interpretation displayed in the tracker or associated apps may not be useful for older
adults. The data needs to be more informative and deliver more meaningful and
empowering directions for long-term use. For example, machine learning algorithm
could be deployed to analyze historical data and determine more sustainable incremental
physical activity goals for older adults. There is no appropriate and adaptive approach to
set up individual target. Our results showed that more work is needed to further
understand activity tracker usage patterns and the design issues that may constrain long
term adoption among older adults who are already moderately active.

5 Limitation

A limitation of this study is the generalizability of the results due to small sample size.
The number of participants in this study was limited to 17 older adults who were
regularly exercising. Though they well understood the needs of activity trackers and
were more apt to actively engage using it, their adoption attitudes and patterns would
be biased and other older populations who have different life develop more conclusive
and representative outcomes. Additionally, the outcomes of this study were mainly
derived from subjective measures of surveys and interviews. Subjective measures are
highly associated with the variables that are designed to capture but they are also
damaged from many cognitive biases. Importantly, subjective measures are often
complemented to objective measures. Thus, the attitudes and perception of activity
tracker adoption can be more strengthened with quantified objective measures such as
actual physical activity changes. Finally, three months would not be enough time to
explore longitudinal implications of activity tracker adoption. Comparing other pre-
vious studies, three months is a quite lengthy period but may not enough time to draw
conclusive adoption or usage patterns of suspended use.
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6 Conclusion

This study investigated the adoption pattern and usability issues of activity trackers for
active older adults. Active participants were recruited, because they were presumed
more likely to adopt and use the activity tracker and provide feedback related to its
usability. Longitudinal adoption surveys and interviews related to activity tracker
adoption were administered. Survey and interview questions also addressed partici-
pants’ backgrounds, prior technology experience, and perception and technology
affinity. Contrary to conventional thought, older adults in the current sample reported
being well exposed and familiar with modern and smart technological devices. It is
concluded that active older adults appear to have favorable impressions of activity
trackers. However, the adoption of activity trackers showed a flat or slightly decreasing
pattern within two to three weeks before reaching to a satisfactory level. Participants
identified major usability issues around activity tracker and interface designs, including
data visualization and interpretation.

Future studies should recruit a more diverse and larger sample. Additionally, actual
exercise data should be explored as they may provide practical insights on activity
tracker adoption and long-term use in older adults.
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Abstract. An aging population due to demographic change along with rising
care needs lead to higher efforts in concepts and developments of ambient
assisted living (AAL) technologies aiming at a longer staying at home and more
independency for older people. Although research on technology acceptance
and user diversity gains in importance, real-life decisions with trade-offs
between potential benefits and barriers of AAL technology usage have not been
investigated so far. Therefore, the current study (n = 140) represents a conjoint
analysis approach focusing on younger and older people’s decisions between
benefits (safety and relief) and barriers (data handling and data access) to use
an assisting system in the home environment of a family member in need of
care. The results revealed differences in the decision patterns of both groups
indicating that data-relevant aspects were most relevant for the younger adults,
while safety represented a more relevant criterion for the older participants. In
addition, contradicting evaluations of both groups were found within the aspects
data access and safety. The results contribute to a deeper understanding of real-
life decisions regarding the use of assisting technologies focusing on age as
relevant user factor.

Keywords: Ambient assisted living (AAL) � Technology acceptance �
Benefit and barrier perception � Trade-off � Age

1 Introduction

An aging population and rising needs in care and support of older people characterize
demographic change in western societies. This development represents tremendous
challenges for health and social systems of nearly all countries as well as high burdens
for care sectors and policy [1, 2]. In particular, care institutions suffer intensely from a
persistent lack of care specialists in line with steadily rising numbers of older people
and people in need of care [2–4].

Enabling most older people’s wish of staying within the own home environment as
long and as autonomously as possible requires new concepts and innovative technology
development [5]. In the last decades, numerous single devices but also complex
ambient assisted living (AAL) and smart home systems facilitate living at home,
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enhance safety by enabling monitoring of vital parameters or detecting falls, or act as
reminders [6]. For user’s acceptance and a sustainable adoption of devices and systems,
a detailed understanding of diverse users’ perspectives and perceptions of such tech-
nologies is necessary. Previous research has intensively investigated users’ acceptance
of specific technologies (e.g., [7–9]), their interaction with assisting technology (e.g.,
dementia patients [10]), and also their evaluations of specific benefits and barriers (e.g.,
[11–13]) regarding diverse technologies and systems.

In contrast, there has not been any research so far focusing on people’s real-life
decisions between benefits and barriers when thinking about using an AAL system in
the own home environment or using an AAL system for a family member in need of
care. Thus, the current conjoint analysis study was conceptualized aiming for an
investigation of people’s decisions between benefits and barriers of AAL technology
usage. Using an online questionnaire, people (n = 140) of different ages were asked to
think about an implementation of an AAL system in the home environment of a family
member in need of care and to decide which aspects are most important for them
(differing between relevant benefits and barriers of technology usage).

In the following, an overview of previous research in the field of AAL and user
acceptance is provided. Subsequently, the applied approach is described including the
selection of relevant attributes, the online questionnaire design, and the characteristics
of the sample. Afterwards, the results are presented starting with (descriptive) results of
acceptance as well as benefit and barrier evaluation, followed by the conjoint analysis
differing between importance of attributes (benefits and barriers: safety, relief, data
handling, data access) and the meaning of attribute levels (e.g., facets of safety).
Finally, the results are discussed and research gaps for future work are highlighted.

2 AAL and User Acceptance

In the last decades, the number of new and innovative technologies, reaching from
medical technologies or smart home technologies to supporting AAL technologies, has
increased enormously. As research projects (e.g., [6, 14]) but also as commercial
products (e.g., [15]), numerous single devices as well as more complex systems have
been developed and are available on the market.

Concomitantly, the awareness and importance of (future) users’ acceptance of
innovative assisting technologies have increased as well. In this regard, a high number
of studies have already focused on perception and acceptance of AAL and smart home
technologies understanding the needs of user-centered technology development [7].
Most of the studies have focused on diverse stakeholders’ acceptance or behavioral
intention to use different types of assisting technology as well as on their perception of
potential benefits and barriers of technology usage. This way, the perspectives of e.g.,
professional caregivers (e.g., [9, 11]), family caregivers (e.g., [8, 16]), older people
suffering from dementia (e.g., [10]), or older predominantly healthy people (e.g., [13,
17]) have been investigated.

Most studies have in common that perceived benefits and barriers of using assisting
technology were evaluated separately and isolated from each other. Independent from
the investigated user group, enabling a longer staying at the own home, a feeling of
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increased safety, and enabling a more autonomous life for older people or people in
need of care represent the most relevant benefits of using assisting technology (e.g., [7,
11, 13]). On the other side, the perception of barriers has been expressed differently
with regard to diverse user groups. While family caregivers expressed in particular
concerns about maintaining home security [8], professional caregivers mentioned
especially concerns about data security, privacy, and perceived control in professional
everyday [9, 11]. In addition, more detailed research found that – among professional
caregivers – technology depends on the respective care area [12]. In contrast to the
caregivers’ perspective, concerns expressed by older people referred to dependency on
technology and a lack of personal contact (e.g., [13, 17]).

Besides investigations of diverse user groups’ perspectives, acceptance and per-
ception of assisting technologies can also impact by individual factors of users, e.g.,
gender, previous experience, attitude towards technology, or education (user diversity).
With regard to demographic change and an aging population, age-related factors such
as the biological age, perceived age, or attitude towards aging (e.g., [18]) have been
considered as relevant parameters for technology acceptance [19]. Some studies have
already revealed significant influences of age and chronic illness on the acceptance of a
vital signs monitoring system [20] and electronic safety devices [21]. With regard to
evaluation of assisting health technologies, effects of age have not been found for the
perception of benefits, while older adults showed higher ratings of barriers to use
assisting technology compared to younger adults [22].

To sum up, previous studies have intensively investigated technology acceptance of
diverse user groups, separate evaluations of benefits and barriers, and influences of age
as relevant user factor. Hence, knowledge about real-life decisions, in which several
advantageous and disadvantageous factors have to be weighed against each other, is
missing regarding usage of AAL technologies in the own home environment. In
addition, it is unclear if age – which has been proven to be a relevant factor for
technology acceptance – has an impact on decisions between benefits and barriers of
AAL technology usage. Therefore, the current study aims at an investigation of exactly
these two research gaps applying a conjoint analysis differing between younger (<50
years) and older adults (50+).

3 Empirical Approach

The following section gives an overview of the study’s empirical approach, starting
with a description of the applied methodology “conjoint analysis”. Then, the selection
of attributes and attribute levels as well as the experimental questionnaire design are
described. Further, information on the collection, processing, and analysis of data are
provided, before the sample of the study is illustrated.

3.1 Applied Methodology

To examine the trade-off between perceived benefits and barriers of using AAL sys-
tems and technologies from the perspective of caring relatives, a conjoint analysis
(CA) was carried out. The method of conjoint analysis emerged in the 1960s from the
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psychological measurement theory of the American mathematical psychologist Luce
and the statistician Tukey [23]. The CA is used to measure preferences and allows a
holistic examination of decision-making situations, in which selected attributes are
weighed against each other [24]. Since its introduction to market research in 1971 by
Green and Srinivasan [25], conjoint measurement is considered as one of the most
frequently used methods for market segmentation, product planning, and pricing in
marketing [26]. Nowadays, CA is also used in other disciplines such as social sciences
and acceptance research (e.g., [21]), health and care research (e.g., [27]), or in envi-
ronmental science (e.g., [28]).

In contrast to common methods in social science such as surveys, CA is based on a
decompositional procedure. In CA, overall assessments of holistic concepts, referring
to products or scenarios, are determined. For this purpose, different alternatives
(“choice sets”) are presented to the participants, which usually consist of three to five
attributes and vary in specific characteristics of the attributes – called attribute levels.
Participants are then asked to select the combination of attributes levels matching their
preferences most closely. On the basis of these preferential decisions, information
about an attribute’s importance for the overall assessment can be gained in relation to
all other investigated attributes. In addition, statements can be made about the rele-
vance of individual attribute levels within the attributes. Nowadays, numerous variants
of conjoint analysis exist. The form used in the present study is the choice-based-
conjoint analysis (CBC), as is it a widely used approach and allows an investigation of
complex decision processes in which various attributes influence the final decisions
[24].

3.2 Relevant Attributes and Levels in the Field of AAL Acceptance

The most important step in the conception of a conjoint study is the definition of
relevant attributes and levels that are evaluated in the choice tasks [29]. Relevant
influencing factors for the acceptance of AAL technologies were selected on the basis
of a literature analysis. Thereby, the following four attributes with each four different
levels were identified and included in the consideration. For an overview, all attribute
levels and their visualizations are depicted in Table 1.

As a first relevant aspect, the type of data access by third parties was identified to be
an important barrier for AAL technology usage. Numerous studies have shown that
concerns about limited individual privacy have a negative impact on the assessment of
AAL (e.g., [30, 31]). An important role in dealing with health data refers to the
question with whom data concerning AAL technology usage should be shared [32].
Therefore, data access was integrated in the current study as privacy-relevant potential
barrier of using AAL technologies. Within the attribute levels, it was differentiated
between trusted persons (selected by the person who is using AAL technology), a
circle of relatives (consisting of several people), medical experts, and emergency
services.

A second potential barrier of using AAL technology refers to the way the AAL
technology or systems handles data. Thereby, the duration of data storage represents a
frequently discussed data security-related aspect [11]. Hence, the duration of data
handling was integrated as a potential barrier of using AAL technology. With regard to
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the attribute levels, a distinction has been made between four storage periods: a real
time processing (no storage) of data, a short-term storage up to 1 week, a middle-term
storage up to 1 month, and a long-term (permanent) storage of data referring to the
AAL system’s usage. The various levels are accompanied by different ways of mon-
itoring the state of health of the patient in need of care. While, for example, the real-
time data acquisition only allows a situational analysis of the disease state, the long-
term storage enables an analysis of acute and chronic disease progressions. These
relationships were – of course – introduced and explained to the participants prior to
the conjoint decision tasks.

Moving to benefits of using AAL technology, increased security represents one of
the most mentioned aspects. Numerous studies proved a positive influence of the factor
“gain in safety” on the acceptance of AAL technology (e.g., [7]). The high relevance of
this aspect has been confirmed by a revealed higher willingness of participants to
accept privacy restrictions if monitoring by AAL technology provides increased safety
(e.g., [33]). Increase in safety was therefore also integrated as attribute in the current
study. As diverse dimensions of safety were identified to play a role for AAL tech-
nology usage in preceding studies, the attribute levels referred to different types of
safety: fast safety referring to fast assistance in emergencies, medical safety by
checking and monitoring of medical parameters, structuring safety by reminding and
organizational functions, and felt safety related to perceived safety and the feeling that
the persons in need of care is not alone.

As an additional benefit of using AAL technology, the relief of caring persons and
family members by means of using AAL technology has been identified. Relevant
studies have indicated that participants show an increased willingness to adopt AAL

Table 1. Attribute levels and their visualizations (red box marks an exemplary scenario).

Attribute Attribute levels

Data access

Trusted persons Relatives Medical
experts

Emergency
services

Data handling

Real time
(no storage)

Short-term
(1 week)

Middle-term
(1 month)

Long-term
(permanent)

Safety

Fast Medical Structuring Felt

Relief of caring 
persons/family 
members

Temporal Organizational Financial Emotional
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technologies if technology usage has the potential to relieve the burden on caregivers
(e.g., [34]). Similar to the safety attribute, diverse dimensions of relief were relevant
and have therefore been integrated in the current study: temporal relief due to time
savings (it is no longer necessary to visit the persons in need of care several times a
day), organizational relief due to minor efforts in planning, organization, and infras-
tructure of everyday life, financial relief by saving costs of care services or costs of
drives, and emotional relief by the knowledge that the system monitors the health state
and contacts the caring relatives in emergencies.

3.3 Experimental and Questionnaire Design

The questionnaire consisted of different parts. The first section addressed demographic
data (e.g., age, gender, educational level) as well as questions about the residential area
and the proximity to close relatives and medical care centers. Afterwards, the partic-
ipants’ general attitude towards technology (five items) [35], privacy (three items), and
data security (three items) (based on [36, 37]) were rated on a six-point Likert scale
(min = 1: “I strongly disagree”; max = 6: “I strongly agree). In the third part, the
participants’ experiences in the field of health, care, and medicine were collected by
using five statements which could be answered with “yes” or “no”. Further, more
detailed knowledge about the subjective state of health, e.g., with regard to chronic
diseases or the need for regular medical check-ups, has been gained by six items
(answer options: “yes”, “no”).

To enable that the participants emphasized with the situation of being a caregiver
for a close family member in need of care, a fictitious scenario was presented in the
next section of the questionnaire. The scenario focused on the integration of supporting
technologies into the living environment of a person in need of care as well as on the
everyday life of a family caregiver. Within a description of the daily routine, the
functional scope of the technologies, prototypical usage situations, and the potential
relief were described in more detail. After this, the participants were asked to evaluate
possible benefits and barriers of AAL technology (each six items) as well as their
acceptance (four items) and intention to use AAL (three items). Thereby, it was dif-
ferentiated whether AAL technology was used for a) a relative in need of care and b)
for the participants themselves. In line with the evaluations of attitudes, all statements
were rated on six-point Likert scales (min = 1: “I strongly disagree”; max = 6: “I
strongly agree).

In the subsequent section of the questionnaire, participants were introduced into the
experimental CA study design by providing detailed information about the attributes,
their levels, and visualizations. Subsequently, the participants were asked to put
themselves in the perspective of a caring relative who decided, together with the person
in need of care, to use supporting technologies. Then, the participants were instructed
to choose in each decision task the scenario that meets their needs and wishes most
closely. As described in Sect. 3.2, four attributes with each four levels were selected for
the conjoint study (Table 1). The participants had to complete 10 decision tasks in
which they had to choose their most preferred scenario constellation out of four dif-
ferent alternatives (“choice sets”). To avoid a loss of information, the CBC was exe-
cuted in a forced choice format (no “none-option”). In order to increase the
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comprehensibility of the constructs, the levels in the selection tasks were displayed
both verbally and visually in the form of pictograms. The uniqueness of the pictograms
and semantic equivalence to the terms were positively evaluated within pretests. The
number of decision tasks was limited to 10 randomized selection tasks, since the
combination of all attribute levels would have led to 256 (4 � 4 � 4 � 4) possible
alternatives. This reduction of decision tasks requires a test of the design’s efficiency in
order to ensure validity although the possible effect that probably some attribute levels
might not appear together in a set of scenario decisions. For the present study, a median
efficiency of 99% and a standard error below .05 confirmed that the current design (10
choice tasks) was comparable to the hypothetical orthogonal design [38].

3.4 Data Acquisition, Preparation, and Sample

Data was collected in Germany in summer 2018 by distributing a link to the online
questionnaire. Due to the randomized design of the conjoint analysis, a paper-based
survey could not be realized. Participants were acquired in social networks and in
online forums with a focus on age-appropriate technologies, medical technology, and
nursing care. The completion of the survey took approximately 20 min. The total
number of participants gained was n = 228. For the analysis, dropouts as well as
dubious answers (e.g., responses with a processing time under five minutes) were
removed from the data set. After the data cleaning, the total sample contained n = 140
data sets.

A total of 140 (n) participants with an age range from 17 to 86 were included in the
analysis. 56.4% (n = 79) of them were female and 42.9% (n = 60) male. One partic-
ipant chose the answer option “no specification” for gender determination. The average
age of the volunteers was 35.4 years, the standard deviation 16.8 years. Asked for their
highest educational level, 45.7% (n = 64) indicated to have a university entrance
degree (qualification), 38.6% (n = 54) a university degree, and 15.7% (n = 22) a
secondary school degree. Thus, the sample turned out to be highly educated. Half of the
participants (54.3%, n = 76) have not yet finished their education, 35.0% (n = 49)
work in their professions, and - with a clear distance - 10.7% (n = 15) indicated to be
retired.

Asked for experiences with health, medicine, and care, about one third of the
participants had already gained professional experience either in a medical (17.9%,
n = 25) or care area (14.3%, n = 19), while 44.3% indicated to have private experi-
ences in the areas health, medicine, and care. Further, more than a third of the par-
ticipants reported that a person in their environment is in need of care (36.4%, n = 51,
“private passive care experience”). 18.2% (n = 25) indicated to have already been the
caregiver for a family member in need of care (“private active care experience”). Asked
for their health status, 21.4% of the sample (n = 30) indicated to suffer from a chronic
disease, while only 2.9% (n = 4) indicated to depend on support and care.
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4 Results

The conjoint data was analyzed using Sawtooth Software [39]. First, the relative
importance of the attributes was calculated based on Hierarchical Bayesian analysis
(HB). Thus, statements could be made about the relevance of an attribute for the
selection of a scenario in relation to all other attributes. Secondly, part-worth utilities of
the attribute levels were investigated also by using HB-analysis and provide infor-
mation about the (positive or negative) meaning of each attribute level for the selection
of a scenario. Besides conjoint data, also other relevant criteria of the online ques-
tionnaire were analyzed using descriptive as well as inference statistical procedures.

The results are presented in the following sections starting with a description of the
investigated age groups. Further, participants’ evaluation of benefits and barriers as
well as their acceptance of AAL technology is analyzed. Finally, participants decisions
and trade-offs between perceived benefits and barriers of AAL technology are
investigated.

4.1 Age Groups and Their Characteristics

In order to understand potential age-related differences in AAL technology acceptance
and the decision behavior regarding trade-offs between benefits and barriers of using
AAL technology, two age groups were investigated: the sample was divided into a
younger age group younger than 50 years of age (n = 102; M = 26.1; SD = 6.6;
min = 17; max = 48) and an older age group being 50 years of age or older (n = 38;
M = 60.4; SD = 8.3; min = 50; max = 86). As illustrated in Table 2, inference sta-
tistical analyses revealed that both age groups did neither differ regarding gender nor
health status. However, they differed in terms of their living circumstances and their
previous experiences with care. Concerning their living circumstances, both age groups
differed with regard to the highest level of education, their current occupation, and their
living area. In more detail, nearly all participants of the younger group hold a university
degree or at least a university entrance qualification, while the majority of the older
group reported to have a secondary school degree as highest educational level. In line
with this, the three quarter of the younger group reported to have not finished their
education yet. In contrast, the participants of the older group reported to have a pro-
fessional activity or to be in pension. Concerning the living area, the majority of the
younger group stated to live in the city center, while the older group indicated to live
mainly in suburban or rural areas.

Regarding previous experiences, both groups differed significantly in terms of
professional and private experiences with care. In tendency, higher proportions of
participants belonging to the older group reported to have professional experiences
with care, to have a person in their family circle depending on care (private passive
experience), and to have already been the caregiver for a family member in need of care
(private active experience). Overall, the younger group had comparably less experi-
ences with care than the older group.
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4.2 AAL Acceptance

As a baseline, the participants assessed perceived benefits and barriers of the described
AAL system’s usage as well as their acceptance and intention to use the system.
Starting with the benefits, MANOVA analyses revealed that the evaluation did not
differ significantly for both age groups (F(6,133) = 1.812; p = .101; n.s.). Figure 1
shows the evaluation of all benefits for both age groups. All benefits were evaluated
positively and were, thus, perceived to be real benefits of the AAL system’s usage. Fast
help in emergencies, increased feeling of safety, and relief of relatives represented
important benefits for both groups.

Concerning potential barriers of the AAL system’s usage, both age groups did also not
differ significantly in their assessment (F(6,133) = .879; p = .512; n.s.). All barriers were
only slightly confirmed, e.g., surveillance by technology (Myoung = 3.9; SDyoung = 1.5;
Mold = 3.5; SDold = 1.3), invasion of privacy (Myoung = 3.5; SDyoung = 1.4; Mold =
3.4; SDold = 1.3), recording of data (Myoung = 3.8; SDyoung = 1.4; Mold = 3.5;
SDold = 1.3) or data sharing with third persons (Myoung = 3.7; SDyoung = 1.4; Mold = 3.5;
SDold = 1.4).

Table 2. Characteristics and inference statistical results regarding age groups.

Variables Young (<50 years) Old (50+ years) P

Age (M (SD)) 26.1 (6.6) 60.4 (8.3) <.01
Gender 59.8% female (n = 61) 47.4% female (n = 18) n.s.

39.2% male (n = 40) 52.6% male (n = 20)
Education 43.1% university degree

(n = 44)
26.3% university degree
(n = 10)

<.01

53.9% university
qualification (n = 55)

23.7% university
qualification (n = 9)

2.9% secondary school
degree (n = 3)

50.0% secondary school
degree (n = 19)

Occupation 74.5% ongoing education
(n = 76)

0.0% ongoing education
(n = 0)

<.01

22.5% professional activity
(n = 23)

65.8% professional activity
(n = 25)

2.9% in pension (n = 3) 34.2% in pension (n = 13)
Living area 54.9% city center (n = 56) 15.8% city center (n = 6) <.01

34.3% suburban area
(n = 35)

42.1% suburban area
(n = 16)

10.8% rural area (n = 11) 42.1% rural area (n = 16)
Health status 19.6% chronic illness

(n = 20)
26.3% chronic illness
(n = 28)

n.s.

Prof. care experience 10.8% yes (n = 11) 23.7% yes (n = 9) <.01
89.2% no (n = 91) 76.3% no (n = 29)

Private passive care
experience

29.4% yes (n = 30) 55.3% yes (n = 21) <.01
70.6% no (n = 72) 44.7% no (n = 17)

Private active care
experience

11.8% yes (n = 12) 36.8% yes (n = 14) <.01
88.2% no (n = 90) 63.2% no (n = 24)
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Asking for the participants’ evaluation of acceptance and intention to use the AAL
system, it was differed between using the system for a family member in need of care or
for the participants themselves. Neither the acceptance of the system used for a family
member (F(4,135) = .455; p = .769; n.s.) nor for the participants themselves
(F(4,135) = .170; p = .953; n.s.) differed regarding the investigated age groups.
Thereby, acceptance was confirmed indicated by rather high evaluations (family
member: Myoung = 4.3; SDyoung = 0.8; Mold = 4.2; SDold = 0.7; participants them-
selves: Myoung = 4.2; SDyoung = 0.9; Mold = 4.1; SDold = 0.8).

The same applied to the participants’ intention to use the system. The evaluations
were rather positive (family member: Myoung = 4.2; SDyoung = 0.9; Mold = 4.2;
SDold = 0.8; participants themselves: Myoung = 4.2; SDyoung = 0.9; Mold = 4.1;
SDold = 0.8) and did not differ for the age groups – neither for using the system for a
family member (F(3,136) = .946; p = .421; n.s.) nor for themselves (F(3,136) = .179;
p = .910; n.s.).

Although the results did not show significant evaluation differences for both age
groups when assessing benefits, barriers, and acceptance of the AAL system, it is
questionable whether decisions and trade-offs between benefits and barriers are influ-
enced by age.

4.3 Decision Patterns

To analyze if age had an impact on the decision and trade-offs between perceived
benefits and barriers of the AAL system’s usage, the conjoint study’s data is considered
differentiating between both age groups. Figure 2 shows the relative importance of
each attribute for the scenario decisions. For the young group, the privacy-related
barrier attribute data access was most important (27.0%), followed by data handling
(25.7%), relief of relatives (24.7%), and safety (23.6%). For the old group, safety
(27.8%) and data access (27.7%) represented the most important attributes, while relief
of relatives (22.9%) and data handling (21.7%) were comparably less important.
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Fig. 1. Evaluation of single perceived benefits.
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Inference statistical analyses revealed significant differences for the attributes safety
(F(1,139) = 4.396; p < .05) and data handling (F(1,139) = 3.487; p < .1), while data
access (F(1,139) = .103; p = .749; n.s.) and relief of relatives (F(1,139) = .079;
p = .779; n.s.) were not of different importance for both age groups.

To understand differences in the attributes’ importance, it is necessary to consider
the evaluations of attribute levels. Figure 3 shows the part-worth utilities of all attribute
levels indicating if an attribute level contributes – in tendency – negatively or positively
to the scenario decisions.

Starting with the attribute data access, diverse decision patterns are striking for the
age groups. For the young group, enabling data access for medical experts (+13.8) and
a defined number of trusted persons (+11.7) contributed positively to the scenario
decisions, while data access solely for emergency services (−3.1) contributes slightly
negatively and for relatives (−22.4) strongly negatively to the scenario decisions. In
contrast, for the older group, data access for defined trusted persons represented clearly
the best (+22.3) and data access for emergency services (−27.2) definitely the worst
option. Compared to that, data access for medical experts (+4.5) and relatives (+0.5)
played only a marginal role for the scenario decisions.

Within the attribute data handling, short-term storage of data represented the best
option (+14.9) for the young group, while long-term storage (−23.3) was clearly not
desired. Real time processing (+5.8) and middle-term (+2.6) storage of data received
slightly positive utility values. For the older group, short- (+7.9) and middle-term
(+6.1) storage of data represented options contributing positively to the scenario
decisions, while real time processing (−7.9) and long-term (−6.1) storage were com-
parably not desired.
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Fig. 2. Relative importance of attributes for scenario selection.
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Moving to the benefits of AAL technology usage, rather similar decision patterns
were found for the attribute relief of relatives. For both groups, temporal (young: +8.7;
old: +3.7), organizational (young: +6.7; old: +4.4), and emotional relief (young: +2.6;
old: +2.4) received positive utility values, while financial relief (young: −18.0; old:
−10.5) contributed clearly negatively to the decisions. The evaluation pattern was
overall stronger pronounced for the young group.

In contrast, the decision patterns referring to the beneficial attribute safety differed
strongly for both groups: for the young group, fast (+11.4) and medical (+10.3) safety
represented positive options and contributed positively to the scenario decisions, while
it was vice versa for structuring (−10.2) and felt (−11.4) safety. Instead, felt safety
(13.8) was the most relevant attribute level for the older group and structuring safety
(−14.4) represented the comparably least desired option. Fast (−3.5) and medical
(+4.1) safety were – in tendency – of less importance.
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5 Discussion

The current study represented a first approach to analyze decision patterns with regard
to trade-offs between benefits and barriers of AAL technology focusing on a potential
impact of age. In the following, the results are discussed and limitations as well as
suggestions for future work are given.

5.1 Meaning of Results

Within the results section, isolated evaluations of single benefits, barriers and accep-
tance of AAL technology were not significantly impacted by age as user factor. These
results are contrary to previous research in the field, that identified significant impacts of
age on technology acceptance [22] and on the perception of benefits and barriers [18].

In contrast to the evaluations of single benefits and barriers, the results showed
influences of age on the decisions between benefits and barriers of technology usage.
The results suggest that the investigated barriers data access and in particular data
handling were the most decision-relevant factors for younger adults (aged under 50
years). In contrast, the interplay of the benefit safety and the barrier data access was
most decision-relevant for the older participants (aged 50 and older).

In more detail, contradicting evaluation patterns of data access and safety were
striking. Referred to data access, the younger participants preferred data to be acces-
sible for medical experts and defined trusted persons, and clearly not for relatives. In
contrast, the decision pattern of the older participants showed that data should only be
accessible for trusted persons, while data should clearly not be accessible for emer-
gency services. With regard to the benefit safety, the fast and medical facets of safety
were perceived positively by the younger participants, while they tend to reject
structuring and felt safety as decision criteria. In contrast, felt safety contributed clearly
positively to the decisions of the older participants, who tend to reject structuring safety
as decision-relevant facet of safety. Possible explanations for these differences lie in the
age group themselves: the younger participants had different life experiences and cir-
cumstances than the older participants and were in particular less experienced in care.
Presumably, experiences in care lead to higher needs for felt safety as the participants
are – in tendency – more familiar with concerns about their family member in need of
care and with the responsibility to care for a loved person in need of care. Future
studies should in particular focus on care-relevant aspects (e.g., experience in care,
handling of care, attitude towards aging and care) to investigate these potential and
suggested relationships in more detail.

5.2 Limitations and Future Work

Besides new insights provided by the decisions and trade-offs between benefits and
barriers of using AAL technology differing between younger and older people, there
are some limitations of the current study that should be considered for future research.

With regard to the applied methodological procedure, it cannot be ensured that the
scenario-based approach and the estimated preferences inevitably predict actual
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behavior of the participants: hence, the agreement or rejection might be higher or lower
in real decisions [40]. Further, the participants were asked to empathize with the
situation of having a close family member in need of care in the current study. Hence,
they had to imagine to be the family caregiver and take the perspective of a caring
relative. For future studies, it should be examined whether the decision profiles change
for other perspectives, e.g., being the person in need of care or asking professional
caregivers.

Another methodological limitation refers to the limited number of attributes that
could be used within the choice-based conjoint analysis. For the current approach, the
selection of attributes based on an extensive literature review and preceding studies.
Nevertheless, integrating other benefit- or barrier-related aspects (e.g.,
independency/autonomy of people in need of care, type of recorded data) could provide
interesting insights into people’s decision behavior. However, extending the number of
attributes would then lead to the necessity of applying different approaches such as an
adaptive conjoint analysis design [41].

Discussing the sample, future research should aim for reaching a larger sample
being more balanced with regard to the level of education as this study’s sample was
comparably high educated. Focusing on differences of user groups and the impact of
user diversity, we assume that other factors besides the biological age – such as
attitudes towards aging, attitudes towards care, and individual handling of care – are
presumably even more relevant when it comes to concrete and “real” decisions
affecting the own life as well as the life of a loved person in need of care. Future studies
should therefore focus on more care-relevant individual factors referred to the inves-
tigation of real-time decisions. Further, it would be useful to investigate data-driven
differences in decision patterns, e.g., by applying cluster analyses or latent class
analysis [42]. As a last aspect for future work, the current study was conducted in
Germany and represents a very country-specific perspective. Therefore, future research
should focus on cross-national comparisons considering people’s different cultures,
their perspectives on aging and care, and their handling of aging within society.

Acknowledgements. The authors thank all participants for their openness to participate in the
study and to share their opinions on relevant decisions regarding usage of AAL technologies.
This work has been funded partly by the German Federal Ministry of Education and Research
projects Whistle (16SV7530) and PAAL (6SV7955).

References

1. Pickard, L.: A growing care gap? The supply of unpaid care for older people by their adult
children in England to 2032. Ageing Soc. 35(1), 96–123 (2015)

2. WHO, World Health Organization: Aging and Health. https://www.who.int/news-room/fact-
sheets/detail/ageing-and-health. Accessed 23 Jan 2018

3. Shaw, J.E., Sicree, R.A., Zimmet, P.Z.: Global estimates of the prevalence of diabetes for
2010 and 2030. Diab. Res. Clin. Pract. 87(1), 4–14 (2010)

Influence of Age on Trade-Offs Between Benefits and Barriers of AAL 263

https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health


4. Roger, V.L., Go, A.S., Lloyd-Jones, D.M., Adams, R.J., Berry, J.D., Brown, T.M., et al.,
American Heart Association Statistics Committee and Stroke Statistics Subcommittee: Heart
disease and stroke statistics–2011 update: a report from the American Heart Association.
Circulation, 123(4), e18–e209 (2011)

5. Blackman, S., et al.: Ambient assisted living technologies for aging well: a scoping review.
J. Intell. Syst. (2015). https://doi.org/10.1515/jisys-2014-0136

6. Rashidi, P., Mihailidis, A.: A survey on ambient-assisted living tools for older adults.
IEEE J. Biomed. Health Inform. 17(3), 579–590 (2013)

7. Peek, S.T.M., Wouters, E.J.M., van Hoof, J., Luijkx, K.G., Boeije, H.R., Vrijhoef, H.J.M.:
Factors influencing acceptance of technology for aging in place: a systematic review. Int.
J. Med. Inform. 83(4), 235–248 (2014)

8. Buckley, K., Tran, B., Prandoni, C.: Receptiveness, use and acceptance of telehealth by
caregivers of stroke patients in the home. Online J. Issues Nurs. 9(3), 9 (2004)

9. Larizza, M.F., et al.: In-home monitoring of older adults with vision impairment: exploring
patients’, caregivers’ and professionals’ views. J. Am. Med. Inform. Assoc. 21(1), 56–63
(2014)

10. König, A., Francis, L.E., Joshi, J., Robillard, J.M., Hoey, J.: Qualitative study of affective
identities in dementia patients for the design of cognitive assistive technologies. J. Rehab.
Assistive Technol. Eng. 4, 1–15 (2017)

11. van Heek, J., Himmel, S., Ziefle, M.: Caregivers’ perspectives on ambient assisted living
technologies in professional care contexts. In: Proceedings of the 4th International Conference
on Information and Communication Technologies for Ageing Well and e-Health – Volume 1:
ICT4AWE, pp. 37–48 (2018). https://doi.org/10.5220/0006691400370048

12. Offermann-van Heek, J., Ziefle, M.: They don’t care about us! Care personnel’s perspectives
on ambient assisted living technology usage: scenario-based survey study. JMIR Rehab.
Assistive Technol. 5(2), e10424 (2018)

13. Beringer, R., Sixsmith, A., Campo, M., Brown, J., McCloskey, R.: The “acceptance” of
ambient assisted living: developing an alternate methodology to this limited research lens.
In: Abdulrazak, B., Giroux, S., Bouchard, B., Pigot, H., Mokhtari, M. (eds.) ICOST 2011.
LNCS, vol. 6719, pp. 161–167. Springer, Heidelberg (2011). https://doi.org/10.1007/978-3-
642-21535-3_21

14. Abtoy, A., Touhafi, A., Tahiri, A.: Ambient assisted living system’s models and architectures:
a survey of the state of the art. J. King Saud Univ.-Comput. Inf. Sci. (2018). https://doi.org/10.
1016/j.jksuci.2018.04.009

15. Philips Lifeline: Senior Living Communities (2019). https://philipsseniorliving.com
16. Burstein, A.A., DaDalt, O., Kramer, B., D’Ambrosio, L.A., Coughlin, J.F.: Dementia

caregivers and technology acceptance: interest outstrips awareness. Gerontechnology 14,
45–56 (2015)

17. Demiris, G., et al.: Older adults’ attitudes towards and perceptions of “smart home”
technologies: a pilot study. Med. Inform. Internet 29(2), 87–94 (2004)

18. Schomakers, E.-M., Offermann-van Heek, J., Ziefle, M.: Attitudes towards aging and the
acceptance of ICT for aging in place. In: Zhou, J., Salvendy, G. (eds.) ITAP 2018. LNCS,
vol. 10926, pp. 149–169. Springer, Cham (2018). https://doi.org/10.1007/978-3-319-92034-
4_12

19. Himmel, S., Ziefle, M., Lidynia, C., Holzinger, A.: Older users’ wish list for technology
attributes - a comparison of household and medical technologies. In: Cuzzocrea, A., Kittl, C.,
Simos, D.E., Weippl, E., Xu, L. (eds.) CD-ARES 2013. LNCS, vol. 8127, pp. 16–27.
Springer, Heidelberg (2013). https://doi.org/10.1007/978-3-642-40511-2_2

264 J. Offermann-van Heek et al.

http://dx.doi.org/10.1515/jisys-2014-0136
http://dx.doi.org/10.5220/0006691400370048
http://dx.doi.org/10.1007/978-3-642-21535-3_21
http://dx.doi.org/10.1007/978-3-642-21535-3_21
http://dx.doi.org/10.1016/j.jksuci.2018.04.009
http://dx.doi.org/10.1016/j.jksuci.2018.04.009
https://philipsseniorliving.com
http://dx.doi.org/10.1007/978-3-319-92034-4_12
http://dx.doi.org/10.1007/978-3-319-92034-4_12
http://dx.doi.org/10.1007/978-3-642-40511-2_2


20. Lai, C.K., Chung, J.C., Leung, N.K., Wong, J.C., Mak, D.P.: A survey of older Hong Kong
people’s perceptions of telecommunication technologies and telecare devices. J. Telemed.
Telecare 16(8), 441–446 (2010)

21. Chappell, N.L., Zimmer, Z.: Receptivity to new technology among older adults. Disabil.
Rehabil. 21(5–6), 222–230 (1999)

22. Arning, K., Ziefle, M.: Different perspectives on technology acceptance: the role of
technology type and age. In: Holzinger, A., Miesenberger, K. (eds.) USAB 2009. LNCS,
vol. 5889, pp. 20–41. Springer, Heidelberg (2009). https://doi.org/10.1007/978-3-642-
10308-7_2

23. Luce, R.D., Tukey, J.W.: Simultaneous conjoint measurement: a new type of fundamental
measurement. J. Math. Psychol. 1(1), 1–27 (1964)

24. Orme, B.: Interpreting the Results of Conjoint Analysis, Getting Started with Conjoint
Analysis: Strategies for Product Design and Pricing Research, pp. 77–89. Research
Publications LLC, Madison (2010)

25. Green, P.E., Srinivasan, V.: Conjoint analysis in consumer research: issues and outlook.
J. Consum. Res. 5(2), 103–123 (1978)

26. Baier, D., Brusch, M.: Erfassung von Kundenpräferenzen für Produkte und Dienstleistun-
gen. [Collection of customer preferences for products and services]. In: Baier, D., Brusch, M.
(eds.) Conjoint Analysis. Methods, Applications, practical examples, pp. 3–18. Springer,
Berlin (2009). https://doi.org/10.1007/978-3-642-00754-5_1

27. Arning, K.: Conjoint measurement. In: Matthes, J., Davis, C.S., Potter, R.F. (eds.)
International Encyclopedia of Communication Research Methods, pp. 1–10. Wiley,
Hoboken (2017). https://doi.org/10.1002/9781118901731

28. Alriksson, S., Öberg, T.: Conjoint analysis for environmental evaluation. Environ. Sci.
Pollut. Res. 15(3), 244–257 (2008)

29. Phillips, K.A., Maddala, T., Johnson, F.R.: Measuring preferences for health care
interventions using conjoint analysis: an application to HIV testing. Health Serv. Res. 37
(6), 1681–1705 (2002)

30. Orme, B.: Formulating attributes and levels in conjoint analysis. Sawtooth Software research
paper, pp. 1–4 (2002)

31. Steggell, C.D., Hooker, K., Bowman, S., Choun, S., Kim, S.J.: The role of technology for
healthy aging among Korean and Hispanic women in the United States: a pilot study.
Gerontechnology 9(4), 433–449 (2010)

32. Wilkowska, W., Ziefle, M., Himmel, S.: Perceptions of personal privacy in smart home
technologies: do user assessments vary depending on the research method? In: Tryfonas, T.,
Askoxylakis, I. (eds.) HAS 2015. LNCS, vol. 9190, pp. 592–603. Springer, Cham (2015).
https://doi.org/10.1007/978-3-319-20376-8_53

33. Joe, J., Chaudhuri, S., Chung, J., Thompson, H., Demiris, G.: Older adults’ attitudes and
preferences regarding a multifunctional wellness tool: a pilot study. Inform. Health Soc. Care
41(2), 143–158 (2016)

34. Wild, K., Boise, L., Lundell, J., Foucek, A.: Unobtrusive in-home monitoring of cognitive
and physical health: reactions and perceptions of older adults. J. Appl. Gerontol. 27(2), 181–
200 (2008)

35. Lorenzen-Huber, L., Boutain, M., Camp, L.J., Shankar, K., Connelly, K.H.: Privacy,
technology, and aging: a proposed framework. Ageing Int. 36(2), 232–252 (2011)

36. Himmel, S., Zaunbrecher, B.S., Wilkowska, W., Ziefle, M.: The youth of today designing
the smart city of tomorrow. In: Kurosu, M. (ed.) HCI 2014. LNCS, vol. 8512, pp. 389–400.
Springer, Cham (2014). https://doi.org/10.1007/978-3-319-07227-2_37

37. Xu, H., Dinev, T., Smith, H.J., Hart, P.: Examining the formation of individual’s privacy
concerns: toward an integrative view. In: ICIS 2008 Proceedings, p. 6 (2008)

Influence of Age on Trade-Offs Between Benefits and Barriers of AAL 265

http://dx.doi.org/10.1007/978-3-642-10308-7_2
http://dx.doi.org/10.1007/978-3-642-10308-7_2
http://dx.doi.org/10.1007/978-3-642-00754-5_1
http://dx.doi.org/10.1002/9781118901731
http://dx.doi.org/10.1007/978-3-319-20376-8_53
http://dx.doi.org/10.1007/978-3-319-07227-2_37


38. Morton, A.: Measuring inherent privacy concern and desire for privacy - a pilot survey study
of an instrument to measure dispositional privacy concern. In: International Conference on
Social Computing (SocialCom), pp. 468–477. IEEE (2013)

39. Sawtooth Software: Testing the CBC Design. Technical Paper Series. Sawtooth Software
(Version 9.6.1): [Software for the conceptual design and analysis of the online conjoint
questionnaire]. Software Software Inc., Sequim (2018) http://www.sawtoothsoftware.com/
help/lighthouse-studio/manual/index.html?hid_web_cbc_designs_6.html

40. Ajzen, I., Fishbein, M.: Understanding Attitudes and Predicting Social Behavior. Prentice-
Hall, Englewood Cliffs (1980)

41. Green, P.E., Krieger, A.M., Agarwal, M.K.: Adaptive conjoint analysis: some caveats and
suggestions. J. Mark. Res. 28, 215–222 (1991)

42. DeSarbo, W.S., Wedel, M., Vriens, M., Ramaswamy, V.: Latent class metric conjoint
analysis. Mark. Lett. 3(3), 273–288 (1992)

266 J. Offermann-van Heek et al.

http://www.sawtoothsoftware.com/help/lighthouse-studio/manual/index.html%3fhid_web_cbc_designs_6.html
http://www.sawtoothsoftware.com/help/lighthouse-studio/manual/index.html%3fhid_web_cbc_designs_6.html


Mapping the Future of Hearables: Lessons
from Online and the “Oldest Old” Consumers

Taylor R. Patskanick(&), Julie Miller, Lisa A. D’Ambrosio,
Chaiwoo Lee, and Joseph F. Coughlin

Massachusetts Institute of Technology AgeLab, Cambridge, MA 02142, USA
trpats@mit.edu

Abstract. Living with hearing loss presents challenges for an aging population.
Hearing loss without intervention is associated with a plethora of negative
consequences for older adults including loneliness, cognitive decline and falls.
In this study, members of the MIT AgeLab 85+ Lifestyle Leaders Panel were
surveyed and interviewed to learn about their experiences with hearing loss and
audio-assistive device adoption, and their hopes for the hearables of the future.
Additionally, 583 written customer reviews were accumulated from Amazon.-
com and HearingTracker.com for analysis. Several themes emerged along with
an imperative to industry to explore further the enduring challenges and future
opportunities of human-hearable design.
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Technology adoption

1 Introduction

As humans our sense of hearing is often considered vital to our ability to participate in
and experience the world around us. Hearing engages our brains in continuous,
complex information processing and is a powerful means of communication we often
take for granted. In the United States, current epidemiological audiometry estimates
suggest approximately one in three people between the ages of 65 and 74 has hearing
loss, and nearly half of people 75 and older have difficulty hearing [1]. Unprecedented
global longevity means that more people than ever before are living to an age where
they will experience age-related hearing loss (or presbycusis) [2]. By 2050, the pro-
portion of the world’s population over age 60 will nearly double from 12% to 22% [3].
The World Health Organization (WHO) estimates that by 2025 over 500 million people
over 60 years of age worldwide will suffer significant impairment from presbycusis [4].
In the United States, the number of people aged 85+ is projected to more than triple
from 6 million to 20 million by 2060 [5]. Because hearing loss increases with age,
particularly after age 65, these “oldest old” adults are more likely to have had some
hearing loss and are in the position to offer a unique understanding of the motivations,
challenges and opportunities of hearable adoption in the latest phase of life.

Hearing loss without intervention is associated with a plethora of biopsychosocial
consequences for older adults. For example, in the United States, census survey esti-
mates approximate that over 42.6 million older adults suffer from chronic loneliness
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[6]. Current research suggests there is a relationship between a sensory loss, such as
hearing loss, and loneliness, particularly among older adults [7, 8]. Additionally, many
studies have demonstrated strong associations between magnitude of hearing loss and
accelerated cognitive decline, greater risk of dementia onset, and higher risk of falling
[9–12]. Hearing loss negatively impacts the vestibular system and balance control,
increases cognitive load, reducing people’s ability to multi-task, and fundamentally
changes how individuals evaluate, interact with and overcome obstacles within the
environment [13]. As a result, research has continued to test the association between
auditory interventions, such as hearing aid adoption, or modification of hearing
impairment indicators (e.g., degree of hearing loss, hearing-related quality of life, etc.)
and decreased loneliness, delayed cognitive decline, and reduced fall risk [14–18].

Hearing aids, direct-to-consumer devices and other audio-assistive devices referred
to as hearables are technological solutions shown to promote positive outcomes among
individuals with hearing loss. The development of hearables began with the early
stethoscope, used by medical professionals to obtain biological information and
eventually as a diagnostic instrument [19]. Medical grade hearing aids as well as audio
headphones came with the boom of the radio and telecommunication industries in the
early 1900s [19]. But it was not until the release of the Sony Walkman portable cassette
player in 1979 that audio electronics offered beloved and customized experiences [20].
Today, though there is no universal definition of a hearable, they are best understood as
a sub-category of wearables to be worn in or around the ear that use computing
technology [21]. Current hearables include devices from smart hearing aids to wireless
earbuds. They have evolved not only to improve individual hearing ability and com-
munication, but to also collect biometric data, connect across devices, and offer more
customization than ever before. Despite these advances, however, a gap persists
between consumers who would benefit from hearable technologies and those who
adopt these devices.

As hearable technologies proliferate and become accessible across diverse mar-
ketplaces, consumers face challenges around the choice of device that is best for them –

what works best at the price points they can afford. Because many hearable tech-
nologies can be relatively expensive, consumers may seek expertise on which products
are worth investing in. Traditionally organizations such as AARP or Consumer Reports
served as clearinghouses for objective product advice. Yet other people one knows are
often people’s most trusted sources of advice. With the proliferation of platforms and
websites that offer users the opportunity to review products and services, these public
review systems provide people with an easy means to get advice from “other people
like them.”

Reviews offer rich insights into the narratives and nuances of the product purchase
decision, real-world functionality, and normalization of user experience. Because such
reviews can be accessed from anywhere, for older adults in particular they offer con-
venient opportunities to compare experiences, products and prices. For hearable
technologies, which may not be widely used, online reviews provide potential users
with reviews from a larger number and wider range of consumers with experience with
a given product or device under varying conditions.
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Traditionally the hearable industry has been medicalized: hearing aids were pre-
scribed by doctors and fitted and adjusted by specialists. With the rise of a wider range
of consumer audio-assistive devices, however, hearables have become much more
accessible to all consumers. Given these shifts in the industry, little is known about
what older consumers and online reviewers expect and desire from their hearable
device(s). The objective of this study is to better understand hearable consumers’
experiences with, expectations of, and aspirations for their devices. In an effort to
understand the current state of human-hearable interactions, we draw on user reviews
and survey data to explore consumers’ current device use, overall experiences, and
ideas for future device design.

2 Data Collection

Two unique sources of data were collected for the purposes of this study: online
consumer reviews of the top 10 and bottom 10 hearable products by average user rating
generated from HearingTracker.com and Amazon.com (see Tables 1 and 2); and in-
depth interviews, discussion groups, and a survey with the Massachusetts Institute of
Technology (MIT) AgeLab’s 85+ Lifestyle Leaders panel. The online reviews provide
snapshots of people’s experiences with different devices and offer a picture of the
nature of information available to consumers who are considering these different
technologies. In contrast, the data from the Lifestyle Leaders offer in-depth portraits of
people’s experiences with different devices and insight into the decision-making pro-
cess older adults rely on when choosing the hearable technology that is right for them.

Table 1. Top 10 and bottom 10 products from HearingTracker.com

Top 10 products Bottom 10 products

1. Unitron N Moxi Fit Pro 1. Starkey Halo 2 RIC 13 i2400
2. Phonak Audeo V 312T V90 2. Oticon Agil Pro miniRITE
3. Widex BEYOND Fusion 2 440 3. Oticon Alta Pro CIC
4. Phonak Audeo B R B90 4. Oticon Chili SP9
5. Oticon Opn 1 BTE13 PP 5. Phonak Virto B Titanium IIC B90
6. Kirkland Signature (Costco) 8.0 Premium Hearing
Aids

6. Starkey Muse micro RIC 312t
i2400

7. Oticon Alta2 Pro miniRITE 7. Oticon Alta2 Pro BTE13 100
8. Kirkland Signature (Costco) 7.0 Premium Hearing
Aids

8. Siemens Nitro x01 301

9. Unitron Moxi Kiss 20 9. Phonak Virto B Titanium CIC B90
10. Signia Pure Primax 13 BT 7px 10. Beltone Legend RIE 64 9
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2.1 Online Reviews

Online reviews were collected from HearingTracker.com and Amazon.com. The
reviews on HearingTracker.com included a Hearing Tracker Rank based on a 10-
question survey taken by users, as well as information about completeness and recency
of the written review [22]. Some reviews also included audiograms and information
about service providers. While Amazon.com does not sell medical grade hearing aids,
the search term “hearing aid” was utilized to identify hearable devices designed to act
most like a hearing aid. These products were then sorted by average customer review
and compiled by the highest and lowest ranked products. The top reviews for each
product, as determined by other site users’ indication of “overall helpfulness,” were
included for analysis. Only products with more than three total reviews were included
in analysis.

A total of 583 reviews were collected; 579 reviews were included in analysis. Four
reviews were excluded from analysis as they were repeated reviews from the same user.
Of the 579, 441 (76.2%) reviews were from HearingTracker.com and 138 (23.7%)
reviews were from Amazon.com. The majority of products reviewed were audio
amplifiers and receiver in the ear (RIC) hearing aids (HAs).

Across both platforms, there was wide variance in the date the review was com-
pleted, length of device use prior to review, reviewer relationship to device wearer,
occupations of reviewers, and severity as well as onset of the device user’s hearing
loss. For example, the oldest review dates back approximately 5 years prior to this
analysis, while the newest reviews were left less than 24 h prior to the time of this
analysis. Several users had been wearing a device for over 40 years, while others had
received a device a day prior to writing a review.

Table 2. Top 10 and bottom 10 products from Amazon.com

Top 10 products Bottom 10 products

1. Toedler Ear Hearing Amplifier 1. HEARNA HAS338 Amplifier
2. Otofonix Apex Mini Hearing Amplifier 2. Flexzion Digital Hearing Amplifier Device
3. Otofonix Elite Mini Hearing Amplifier 3. NewEAR Digital Personal Sound Hearing

Amplifier Aid
4. Empower Hearing Amplifier 4. Woodland Whisper II
5. Otofonix Encore Premium Hearing
Amplifier

5. Soundlab Hearing Amplifier

6. Neosonic Digital Hearing Amplifier 6. Ultra Ear Hearing Enhancer
Communication Aid (Walker Game Ear)

7. HA-302 from Hearing Assist 7. HEARNA HAS302 Amplifier
8. Ulaif Hearing Amplifier 8. Woodland Whisper
9. LumiHear Hearing Amplifier 9. AuriClear BTE Digital Bluetooth Amplifier
10. Wellness Tree Digital Personal Sound
Amplifier

10. LifeEar Hearing Amplifier
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Three variables – person for whom hearable was bought, gender, and geographic
location – were chosen to describe online review demographics because this infor-
mation was publicly available and highlights potential considerations for different
groups of consumers. Reviewers most often reported purchasing a device for them-
selves or their mothers. Gender of reviewers was determined by the username as
displayed on the review posting. Gender was dichotomized into male and female.
Usernames that were uncategorizable or listed as anonymous were grouped together in
their own category. Across both platforms, the majority (65.1%) of reviewers were
anonymous or uncategorizable. Relative to the percentage of anonymous or uncate-
gorizable usernames, 34.9% of usernames were clearly male or female-sounding.
Reviews that could be coded for gender had overwhelmingly male-sounding names
(see Fig. 1).

When isolated by platform, 57% of Amazon.com reviewers were male compared to
43% female, while 80% of HearingTracker.com reviewers were male compared to just
20% female. For reviews where U.S. location was available, the majority of reviewers
were concentrated in California and Florida. Texas, South Carolina, Pennsylvania,
Oregon, and Michigan were closely behind. Among reviews for which an international
location could be identified, reviewers were heavily geographically located in Canada.

Among Amazon.com reviews only, products listed in the bottom 10 product list
were rated an average of 3.15 stars while products in the top 10 product list had an
average of 4.59 stars. Similarly, more users were engaging with Amazon.com’s top 10
product reviews versus the bottom 10 product reviews as measured by rated helpful-
ness. An average of 60 users per review found reviews among the top 10 products
helpful compared to just 21 users per review for the bottom 10 reviews. Longer reviews
were correlated with greater “helpfulness.” Amazon.com product reviewers also more
often indicated they had started with just one device for use in one ear as opposed to
purchasing devices for two ears. Amazon.com reviewers were likely to state that they
had tried other types of hearable products before. A smaller sub-population of Ama-
zon.com reviewers noted they were using a device as a backup or alternative to a
regular hearing aid due to cost barriers or practicalities of using hearing aids during

71%

29%
Males

Females

Fig. 1. Dichotomized gender demographic of reviewers, excluding anonymous users (n = 199).
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events like travel or sporting. Amazon.com reviewers were more likely to provide an
update to their review later on.

2.2 MIT AgeLab Lifestyle Leaders Panel

The Lifestyle Leaders are a panel of adults aged 85 and older who meet bimonthly at
the MIT AgeLab in Cambridge, Massachusetts, to discuss a range of topics related to
living longer. The MIT AgeLab hosted a Lifestyle Leaders workshop exploring hearing
loss and hearables; data were collected via multiple methods. All participants were
invited to complete a detailed questionnaire prior to the workshop either online or on
paper. The questionnaire included questions on: (1) current hearing conditions and any
changes in their hearing; (2) effects of hearing changes they have experienced;
(3) experiences around adjusting to changes in hearing; and (4) attitudes and experi-
ences regarding hearing technologies and devices. All participants were assigned to
different small discussion groups according to their self-reported and previously-
observed degree of hearing loss. The small discussion groups represented four degrees
of hearing loss: no evident loss, and little, moderate, and severe hearing loss. A subset
of panel members participated in additional individual interviews in order to capture
breadth of device use (e.g., use of hearing aids versus use of an amplifier) and a
spectrum of adaptive behaviors (e.g., environmental modifications) to hearing loss.

Compared with the overall 85+ population in the United States, the Lifestyle
Leaders are overwhelmingly Caucasian and have higher levels of income, education
and better overall health. Among questionnaire respondents (n = 25), 79.2% reported
living independently in their own homes, condos, townhomes or apartments. A ma-
jority of the Lifestyle Leader respondents are widowed or married/living with a partner;
thus most live alone or with a spouse/partner. Just under half receive help with daily
tasks (e.g., shopping, making appointments) from adult children, spouses or friends.
Just over half of the survey respondents identified as male (52.2%) and 47.8% iden-
tified as female. The average age was 89.96. Most respondents also participated in the
Lifestyle Leaders workshop, meaning that the demographics of workshop participants
closely mirrored that of survey respondents.

The vast majority (92%) of the Lifestyle Leaders reported that they have experi-
enced or are currently experiencing hearing loss. Among all Lifestyle Leaders sur-
veyed, 84% most frequently reported having either a little or a lot of trouble hearing (as
opposed to no trouble hearing or no usable hearing) in both ears. Similar to online
reviewers’ descriptions, the Lifestyle Leaders also reported wide variance in age at
hearing loss onset. Among those experiencing hearing loss, 43.5% stated they first
noticed changes in their hearing only within the past 5 years. Unsurprisingly, the
majority of the Lifestyle Leaders also report being relatively new hearable users – only
having used their device(s) for 5 years or less. Overall, three-quarters of Lifestyle
Leaders (75%) said they currently use a hearing aid or other audio-assistive device.
Among Lifestyle Leaders wearing hearing aids, they most often reported wearing them
in both ears every day for more than 8 h a day. Additionally, the Lifestyle Leaders used
audio-enhancing headphones and Bluetooth streaming microphones both in place of
and as augmentation to hearing aids.
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3 Findings

3.1 Device Performance

Across both data sources, the theme of improving overall device performance was
mentioned the most clearly and frequently. Online reviewers and Lifestyle Leaders
expressed a desire for greater clarity, better reduction of background noise, and
improved music quality. As one reviewer described their experience with background
noise, “If there’s loud background noise I can’t hear at all. Overall it’s like listening to a
radio that’s on the fritz.” Many of the Lifestyle Leaders indicated that they will take off
or stop using their hearables in response to background noise. “In a crowded restaurant,
I typically remove the devices because they amplify the background noise, and this is
an intolerable irritant,” said one Lifestyle Leader. Focused efforts on improving the
functional performance of hearables across everyday environments could contribute to
increased device adoption in the future.

3.2 Physical Product Design

Hearables also leave much to be desired when it comes to physical product design. For
online reviewers and Lifestyle Leaders, stigma related to device use came up less often
compared to the desire for a larger physical device with improved access to a power
button and volume knob and bigger batteries. One Lifestyle Leader with late onset
hearing loss stated, “The craziest thing–here’s what the problem is, everybody is vain,
and they want to have hearing aids that nobody sees, but what the hell of a difference
does it make if you’re 70, 80 years old, if you have a hearing aid? Doesn’t make a
damn bit of difference, so you shouldn’t care about it.” Current device size was also
associated with a host of concerns from poor fit in the ear to persistent loss of the
device during daily tasks, forcing many users to use a personal sound amplifying
product (PSAP) as a less expensive, more accessible alternative to hearing aids.
Amazon.com alone sells over 300 different types of PSAPs – many of which are used
by reviewers as alternatives to hearing aids in scenarios such as travel and sporting
events. A male Lifestyle Leader and routine wearer of Bose Hearphones described his
transition away from hearing aids: “I was asked to bring them [his Widex hearing aids]
in today and I couldn’t find them. Six thousand dollars and I don’t know where it is.
I have become somewhat of a prophet of these [his Bose Hearphones]. I proselytize
actively.”

3.3 Device Features

In addition to highlighting device functionality and design needs, when the Lifestyle
Leaders were asked about what they hoped future hearable devices would do better
than current iterations, many mentioned specific features that overlapped with those
from online consumer reviewers. Seamless integration across devices (e.g. TV, phone),
rechargeable batteries, waterproof properties, and ability to adjust volume or program
settings for individual ears came up most frequently in both data sources. Both data
sources also emphasized the relationship between their hearable and other technology
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devices; however, this connectivity was slightly more salient among online reviewers
rather than Lifestyle Leaders, possibly due to age differences between the two data
sources.

Bluetooth. Online reviewers in particular expressed either a deep satisfaction or out-
right disappointment with the quality of their device’s Bluetooth. The reviewed PSAPs
did not have Bluetooth capabilities, but among hearing aids reviewed, 50% had built in
Bluetooth capabilities not requiring a secondary accessory or other device. Often
described as “crackling,” “popping” and “too much static,” the quality of music,
podcasts, phone calls or other audio material streamed through devices leaves much to
be desired. One online reviewer stated about their Widex hearing aids, “I’m very
disappointed in the sound quality of Bluetooth for conversation: it has some static and
is somewhat distorted – as a psychologist who needs to talk to my patients on the
phone, I must resort to my trusty Bang and Olufson headphones instead.” On the other
hand, others found customizable Bluetooth features highly desirable. According to a
reviewer of Kirkland Signature (Costco) hearing aids, “I was blown away by my
iTunes streaming music directly to my hearing aids directly from my iPhone 7+. The
sound clarity and bass is hard to believe when you first hear it. You can even use iOS’
sound equalizer to output sound tuned to your particular preference.”

However, users also ran into trouble initially pairing or experiencing random
unpairing of their hearables – particularly with cellular phones and vehicles. Two
online reviewers illustrate these concerns best: “They [my hearing aids] continually
disconnect from the Bluetooth and can’t reconnect without me having to open and
close the battery;” and “My Mercedes car Bluetooth allows me to dial out and speak
directly, but I cannot receive incoming calls without having to find the phone. Driving
whilst holding a phone is a penalty offence here [in the UK] so that is not possible and
is driving me to distraction.” As these reviewers noted, many found their own work-
arounds when their Bluetooth connectivity did not function, and despite Bluetooth
dysfunction, user reviews generally highlighted their reliance on it and its significance
for them. As one HearingTracker.com reviewer wrote, “The Bluetooth connection to
phone is a feature that I would find hard to live without.”

Mobile Applications. The state of current innovation in hearable-device interaction
generally requires use of a third-party mobile application or “app.” Online consumer
reviewers overwhelmingly use an app with their hearable device if one is available. As
one tech-savvy Lifestyle Leader mentioned, “Those who don’t have an iPhone or a
smartphone [connected to their device] aren’t as happy.” In fact, in reviews alone, the
word “app” was mentioned at least 91 times. Mobile apps serve a variety of purposes
for online reviewers and Lifestyle Leaders, including troubleshooting, controlling
functionality, and preprogramming hearing environments. Many users noted the app
associated with their hearable was either incompatible with or unavailable on their
Android or iOS operating system, depending on the hearable model. However, when
available, these applications still lack important practical capabilities. One online
reviewer and new user of Kirkland Signature (Costco) hearing aids pointed out that the
“app lacks a find-my-lost-hearing-aid feature, which ironically would have come in
very handy on week two.” Another reviewer mentioned, “I find the app lacking pretty
much every feature I go looking for, starting with a basic equalizer. With everything
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being automatically adjusted constantly there are times when certain frequency ranges
are amplified excessively. I would dearly love to just take control and tell it what to do
at times. No can-do.”

3.4 Trust in Customer Service and Audiology

In addition to hearable design and features, the future of human-hearable interaction
will be built on the cornerstones of human relationships. For these samples, customer
service can make or break the overall hearable fitting and acquisition experience and
impacts short-term device adoption. Perceived competence of fitting specialists and/or
company customer service representatives and timeliness of device delivery came up
frequently among online reviewers. For example, for hearables acquired through
Amazon.com, free shipping and rapid turnaround from order to delivery were salient
among positive reviews. Comparably, for hearing aids acquired from Costco, quality of
the in-store hearing specialist was varied. As one review commenter detailed, “Not to
be mean, but I would suggest checking reviews about various Costcos in your area in
regards to the Hearing Specialists. Or even just visiting another one. My original guy
was wonderful and a great man but either didn’t have the training or understood all the
programming advantages.”

Even when a device was not a good fit for a variety of reasons, positive customer
service experiences could compensate for perceived device and company shortcom-
ings. One reviewer explained, “This item was not comfortable for me, but I was quite
impressed with the consideration afforded to me by the Otofonix staff. They made no
attempt to convince me that I should not return them, and my payment was promptly
refunded. I would recommend this product even though it was not comfortable for me
personally.” Nonmedical grade devices, such as those found on Amazon.com,
accompanied by warranties, free and easy returns, and trial periods had reviews with
more positive language and perceptions of company transparency. These reviewers
were also more likely to suggest they would continue using the device. “Additionally,
as icing on the cake, the company stands behind the product as a purchaser would
hope; quickly, honestly, and with absolutely zero run-around. Customer support could
not be better,” explained one Amazon.com amplifier reviewer.

However, when an error or technical concern with their device arose, many online
reviewers were apt to blame the hearable company. As one reviewer of a bottom 10
product stated, “I wish I could start all over again with another company.” This was in
contrast to the Lifestyle Leaders. When considering blame around the shortcomings of
their devices or their failure to restore hearing capabilities completely, the Lifestyle
Leaders often placed the locus of blame internally – on their own hearing difficulties –
instead of on the company that made their device. Trust seemed to play a role in this
exchange. As one Lifestyle Leader said, “I wholly trust Williams Sound [the manu-
facturer of her audio-assistive device]. I blame my hearing, not the Siemens company
[manufacturer of her hearing aids] for my problems…” Of Lifestyle Leaders who
responded, 64.7% of Lifestyle Leaders indicate they fully or somewhat trust the
company who makes their hearable device (see Fig. 2).
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Additionally, the Lifestyle Leaders trusted the process of hearing aid acquisition.
The most commonly trusted sources to help them decide on a brand of device include
audiologists, doctors and organizations like AARP, Consumer Reports and the Better
Business Bureau (see Fig. 3).

The Lifestyle Leaders and online reviewers frequently mentioned the role and
professional expertise of the audiologist in facilitating acquisition of a “good” hearing
instrument. For online reviewers there was greater distrust in audiologists who only sell
specific devices. One long-time member of HearingTracker.com advised others, “Try
many brands - don’t get railroaded into brands by audiologists whose business is
limited to certain brands.” The Lifestyle Leaders, however, had high trust in their
hearing providers when it comes to their hearing health: they are most often receiving

Fig. 2. Trust in companies that manufacture hearing aids and other audio-assistive devices
among the Lifestyle Leaders (n = 17)

Fig. 3. Trusted sources of advice for hearing aids and other audio-assistive devices among the
Lifestyle Leaders (n = 23)
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information from or talking with an audiologist, primary care physician or other doctor
about hearables compared to other sources of potential advice. Furthermore, provider
coordination could significantly ease or hinder access and continued use of hearables.
One Lifestyle Leader stated, “I was actually going to another doctor who suggested this
doctor to me because he knew he wasn’t doing as good a job as he should be doing, and
it made a world of difference, because once I got to this new doctor, I could actually
hear much better.” However, as many online reviewers expressed, repeated and long-
wait times in between appointments created bottlenecks around device troubleshooting
and fitting. This is perhaps best illustrated by one Lifestyle Leader and new user of
hearing aids who said, “I got the hearing aid through my primary care doctor. But then
he sent me to another specialist. That one sent me to another set of people, specialists.”
This Lifestyle Leader visited specialist doctors and an audiologist, yet her new hearing
aids still fit her poorly and, as a result, she does not wear them.

3.5 Troubleshooting

Regardless of age, hearable adoption is often accompanied by learning a new tech-
nology and troubleshooting when things go wrong. The Lifestyle Leaders described
some of the difficulties in learning how to use a new device. One self-described “tech-
savvy” Lifestyle Leader said, “You open up the box, and there are 14 different wires
and connectors there. And the book is about this thick. And I just haven’t had the
gumption or the unction to go through the whole thing.”Many Lifestyle Leaders used a
variety of resources when they needed help with their devices, but when asked about
the most effective methods to teach them new skills about their device(s), they
repeatedly mentioned the value of a mentoring-based or classroom-style teaching
model. A Lifestyle Leader and new user of hearing aids exclaimed, “[I have] a strict
income and I have to question money-wise things. But I have time, and I would love to
have somebody to assist me until I feel comfortable I’m okay.”

A feature of online reviews is that consumers can access them not only when
making purchase decisions but also when troubleshooting. Hearable users took to
reviews to detail an exact problem they were having with their device, to share sources
of information for problem solving, and to caution others of defects or poor aspects of
devices. A new hearing aid user from HearingTracker.com warned, “Within 5 days [my
hearing aids] were sent back to repair but came back with the same problem.” Several
reviewers frequently included the quality of the device instruction manual as a con-
tributor to their overall satisfaction with a hearable product. A verified purchaser of an
Amazon.com amplifier mentioned, “The instructions: The text, although it contained a
few errors, was pretty easy to see and comprehend. The pictures are so tiny they are
basically worthless.”

4 Conclusion

Historically, the hearable industry has been medicalized – specialists address the
challenge of fitting an advanced piece of intricate technology within the ear and
adjusting it to meet the user’s needs as best as they are able. Meanwhile, however, the
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competitive development of new audio-assistive devices and market demand requires
all hearables to be better, leaner and more connected. The growth of artificial intelli-
gence and the Internet of Things means that consumers will increasingly demand more
and demand better of their devices.

Older adults and online consumers alike are inundated with choices and must
negotiate quality, brand recognition, price, and style when they decide to purchase a
hearable. A mixed methods approach with the MIT AgeLab’s Lifestyle Leaders and
online consumer reviews was used to explore engagement with and decision making
about hearable technologies.

The experiences and observations of these consumers reviewers offer unique
insights. The first is that generational differences in expectations around aging, hearing
devices and the companies that make them may change over time. As Baby Boomers,
for example, age into hearing loss, their expectations are likely to shift around phe-
nomena like device functionality and connectivity compared with previous generations
of users in the oldest old market segment. How will these expectations of hearing
devices evolve for later “digital native” generations as they grow older? Even now
there are rapid changes around norms of wearing something in the ear – as long as it is
not the “big, beige and boring” of hearing aids of old: witness the rise in popularity of
products like Apple AirPods or Bose SoundSport in-ear headphones [23]. Similarly,
increased access to information and social media have forced companies to embrace a
new reality of transparency – a transparency that can shape long-term brand loyalty,
recognition and trust over time. Generational cohorts from Millennials to Baby
Boomers perceive access to and interact with their favorite companies in different
ways. How will they hold manufacturers responsible for their hearing experiences with
a certain device, and how might this change as these groups grow older?

Another implication is the capacity of the hearing care industry to anticipate and
adapt to the development of technologies such as amplifiers, microphones,
conversation-enhancing headphones and other direct to consumer products that con-
sumers like the Lifestyle Leaders have found to be as functional (if not more func-
tional) and less expensive than hearing aids. Devices are increasingly linked and
integrated around the user experience. How might products from the hearing care
industry, for example, fit into a bigger picture of a connected smart home? Future
investment into new hearing technologies will have to strike a balance between
delivering on sophistication and integration – while still being easy for wearers to use –
and offering accessible value.

Without intervention, hearing loss has major negative effects on loneliness, cog-
nitive functioning, and fall risk [7–13]. Further research is needed to assess the rela-
tionship between online review use, hearable purchase decision-making, and
subsequent adoption rates. Additional research should also investigate cross-cultural
similarities and differences in experiences with hearing loss and hearable adoption
across age cohorts, gender and geography. Emerging hearable technologies for an
aging population will require industry to stay up-to-date and engaged with an older
end-user. As one reviewer wrote, “If Starkey wants to succeed in this market space they
cannot ignore the poor quality of this current offering. The Baby Boomers that are just
reaching retirement age are technologically sophisticated.” Both Lifestyle Leaders and
online consumer reviewers are an active and engaged marketplace - ready not only for
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the promise of the future hearable, but to also hold hearable technologies and the
companies that make them to a high standard. The hearing care industry will always
face the challenge of forging imperfect solutions at an imperfect cost. But as the
demand for hearing support increases, the industry has an opportunity to leverage
emerging science and technologies to deliver increased ease in access and value from
using hearing aids and audio-assistive devices that can yield life-changing outcomes.

This is a cross-sectional study that leverages multiple data sources collected at a
single point in time. Findings were integrated across data sources; however, certain
themes emerged more saliently among online reviewers versus the Lifestyle Leaders
and vice versa. Results from these data sources may not be generalizable. User reviews
are written by self-selected individuals who may have particularly good or bad expe-
riences with a product. Reviewers may be more likely to be male. Findings from the
Lifestyle Leaders are not generalizable to all individuals aged 85 and up or to all older
adults. However, a mixed methods approach adds value to the reliability and validity of
results and hedges against the limitations and biases of a single methodological
approach.

In addition to directly surveying the Lifestyle Leaders, online reviews represent a
popular source older adults may use to help make a purchase decision about a hearable.
Hearable reviews, in particular, differ from reviews written about other technology
products because they are heavily impacted by degree of hearing loss and device fitting.
Two individuals with the same device and hearing provider may have very different
experiences and levels of satisfaction. Findings from online consumer reviews and the
MIT AgeLab’s 85+ Lifestyle Leaders Panel create an imperative for further research,
development and adoption of best products and practices for the hearables market.
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Abstract. The population of developed countries is becoming older and likely
more chances of elderly people to face problems due to Parkinson. Mobile
applications play a vital role in the lives of people having Parkinson. They use
mobile applications for communication, social media network, surfing websites,
medication, online shopping, and for many other purposes. However, the
developers normally consider the youngster while designing the mobile Apps,
consequently, the people with Parkinson (PwP) face numerous usability related
issues while interacting with applications. This study elaborates the detailed
limitations of PwP regarding the use of mobile applications and also determined
the impact of related factors such as ease of use, information quality, and
aesthetic quality on the usefulness of mobile applications. The objective is to
purpose a theoretical model or framework for the usefulness of mobile appli-
cations in case of PwP. An empirical study is conducted on 25 PwP to test this
model. A Structure equation modeling with other reliability tests are applied to
verify and validate the proposed model. The results illustrate that ease of use
and information quality strongly influence the usefulness whereas, aesthetic
quality has a weak but indirect effect on usefulness. This study will provide the
guidelines to the developers of the mobile application to understand the limi-
tations of PwP and also to improve the usefulness of mobile applications by
employing the appropriate design features.

Keywords: Usefulness � User experience � Structure equation modelling �
Ease of Use � Information Quality � Aesthetic Quality � Parkinson Disease �
People with Parkinson

1 Introduction

Traditionally the “elderly” word considered for those people who have aged more the
65 years. The rate of growth in this segment of the population is growing rapidly
especially in developed countries like in the US and European countries due to birth
control and other related factors. According to data by National Center for Health
Statistics (NCHS), between 1987 and 2030 the total US population is projected to
increase by 26% but older is expected to increase by 100 percent that is estimated
around 67 million [1]. It is likely more chances of elder people to affect with Parkinson
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Disease (PD), Study estimates that the number of an individual over the age of 50
affected with PD was between 4.1 and 4.6 million and projected this figure will double
in 2030 to between 8.7 and 9.3 million [2]. Parkinson’s is a non-reversible chrono-
logical disorder, that affects the nervous system, slowness of movement, poor balance,
gait freezing, impairment related to cognition and other age-related limitations [3].
These symptoms are likely to reduce the autonomy and mobility of an Individual that
may force to change lifestyle [4]. Symptoms of PD also affect the interaction of
smartphones [5].

According to [6], most of the elderly people in developed countries use the internet
as a regular part of their lives. Most of them use smartphones with touch screen enabled
to use the internet. In a study by [7], argue that 69% of elderly people have their own
mobile phones. In the elegant literature, various researches emphasized on the devel-
opment of smartphone application for the People with Parkinson (PwP) e.g. [8, 9].
However, limited research presented related to interface design or user experience
(UX) factors that affect the PwP. The mobile application plays a vital role in the
improvements in the lives of PwP. They use mobile application for exercising, med-
icine recommender systems, watching movies, social media usage and other purposes.
Due to the lack of guidance or limited literature on PD patient’s mobile/smartphone
usage, the usefulness of mobile applications is still considered an important problem for
PwP. In a recent survey, titled “Parkinson’s IT challenges” on the usage of computers
by PwP [10]. The statistics show that 80% of users with PD reported severe or highly
severe difficulties by using computers. A similar study conducted on the usefulness of
computer peripherals for PwP reported core limitations of PD regarding computer
usage and suggested a projector based technology for PwP to use computers easily
[11].

The aim of this study is to examine what are the core factors may affect the use of a
smartphone by PD patients. Furthermore, also to determine the impact of some UX
attributes i.e. ease of use (EOU), information quality (IQ), and aesthetic quality
(AEQ) on the overall usefulness (UF) of mobile applications in the context of PwP. An
empirical study is performed on 25 PwP to test this model. Structure Equation
Modeling (SEM) with some other reliability tests are applied to verify and validate the
model. The overall results show that EOU and IQ have a direct and high impact on the
UF while AEQ indirectly influences the UF. The current study will provide the
guidelines to designers and developer to adopt appropriate design strategy to design
mobile or smartphone applications for PwP.

This study is organized as follows: Sect. 2 provides a detailed literature review on
Parkinson’s disease, its symptoms, interaction with smartphones/touchscreens and
related factors employed in the current study. Section 3 purposes the research model
and hypotheses; Sect. 4 describes the research method; and Sect. 5 provides the results
of empirical tests and discussions. Section 6 presents conclusions, limitations and
Future work.
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2 Literature Review

2.1 Parkinson’s Disease

The first step in this research is to understand the basic characteristics of PD and the
basic symptoms of PD. This will minimize our effort to make the interaction of
smartphone-related to people with Parkinson [12]. This portion of the research reviews
PD symptoms from medical literature, some publications from patient associations and
other health-related websites. Some areas are covered like motor and non-motor
symptoms of PD. The On/Off phenomenon is also a specific characteristic of PD. These
symptoms are discussed below.

Motor Symptoms
Some common types of symptoms of Parkinson’s are bradykinesia, rigidity, rest tremor
and gait impairment [13]. There is another issue which is that every patient of
Parkinson’s experiences different symptom. According to an estimate, around 70% of
Parkinson patients are affected with Tremor [14], and around 47%, must affect with gait
impairment [15]. Movement of hands and body in PD patients is very much affected
due to Bradykinesia. Main issues involve the slowness of amplitude and speed while
performing simultaneous and sequential tasks [16]. Changes in voice, facial expres-
sions and handwriting are also documented [13]. These things directly affect mobile
phone use by the patients of Parkinson’s.

Rest tremor is basically an involuntary movement that occurs when usually muscles
are relaxed and are supported by some kind of surface [17]. Sometimes this tremor is
looking quite normal but sometimes it became vigorous. They may shake the whole
body of a patient with hands. So, in this state, mobile phone usage is a very difficult
task.

Rigidity is another type of motor symptom that increases the resistance to passive
movement of a limb [15]. Rigidity has direct effects on fine motor tasks such as getting
up from the chair, turning around and sometimes even on facial expressions [18]. It
also makes general movement difficult and is also responsible for pain [15].

Gait impairment and Postural instability are also very common in Parkinson’s
patients, It usually occurs during the advance phase of diseases [15]. As disease more
increases the gait became more unstable and slower [13]. And ultimately it also effects
on smartphone usage.

Non-motor Symptoms
Non-motor symptoms tend to be under-recognized because complaints are very rare by
the patients during medical appointments [19]. These symptoms may include sexual
dysfunction, cognitive or sensory abnormalities and neurobehavioral disorders [19].
Sensory symptoms like akathisia, genital pain, oral pain, olfactory etc. are much
common in patients with Parkinson’s but these are not recognized or considered as
Parkinsonian’s symptoms [20].

Cognitive disorders are also very common in PD. Neuropsychological investiga-
tions have shown impairments in early stage/part of disease [21], which are usually
shortfall of behavioral regulation in planning, regulation in sorting and low use of
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memory stores [22]. Cognition has a direct and indirect relationship with the usage of
the smartphone can be easily found in HCI literature [23].

2.2 Parkinson’s Patient Interaction with the Smartphone

The researchers found in their study that PD directly affect the usage of input devices
while using computers [24]. As mentioned in the previous studies related to the usage
of the smartphone in PD patients and limitations. Recent research is also conducted on
39 people with Parkinson. The authors provide detailed guidelines related to interface
design [25]. Similarly [12] also conducted interviews with the patients of Parkinson’s,
Neurologists and Physiotherapists because they have directly or indirectly related to PD
patients. The major goals of these interviews were to understand how the major and
minor symptoms of that disease related to daily activity like smartphone usage. The
interview was focusing on the four main areas that are

• How PD changes and affects the lives of patients with Parkinson?
• How cognitive skills and motor affect Parkinson’s disease?
• How a mobile phone is used by the people of Parkinson’s? and
• What are the basic symptoms that directly affect the usage of the smartphone?

The detailed questions were asked in the interview and lasted between 30 min to an
hour and were recorded using a recording device. The audio-recorded were then
analyzed by grounded theory [26]. The analysis was also supported by [12], using
qualitative data. Similar attributes were also observed in a medical study but the results
analyze from this study are quite different from the available literature. The results of
the interview mainly divided into three categories i.e. motor characteristics, cognitive
characteristics, and general characteristics. These characteristics have direct effects on
smartphone usage. The details of these characteristics are given below. These char-
acteristics must be under-considered while designing an application for people with
Parkinson’s.

Bradykinesia, Rigidity, Dyskinesia’s, visual disabilities are some common motor
problems found in patients with Parkinson’s disease. These disabilities make the
movement very slow and difficult. Some different uncontrolled movements also occur
that directly related to the use of a smartphone. Parkinson’s does not directly link up
with visual disabilities but incoordination and weakness in muscles caused blurred and
double vision, discrimination in color and contrast also occurs which also affects the
use of mobile phone [12]. There are some other issues that are faced by Parkinson’s
patients related to the use of smartphones like short-term memory loss, slowness of
thoughts, depression, and dementia.

2.3 Parkinson Disease and Touch Screen

Parkinson’s is a disease which is found mostly in elderly people. PD is based on a
disorder that affects the human being’s nervous system. According to the study an
estimated two million people are affected with PD only in Europe [27]. PD symptoms
vary from patient to patient and the conditions of disease are also different from the
initial level to high severity levels. The conditions of Parkinson’s patients are often
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characterized by the symptom of motors, which includes slowness of movement or
tremor [14]. Sometimes it is also due to Non-motor Problem [13]. These symptoms
reduce the mobility of the patient and thus change its lifestyle [18].

In a study [5], the authors argue that motor symptom affects the interaction of the
patient with a smartphone. The authors also determined how PWP performs some
gestures with touch screen and also purposes some set of guidelines for the designing
of applications for PwP. Summary of previous studies regarding interaction with small
screen devices by PwP is discussed below.

Some studies are available regarding the development of an application that is
especially for the people that are affected by Parkinson’s disease, such as [8]. Some
research/studies are also available regarding the use of the stylus in the application of
PWP. These studies are not so much mature nor provide guideline related to the
interface of the application and their usability [12]. Neither these studies evaluated the
systematical interaction of PWP with applications. The findings from these studies are
mostly based on the researchers self-assumptions. [5] and documented only to the
interaction of PWP with a smartphone. Tremors, as well as fine motor skills, are also
the major cause that affects the interaction of PWP with a smartphone. Similarly, in
another study, the researchers observed an estimated 15% error rate while selecting a
target on touch screen [28] and review became broaden from smartphone to some other
touch screen interfaces. In the study [29], the researchers also designed a platform that
was tablet interface, and this was specially designed for PD patients, also underline the
importance of large screen or targets that overcame potential issues in fine motor skills
or issues in visions. This contributes a lot to this field and research of this dimension
but the study of [29] is not complete to design an interface of smartphones for PD
patients.

2.4 Existing Interface Design Guidelines for Parkinson’s Patients

It is the reality that Parkinson’s disease is very complex and demonstrates different
symptoms in the patients, that’s why we cannot generalized its pattern, neither the
guidelines can be applied to all type of patients having this disease. However, few
usability related heuristics are suggested by [12] based on interviews from the
Parkinson’s patients. The authors argue that it is very complex to apply these guidelines
on all type of patients that’s why the developers must need more dynamic and proactive
in this regard. The guidelines are as follows i.e. targets using tap must of 14 mm or
more in both of sides, always prefer multi-tap over the drag, always use high colored
contrast elements, always must avoid time controlled information, consider the design
guidelines presented by other authors for elderly people [30–33] and present clear
information if needed.

By considering these limitations of PD, the usefulness of mobile is still a problem.
How we design a mobile phone useable for the PWP and what are the basic parameters
that affect the usefulness? There are different factors that may influence the UF but in
the current study, the authors attempt to determine the impact of IQ, EOU, and AEQ on
UF.
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2.5 Usefulness

According to [34], UF is the degree or comfort-ability of a user while performing
certain activities. It also refers to “persons believe that using a system would enhance
his or her performance” [35]. A recent study conducted on the usefulness of computers
peripherals for PD people [11]. In this study, the researcher conducted a usability test
using a standard peripheral on the people with Parkinson (PwP). They studied the
individuals’ limitations while using these peripherals and claimed that how projector-
based technology may improve computer interaction without risking strain injuries. As
the literature on Parkinson disease, clearly shows the limitations regarding mobile
usage. Most of the studies were conducted using the technology acceptance model
(TAM) in different contexts and observed UF is the core variable in TAM [36]. In
another study, the researchers adopted the TAM to determine the mobile usage
acceptance and they observed UF as a key determinant of acceptance [37]. In the
current study, we consider UF as a key attribute in the PD usage context. In several
studies [34, 38–54], TAM was adopted to measure the UF or related factors. The
common variables used in the above studies such as EOU, IQ, and AEQ were assessed
previously through questionnaire strategy [35, 55–58].

2.6 Information Quality

Information Quality is the term used frequently in various domains of human-
computer-interaction and information visualization, several researchers defined IQ
from a different perspective. In the current research, the authors adopted the IQ in terms
of information arrangement and design to develop the interfaces of the mobile appli-
cation. According to [59], the IQ is the quality of important contents of the website, it is
also considered as the suitability of the information i.e. format, accuracy, and rele-
vancy. There are some other information related aspects discussed in the prior studies
such as information must be accurate, believable, timely presentable, the level of details
included in information and the presentation of information in an appropriate format.
Martin [60] in his studies categories the IQ into the following factors that are con-
sistency, accessibility, conciseness, clarity, accuracy, traceability, interactivity, speed,
and comprehensiveness. We can also consider these factors while designing the
interfaces for a smartphone because better IQ leads us to better usability [61]. The
smartphone has small size screen as compared to desktop computers and has the equal
or large amount of information to be presented to users due to this developers and
designers of the smartphone have to pay much attention to IQ. It is also very complex
to manage all aspects of IQ on a small screen of smartphones. It was observed in the
previous studies that the better the IQ the better the user satisfaction [62]. According to
[63], IQ influence the user, information system (IS), service quality, and system quality.
In another study [64], the researchers proposed that there are 14 major directions or
dimensions of IQ i.e. accuracy, accessibility, completeness, believability, appropriate
amount, consistency, complexity, understandability, timeliness, security, reputation,
relevance, objectivity and ease of operation. Accessibility is usually known as the ease
and ability of information that is to be accessed on and displayed by the user on a
specific type of media like a smartphone or screen of a laptop or personal computers.
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Accuracy is defined as the amount of data that is accurate enough or contains enough or
accurate information for the user. Appropriate amount term is defined as the appro-
priate amount of data or information displayed at a certain time on screen. Believability
is the ability and credibility of the information that can be trusted by the user. Com-
plexity involves the structure of information i.e. the information displayed on the
screen is far enough to present to the user. Thus, it has been proved that less the
complexity in information higher the quality of information. Ease of operation is
known as the ability of the user to process information like to find the required content
from complete displaying information. Objectivity belongs to the relevancy of infor-
mation i.e. the information displaying on screen is only relevant content that user
wanted to show on the screen. Security of information belongs to the unauthorized or
fake use of information for example information on the other website you are using in
your information or any other person will not use your information. Timeliness is the
regular update of information like a regular update in the information of date or some
other contents related to the information you want to present. Understandability is the
way to understand information by the user can easily understand the required infor-
mation. A similar study conducted by [65], to check the effect of information quantity
and user thoughts on the satisfaction level. In the study [66], the researcher combines
the product quality with IQ and observed that we can achieve more usefulness through
this, they conducted this experiment on 3 different firms and achieve positive results.
[67] Used 8 items of IQ to evaluate the usefulness of an MIS system. The study related
to mobile word of mouth [68] researchers proved that there is a significant impact of IQ
on the usefulness of information. Another study on the impact of Information System
Quality on the intention to use IPTV [69], and observed that IQ has a positive effect on
usefulness. There are several other studies also showing the positive impact of IQ on
EOU and UF [38–49, 69, 70].

2.7 Ease of Use

Ease of Use is the most common adopted term in HCI related studies. Like IQ, EOU
also discussed in different perceptivities but in the current study, we employed this in
terms of cognitive complexity to assess the mobile applications for Parkinson Disease
patients. According to [34], EOU is basically the degree of simplicity associated with
the user while using mobile interface or technology. If you are deeply involved with the
software or certain type of application then it definitely affects the EOU [71]. EOU is
the degree the person believe or think to use the system without effort [35]. Computer
anxiety is known as the fear to face the computer and it is mostly found in elderly
people related studies [72]. Computer anxiety is another important factor that directly
influences the EOU of computer or smartphone usage [73]. In another study [50], it was
observed that EOU has a significant positive impact on UF in the context of internet
usage. The authors argue that if the internet is easy to use the more favorable chances of
a person to use the internet more. A study conducted by [51], argue that EOU influ-
ences the UF for older people. Another model proposed by [74], adopted the EOU,
system quality, IQ to observe the comparative effect on user satisfaction. Similarly,
various other researchers [34, 50–53] also observed the positive impact of EOU on UF
in the related contexts.

Study on Usefulness of Smartphone Applications for the People 287



2.8 Aesthetic Quality

The aesthetic word simply associated with the beauty, attractiveness, or the apprecia-
tion of beauty. According to [75], the aesthetics used to design the engaging envi-
ronment by incorporating the colors, visual elements, sounds, and multimedia artifacts
to increase the level of individuals level of involvement. According to [76], aesthetic is
known as heuristics for attractiveness. It mainly focuses on the use of color, typog-
raphy, designs, flash, and animations. Sometimes, we employed it to improve the
legibility via size of text displayed on mobile screens, layout, expressions, style, and
pattern. It is mainly used to improve the website and mobile usability. Guidelines form
researchers and scientists are available for making better AEQ. It also supports the
contents understandability and increases functionality. The aesthetic effect also related
to age, gender and shows strong implication from the cultural perspective. Different age
group peoples prefer different colors scheme and both male or female have also dif-
ferent opinion on the usage of aesthetics aspects. Aesthetic involves the target audience
for better results. A study conducted related to the aesthetic design by [77], suggest that
aesthetic design is an important aspect while assessing usability. Different studies
observed the relationship between the usability and AEQ of an interface and also
between AEQ and satisfaction [76]. Several researchers also observed the impact of
AEQ on EOU and UF [49, 54, 78–80] that’s why we include this in our study to check
the impact in our scenario.

3 Conceptual Model and Hypothesis Development

Figure 1 illustrates the hypothetical/conceptual research model proposed in our study.
It is actually a modified model derived from previous studies. It asserts that the UF of
mobile applications is determined by IQ, EOU, and AEQ. Further, EOU used as a
mediator between the relationship of IQ and UF and also between AEQ and UF.

Definition of constructs, the network of relationship illustrated in the above model
and the rationale for the proposed links are explained in the literature review section.

According to [59], IQ is the quality of informational contents of a website, it is also
considered in term of the suitability of the information such as format, accuracy, and

Fig. 1. Purposed hypothetic research model for usefulness
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relevancy. various studies in different contexts observed the positive impact of IQ on
EOU and UF [43–48, 69]. Accordingly, we hypothesize:

Hypothesis 1: IQ positively influences the EOU.
Hypothesis 2: IQ positively influences the UF.

According to [76], Aesthetics is known as heuristics for attractiveness. It mainly
focuses on colors, typography, designs, flash, and animations. Previous studies dis-
cussed the relationship between AEQ and EOU and also between AEQ and UF [49, 54,
78–80]. Accordingly, we hypothesize:

Hypothesis 3: AEQ positively influences the EOU.
Hypothesis 4: AEQ positively influences the UF.

According to [34], EOU is the degree of simplicity associated with the user while
using mobile interface or technology. Based on the prior studies, the researchers
believe that EOU significantly influences the UF of the smartphone. The relationship
between EOU and UF was also observed in prior studies [34, 50–53]. Accordingly, we
hypothesize:

Hypothesis 5: EOU positively influences the UF.

4 Methodology

4.1 Participants/Sample

The questionnaire was filled by 25 Patients of Parkinson’s. In order to increase better or
concise results, the researchers used an enormous method [81] to help the patients in
the understanding of the context of questions that were asked in the questionnaire. All
employed patients were above the age of 65 therefore, written as elderly patients in the
most part of the paper. Out of 25 respondents, 18 (72%) were male and 7 (28%) were
female. Moreover, 56% of the respondents had 1–3 years of experience in using the
smartphones and the remaining 24% of respondents had more than 3 years of expe-
rience. (The purpose of the usage of smartphone/mobile applications is discussed in the
section of results i.e. Table 5). 29% of respondents had up to primary level education,
12% up to middle and 59% had a higher level of education respectively.

4.2 Measurement Development

The questionnaire was developed from the elegant literature and the list of items are
presented in Appendix A. In recent years similar studies were conducted and published
in which various researchers used these similar items [56]. Hence most of the items
were derived from the existing literature and modified slightly to suit the context of
mobile applications. Furthermore, the think-aloud technique [82] is also used on 5–10
patients regarding the use of the mobile application to correct or modify items of
various constructs.
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Apart from the demographic factors, additional question explained in result section
See Table 5. Each item/question employed in this study were measured using a five-
point Likert scale, ranging from strongly disagree (1) to strongly agree (5). Before
conducting the main survey, we performed a pilot and pre-test to validate the instru-
ment. Pre-test involved 10 respondents (PwP) that had higher education and wide
experience of smartphones and mobile applications. The respondents were asked to
comment on employed items that corresponded to the constructs, including scale
wording, length, and format of the questionnaire. Furthermore, the instrument was also
discussed with more than 7 Neurologists from different hospitals in Pakistan to verify
the exact requirements regarding the usefulness of mobile applications in Parkinson’
Patients.

5 Results

5.1 Descriptive Statistics

Table 1 describes the means and standard deviations (SD) of different constructs. It is
found that the average mean of respondents in case of EOU is 4.2 explaining the fact
that out of total respondents’ majority of the individuals have provided their outcomes
in a range of agree and strongly agree. The response against IQ proxies is slightly less
with 2.7 that means it is in between disagree and neutral. Respondents do not agree
with the presentation of IQ in applications. The AEQ mean value is 3.3 explaining the
fact that users quite agree with the proxies of AEQ.

5.2 Analytical Strategy for Assessing the Model

The purposed research model has tested through the structural equation modeling
(SEM) technique. SEM is a second-generation most popular and powerful multivariate
technique. It is mostly used to analyze casual models that involve two or more com-
ponents of a causal model. The structure model is also used to investigate the direction
and strength of relationship among the theoretical constructs. It specifies how the latent
variable will be measured through observed variables. In recent years this technique is
mostly used by HCI (mobile application) researchers [83–87]. In this study, the AMOS
an additional SPSS module was used in order to access the structure model and
measurement [88].

Table 1. Descriptive statistics (Means and SD)

Constructs Mean SD

Ease of Use (EOU) 4.2 0.6
Aesthetic Quality (AEQ) 3.3 0.8
Information Quality (IQ) 2.7 0.9
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5.3 Measurement Model

The results of the Measurement Model test are written in Table 2. The values/data
show that the reliability of different items is ranging from 0.62 to 0.89 that exceeds the
acceptable value which is 0.5. Composite Reliability is computed to access the internal
consistency of the measurement model. According to the benchmark presented by [89],
composite reliability must be above 0.6. In our model, the value of the composite
reliability of all the constructs is greater than 0.6. The [90], recommended that the value
of average variance extracted (AVE) must exceed the threshold of 0.5 since in our case
the values of all the constructs are greater than the threshold limits. Due to this, we have
confidence regarding the reliability of our all constructs.

Different fitness measures were applied to the data and model, the result is pre-
sented in Tables 3 and 4. All the measures of fitness are acceptable. Measures taken in
this work consequently showing that the model is a good fit to the data.

Table 2. Reliability

Construct Item Item
reliability

Composite
reliability

Average variance
extracted

Ease of Use EOU1 0.651 0.68 0.66
EOU2 0.743
EOU3 0.682
EOU4 0.676
EOU5 0.753
EOU6 0.669
EOU7 0.605

Aesthetic
Quality

AEQ1 0.649 0.69 0.67
AEQ2 0.671
AEQ3 0.764

Information
Quality

IQ1 0.897 0.75 0.69
IQ2 0.654
IQ3 0.623
IQ4 0.738
IQ5 0.867

Table 3. Extended reliability

Construct Cronbach’s alpha coefficients Full collinearity VIFs

Ease of Use 0.72 1.184
Aesthetic Quality 0.62 1.052
Information Quality 0.82 1.886
Recommended criteria by authors [91] [92]
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5.4 Structure Model

Structure Equation Model (SEM) is also used to test the hypothetical relationship
between constructs. Figure 2 is showing the complete details of the relationship among
employed constructs and their effect on each other and overall on UF. The results show
the positive influence of IQ on EOU (b = 0.25, p = 0.01), supporting H1. The results
also support H3, b = 0.26, p < 0.01). The effect of IQ on UF is significant with (0.61,
P < 0.01) and supporting the H2. Contrary to expectations, the effect of AEQ on UF is
not much significant with b = 0.04, however, it has an indirect effect on UF due to its
significant impact on EOU. Lastly, the results also support the H5 with b = 0.33,
P < 0.01.

Table 4. Fitness indicators for the measurement

X2/df GFI AGFI CFI NFI NNFI

Results 2.12 0.96 0.92 0.98 0.96 0.98
Recommended criteria <3.0 >0.9 >0.8 >0.9 0.9 0.9
Suggested by authors [93] [94] [94] [95] [91] [91]

Fig. 2. Results of structural modeling analysis
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5.5 Purpose and Problems of Mobile Applications for Parkinson’s
Patients

To gain further insights into information about the usefulness of mobile applications in
case of Parkinson’s Patients, the two questions (close-ended) were also added to obtain
the following information:

Purpose: To find out the purpose of using mobile applications by Parkinson’s
Patients, Users were asked why they use mobile applications.

6 Conclusion, Future Work and Limitation of Study

The results show that EOU significantly influences the UF, similarly, the positive
relationship is also observed between IQ and EOU and also between IQ and UF. On the
other side, AEQ observed as a strong determinant of EOU but indirectly influence the
UF. The finding indicates that both IQ and EOU are important aspects to determine
usefulness. Thus, both aspects are important while designing the interface of the mobile
application for PwP. In our case participants are less satisfied with the employed
constructs related to AEQ that why the AEQ has a weak impact on UF. Overall the
findings from the current study may contribute to the future development of mobile
apps for PwP. The proposed model also provides a conceptual depiction of key factors
that heighten the PwP involvement in the design of mobile Apps. In the future, the
researcher may extend the proposed model by incorporating the other aspects to pro-
vide the additional design related guidelines for PwP. The current study also suffers
several limitations; this study involves a few numbers of participants due to the non-
availability of PD patients in local hospitals. This is because people do not consider it
as a disease or disorder except an aging factor. Second, the Parkinson’s disease,
includes 4–5 stages from less severe to high severity, in the current we employed all
type of people and did not categorize participants that is why may have different results
(Table 6).

Table 5. Purpose of using mobile applications by Parkinson’s patients

Items Number of respondents Percent

Communication 25 82
Kill time 25 77
Watching movies and songs 25 25
Playing games 25 62
Other use 25 25
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Abstract. Ageing is expected to raise significant challenges to the European
community in the coming decades. These challenges are connected not only
with the problems related to the labor market employment, the provision of
healthcare, and the welfare programming for older people, but also with the
quality of their social life, and in particular, with their communication activities.
In this regard, the article presents a brief overview of the population ageing
tendencies and the deficits in the institutional attention towards age discrimi-
nation. It also presents the analysis of a survey, conducted by the authors of the
article, among senior citizens (61 of age and older, N = 30), which aims to
answer the basic research question: how the digital communication technologies
impact some aspects in their everyday life, namely: healthcare, professional life
and communication. Also, the article seeks to find whether the Bulgarian media
perform their basic task to inform the publics for the activities related to the
improvement of the life of the older people over 61 years of age.
Although many detailed expert studies and public discussions have focused

on the problem of overcoming prejudices and negative stereotypes related to the
working capacity, health status and communication habits of older people in
Bulgaria, there is a telling need to reappraise the intellectual debate on ageing in
digital environment and the degree of capacity of elderly people to take part in,
and contribute to social developments.
Developed in the framework of the COST Actions IS 1402, CA 16211, and

CA 16226 of the European Commission, the article concentrates on the need to
boost the debates on finding solutions for the better well-being of the older
persons in Bulgaria – a country with disturbing tendencies of population ageing.

Keywords: Ageing population � Digital technologies � Healthcare �
Professional realization � Communication

1 Introduction

The structure of the article includes a brief overview of the population ageing ten-
dencies, the deficits of institutional attention towards age discrimination, and the
research efforts on the topic of three COST Actions IS 1402, CA 16211, and CA 16226
of the European Commission. It also presents the analysis of a survey, conducted by the
authors of the article on the summer of 2018, among senior citizens (61 of age and
older, N = 30), which aims to answer the basic research question: how the digital
communication technologies impact some aspects in their everyday life, namely:
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healthcare, professional life and communication (see also [1, 2]). In parallel, a research
was carried out on the information reported in the first half of 2018 in Bulgarian media
related to the subject of the well-being of the elderly people over 61 years and the
societal attempts to improve their living environment.

In 2015, humankind commemorated two significant anniversaries – the tenth year
since May 17 was first celebrated as World Information Society Day and 25 years since
October 1 was named International Day of Older Persons. The rise of the proportion of
retired and older people over the next few decades is considered to be one of the
greatest challenges to the economic and social system of the EU [3]. Perhaps this is
why 2012 was proclaimed, unprecedented for the second time (the first was 1993), to
be the European Year for Active Ageing and Solidarity between Generations. The aim
of these and other initiatives is to enhance public awareness of the many-sided con-
tribution of older people to society, and to promote measures that create better
opportunities for their active life [4].

The population trends display the growing percentage of the aged population. In
global terms, the expectations are that, after the year 2050, the number of people over
60 years of age will exceed the number of those under 60. Although it is expected that
the overall population of the European Union will grow to 532 millions by 2060, the
population in nearly half of the member states (Bulgaria, Croatia, Germany, Greece,
Estonia, Hungary, Latvia, Poland, Portugal, Rumania, Slovakia, Slovenia, and Spain)
will decrease. The forecasts show also that the ratio between persons of working age
and those in retirement age will decrease from 4:1 to 2:1, if retirement age remains
stable [3]. According to World Bank data Bulgaria ranks among the countries with
highest tendency of population ageing with 20.8% (Japan has the highest percentage –
27.5%, followed by Italy – 23.02, Portugal – 21.50, Germany – 21.45, and Finland
21.23) [5].

Despite these forecasts, the amount of attention devoted to older people is still not
proportionate to the challenges they face in the modern world. For instance, in the
United Nations Universal Declaration of Human Rights (UDHR), adopted in 1948, in
the International Covenant on Economic, Social and Cultural Rights (1966) as well as
in the International Covenant on Civil and Political Rights (1966), which lay the basis
of the International Bill of Human Rights (adopted in 1976), age discrimination is not
explicitly referred to.

The active efforts to promote the adoption of a special Convention on the Rights of
Older Persons by the UN have not been successful so far. Although many UN and EU
institutional documents related to technology, business models and the editorial
responsibility of the media have been adopted, the multi-faceted attitude at older people
as objects of coverage and as subjects of the communication process have still not been
treated effectively.

The Active Ageing Index (AAI), jointly developed in 2012 by the United Nations
Economic Commission for Europe and the European Commission is a key monitoring
tool for policy makers to enable them to devise evidence-informed strategies in dealing
with the challenges of population ageing and its impacts on society. The Index is built
on four domains: employment; participation in society; independent healthy and secure
living; capacity and enabling environment for active ageing. Among the six factors of
the fourth domain are use of ICT, social contacts and educational attainment. Two
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Nordic countries, namely Sweden and Denmark, come at the top of the overall ranking
across EU Member States. In contrast, the majority of the Central and Eastern Euro-
pean countries, as well as Greece, is at the bottom of the ranking and needs further
improvements [6].

It is perfectly obvious that the rights of the ageing population cannot be thoroughly
defined and protected without taking into consideration the modern information and
communication environment. The trend is that older adults will be not only passive
users of the traditional media (press, radio, and television); they may also become
prosumers, i.e. active participants and creators of content in online space.

Providing high speed access to advanced public services and diverse multimedia
content for work, training and entertainment has become the mainstay of the knowl-
edge based society. Contemporary broadband connections have a great impact on
improving life quality, as well as on intensifying social cohesion, especially for older
adults. Therefore, intensive improvement of ICT skills and digital literacy are critical to
the effectiveness of any media strategy and to the further advancement of ‘user-
centered’ to ‘user-driven’ developments for achieving the universality of the digital
services. This will help to overcome the negatives of the digital divide, i.e. the eco-
nomic, educational, and social inequalities between those who have computers and
online access and those who do not [7].

2 Recent COST Actions of the European Commission
on Population Ageing

The European Commission has identified active and healthy ageing as a major societal
challenge common to all European countries. It created a special platform for European
Innovation Partnership on Active and Healthy ageing [8]. This platform serves as a
communication and information hub for all actors involved in active and healthy
ageing throughout Europe. It provides a space to encourage partner engagements, to
promote news and events, to meet and exchange ideas with peers, and to look for
potential partners on innovative projects.

Three COST Actions of the European Commission for cooperation in science and
technology dealt lately relevantly and timely with different aspects of the population
ageing:

Ageism (i.e., the complex and often negative social construction of old age) as
highly prevalent in contemporary European societies, which has negative consequences
at the individual, familial, and societal levels was a subject of comprehensive analysis
by the COST Action IS 1402: Ageism - A Multi-National, Interdisciplinary Perspective
(2014–2018). The goal of this Action was to challenge the negative practices of ageism
and to allow older people to realize their full potential. This has been done in four
strands: healthcare system, judicial/legal system; media; work force [9].

COST Action CA 16226: Indoor Living Space Improvement: Smart Habitat for the
Elderly (Sheld-On) (2017–2021) addresses Article 25 of the EU Charter of Funda-
mental Rights, which recognises and respects the rights of the elderly to lead a life of
dignity and independence and to participate in social and cultural life. It is also in tune
with the EU Employment Equality Directive (2000/78/EC)5, which besides prohibiting
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age discrimination in employment and occupation, encourages reducing the impact of
physical and cognitive barriers at the workplace for staying active and productive for
longer time. The aim of this Action is to establish a multidisciplinary network to
support the development of solutions that allow the elderly to live safely, comfortably,
and healthily at home through integrating design, ICT, ergonomics and health
knowledge into furniture and building design [10].

Drawn on a transnational, interdisciplinary cooperative network, COST Action CA
16211: Reappraising Intellectual Debates on Civic Rights and Democracy in Europe
(2017–2021) contributes to bridge the gap that separates politics and policy actions
from humanities and social science research focused on the intricate relations between
civic rights and the practices of democracy in Europe. This COST Action aims at
recasting the interface between intellectual debates, public debates, politics, and policy
action with the contributions of more argumentatively- and historically-oriented social
science accounts and better institutionally-, politically- and legally-informed humani-
ties research, which also includes a variety of aspects of population ageing [11].

The demographic shifts may have a dramatic impact on consumers’ expectations
from media and communication industries, as well for their ICT literacy and skills
while navigating the digital world. Thus, the habits of the millennials (the generation
born between 1981 and 1997) differ from those of the senior citizens. The demand for
technology services that offer convenience, memorable experiences and instant access
to content anywhere and anytime by the younger population is often juxtaposed to the
preferences of the older people for health and wellness, entertainment and education
services designed especially for them. Contemporary media ecosystem, developed in
the digital environment, requires not only e-reading and e-writing practices but also e-
producing talents and e-disseminating skills [12].

3 Qualitative Survey on the Shortcomings of the Well-Being
of the 61 and Older Population in Bulgaria

In order to find out what are the shortcomings regarding the well-being of the 61 of age
and older population in Bulgaria a survey of ten questions was carried out in the
summer of 2018 among 30 respondents of the age between 61 years and 93 years.
Respondents were selected on the principle of being over the age of 61 (the lowest most
common retirement age in the country) without having an upper age limit. Object of the
study were the elderly people of 61 years and older in the context of the contemporary
reality in Bulgaria. Subject of the study was the way these people live and/or work and
in particular, whether they use specific technologies that facilitate their everyday life.
The purpose of the undertaken survey was to answer the basic research question: how
the digital communication technologies impact some aspects in their everyday life,
namely: healthcare, professional life and communication.

Geographically the respondents were divided equally into three groups: residents of
the capital city – Sofia, residents of a smaller place – town of Varna and residents of the
home for elderly people Rezidentsia Karamel located in the village of Dobrevtsi,
Yablanitsa Municipality. Altogether N = 30 - 10 respondents form Sofia, 10 - from
Varna and 10 - from the village of Dobrevtsi answered the questionnaires.
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The health and socio-economic division of respondents led to a greater aggregation
of results, as there were more serious differences in the respondents’ lifestyle than in
the place of residence indicator. Even the age gap and the education level were not as
important as the general health and financial stability.

An interesting result that can be summed up by the participants’ in the survey
answers is that the majority (75% of the respondents with health problems - those with
health problems constitute 37% of the total number of the respondents), also face
financial difficulties, which aggravate their general condition. It is a problem for them
that every month they have to buy a lot of medicines and only a minimum percentage
of their cost is borne by the National Health Insurance Fund. They need alleviations in
this aspect but almost do not receive any such. These people use simpler medical
devices (or none at all), like ordinary blood pressure monitors, for example. They are
compelled to use dysfunctional hearing aids that often damage their hearing abilities.

In fact this group of respondents needs a cardinal solution to their health problems –
carrying out extensive medical examinations followed by surgical or medicinal
approach to curing them. The lack of resources to adequately care for their health
makes them physically and mentally unfit to work and this condemns them to poor
financial standing and inability to keep themselves in good shape and be of benefit to
the society and to their relatives – the so-called doomed circle is constructed, out of
which there is no way out.

Most of these respondents (63% – Fig. 2) do not have a computer with internet or a
smartphone. They cannot handle these technologies and they do not understand how
these technologies could facilitate their everyday life. These people are not aware of the
innovative technologies that would be useful in their everyday life and would make
their being easier and more valuable. However, even if they were technologically
informed, they could not afford financially any technological acquisition. Part of this
group uses television mostly as entertainment and therefore prefers to watch more
movies, music and shows and less - news. They do not use the functions of some digital
TV sets, namely to return the broadcasts and news back in time, so they watch only
what is being offered to them at the particular moment.

The results from the answers point also to the contrary conclusion – adults of 61
years and older who are still mobile and working (70%), are more likely to use
computers, smart phones, tablets, and Internet for both professional and personal needs.
They are informed about what is happening around them namely through technologies.
The more active in respect of intellectual terms the respondents are, the higher is the
percentage of their use of communication technologies (internet applications, social
networks, cloud space, smartphone applications, etc.). Accordingly, the higher is also
the percentage of a certain kind of “addiction”, which they have developed towards
technologies. Nearly 60% of the active people of 61 years and older claims that they
cannot live without the technologies they use on a daily basis. They are better informed
and more aware of how to find sources for certain technological innovations that would
be useful to them in everyday life.

The results of the answers to the questionnaire show that the social and health status
of the people residing in the nursing home for the elderly in the village of Dobrevtsi,
Yablanitsa Municipality is the worst one. Besides having almost no funds, deprived of
a normal environment where to communicate with relatives and family members, they
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often cease to be interested in what is happening around them. The most popular type
of technology these people use (90%) is the TV. What is characteristic for them is that
they do not even choose what to watch – predominantly they watch movies and news.
They do not have a device to play programs back and watch only what is being offered
at the moment. 100% of the respondents from the nursing home for elderly people are
retired and do not perform any activities. They are former teachers, accountants,
engineers, electricians, etc., and over 50% of them suffer from dementia. Apart from
the survey, the healthcare staff shared the opinion that these people are not interested in
anything but watching TV programs and use only telephone with buttons. They can
hardly set up the channels of a TV set themselves and cannot handle other technologies
at all. Their disease has advanced to such an extent that they often forget the water to
flow and lights to be switched on.

When asked for what do they use communication over the Internet more often, 63%
of the respondents answered that they never use the Internet because they do not have a
computer or do not know how to handle it. 6% claimed that they do not use the Internet
themselves, but with the help of relatives and friends they use social networks
(Facebook) or applications such as Skype and Veiber to communicate with their rel-
atives living abroad. 13% answered that they use the communication possibilities that
the Internet offers for personal needs (conversations with relatives who are far away)
and for professional needs (sending business emails, using social networks at work,
etc.). Likewise – 13% said that the time they spend on the Internet is dedicated to issues
related to their professional activity. For the remaining 11% the Internet usage is for
personal purposes only (Fig. 1).

63% of the respondents do not use the Internet to inform themselves, for the simple
reason that they do not have a computer and internet connection. 7% use it rarely, 10%
– once a day, and only one fifth, i.e. – 20% – several times a day. Those, communi-
cating on the Internet, need to be informed in most cases about a medicine, a hearing
aid or some innovative technology in the field, as well as about cultural events. Some of

63%
13%

11%

13%

For what do you use more 
o en communica on over 

the Internet?
I do not use

for personal needs and
professional necessity

for personal needs

for professional necessity

Fig. 1. Most often reasons for communication over the Internet
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them ask their relatives or friends with Internet connections to do that instead. Those
with vision problems also use the help of their relatives to receive information on issues
related to their work, as well as to specific news and current affairs (Fig. 2).

Answering the question of what information they are looking for over the Internet,
56% of the respondents noted that they are not using the Internet at all. Many of them
added that they still find the information they need in newspapers and television. 24%
of the respondents claimed that they are basically looking for news over the Internet.
6% answered that they are interested in curiosities. Equally, for 3% of the respondents
Internet is important for: information related to their work; watching films; reading e-
books; and getting references from the world wide web. At least – 2% answer that they
check the Internet for the weather forecast (Fig. 3).

63%
20%

10% 7%

How often do you use the 
Internet to get information?

I do not use

several times a day

once а day 

rarely

Fig. 2. Most often usage of the Internet for acquiring information

56%24%
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3% 3% 6% 3% 3%

What kind of information do 
you search on the Internet most 

often? 
I do not use
news
weather forecast
professional information
references
curiosities
films
books

Fig. 3. Information most often searched over the Internet
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Half of the respondents answered that they do not use Internet for communication
purposes. 17% claimed that they use the net once a day to send and check e-mail
messages, to use different social media applications or to access social networks. The
most dedicated 7% of the respondents use the Internet for communication purposes
several times a day. Also 7% use the network for these purposes once a week.
However, 17% of the respondents answered that they rarely use the Internet for
communication purposes, and 2% – that they are entering the Internet once a month to
communicate (Fig. 4). This means that the regularity of Internet usage among the
participants in the survey is not a common habit.

When asked about what health benefits are the respondents applying in terms of
improvement of their health conditions, the largest percentage of them answered that
they use the ordinary blood pressure monitor (75%), followed by 13% who use an
electronic blood pressure monitor, 6% - a blood glucose meter, 3% wear a hearing aid
and another 3% possess an electronic bracelet that shows different parameters of the
human body such as pulse rate, blood pressure, worked out kilocalories, traveled paces,
etc. Less than half of the respondents appreciate the importance of using these devices
and believe they improve their quality of life (Fig. 5).

Those 60% of the active people of 61 years and older who claimed that they cannot
live without the technologies on a daily basis are better informed and more aware of
how to find sources for certain technological innovations that would be useful to them
in everyday life. This part of the respondents is in a better financial condition due to the
fact that they work. On a healthy basis, they use electronic blood pressure monitors,
blood glucose monitors, electronic bracelets, showing a number of parameters of the
person’s physical condition such as pulse, strides passed, spent kilocalories, etc. In this
way they maintain their health status at a better level. However, this part of the
respondents believes that they do not have benefits and privileges and that these
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Fig. 4. Regularity of Internet usage
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technologies at their disposal are obtained with hard work and funds of their own.
Representatives of this group of respondents are categorical in their opinion that they
have to fight individually for a better way of life.

Merit deserves the fact that 100% of the respondents answered that they have
neither received any social or other kind of benefits, nor are they familiar with pro-
grams offering any alleviations for elderly or sick people. In fact, there are a number of
initiatives and projects in different municipalities related to helping elderly people. An
Action Plan (2018–2021) for the implementation of the National Strategy for Long-
Term Care has been approved. It is published on the website of the Ministry of Labor
and Social Policy [13]. It aims to develop long-term care for elderly people and to
improve their quality of life in line with the National Strategy for Long-Term Care
adopted in the beginning of 2014 [14].

The National Strategy envisages establishment of accessible and quality services in
the community and at home that will ensure the possibility of social inclusion of people
with disabilities and elderly people and, at the same time, and thus, will have a
preventive role regarding the institutionalization of these people. Strong emphasis in
the Strategy is placed on the de-institutionalization of the care for the disabled people
and elderly people, on the development of the services including technological services
in the domestic environment and on the support of families with increased responsi-
bility for the care of family members in need of special care.

Among the priorities of the Strategy is also the promotion of synergy between
social and health services, including the development of innovative cross-sectoral
services, as well as the implementation of an integrated approach. Also, among the
main priorities of the Strategy is the creation of a more efficient mechanism for
financing the long-term care and the achievement of sustainable growth of the financial
resources for services in the community and in the domestic environment.

However, there a mismatch between good intentions and real actions are observed,
among them - the failure to pass a special law for the elderly in the Parliament. The

Fig. 5. Technologies used for health improvement
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good practices of some municipalities and non-governmental organizations that are
successfully implemented (mostly through European programs and projects) are tar-
geted at specific small segments of society and are extremely insufficient to cover all
the needy Bulgarian population of 61 years and older.

Media also do not give a sufficiently broad coverage of these initiatives, which is
why information about them is hardly reaching the end recipients – people with special
needs. Few are the mass media that reflect the topic about elderly people and the
various initiatives to improve their lifestyle. Thus, for example, in a publication dated
02.05.2018 entitled “Special Law for the Elderly: Yes, but No”, it is stated that the idea
of the socialists to adopt a special law for the elderly people has failed. The rejected
texts provided for the creation of a special fund to the Social Minister that will be filled
out each year by the state treasury in order to finance various activities for the elderly
people. Another idea of the socialists, according to the media, was to have a “foster
care” service for elderly people who have no relatives or when these do not want or
cannot take care for them – similarly to the foster families for children. One of the
authorities’ obligations, according to the failed draft law, was, for example, for every
25 000 people to build and operate “resident-type social services” for at least 100
people. Municipalities should have the imperative obligation to open and maintain
“clubs for elderly people” – one in each settlement with over 100 people 61 years or
older and one in every 15 000 people of population [15].

An article in the newspaper “24 chasa” (24 h) dated 02.03.2018 entitled “Experts:
The Elderly Labor Force is the Fuel of the Bulgarian Economy”, reflects the holding of
a forum on the topic “For an Active and Fulfilling Life of the Elderly People in
Bulgaria” with lecturers Assoc. Prof. Dr. Georgi Bardarov from the Sofia University
“St. Kliment Ohridski” and Ivan Neikov – Director of the Balkan Institute of Labor and
Social Policy. The article draws attention to the demographic crisis and to the fact that
Bulgaria is among the ten countries in the world with the highest share of ageing
population. In this regard the author of the article draws attention to the competences,
professionalism and experience that the working people of 61 years and older possess.
The idea of the article is to encourage elderly people to continue to work for the benefit
of the society and for their own benefit [16].

In another article of 13.10.2017 entitled “Creating a Virtual Assistant (Coach) for
Elderly” it is stated that a high-tech modular system would help lonely elderly people
to live actively and independently in their home, despite the severity of their years and
illnesses. The article refers to Yordan Dimitrov from the Balkan Institute for Labor and
Social Policy (BILSP), who has presented an innovative project for creating a virtual
assistant in support of the active ageing. The SAAM (Supporting Active Ageing
through Multimodal Coaching) project is funded with nearly € 4 million from the EU
Framework program for research and innovation “Horizon 2020”. Its ultimate goal is to
maximize the active and independent life of people 61 years and older in their own
homes while maintaining good physical, emotional and mental well-being, as well as
the social contacts of its users for as long as possible [17]. The article explains that the
virtual assistant will help elderly people to feel well in their usual environment by
collecting data about their health and emotional status by using sensors, smart mea-
suring devices, video and audio receivers. The system will also monitor the vital
functions and taking of medication, will detect and alert for negative changes in the
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mood and behavior of its users. The future autonomous modular system has had the
idea of collecting information through unobtrusive sensors suitable for permanent wear
or installation in the house (at home). The idea has been to make discreet monitoring of
the living environment and the personal activity under a privacy guarantee. Direct
communication with end-users is foreseen by developing clear user interfaces – visual
and audio, adapted to the needs and habits of the elderly people. The purpose of the
system is to analyze the collected personal information and to make independent
decisions, to remind or encourage its users for certain actions in the interests of their
physical and mental health (e.g. to take their medication, to cook, to call a friend or to
go for a walk). For this purpose special strategies and technologies should be developed
to influence by persuasion.

4 Conclusions and Limitations

The process of digitization is among the main milestones tracing the dimensions of
humankind’s transformations in the 21st century. Today these transformations are
catalyzed by the intense development of the communication technologies. As positive
as their impact might be on progress in all areas of life, it is no less true that they pose
challenges for the social stratification of society. The trend of population ageing
determines the need for urgent prevention of elderly people’s social exclusion from the
modern digital environment.

Although a National Strategy for Long-Term Care and an Action plan for its
implementation have been adopted in Bulgaria the results of the conducted survey
showed that the digital communication technologies do not facilitate sufficiently the
everyday life of the participating older adults. Almost two thirds of the respondents do
not or use very rarely computers and Internet. The rest one third uses Internet for
personal and professional needs. 24% of the respondents are basically looking for news
over the Internet. A small amount of the interviewees are interested in curiosities,
followed by information related to their work; watching films; reading e-books; getting
references from the world wide web, and checking the weather forecast. The answers
displayed a scarce usage of digital technologies for healthcare. While two thirds of the
respondents use ordinary blood pressure monitor, less than one fifth use electronic
devices for their health needs. Also, there was not enough evidence that the
improvement of the life of the older people over 61 years of age through digital
technologies is an important point of interest to the Bulgarian media. Thus, answering
the research question of how the digital communication technologies impact some
aspects in the everyday life of the senior citizens it may be concluded that their impact
is not sufficient.

Based on the results of the conducted survey and the analyzed Bulgarian media,
reflecting the topic, it can be concluded that many of the ideas, disseminated in the
public domain, related to improving the living environment of the elderly remain
unrealized. Thus, none of the respondents has received any form of assistance or
information about the existence of an approved Action Plan for the period 2018–2021
for implementation of the national long-term care strategy of the Republic of Bulgaria.
A comprehensive awareness campaign to inform citizens about the existing
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opportunities for better living conditions and to urge them to be more active in their
search for such opportunities could be a productive communication step.

The number of media, which reflect issues related to the lifestyle, professional
engagement and communication of people over the age of 61 and older, is too small.
Besides, the media present reality too fragmentarily and inconsistently without the
necessary commitment and responsibility [18]. More real action is needed to enable
modern Bulgarian senior citizens for receiving adequate technological support to
improve their living, professional and social status. Thus, through various technolog-
ical means of treatment, professional realization and communication, the elderly in
contemporary society could have a more meaningful, active and fulfilling life.

The demographic trends determine the need for urgent prevention of the digital
generation divide, i.e. of the vulnerability and the social exclusion of older people from
the ICT world. In order to deal with the challenges to population ageing, it is important
to find solutions that allow the elderly to live safely, comfortably, and healthily at home
by integrating design, ICT, ergonomics and health knowledge.

Acknowledgements. The text has been developed within the framework of two COST Actions
of the European Commission: CA 16226: Indoor Living Space Improvement: Smart Habitat for
the Elderly and CA 16211: Reappraising Intellectual Debates on Civic Rights and Democracy in
Europe supported by the projects of the National Scientific Fund of Bulgaria: DCOST-01.25-
20.12.2017, and the Program “Young scientists and post-doctoral students” of the Ministry of
Education and Science.

References

1. Loos, E., Mante-Meijer, E., Haddon, L.: The Social Dynamics of Information and
Communication Technology. Ashgate, Aldershot (2008)

2. Loos, E., Haddon, L., Mante-Meijer, E.: Generational Use of New Media. Ashgate, Farnham
(2012)

3. European Commission: The 2015 Ageing Report. Economic and Budgetary Projections for
the 28 EU Member States (2013–2060) (2015). http://ec.europa.eu/economy_finance/
publications/european_economy/2015/pdf/ee3_en.pdf

4. Peicheva, D., Raycheva, L.: The transformation of reading among the ageing population in
the digital age. In: Zhou, J., Salvendy, G. (eds.) ITAP 2016. LNCS, vol. 9754, pp. 216–225.
Springer, Cham (2016). https://doi.org/10.1007/978-3-319-39943-0_21

5. World Bank: Population ages 65 and above (% of total) (2017). https://data.worldbank.org/
indicator/SP.POP.65UP.TO.ZS?view=map

6. Active Ageing Index (AAI). https://www.euro.centre.org/downloads/detail/1542
7. Merriam-Webster: Digital Divide (2018). https://www.merriam-webster.com/dictionary/

digital%20divide
8. European Commission: European Innovation Partnership on Active and Healthy ageing

European Innovation Partnership on Active and Healthy Ageing (2018). https://ec.europa.eu/
eip/ageing/home_en

9. COST Action IS 1402 Ageism - A Multi-National, Interdisciplinary Perspective (2014–
2018) (2018). www.notoageism.com

10. COST Action CA 16226: Indoor Living Space Improvement: Smart Habitat for the Elderly
(Sheld-On) (2017–2021) (2017). www.sheld-on.eu

Reappraising the Intellectual Debate on Ageing 311

http://ec.europa.eu/economy_finance/publications/european_economy/2015/pdf/ee3_en.pdf
http://ec.europa.eu/economy_finance/publications/european_economy/2015/pdf/ee3_en.pdf
http://dx.doi.org/10.1007/978-3-319-39943-0_21
https://data.worldbank.org/indicator/SP.POP.65UP.TO.ZS?view=map
https://data.worldbank.org/indicator/SP.POP.65UP.TO.ZS?view=map
https://www.euro.centre.org/downloads/detail/1542
https://www.merriam-webster.com/dictionary/digital%20divide
https://www.merriam-webster.com/dictionary/digital%20divide
https://ec.europa.eu/eip/ageing/home_en
https://ec.europa.eu/eip/ageing/home_en
http://www.notoageism.com
http://www.sheld-on.eu


11. COST Action CA 16211: Reappraising Intellectual Debates on Civic Rights and Democracy
in Europe (2017–2021) (2017). www.uma.es/costactionrecast

12. Miteva, N., Raycheva, L.: Consuming the media and ICT environment: challenges to
vulnerability of older adults. In: sén, E.E., Olle, F. (eds.) Consuming the Environment 2017 –
Multidisciplinary Approaches to Urbanization and Vulnerability. Proceedings. University of
Gävle, Sweden, pp. 99–113 (2017) https://www.hig.se/download/18.1a5c0163b4c29a901e
4af/1529907576487/180622_HIG_Consuming_the_Environment_Proceedings.pdf

13. Ministry of Labor and Social Policy. Action Plan for the Period 2018–2021 for
Implementation of the National Long-Term Care Strategy of the Republic of Bulgaria
(2018). https://www.mlsp.government.bg/ckfinder/userfiles/files/politiki/socialni%20uslugi/
deinstitucionalizaciq%20na%20grijata%20za%20vuzrastni%20hora%20i%20hora%20s%
20uvrejdaniq/Plan_LTC.pdf

14. Ministry of Labor and Social Policy. National Strategy for Long-Term Care (2014). http://
www.strategy.bg/StrategicDocuments/View.aspx?lang=bg-BG&Id=882

15. Dnes Tsvetanova, K.: Special Law for the Elderly? Yes, but No (2018). https://www.dnes.
bg/politika/2018/05/02/specialen-zakon-za-vyzrastnite-hora-da-ama-ne.375274

16. Chassa: Experts: The Elderly Labor Force Is the Fuel of the Bulgarian Economy (2018).
https://www.24chasa.bg/novini/article/6744042

17. Technews.bg: A Virtual Adult Assistant Is Being Created (2017). https://technews.bg/
article-102766.html

18. Raycheva, L., Tomov, M., Amaral, I., Petrovćić, I., Vukelić, M., Čizmić, S.: Ageing women
in the media mirror maze. In: Angova, S., et al. (eds.) Media Environment, Public and
Strategic Communication, pp. 39–47. UNWE Publishing House, Sofia (2018)

312 L. Raycheva and N. Velinova

http://www.uma.es/costactionrecast
https://www.hig.se/download/18.1a5c0163b4c29a901e4af/1529907576487/180622_HIG_Consuming_the_Environment_Proceedings.pdf
https://www.hig.se/download/18.1a5c0163b4c29a901e4af/1529907576487/180622_HIG_Consuming_the_Environment_Proceedings.pdf
https://www.mlsp.government.bg/ckfinder/userfiles/files/politiki/socialni%20uslugi/deinstitucionalizaciq%20na%20grijata%20za%20vuzrastni%20hora%20i%20hora%20s%20uvrejdaniq/Plan_LTC.pdf
https://www.mlsp.government.bg/ckfinder/userfiles/files/politiki/socialni%20uslugi/deinstitucionalizaciq%20na%20grijata%20za%20vuzrastni%20hora%20i%20hora%20s%20uvrejdaniq/Plan_LTC.pdf
https://www.mlsp.government.bg/ckfinder/userfiles/files/politiki/socialni%20uslugi/deinstitucionalizaciq%20na%20grijata%20za%20vuzrastni%20hora%20i%20hora%20s%20uvrejdaniq/Plan_LTC.pdf
http://www.strategy.bg/StrategicDocuments/View.aspx%3flang%3dbg-BG%26Id%3d882
http://www.strategy.bg/StrategicDocuments/View.aspx%3flang%3dbg-BG%26Id%3d882
https://www.dnes.bg/politika/2018/05/02/specialen-zakon-za-vyzrastnite-hora-da-ama-ne.375274
https://www.dnes.bg/politika/2018/05/02/specialen-zakon-za-vyzrastnite-hora-da-ama-ne.375274
https://www.24chasa.bg/novini/article/6744042
https://technews.bg/article-102766.html
https://technews.bg/article-102766.html


Privacy Concerns and the Acceptance
of Technologies for Aging in Place

Eva-Maria Schomakers(B) and Martina Ziefle

Human-Computer Interaction Center, RWTH Aachen University,
Campus-Boulevard 57, 52074 Aachen, Germany
{schomakers,ziefle}@comm.rwth-aachen.de

Abstract. Technologies to support older adults in Aging in Place have
the potential to address the challenges that aging populations pose on
healthcare systems. Technology acceptance and the way individuals’ pri-
vacy concerns are met are decisive determinants for their success. To
understand the nature and impact of privacy concerns, two empirical
studies were conducted. In focus groups, privacy concerns and condi-
tions are identified. Participants worry especially about illicit informa-
tion abuse, but also about feelings of surveillance and loss of control.
In a subsequent questionnaire study, privacy concerns and their impact
on acceptance are quantified (n = 97). Privacy concerns are not as pro-
nounced as are benefits of technology use and show less impact on accep-
tance. Differences between a fall detection system and remote monitoring
of vital parameters are detected. Older adults are less positive towards
care-assistive technologies than younger adults. Findings contribute to
an understanding on how technologies should be designed to match the
desires of potential users.

Keywords: Technology acceptance · Privacy concerns · Aging ·
Technologies for Aging in Place · Ambient Assisted Living

1 Introduction

The proportion of senior citizens in Europe will increase from 19% (2015) to
approximately 28% in 2050 (Eurostat 2015). The baby boom generation born in
the 1960s will soon reach retirement age. Life expectancy is still increasing. 11%
of the European population will be older than 80 years in 2050.

These demographic developments have already become reality in many
regions of the world and are even more advanced in some countries, for exam-
ple in Germany (Eurostat 2015). The aging populations constitute an enormous
challenge for the welfare state, society, and healthcare systems. Other societal
trends amplify these problems: almost every third senior citizen lives alone, only
8% live under one roof with younger generations, and more women are working.
Correspondingly, informal care by family caregivers becomes more complex or
inapplicable. Still, most senior citizens prefer to live in their own home as long
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as possible, even when everyday chores become harder to cope with (Benefield
and Holtzclaw 2014). Aging in Place can contribute to a sense of independence,
autonomy, and social connectedness, providing both, psychological and emo-
tional benefits (Wiles et al. 2012). Aging in Place is not only favored by many
older adults but also by policy makers and health providers as healthcare costs
and resources can be reduced (Graybill et al. 2014). Technologies can support
and assist older adults in Aging in Place and support their formal and informal
caregivers. With improving independence, safety, social contacts, and quality of
care, Technologies for Aging in Place can contribute to a high quality of life in
older age and prolong the stay of older adults in dignity in their own four walls
(Siegel and Dorner 2017).

In the last decades, much research effort has been put into the development
of technologies for Aging in Place (Van Grootven and van Achterberg 2016). But
these technologies will only then be successful and exploit their full potential,
when they suit the needs of the potential users and the respective contexts,
in which technology is used. Technology acceptance is decisive, but is a great
challenge for technologies for Aging in Place which is torn between multiple
obstacles. First, the target group of older adults is heterogeneous regarding the
use of novel technologies (Czaja et al. 2006). Secondly, the home has an emotional
meaning for us and also for older adults who spent much time and activities in
their own four walls. Altering this place of life may cause resentments (Mortenson
et al. 2016). Finally, most technologies for Aging in Place are based on the
collection of sensitive and intimate information from the body or the home of
the users. Accordingly, privacy concerns are a crucial barrier for acceptance
(Yusif et al. 2016).

The focus in this study is put on privacy concerns as a key barrier to accep-
tance within the context of the home and older adults as potential users.

2 Related Work

2.1 Aging in Place and Technology Support

The concept Aging in Place can be described as the provision of appropriate
services and assistance for older adults to remain living in their current home or
community in relative independence (Vanleerberghe et al. 2017). Various terms
for similar technologies are used: for example, smart homes for the elderly, Ambi-
ent Intelligence, Ambient Assisted Living or assistive ICT. In Europe, the terms
Ambient Assisted Living, and Active and Assisted Living are popular based
on the Ambient Assisted Living (AAL) Joint Programme that was established
by the European Union to develop appropriate technology solutions (Ambient
Assisted Living Joint Programme 2012). In this publication, the wider term of
technologies for Aging in Place is used as umbrella term to include all technolo-
gies designed to support older adults in Aging in Place in the areas of safety and
security, therapy support and remote monitoring, home automation, support of
daily chores as well as telemedicine and social communication. These include
stand-alone devices, interconnected systems, robots, and applications for ICT
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devices. Popular examples for such technologies are, e.g., fall detection systems,
vital parameter monitoring, medication reminders, video-mediated communica-
tion, and automated door and window openers (Blackman et al. 2016).

The goal of Aging in Place is to prevent or delay moves to dependent facilities
and thereby meet the desire of most older adults to stay home. Aging in Place can
also counteract the financial challenges of the aging population, as the costs are
much lower than the costs of institutionalization (Graybill et al. 2014). Aging in
Place can thus contribute to a high quality of life, giving a sense of independence
and autonomy as well as emotional and social connection to the community and
spaces (Biermann et al. 2018; Wiles et al. 2012). For older adults, the home is
the major place not only for retreat and privacy but also for many activities and
social relationships. Home is an extension of the self and connects to self-identity
(Himmel and Ziefle 2016; Oswal and Wahl 2005).

2.2 Technology Acceptance

Still, the adoption of technologies for Aging in Place in the population is slower
than anticipated (Hallewell Haslwanter and Fitzpatrick 2016). One key aspect
for the diffusion of such technologies is the technology acceptance (Lee and
Coughlin 2014). The research stream of technology acceptance explains why
users use technologies and models the determinants of acceptance. The wide
range of factors and determinants on acceptance can be structured into three
levels: (1) the technology itself, (2) the users and their characteristics, and (3)
environmental and contextual aspects. Popular models of technology acceptance,
for example TAM (Technology Acceptance Model, Davis (1989)) and UTAUT
(Unified Theory of Acceptance and Use of Technology, Venkatesh et al. (2003)),
include attitudes and beliefs, social influence and demographic user factors to
predict acceptance. Acceptance is operationalized as the intention or willingness
to use a technology, which is modelled as the predictor of use behavior.

Regarding older adults and technologies for Aging in Place, these models are
not sufficient to explain the diversity of aspects that shape the intention to adopt
these technologies. Age, specifics of the context, as well as privacy concerns need
to be additionally considered.

Age: The group of older adults is everything but homogeneous. Physical and
cognitive changes in aging are highly individual and influence the capabilities to
interact with technologies as well as the willingness to use them, creating a large
diversity (Arning and Ziefle 2009). Additionally, the experiences with technolo-
gies during upbringing and working life influence familiarity and expectations
towards technologies (Sackmann and Winkler 2013). The technology generations
of today’s older adults learned strategies of use and interactions with technolo-
gies that do not fit modern technologies. Additionally, the perspective of women
needs to be considered in these age groups due to the still existing differences
with regard to (professional) experiences with technologies and the simultane-
ously higher proportion of older women. Contrary to many prejudices, many
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older adults are willing to try new technologies, but these need to match their
specific needs and capabilities (Czaja et al. 2006). Still, on average, technology
adoption by today’s older adults is limited, which is intensified with poor health
status, education, and older age (Heart and Kalderon 2013).

Context: Most technology acceptance models were developed for the orga-
nizational or consumer electronics context. They have been adapted to other
contexts, but the transferability has rarely been validated (Arning and Ziefle
2009). Technologies for Aging in Place act within the intersection of home and
health. The home is not just a physical space to live but a meaningful place that
is the major focus of older adults, especially when frailty increases (Mortenson
et al. 2016). The home means a refuge for privacy and intimacy, social connect-
edness as well as identity and emotion (Oswal and Wahl 2005). Technologies for
aging in place may intrude, altering perceptions of home and changing routines
(Mortenson et al. 2016). At the same time, many operate in a health context
which is very intimate. The perception of need for technological support is a
decisive determinant for the acceptance, especially by older adults (Czaja et al.
2013). Many older adults do not see themselves in need of this assistance. The
availability of alternatives, e.g., support by family members, and habits of com-
pensating or just accepting problems, diminish the perception of need for oneself
(Schomakers et al. 2018).

Privacy: Technologies for Aging in Place, especially monitoring technologies,
utilize many sensors and collect, analyze and transmit intimate data from the
home, behavior, and health of the user. Correspondingly, privacy concerns are
a major barrier to their acceptance and use (Yusif et al. 2016). Users trade off
perceived barriers, particularly privacy concerns, against benefits of the tech-
nology use for them to decide on the overall acceptance (van Heek et al. 2017).
This privacy calculus has been studied in various contexts including health and
assistive technologies (Ermakova et al. 2014; Halbach et al. 2018).

2.3 Privacy Concerns

The perceived essence of privacy is the sense of being in control. Privacy can
be categorized into the control over access to the physical self (physical pri-
vacy), social interaction and communication (social privacy), thoughts and feel-
ings (psychological privacy), as well as control over personal information (infor-
mational privacy) (Burgoon 1982). With the advent of digital technologies and
data collection in almost every area of life, informational privacy becomes an
integral part of the other dimension of privacy (Koops et al. 2017). Technolo-
gies for Aging in Place collect, store and transmit very intimate data about the
social, physical, and psychological self from areas of life which formerly used to
be ‘offline’. Correspondingly, people feel that they lose control over their privacy
and privacy concerns arise.
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Privacy concerns have been extensively studied in Information Systems (IS)
research (Smith et al. 2011). Privacy concerns in IS regard the collection, unau-
thorized secondary use and abuse, improper access, and errors in personal infor-
mation as well as specific concerns over e.g., profiling and de-anonymization,
targeted advertisement, identity theft, and credit card fraud (Schomakers et al.
2018; Smith et al. 1996). Solove (2006) categorizes privacy violations from a
legal perspective into violations of information collection, information process-
ing, information dissemination, and invasion.

In the context of technologies for Aging in Place which affect health, aging,
and home, additional concerns are prevalent: e.g., feelings of permanent surveil-
lance, invasions of personal space, obtrusiveness of the technology, and stigma-
tization (Boise et al. 2013; Kirchbuchner et al. 2015; van Heek et al. 2017). As
medical information, information about mental illnesses is perceived as partic-
ularly sensitive (Valdez and Ziefle 2018), privacy concerns are again intensified.
Moreover, older adults seem to be generally more concerned about privacy (e.g.,
Van den Broeck et al. 2015).

Privacy concerns and the acceptance of technologies for Aging in Place are
also influenced by technology characteristics, e.g., the what, where, how, and
to whom of data collection and transmission as well as the obtrusiveness of the
design (Hensel et al. 2006; Rashid et al. 2007). Here, further research is needed
to identify and understand specific privacy concerns and how the characteristics
of the technology and application context shape these concerns. With the wide
range of available technologies, the additional question arises whether privacy
concerns and their impact on technology acceptance vary between technologies
for Aging in Place.

3 Questions Addressed and Empirical Approach

The aim of the study is to examine, firstly, the specific nature of privacy concerns
by potential users of technologies for Aging in Place and, secondly, the impact of
these privacy concerns on the acceptance in comparison between two technology
examples. A two-step empirical approach was chosen which is depicted in Fig. 1.
In study one, focus group interviews were conducted to collect the opinions
of potential users towards technologies for Aging in Place with focus on their
privacy perceptions and concerns. The outcomes from the focus group study were
taken as empirical base for the development of the subsequent quantitative data
collection in study 2. In a subsequent survey, the influence of privacy concerns on
technology acceptance is quantified with a larger sample and differences between
the two technology examples within the domain of technologies for Aging in Place
are examined.

For both studies, a sample was targeted consisting, on the one hand, of a
group of adults older than 50 years, with varying background regarding their
demographic characteristics, health status, and experience with technologies.
These adults belong to the technology generations of technology spread and
household revolution (Sackmann and Winkler 2013). On the other hand, adults
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Fig. 1. .

aged 50 years or younger were surveyed to compare opinions and examine age-
related effects regarding attitudes towards Aging in Place. These younger adults
are from the computer or internet generation and have been experiencing ICT
since their upbringing. All participants were asked to empathize with a scenario
of being older and need for support (cf. Fig. 1).

In the following sections, first the methodology and results of the focus group
study are reported, before the subsequent questionnaire study is focused.

4 Focus Group Study

In focus group interviews, the interaction between the participants sparks the
discussion as they can share, oppose, and argue ideas. Especially when partic-
ipants are new to the topic and may need some elaboration time to make up
their minds, a discussion approach can trigger thoughts that may not come up in
in-depth interviews. Thus, a focus group approach was most suited for the first
research question regarding the nature of privacy concerns of potential users of
technologies for Aging in Place.

4.1 Method

Three focus group sessions were conducted based on a semi-structured guide-
line. The participants discussed their opinions of technologies for Aging in Place
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based on technology examples explained by the moderator. Focus lay on the
identification of potential privacy perceptions and concerns. The interviews and
focus groups were audio-taped and transcribed verbatim. The study was carried
out in German. For the publication, selected quotes were translated to English.

The Procedure: After an introduction to the topic and the focus group, the
participants were first asked to brainstorm which technologies they already use
in their home to help them at everyday chores and medical tasks. Next, under-
standings of privacy and examples for privacy within the home environment
should be given. With a short explanation of technologies for Aging in Place
and the introduction of the first example, the main part of the interview started.
The participants were asked to state their general opinion to the technologies and
whether they would be willing to use it. They should further elaborate on privacy
perceptions as well as conditions that they would pose. After the focus groups,
the participants were asked to complete a post-questionnaire, which assessed
demographic data, health status, experiences with general ICT and technologies
for Aging in Place.

The Technology Examples: The technology examples were chosen to include
a wide range of technologies and were introduced with pictures for a better
understanding and memorizing. A fall detection system using wearable sensors
and one using infrared sensors, remote monitoring (weight, blood pressure, heart
rate), telemedical consultations, and carebots were included.

The Sample: Three focus groups interviews were conducted with the aim to
cover on one hand, the opinions of adults older than 50 years of both genders with
diverse background (e.g., different education levels, health status, and experience
with ICT) as well as a group of younger adults. Four women between 53 and
73 years of age participated in the first focus group. The second one included
five men aged between 56 and 72 years, and the third one included six students
aged between 22 and 30 years (50% women). Overall, the level of education was
rather high, with 46.7% holding a university degree, 40% a university entrance
diploma, and 13.3% having completed an apprenticeship.

All participants were experienced with general ICT, as they all used a smart-
phone, tablet, or computer regularly. Regarding their experience with medical
equipment, ten participants possessed a blood pressure device, two a blood sugar
monitor, and one a hearing aid. No participant had used specific technologies
for Aging in Place yet, but five had already heart about such.

Regarding their health status, eight participants were chronically ill, and nine
needed to go to a physician regularly. One participant needed to use medical
devices regularly and none was in need for care.
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4.2 Results

A content analysis was conducted to derive categories from the data with a focus
on privacy concerns. These concerns are summarized in the next section.

Fig. 2. Privacy concerns of participants regarding technologies for Aging in Place.

Privacy Concerns. The participants expressed various privacy concerns
regarding the use of AAL technologies. In Fig. 2, these concerns are categorized
into the privacy taxonomy by Solove (2006) which differentiates between privacy
violations regarding information collection, information processing, information
dissemination, and invasions. Additionally, other concerns were voiced by the
participants that could not be allocated to these categories.

The participants expressed that information collection itself, e.g., by cam-
eras, microphones, creates feelings of surveillance. Even if a camera would uses
additional privacy filters (e.g., Cardinaux et al. 2011), would not send picture
material to anyone, or would be switched on only in emergency cases, the mere
presence of a camera is felt as a privacy violation.

“With cameras, I have to think about George Orwell all the time: ‘Big
brother is watching you’. It’s a disconcerting thought for me.”
“I still have a problem with the camera staying in my apartment.”

In the information processing stage, unauthorized secondary use of the
information is cause for concern. The participants were concerned about move-
ment profiles that could be made based on the data as well as about people who
access data, especially videos, for their own entertainment.
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“We still have the unknown third person sitting in the same boat. Maybe
there are people who get turned on when someone has fallen.”

The participants also worried about unwanted information dissemination
to employers, health insurance companies, as well as undefined others. Moreover,
the publishing of information, especially pictures, was discussed.

“Every time that someone gets it [personal data] who I don’t want to get
it, it’s a violation of my privacy.”
“Where else does the data go to?’ is the important question.”
“It is a risk that your health insurance listens, or a pharmaceutical com-
pany.”
“You fall, break your hip, and two days lay you see yourself in the news-
paper.”

Various concerns regarded invasions of the users life (cf. Fig. 2). The par-
ticipants especially feared illicit information abuse in forms of hackers, burglars
using information to discover at what time the apartment is vacant, or even that
the technology itself intends to harm the user.

“But the thought that a hacker might interfere and then somehow manip-
ulates you and harms you.”
“We live in a world where there is a lot of mischief. Maybe someone is able
to hack the connection. He just takes a look at the camera to see what’s
going on in the apartment and if it’s worth it to break in.”
“A terminator that kills you in your sleep or something.” “Or it puts your
cocktail of tablets together the wrong way.”

Moreover, the participants discussed two other concerns that did not fit the
privacy taxonomy by Solove (2006). They are anxious about personal data being
online or ‘in the cloud’ in general with out naming specific risks or consequences.
Also, automatic decisions, like automatic emergency calls, are felt as privacy
violation by some participants.

“I think that once you do not have a face-to-face conversation anymore
and its mediated by technology than your privacy is at risk.”
“As soon as the decision is taken away from me whether I press a button
for an emergency or not. I think than it is a violation of my privacy.”

An interesting finding is that in some cases the participants evaluate their
privacy to be better respected when tasks are handled by technology than when
it is done by humans.

“It’s a machine, it doesn’t judge you. [...] A human would see all the embar-
rassing things in your apartment and under your bed. Technology doesn’t
judge you.”
“I can decide at what time it is switched on. With a nurse [out-patient
treatment], usually a time is allocated to you whether you like it or not.”
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Imposing of Conditions and the Privacy Calculus. Two additional impor-
tant themes regarding users’ privacy emerged: the participants discussed condi-
tions under which technologies for Aging in Place are acceptable which result
from the privacy concerns they perceive. Additionally, they emphasized that pri-
vacy concerns need to be weighed against the utility of the technology to make
a decision about acceptance as suggested by the theory of the Privacy Calculus.

As conditions for the acceptance of technologies for Aging in Place,
especially the controlability by the user was empathized. Users shall be able
to switch off the technology or single functions at any time, determine what
sensors are used, what data is collected, where sensors are installed, and who
has access to the data. Also, the granularity with which data is transmitted,
e.g, the frequency of data transmission and resolution of the data, and whether
the technology may make automatic transmission of data and place automatic
emergency calls are important conditions that users want to control individually.

“I think it depends on who is in control and how much control you yourself
have over the technology. [...] Can I restrict what it can do? If for example
I don’t want it to capture my mood, can I tell it not to do that?”
“I think a camera system would be okay, for example if someone from my
family saw the picture. If my daughter saw this transmission, it would be
okay.”
“If he [her grandfather] sends data himself maybe, he is retired and has
the time. But if it is sent automatically all the time, I think that would be
too much loss of privacy.”
“If it only switches on when I have fallen.”
“If it would be calculated at home in my system, and then only the infor-
mation gets out of my network that someone has fallen. Then for me that’s
okay.”

Several participants indicated that they perform trade-off decisions
between privacy and utility. The perceived risks for the user’s privacy is
weighed against the possible utility and benefit. This ‘Privacy Calculus’ is not
only performed to form a general opinion on acceptance of the technology, but
also to decide the detailed privacy settings, e.g., where sensors may be installed
or who has access to data.

“I think that this weighing is important. Are there more benefits, or more
risks? What happens with my personal data? Will there be mischief? Who
uses it, the health insurance mafia? What is more relevant? I think that
most people see more dangers than benefits. Because you just do not fall
that often.”
“Most people have no interest in my data anyway and if it’s analyzed
anonymously or in some other way, then you have more benefits than the
abstract dangers.”
“It makes a differences whether only the neighbor comes by and has a look
if everything is in order, or whether the ambulance comes directly. But on
the other hand, you would lose important seconds, for example, for a heart
attack.”
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“Especially in those rooms where it would make sense I wouldn’t want to
have it: bathroom, bedrooms.”

5 Questionnaire Study

In the focus group interviews, focus was laid on privacy concerns and perceptions.
This resulted in an emphasis of privacy concerns as influence on the acceptance
of technologies for Aging in Place. In the subsequent quantitative study, this
influence of privacy concerns on the acceptance shall be validated and quantified
with a larger sample, thereby comparing two technology examples. Therefore,
the acceptance and attitudes towards the two exemplary technologies – a fall
detection system and remote monitoring of vital parameters – were assessed.

5.1 Hypotheses

Based on the qualitative results and previous empirical research, the following
hypotheses are formulated for both exemplary AAL technologies:

H1. With older age the use intention decreases.
H2. Perception of benefits increase use intention.
H3. Privacy concerns decrease use intention.
H4. Perception of other barriers decrease use intention
H5. Privacy concerns moderate the relationship between perception of benefits

and use intention.

Hypothesis H5 is based on the findings of trade-offs between utility and pri-
vacy. This trade-off as it is described by the participant would lead to a stronger
relationship between perception of benefits and use intention when privacy con-
cerns are low. In the case that privacy concerns are high enough to outweigh the
benefits, the relationship between benefits and use intention would be weaker.

5.2 The Questionnaire

The items of the questionnaire were developed based on the literature study and
supplemented with findings from the focus group interviews. The evaluation of
two exemplary AAL technologies was assessed in a repeated measures design, a
fall detection system (FD) and vital parameter monitoring (VPM). Both tech-
nologies were motivated within a scenario, which included the occurrence of
falls and the need for daily measurement and diary keeping of vital parameters,
respectively.

The questionnaire was structured as follows: First, demographic data (age,
gender, education level), health status, experiences with ICT (e.g., smartphone,
computers, tablets) and technical self-efficacy (Beier 1999) was assessed. Then,
the two technologies were introduced and subsequently evaluated. The order of
the technology evaluation was randomized to prevent sequence effects.
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The participants evaluated benefits, barriers (including privacy concerns),
and use intention for the presented technology. The items were measured on
6-point Likert scales from 0 (‘I do not agree at all’ ) to 5 (‘I fully agree’ ). Cron-
bach’s Alpha was calculated to confirm the reliability of the scales. In Table 1,
exemplary items and the reliability are depicted.

Completing the questionnaire took approximately 20 min. The participants
were incentivized with a small donation to a charity organization made for each
completed questionnaire. After finishing the questionnaire, the participants could
chose to which charity organization the donation should be made.

Table 1. Variables with item examples and Cronbach’s α for the fall detection system
(FD) and the vital parameter monitoring (VPM), n= 97.

FD: α VPM: α

Technical Self-Efficacy, 4 items (Beier, 1999) .827
I can solve most technical problems on my own.
Perception of Benefits, 12 items .961 .965
I would use the technology, because I would feel safer
... because I would be able to live independently at home.
Privacy Concerns, 7 items .923 .913
I would not use the technology, because I would feel monitored.
... because I worry about abuse of my personal data.
Perception of Other Barriers, 9 items .874 .877
I would not use the technology, because I worry about its reliability.
...because I am concerned that the interaction with the system is difficult.
Use Intention, 4 items .892 .863
I would like to use the technology.

5.3 The Sample

The questionnaire was distributed online as well as in paper-and-pencil form.
The participants were recruited from the social network of the author as well
as online discussion forums. The sample covered a majority of adults older than
50 years as well as younger participants with diverse demographic characteristics,
health status, and experiences with technology. 97 participants completed the
questionnaire aged between 19 and 85 years (M = 43.58, SD = 20.58) including
56.8% older than 50 years and 59% women. The education level of the sample
was, on average, quite high, with 55.7% holding a university degree, 7.2% having
completed an apprenticeship, and 25.8% holding a university entrance diploma.

Usage of ICT: All participants used either a smartphone, tablet, or computer
at least weekly and were, thus, experienced with ICT. The sample reported on
average to have a moderately high technical self-efficacy (M = 3.14, SD = 0.58,
measured from min = 0 to max = 5).
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Health Status: 32% of the participants reported to be chronically ill, 32%
needed to visit a physician regularly, and 27% needed to use medical technology
aids regularly. No participant was in need for professional care.

5.4 Results

Two equivalent regression analyses were calculated to determine the impact of
privacy concerns and other influencing factors on the acceptance of the two
exemplary technologies for Aging in Place. As assumptions of linearity were
partly violated, bootstrapping was used for robust regression. All variables were
zero-centered before the regression analysis. Additionally, analyses of variance
(ANOVAS) were used to examine differences between the two technology exam-
ples. For all analyses, the level of significant was set to 5%.

Vital Parameter Monitoring: The regression model of the prediction of
intention to use vital parameter monitoring is summarized in Table 2. The model
can explain 77.3% of variance in use intention (R2

adj = .773). Perception of Bene-
fits shows a large impact on use intention (β = .865, p < .001). Correspondingly,
whether one sees utility in the technology predicts the willingness to use it.
Additionally, with increasing age the intention to use vital parameter decreases
significantly (β = −.12, p = .029), thus older adults - the target group of Aging
in Place Technologies - are less willing to use vital parameter monitoring in
comparison to younger adults. Other variables cannot significantly predict use
intention nor is there a moderation effect of privacy concerns on the relationship
between perception of benefits and use intention.

Table 2. Linear regression model. Predictors of intention to use vital parameter mon-
itoring, with 95% bias corrected and accelerated confidence intervals of the regression
coefficient reported in parentheses (based on 1000 bootstrap samples).

b SE B β p

Constant 0.224 (−0.928, 0.95) 0.506 .659

Age −0.007 (−0.012, −0.001) 0.003 −.117 .029

Perception of benefits 0.925 (0.472, 1.151) 0.159 .865 <.001

Privacy concerns 0.058 (−0.332, 0.274) 0.157 .056 .714

Perception of other barriers −0.157 (−0.384, 0.023) 0.093 −.107 .094

Privacy concerns x −0.017 (−0.098, 0.102) 0.037 −.066 .651

Perception of benefits

R2
adj = .773
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Table 3. Linear regression model. Predictors of intention to use a fall detection system,
with 95% bias corrected and accelerated confidence intervals of the regression coefficient
reported in parentheses (based on 1000 bootstrap samples).

b SE B β p

Constant 0.004 (−0.193, 0.25) 0.076 .956

Age −0.01 (−0.018, −0.003) 0.004 −.172 .008

Perception of benefits 0.671 (0.445, 0.793) 0.07 .634 <.001

Privacy concerns −0.191 (−0.392, −0.043) 0.078 −.193 .017

Perception of other barriers −0.224 (−0.441, −0.058) 0.112 −.156 .048

Privacy concerns x 0.012 (−0.11, 0.181) 0.038 .019 .76

Perception of benefits

R2
adj = .665

Fall Detection. The predictors of the intention to use a fall detection system
is depicted in Table 3. Again, the perception of benefits shows a strong influence
on use intention (β = 0.634, p < .001). Privacy concerns show a significant
negative impact (β = −.193, p = .017) as does the perception of other barriers
(β = −.156, p < .048). As in the case of vital parameter monitoring, age has a
weak impact on use intention of fall detection (β = −0.172, p < .008). There is
no significant interaction effect of privacy concerns and perception of benefits.
The included variables can explain 66.5% of variance in the intention to use a
fall detection system (R2 = .665).

Differences Between Remote Monitoring and Fall Detection. Now, the
results of the regression analyses are compared. Privacy concerns and the per-
ception of other barriers only show a significant impact on the acceptance in
the case of fall detection, but not in the case of vital parameter monitoring.
This goes in line with the differences in agreement to privacy concerns, use
intention, perception of benefits, and perception of other barriers (depicted in
Fig. 3). Privacy concerns regarding fall detection seem to be more pronounced
than regarding vital parameter monitoring, especially in the younger group of
adults. But these differences between technologies and the interaction of tech-
nology and age are not statistically significant (F (1, 96) = 3.26, p = .073 and
F (1, 96) = 1.36, p = .247). Also, no difference between the age groups can be
detected (F (1, 96) = 0.43, p = .514).

But, privacy concerns are not rejected in contrast to the perception of other
barriers for both technologies. Benefits, on the other hand, are agreed to for
both technologies as is the intention to use the technology. For three variables,
differences between the age groups seem present, with older adults perceiving
more barriers and agreeing less to benefits and use intention than do younger
adults. These effects are not statistically significant, with one exception: younger
adults show a significantly higher use intention for both technologies than older
adults (F (1, 96) = 6.92, p = .010).
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Fig. 3. Differences of the agreement to use intention, perception of benefits, percep-
tion of other barriers, and privacy concerns between the fall detection (FD) and vital
parameter monitoring (VPM) dependent on age group with 95% confidence intervals
(n= 97).

6 Discussion and Conclusion

To unfold their full potential, technologies for Aging in Place need to be accepted
by the potential users. But privacy concerns represent a decisive barriers to tech-
nology acceptance (Yusif et al. 2016). In order to contribute to the understanding
of reasons for privacy concerns, we conducted two studies. In a focus group study,
these privacy concerns were identified and conditions for acceptance summarized.
Using a questionnaire approach, the influence of privacy concerns on the accep-
tance was quantified and compared between two typical technologies for Aging
in Place - a fall detection system and a vital parameter remote monitoring.

Privacy concerns regard illicit privacy invasions (particularly hackers) and
the dissemination of information to unwanted others (e.g., the health insurance
company). The major source for concerns is that data is online as devices are
connected to the internet. Another stream of privacy concerns especially regard
feelings and the feeling of loss of control. A camera that does not send any
video information to others or automatic emergency calls are also perceived as
privacy intrusions, because of a feeling of surveillance and loss of control. Here
we see, that privacy concerns in technologies for Aging in Place do not only
concern information privacy and data security, but all dimensions of privacy are
touched as intimate and private aspects of life are digitized and the physical,
psychological, and social self is made more available to others than desired.
Therefore, encountering privacy concerns in the context of technologies for Aging
in Place only with data security does not fully cover the worries.

Control is the key condition for privacy preservation. Users want to decide
what, how, at what time, where, and to whom data is collected and transmitted.
Acceptance is formed based on a trade-off decision between privacy concerns and
utility - the privacy calculus. Correspondingly, users only accept those technology
and functions whose perceived usefulness surpasses the perceived privacy risks.
For the development of technologies for Aging in Place, it is thus very important
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to provide a clear benefit for the individual and to give users choice and control
over the specific system characteristics: which sensors are installed where, at
what time is data collected, what data is collected, in what granularity is the
data transmitted and to whom? Modular systems – in which users can start with
just a few functions that they perceive as useful but can switch on additional
functions when the health status declines – are a good solution to consider the
privacy utility trade-off as well as changing needs. At the same time, we see that
perceptions of privacy risk and benefits vary strongly between individuals. Such
modular system would prove a good starting point to account for user diversity
as well.

The regression analysis of the questionnaire data shows that the perception
of benefits is the best predictor of use intention for both technologies. Privacy
concerns, on the other hand, influence use intention only significantly regarding
fall detection. Here, privacy concerns are also slightly more pronounced. These
results indicate that differences between technologies for Aging in Place need to
be considered. Privacy concerns are not similarly high for all technologies and
utilized sensor types.

As the focus group discussions focused on privacy, strong privacy concerns
were expressed. In the questionnaire, privacy concerns are seen rather ambiva-
lent, not agreed to and not rejected on average. With the triangulation approach
using both methods, the advantages and strengths of both methods could be
combined, showing which privacy concerns are prevalent plus their influence on
use intention and quantification.

Moreover, age and generation effects could be examined in the quantita-
tive approach. Significantly, it is exactly the group which is the main target,
the older adults, which shows the most cautious and self-determined attitude
towards being monitored. It is therefore of utmost importance to find solutions
which do meet both, the wish to stay independently at home on the one hand and
the fragile attitudes towards privacy concerns on the other hand. One hypothesis
is that the familiarity and identification of ICT is lower in the group of older
adults. Today’s older adults have not grown up with ICT in their early years
resulting in different experiences, expectations, and attitudes towards technol-
ogy. Age constitutes a carrier variable that is confounded with other variables,
e.g., technology generation, experiences, health status. If this hypothesis is true
then future older adults will be more positive towards home care data collec-
tion. On the other hand it is equally possible that older adults – independently
of their generation – might be more sensitive towards any “being cared” het-
eronomy, even by impersonal technology. Here, longitudinal studies, repeating
measurement years later, should be conducted to shed light onto the effects that
technology generations have independent from age. The results are needed to
plan ahead for the generations of older adults yet to come.

This study could contribute to an understanding of the nature of privacy
concerns regarding technologies for Aging in Place and its impact on acceptance.
But some methodological limitations need to be considered.
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First of all, both methods comprised of scenario approaches and reported
attitudes. Most participants needed to empathize with a situation that they
have not yet experienced. Also, opinions were based on brief explanations of the
technologies, not on detailed information or hands-on experiences. The quantita-
tive results are based on a rather small sample of more than averagely educated
participants. Future studies should include more participants, particularly more
participants with experiences with technologies for Aging in Place and more par-
ticipants who are not as experienced with general ICT. Also, privacy perceptions
are highly culturally influenced (Krasnova and Veltri 2010). With contrasting
privacy perception of different cultures, a better understanding of privacy may
be reached.
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Abstract. Online health information seeking is becoming increasingly impor-
tant for self-health management. As a special group, the elderly are at a dis-
advantage in online health information search. Recent studies have found a large
number of proxy searchers who help old people search for health information
online. The purpose of this paper is to explore the factors that influence the old
people to adopt proxy internet health information seeking (PIHIS). We chose 20
old people in rural China as the research object, and used grounded theory to
analyze the interview data, so as to understand old people’s attitudes and con-
cerns towards PIHIS. The results of this study provide both theoretical contri-
butions and practical implications on how the Internet benefits the old people.

Keywords: Proxy Internet use � Health information seeking � The elderly �
Grounded theory

1 Introduction

The elderly group is growing both in proportion and in size of the total population in
China from the year 2000. Especially, the speed of the ageing population has exceeded
the world average level [1]. By the end of 2017, the number of people aged over 65
years in China had reached more than 158 million, which accounts for 11.4% of the
total population [2]. The accelerated growth of the elderly population leads to the
increasing demand for health care and community services, which has become a major
challenge for China. At the same time, the aging of the population contributes to the
emergence of the “silver-hair market” and provides a huge potential market for the
development of gerontechnology [3].

In addition, there is another growing tendency towards widespread dissemination of
health information on the Internet from the year 2000 [4]. The Internet plays an
increasingly important role as the source of health information for people, including the
elderly group. Compared with off-line community hospitals, it is more convenient for

© Springer Nature Switzerland AG 2019
J. Zhou and G. Salvendy (Eds.): HCII 2019, LNCS 11592, pp. 332–343, 2019.
https://doi.org/10.1007/978-3-030-22012-9_24

http://orcid.org/0000-0002-9862-908X
http://orcid.org/0000-0002-4544-2027
http://orcid.org/0000-0003-3213-1470
http://orcid.org/0000-0001-9281-3030
http://orcid.org/0000-0002-4879-399X
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-22012-9_24&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-22012-9_24&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-22012-9_24&amp;domain=pdf
https://doi.org/10.1007/978-3-030-22012-9_24


the elderly to obtain health information on the Internet. Health information is partic-
ularly useful to help the elderly maintain physical and psychological health, and
strengthen self-education on personal care and disease prevention [5, 6]. Prior studies
show that seeking health information is one of the main reasons that older people use
the Internet in America [7, 8].

Despite rapid development of Internet technology, digital inequalities always exist,
especially for the elderly in rural areas. According to the report (2018) issued by China
Internet Network Information Center (CNNIC) [9], the Internet penetration rate in rural
areas of China is only 36.5%, and rural population is the main component of non-
netizens. Although the benefits of using the Internet to obtain health information are
obvious, there are some obstacles for the older people, such as lack of access to the
Internet, lack of knowledge and skills, and concerns with the security and privacy [10].

Proxy Internet use is considered as one of the effective ways to bridge digital
inequalities [11]. Proxy Internet use refers to the indirect access to Internet resources
and services through others [12]. Selwyn et al. [13] pointed out that the most frequent
proxy Internet use focused on seeking online health-related information while family
members, especially children or grand-children, and friends acted as the proxies in
most cases. Recent studies have found that 61% of online health information searchers
seek for health information on behalf of others [14]. However, little research refers to
the factors that affect proxy Internet use. This paper aims at filling this research gap by
carrying out an in-depth interview with 20 older people in rural China. The results
provide a basis for the research on intervention of proxy health information seeking,
and further contribute to the reduction of health information acquisition inequalities
among the elderly in rural areas.

2 Related Work

2.1 Old People’s Internet Use for Health Information

Internet has become a new source of health information for the elderly. Older people
are more likely to suffer from chronic diseases than the younger generation, which
leads to a great level of health information need [15]. Previous studies have found that
Internet users with chronic diseases are more likely to get health information online and
share it with others regardless of age and education [16]. Health information helps older
people reduce health risks, enrich health literacy and establish a more positive rela-
tionship with doctors. Seeking and utilizing health information will be beneficial to
their physical and mental health [17]. Since there are a limited number of doctors in
China and the inquiry time is short, the Internet is very important for patients to obtain
health information, especially for the elderly [18].
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Although Internet use may bring great benefits to the elderly, there are still many
problems for them to use the Internet. For examples, their lack of experience in Internet
use has a negative impact on online health information seeking, which is associated
with greater anxiety and lower confidence [19]. Wong et al. [17] found that perceived
ease of use and attitudes had significant predictive effects on online health information
seeking behavior of the elderly. There are also some physical and psychological factors
that affect the Internet use of the elderly, such as lack of access to the Internet, lack of
use skills, memory and information processing capabilities, and concerns about the
security and privacy [10]. It is necessary to help the elderly improve the Internet use
and identify reliable online health information source, so as to improve their ability and
satisfaction in searching and using online health information.

2.2 Proxy Internet Use

Proxy Internet use could bring the benefits of the Internet to more people. Recent
studies on the digital divide have questioned the dichotomy between Internet users and
non-users. Some studies have found that the forms of indirect Internet use are less
explored in the traditional Internet use research [20, 21]. In particular, among the
elderly population, a considerable number of proxy Internet users have been identified.
They do not surf the web themselves, but do things online by others. They mainly rely
on their children and/or grandchildren, who act as enthusiastic experts [22]. This form
of proxy Internet use provides cognitive, mental and socio-material support for the
elderly who do not use the Internet by themselves, and helps them with the practice of
accessing online information resources [13].

The conceptual model of proxy health information seeking includes three main
components: health information demander, proxy searcher and online health infor-
mation resources (shown in Fig. 1). Dolničar et al. [11] studied the proxy Internet use
from the perspective of social support network. Some studies focused on the proxy
searchers. Proxy searchers, also called “surrogate seekers” [21] or “lay information
mediary searchers” [23], are considered as non-medical professionals who search
health information for others [14]. Surrogate seekers are more likely to be married
middle-aged people with good physical condition [24]. Moreover, they are more likely
to live with others, visiting social networking sites to read and share information on
medical topics frequently, and participate in online health group activities [21].

In summary, the review suggests that, although there are many studies on online
health search and proxy Internet use for the elderly, little is known about the
influencing factors of using proxy health information seeking among the elderly. This
study intends to fill this research gap.
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Health Infor-
mation Demander

Proxy Searcher

Online Health
Information Resources 

Communication: physical condition

Transmit: health information

Search/Browse
Obtain/Process 

Obtain/Process 

Search/Browse

Definite Relations Possible Relations

Fig. 1. The conceptual model of proxy health information seeking.

3 Research Design

3.1 Methods

This paper explores and analyses the factors that affect the old people’s proxy health
information seeking behavior. Since this problem is unfolded in the absence of a solid
theoretical basis, this paper adopts grounded theory as the research method. Grounded
theory rises original data to systematic theory through systematic analysis [25].
Specifically, there are two reasons for choosing this method. (a) Firstly, the research on
the proxy Internet use is still in the preliminary exploratory stage. There are many
problems that need further analysis. It is suitable to use qualitative research methods for
exploratory research; (b) Secondly, this study aims to analyze the elderly’s proxy health
information seeking. However, there are few relevant references. This paper uses three
stages of data analysis in grounded theory to analyze data, including open coding, axial
coding and selective coding [26].

3.2 Participants

This study chooses 20 old people in rural areas of Xuzhou City, Jiangsu Province as the
research objects, as shown in Table 1. They are 60–79 years old and have experience in
proxy health information seeking. Under the guidance of the interview outline, we
interviewed each of the participants for 30–50 min. The interview outline focuses on
the following issues: (a) In what circumstances have you experienced proxy health
information seeking, and what are your attitudes and views towards this model? (b) Do
you think this model is suitable for the old people in rural areas? And why? (c) Could
you briefly describe your feelings about the proxy health information seeking and the
main problems encountered in the process? (d) Under what circumstances would you
voluntarily ask someone to search for health information on the Internet on behalf of
you? And why?
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4 Data Analysis

4.1 Open Coding

Open coding is used to decompose and refine data on the basis of collation and
induction [27]. In open coding process, the concepts that describe various phenomena
are abstracted from the initial data and then these concepts are further generalized to
various categories. In this study, a total of 32583 words (including punctuation) were
recorded in 20 interviews. Since there are three researcher conducting open coding
processes, the number of initial concepts generated is large and some of the concepts
are repetitive. Therefore, in the process of categorization, we review the initial concepts
again and combines the repetitive concepts. Finally, 18 initial concepts are identified,
as shown in Table 2.

Table 1. Characteristics of the participants.

Variables Number Proportion

Gender
Female 9 45%
Male 11 55%
Children
1–2 4 20%
3–4 11 55%
5–6 5 25%
Live with children
Yes 7 35%
No 13 65%
Education
Unlettered 6 30%
Primary school 9 45%
Junior middle school 3 15%
High school and above 2 10%
Chronic
Yes 14 70%
No 6 30%
Smartphone
Yes 5 25%
No 15 75%
Computer experience
No 16 80%
Less than 1 year 3 15%
1-2 years 1 5%
Note: n = 20
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Table 2. The results of open coding.

Concepts Connotation Original data

Health status Physical condition of the
elderly

“When I’m not feeling well for a long
time and I don’t know what’s going on,
I’ll talk to my family and ask them to
help me see what’s going on”

Need care Old people need care and help
from their families

“My daughter often searches some
information on the Internet and tells me
how to pay attention to my body and
what food I can’t eat. I’m glad to see that
my children care so much about me”

Own
experience

Ways for the old people to
keep themselves healthy

“Apart from going to the hospital.
Usually there are some commonly used
medicines at home. If I am not feeling
well, I will take some medicines based
on experience. Then go out for more
walks and exercise”

Security
concerns

Old people consider Internet
information may be unsafe

“The health information on the Internet
is too messy. There are various opinions.
A lot of information is false and
deceptive”

Privacy
concerns

Older people are unwilling to
give publicity to their health
conditions

“I know my own health. I don’t want to
talk to others”

Independent
life

Old people are able to take
care of themselves

“I think I’m in good health. I am fully
capable of taking care of myself”

Medical
difficulties

It’s troublesome for the old
people to go to the hospital

“It’s really troublesome to go to the
hospital. I need to queue up many times.
I don’t usually go to the hospital if it’s
not necessary”

Peer influence Peer influence affects the
attitudes of old people

“My friends often get health knowledge
from the Internet. They consult some
questions online with the help of their
children. I think that’s a good thing”

Knowledge
level

Lack of knowledge among the
old people

“I am lack of the knowledge and skills to
use computers and smartphones. If I
need to search health information online,
I can only ask my children to help me”

Thirst for
health

Old people want to keep
healthy condition

“I’m old now. I think health is more
important than anything. When I’m not
feeling well, I want to know the reason
and treatment plan as soon as possible”

Trouble others Proxy health information
seeking will get others into
trouble

“Children are usually busy. I don’t want
to bother them. And I don’t want them
to worry about me”

(continued)

Factors Influencing Proxy Internet Health Information 337



4.2 Axial Coding

Axial coding aims to discover and establish relationships among concepts and cate-
gories. Researchers constantly compared the relationship among concepts through
micro-analysis, and gradually merged concepts to form an axis [27]. In this study, since
the participants are old people in rural areas, their statements are not professional.
Therefore, in the process of axial coding, researchers focused on the re-analysis and
summary of the original concepts.

According to the initial concepts of open coding, we further summarized and
classified them. Nine categories have been formed, including personal features, social
situation, external motivation, affection needs, perceived benefits, distrust of the
Internet, self-confidence, self-care, and family environment. In addition, these nine
categories were further analyzed and summarized, and finally three fundamental cat-
egories were concluded. The correspondence of fundamental categories, categories and
initial concepts are shown in Table 3.

Table 2. (continued)

Concepts Connotation Original data

Connection
with children

Degree of communications
among the elderly and their
children

“The children don’t live with me and
have few contacts. I don’t often talk to
them about my own health”

Attitudes
towards
layman

The trust of old people on non-
medical professionals

“I believe in the expertise of doctors.
Others don’t know medical knowledge”

Economic
factors

Searching for health
information on the Internet
save money

“Visiting a doctor in a hospital requires
registration and various examinations. It
costs a lot of money. If you can find
useful information on the Internet, I can
save some money”

Relevance Is the health information on
the Internet relevant to my
own situation

“There are many health information on
the Internet. I’m not sure if this
information is suitable for my situation”

Advertisement Television advertising could
influence the willingness of the
old people

“I often see app advertisements on TV
about online medical treatment, such as
“Hao dai fu”. I think it’s convenient. I’d
like to try it”

Accessibility
of Internet

Old people have no access to
the Internet

“I don’t have a computer or a
smartphone. My son has a smartphone”

Trust family
members

Old people trust their families “I will talk to my family if I feel sick.
I am reassured that the children can help
me search for health information online.
They will certainly not deceive me or
hurt me”
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4.3 Selective Coding

Selective coding is designed to integrate and refine the classification, and then present
findings in the form of theoretical framework [26]. The three main categories formed in
the axial coding stage were analyzed concretely. Then, we revealed the typical rela-
tionship among the main categories and the behavioral phenomenon. The purpose of
this paper is to explore the factors that influence the use of proxy Internet health
information for older people. Therefore, the core issue is the adoption of PIHIS among
the elderly. The typical relationship structure of the fundamental categories in this stage
is shown in Table 4.

The results of the coding processes show that the factors that affect the adoption of
PIHIS of old people include objective motivation, subjective motivation and obstacles.
In addition, objective conditions are able to adjust subjective psychology to influence
the intensity of adopting PIHIS. Based on the story line sorted out from the grounded
analysis stages, the preliminary theoretical model of influencing factors of PIHIS
adoption by old people is summarized, as shown in Fig. 2. It is worthwhile noting that
this paper summarizes the influencing factors model of PIHIS adoption from the first-
hand interview data, which has strong theoretical value. However, this model could not
be directly applied to empirical analysis, and need to be combined with other theo-
retical foundations to build specific empirical models and frameworks.

Table 3. The results of axial coding.

Fundamental categories Categories Concepts

The objective motivation of adopting
PIHIS

Personal features Health status
Knowledge level

Social situation Medical difficulties
Accessibility of
Internet

External motivation Peer influence
Advertisement

The subjective motivation of adopting
PIHIS

Affection needs Need care
Trust family
members

Perceived benefits Thirst for health
Economic factors

Obstacles to PIHIS Distrust of the
Internet

Security concerns
Relevance

Self-confidence Own experience
Attitudes towards
layman

Self-care Privacy concerns
Independent life

Family environment Connection with
children
Trouble others
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Table 4. The structure of the typical relationships.

Typical relationships Relationship
structures

The connotation of the relationship structure

Objective
motivation ! adopt
PIHIS

Causality Personal features, social situation, and external motivation
objectively motivate old people to adopt PIHIS

Subjective
motivation ! adopt
PIHIS

Causality Old people need the care and help of their families, and think that
the Internet can bring benefits to them. Therefore, they have
psychological motivation to adopt PIHIS

Obstacles ! adopt
PIHIS

Causality There are some obstacles affecting the adoption of PIHIS by the
elderly. For example, they want to live independently, they don’t
want to trouble your children, and they don’t trust the Internet
et al.

Objective motivation
#
Subjective
motivation ! adopt
PIHIS

Moderated Some objective conditions faced by the elderly, such as personal
features, social situation, and external motivation, can adjust
subjective psychology to influence the intensity of adopting
PIHIS

Older adults’ PIHIS 
behavior 

Personal features:
- Health status
- Knowledge level

Social situation: 
- Medical difficulties
- Accessibility of 
Internet

External motivation: 
- Peer influence
- Advertisement

Objective motivation 

Affection needs: 
- Need care
- Trust family members

Perceived benefits: 
- Thirst for health
- Economic factors

Subjective motivation 

Self-confidence: 
- Own experience
- Attitudes towards 
layman

Self-care: 
- Privacy concerns
- Independent life

Family environment: 
- Connection with chil-
dren
- Trouble others

Distrust of the 
Internet: 
- Security concerns
- Relevance

Obstacles

Directly

Directly

Directly

Moderated

Fig. 2. Theoretical model.
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5 Discussion

5.1 The Objective Motivation of Adopting PIHIS

According to the results of grounded theory, this paper argues that the objective
motivation that affects PIHIS behavior of old people includes three aspects: personal
features, social situation, and external motivation. There are some common charac-
teristics of old people in rural areas. In this study, 70% of participants reported that they
had chronic diseases, and 75% of them had a primary school education or below. In
China, medical resources are limited and it is difficult for old people to see a doctor.
Old people also report that they do not have computers or smartphones, have no access
to the Internet. However, with the development of Internet application in China, all
aspects of people’s lives are impacted, even for old people in rural areas. In the process
of communicating with peers and watching TV, old people are exposed to the idea that
the Internet is beneficial to personal health management. Accordingly, on the one hand,
old people have the motivation to obtain health information on the Internet due to
health status, medical difficulties, peer influence and advertising. On the other hand,
there are some objective obstacles to their use of the Internet, such as lack of access to
the Internet and their lack of knowledge of using the Internet.

5.2 The Subjective Motivation of Adopting PIHIS

The research findings show that the subjective motivation that affect PIHIS behavior of
old people includes two aspects: affection needs and perceived benefits. Firstly, 65% of
the elderly reported they are not living with their children. Psychologically, old people
in rural areas may be alone for a long time. They need emotional care from their
children, especially when they are ill. Older people generally trust their families, and
they believe their family numbers would do something beneficial to them. Secondly,
80% of the elderly reported that they considered the most important thing was to keep
healthy. Five participants (25%) reported that they considered it would be useful and
saves money to get health information on the Internet. Based on the analysis above, we
proposed that old people in rural areas have subjective motivation to adopt PIHIS,
regardless of their care needs from psychological level and perceived benefits from
cognitive level.

5.3 Obstacles to PIHIS

Although there are some objective and subjective motivation to promote old people’s
willingness to adopt PIHIS, there are also some obstacles for the adoption. The elderly
are also known as “digital immigrants” [28]. They have some difficulties in accepting
the Internet. Nine participants (45%) reported that they believed that health information
resources on the Internet could be deceptive and could have a negative impact on their
security. Ten participants (50%) feared that online health information might not be
appropriate for their conditions. Half of the elderly said they trusted doctors, followed
by their own experience. After a long period of treatment, they know how to take
medicines and exercises. In the group of laypersons, old people trust their college-
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educated children rather than their spouse. Four participants (20%) said they were not
willing to tell others about their illness, and they considered they had the abilities to
take care of themselves. The most important obstacle is lack of communication among
old people and their children, and they are worried they would influence their chil-
dren’s normal life. The analysis above shows that we still need a lot of work to make
PIHIS truly benefit the old people.

6 Conclusion

Since the research of proxy internet health information seeking is still in the initial
stage, there is no mature theory or framework for empirical analysis. This paper
explores the factors that affect the adoption of PIHIS for the elderly in rural areas. The
grounded theory was used to analyze the interview data from 20 participants. Eighteen
concepts were extracted from open coding analysis, and the classification system of
influencing factors of PIHIS among old people was summarized from axial coding and
selective coding. The research results not only show the views of PIHIS adoption that
the elderly in rural areas take, but also provide implications on how to improve the
abilities of old people in rural areas for obtaining health information and maintaining
healthy life in the future. However, only interview data is used for qualitative analysis,
which is the limitation of the study. In the follow-up study, the authors will combine
the relevant theoretical frameworks to model the elements extracted from the grounded
analysis. We will use empirical methods to test our findings.
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Abstract. Mobile Home Rehabilitation (MHR) is a concept of outpatient health
care in Germany. A multidisciplinary team consisting of medical doctors,
therapists, social workers, psychologists and nursing staff is responsible for the
treatment of patients with severe health conditions. Challenges for communi-
cation, organization and documentation occur due to a multidisciplinary team,
highly variable and dynamic home settings and the vulnerable target group. For
this reason, the Morecare project, funded by the Federal Ministry of Education
and Research (2016–2018), merged various technologies into a comprehensive
concept in order to work on the identified problems and to enable a more
effective and sustainable working method for all actors. In a pilot study with 10
Older Adults (OA) (aged � 65 years) and a multidisciplinary Mobile Reha-
bilitation Team (MRT, N = 10), we evaluated the Morecare system with the
main focus on the usage and usability of the tablet application and its acceptance
by older adults and the MRT towards a complex communication, documentation
and notification system. Both the MRT and the OA did not use all functions to
the full extent, only those functions which offered an individual added value for
the users. The usability of the system was evaluated as only moderate. Technical
assistance systems can support mobile rehabilitation, but must be clearly
adapted to the needs and circumstances of this particular user group.

Keywords: Mobile rehabilitation � Usability � Older Adults � Mobile devices

1 Introduction

Together with curative medicine and prevention, rehabilitation is the most important
pillar of the German health system [1]. However, regardless of the form of care, it is
important to adapt it to the needs and abilities of the respective target group. This
applies in particular to the field of geriatrics, in which older patients are characterized
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on the one hand by the presence of several chronic diseases, some of which are
interdependent and influential, and on the other hand by the “normal” aging process to
be expected in their performance with limitations in functional and cognitive capacity
as well as mobility and perceptive faculty [2].

2 Background and Objectives

Mobile Home Rehabilitation (MHR) is a concept of outpatient health care in Germany.
A multidisciplinary team consisting of medical doctors, therapists, social workers,
psychologists and nursing staff is responsible for the treatment process of patients with
severe conditions. The rehabilitation takes place in the patient’s home environment
with a duration of six to eight weeks and approximately 40 therapeutic sessions.
In MHR, the decentralized working methods of the various occupational groups
involved mean that there is a high level of coordination and communication effort both
for these groups themselves and for the patients and their relatives. For therapists
working in rehabilitation, documentation of the therapy content is often difficult due to
a lack of infrastructure (e.g., documentation must be completed in the car or at home)
and leads to a correspondingly high documentation effort. In addition, agreements
between colleagues are just as difficult as passing on relevant information. On the
organizational level, both the planning of the daily routines themselves and their
necessary adaptation due to current events is associated with a high level of effort.

For this reason, the Morecare project, funded by the Federal Ministry of Education
and Research (2016–2018), merged various technologies into a comprehensive concept
in order to work on the identified problems and to enable a more effective and sus-
tainable working method for all actors. At the beginning of the project, the addressed
barriers were specified within a requirements analysis and technical solutions were
accordingly designed [3]. The aim of the applied technologies was to simplify the
rehabilitation process and make it more comprehensible for patients, thus strengthening
patient autonomy and the ability for successful self-management. Within an evaluation
of the developed Morecare system, the following research question should be
answered:

• How is a technical assistance system used and accepted by patients and therapists in
mobile rehabilitation?

• How are skills in handling mobile devices changing?

3 Methods

To answer these questions, a study was conducted with two different groups of
participants:
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(1) Mobile Rehabilitation Team: 10 employees of a MRT tested the Morecare system
for seven months.

(2) Older Adults (OA): 10 older adults aged � 65 years evaluated the Morecare
patient system for two weeks.

The methodology and results described below are presented for each of these two
groups.

3.1 Developed System

Within the project, a system was created from various components:

(1) Tablet application, which supports the MRT in organizing appointments and
communicating with each other as well as with patients and enables digital
documentation.

(2) Patient System consisting of a tablet application for the coordination of
appointments or communication with the MRT and with the possibility of con-
ducting training sessions independently at home. The patient system was sup-
plemented by a modular notification and operating system, which consists of Flic
buttons for simplified operation of the tablet, Hue lamps for visual display of new
notifications and a sensor wristband, which raises the number of steps of the
patient and vibrates upon receipt of a notification (Fig. 1).

(3) Web interface for the coordinator of the Mobile Rehabilitation, which enables the
setting of appointments for the therapy sessions and communication with the
MRT and patients.

(4) Vital data sensor for recording oxygen saturation, pulse and number of steps
during therapy units.

Fig. 1. Constituent parts of the modular notification and operating system: Hue lamps, sensor
wristband, flic buttons
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3.2 Procedure

Mobile Rehabilitation Team.
The evaluation of the Morecare system by the MRT was undertaken over a period of
seven months divided into two phases (Figs. 2, 3).

On the first study visit (V1), the MRTs’ technical experience and technology com-
mitment as well as their knowledge of the handling of mobile devices (Mobile Device
Proficiency Scale, MDPQ-16, [4]) were assessed. In addition, there was extensive
training on the system, in which all areas of the application were explained by the study
staff. Therapists, caregivers, social workers, doctors and the coordinator then used the
system for a total of seven months. In the first five months there were still fundamental
changes to the application, which resulted from the requirements of the MRT. A total
of 27 new versions of the application were released during these five months, in which
several changes were made. After five months of testing, an interim study visit (V2)
was carried out again to assess the knowledge of how to use mobile devices and the
previous use and evaluation of the application using a questionnaire. Subsequently, the
MRT used the Morecare system for another two months, during which no more
changes were made to the application. After this period, the third study visit (V3) took
place, in which the users were asked about their mobile devices proficiency as well as
about the use, acceptance and usability (System Usability Scale, SUS, [5]) of the
Morecare system.

Older Adults (OA).
The OA tested the Morecare system for two weeks. The two study visits were carried
out by study staff in the participants’ homes. At the first study visit (V1), participants’
sociodemographic data, use of technology and the technology commitment as well as
their knowledge in handling mobile end devices (MDPQ-16) were assessed. Subse-
quently, the Morecare system was set up in the homes of the study participants who
were trained in the different components and functions. After two weeks’ system usage,
the participants were again asked about their knowledge of mobile devices. In addition,
a questionnaire was issued to subjectively assess the usability of the technical system
and various questions were asked about the acceptance, use and user-friendliness of
specific system functions and components (Fig. 3).

Fig. 2. Procedure and questionnaires for the MRT
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4 Results

4.1 Sample

Mobile Rehabilitation Team (MRT).
A total of 10 members of the team took part in the three survey stages (V1, V2, V3).
Physiotherapists formed the largest group in the MRT. Most of the respondents were
female (Table 1).

Fig. 3. Procedure and questionnaires for OA

Table 1. Basic data of the MRT (n = 9)

Characteristic Number (n)

Professional category Physiotherapists 3
Occupational therapists 1
Speech therapists 1
Nursing staff 1
Physicians 2
Social worker 1
Coordination 1

Sex Male 3
Female 7

Technology usage (frequently,
occasionally, rarely, never)

Computer 7 / 2 / 0 / 0
Internet 9 / 0 / 0 / 0
Tablet 3 / 3 / 1 / 2
Smartphone 8 / 1 / 0 / 0
Phone 7 / 1 / 1 / 0
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All respondents of the MRT indicated they use the Internet frequently. Computers,
smartphones and telephones were frequently used by the majority of respondents.
A tablet had not previously been used by two people at the beginning of the study. On
the scale ranging from one to five for technical commitment (one = low TC, five =
high TC) the respondents of the MRT achieved a mean value of 3.7. This corresponds
to the norm values of the validation study by Neyer et al. [6] in which 825 subjects
aged 18–80 years were included (M = 3.73).

Older Adults (OA).
A total of 10 participants were included in the evaluation of the Morecare patient
system. The mean age of the participants was 72.5 years (range: 66–76 years). During
the recruitment process, attention was taken to ensure that an equal proportion of men
and women were included in the study (Table 2).

The study group of OA was also examined with regard to their technical com-
mitment. On average, the group achieved a value of M = 3.9, which, in accordance
with the standard values mentioned, indicates a high level of technical commitment.

4.2 Mobile Device Proficiency

Mobile Rehabilitation Team (MRT). The mobile device proficiency was assessed at
the three study visits with the help of the Mobile Device Proficiency Questionnaire
(MDPQ-16). On average, the skills of the respondents increased during the course of
the study. Overall, the score increased from 31.0 (16.5–38.5) to 33.3 (27.0–40.0) points
with the duration of tablet use. The score increased by 0.2–0.85 points especially in the
subscales basics, internet, entertainment, privacy and troubleshooting (Table 3).

Table 2. Basic data of the OA (N = 10)

Characteristic Number (n)

Age (yrs) M = 72.2
Sex Male 3

Female 7
Technology usage (frequently, occasionally, rarely, never) Computer 9 / 1 / 0 / 0

Internet 9 / 0 / 1 / 0
Tablet 3 / 2 / 1 / 4
Smartphone 6 / 3 / 0 / 1
Phone 4 / 5 / 1 / 0
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Older Adults (OA).
Knowledge on the handling of mobile devices was collected both at the beginning and
at the end of the study of the OA by completion of the MDPQ. Overall, the skills of the
respondents increased slightly on average during the course of the study. The total
value increased from 27.7 (11.0–39.5) to 28.6 (15.0–40.0) points. Particularly in the
subscales for basics and internet, the scale averages increased by 0.6–0.65 points. At
the same time, the scale averages in the subscales communication and calendar fell by
0.2–0.4 points at the end of the study (Table 4).

4.3 Usage of the System

Mobile Rehabilitation Team (MRT).
For the sake of clarity, only the frequency of use at the end of the study is presented
here, but not the results of V2. Almost all respondents stated that they used the
Morecare system frequently. Therapy documentation was cited as the most frequently

Table 3. Results of the MDPQ in the MRT (N = 10)

V1 M (Min–Max) V2 M (Min–Max) V3 M (Min–Max)

MDPQ score 31.00 (16.5–38.5) 31.80 (14.0–40.0) 33.30 (27.0–40.0)
Basics 4.65 4.70 4.85
Communication 4.35 3.90 3.95
Data/file storage 3.70 3.50 3.80
Internet 4.55 4.60 4.90
Calendar 3.40 3.20 3.65
Entertainment 3.60 3.90 4.10
Privacy 3.45 4.30 4.30
Troubleshooting 3.30 3.65 3.75

Table 4. Results of the MDPQ in OA (N = 10)

V1 M (Min–Max) V2 M (Min–Max)

MDPQ score 27.65 (11.0–39.5) 28.60 (15.0–40.0)
Basics 3.90 4.50
Communication 4.10 3.70
Data/file storage 3.15 3.25
Internet 3.70 4.35
Calendar 3.40 3.20
Entertainment 2.75 2.80
Privacy 3.40 3.55
Troubleshooting 3.25 3.25
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used function. In addition, at least half of the participants used the patient file, the daily
overview and the possibility to view appointments. Three functions were not used by
any of the participants (Fig. 4).

Older Adults (OA).
With regard to the frequency of use, four of the 10 study participants stated that they
used the Morecare application (almost) daily. The remaining six participants used it
several times a week. When considering the frequency of use of the individual func-
tions of the Morecare application, the ability to review the activity data was used most
frequently. Participants also frequently used the areas of self-exercise and appointment
overview as well as the control of the system via flic buttons. Two study participants
occasionally used the help function (Fig. 5).
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4.4 Evaluation of the Morecare System

Mobile Rehabilitation Team (MRT).
The MRT was asked how they value the various functions in the app. Of the functions
used, the therapy documentation was rated as best. Six out of eight users rated the
patient file as “good” or “very good”. In addition, six participants rated the daily
overview “good” or “very good” (Fig. 6).
With regard to the evaluation of user-friendliness using the system usability scale, the
rating were very divergent. On average, the app was given 53.25 (25.0–82.5 points)
rating points, which corresponds to a low level of user friendliness.

Older Adults (OA).
Within the evaluation of the individual functions of the Morecare system, it can be
stated that these were predominantly rated “very good” or “good” by the OA. The
participants liked the ability to view activity data and appointments the most. In
contrast, more than half of the participants did not use the help function available
within the tablet application (Fig. 7).
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Compared to the team, the seniors rated the usability of the system slightly better.
On average, the app was given 63.0 (45.0–85.0 points) rating points, which corre-
sponds to a moderate level of user friendliness.

5 Conclusion

The present study examined the use and acceptance of a technical assistance system in
mobile rehabilitation. For this purpose, the system was tested by employees of a mobile
rehabilitation team and by elderly people. It was shown that although the system was
used regularly by the majority of the respondents, not all functions were used by both
MRT and OA. In particular, the help function was hardly used by either user
group. One reason for this could be the poorly rated usability of the system. In order to
improve usability and acceptance as well as to increase the use of the system, it must be
geared even more strongly to the needs of the target group. For example, not all
previously integrated functions are necessary for the MRT, but the employees would
like to integrate other functions that would make everyday work easier.

The results of this study provide valuable insights into the ability of older and
functionally limited people to use and accept modern technologies. This is particularly
important because the technical progress currently being observed in care and therapy can
lead in the medium term to a selection based on individual knowledge and acceptance of
these technologies. This is to be judged negatively in so far as a lack of acceptance on the
part of the patients leads to a new group of affected persons who cannot be adequately
rehabilitated and thus the dependence on care and everyday life is increased. On the other
hand, on the part of care and therapy professionals, a negative attitude towards new
technologies can contribute to making the profession less attractive and thus increase the
existing shortage of available labor. Both these possible developments must be coun-
teracted as far as possible during the development of such technologies.
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Abstract. The population in cities is expected to exponentially grow by
2050, and so is the world population aged 65 and over. This has increased
the efforts to improve citizens’ quality of life in urban areas by offering
smarter and more efficient IT-based services in different domains such
as health-care and transportation. Smart phones are key devices that
provide a way for people to interact with the smart city services through
their mobile applications (Apps). As the population is ageing and many
services are now offered through mobile Apps, it is necessary to design
accessible mobile interfaces that consider senior citizens’ needs. These
needs are related to cognitive, perceptual, and psycho-motor changes
that occur while ageing, which affect the way older people interact with
a smart phone. Although a comprehensive set of design guidelines are
suggested, there is no evaluation on how and to what extent they are
considered during the mobile App design process. This paper evaluates
the implementation of these guidelines in several industry-built Apps,
which are either targeted at older people or critical city services Apps
that may benefit older people, but are targeted at a broader audience.

Keywords: Ageing population · Accessible App design · Smart cities

1 Introduction

Cities and the services offered in them are going towards being smarter in dif-
ferent domains such as mobility, health-care, and economy. Figures show that
in 2007 half of the world population lived in cities and urban areas and this
is expected to grow up to 70% by 2050 [1–3]. This is why major efforts have
been put towards improving the citizen’s life quality in urban areas, by offering
smarter and more efficient IT-based services. Additionally, the growth rate of
population aged 65 and over is likely to double by 2050 [4], and as cities expand,
more older people will live in urban areas. This is why, it is essentially impor-
tant for smart cities to offer services that are age-friendly to include more age
demographic of cities.

Smart phones are key components that provide a way for people to inter-
act with the smart city services through their mobile Apps. Smart phones have
become indispensable devices in people’s everyday life, facilitating many activi-
ties such as health-care, banking, transportation, or accessing information. The
c© Springer Nature Switzerland AG 2019
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use of such technologies is rapidly increasing around the world. As reported in
[5], in 2017 approximately 2.4 billion people were smart phone users. By 2020
it is forecast that there will be 2.9 million people using smart phones, a 20%
growth. This figures include the increased number of older people who are using
a smart phone [6,7], not only for communication purposes, but also for its help
as assistive technology through mobile Apps. This assistive technology allows
an ageing person to feel more secure and carry out a more autonomous life.
However, many older adults still find interacting with a smart phone difficult. In
[8,9], it is suggested that older people expect smart phones to be reliable means
of communication, which can improve their safety and quality of life.

As the global population is rapidly ageing, and many services are now offered
online through mobile Apps, it is necessary to design accessible mobile user inter-
faces (UI) that consider senior citizens’ needs. These needs are related to cog-
nitive, perceptual, and psycho-motor changes that occur in the ageing process,
which affect the way older people interact with a mobile device. As a result, they
often need support in carrying out tasks and activities [8]. For example, due to
visual degrading, to be able to perceive a mobile interface they require larger
UI elements than the average user. Also, due to cognitive loss, which causes a
decline in memory and the speed at which older people process information,
they prefer simplified menus. These are some of the reasons why accessibility
should be part of the UI design process, putting a special emphasis on mak-
ing an interface usable for older people. The issue is that there are still not as
many accessible websites and Apps for them as there should be. Which is even
more concerning in the context of smart phones, as they are rapidly growing and
constantly changing, making it harder to properly address accessibility.

Smart phones can open new opportunities for people with different levels of
impairment through the assistive technology in the phone’s Apps. However, if
interfaces are still not accessible for people with impairments, then they cannot
take advantage of the technology in smart cities. By addressing accessibility dur-
ing the mobile App design process, it is possible to improve older population’s life
quality in these cities. Several design standards and guidelines are suggested by
both industry and research communities, to decrease the impact of older adults
limited motor, cognitive, and visual skills when interacting with smart phones
[8,10–12]. Guidelines solve the issue of recruiting, retaining, and working with
older people during heuristic evaluation [12]. The inclusion of these guidelines
also help to facilitate the interaction between older people and smart phones.

The work of Petrovčič et al. is a review of different published research-based
guidelines and checklists for designing age-friendly mobile interfaces [12]. This
work suggests a set of 38 age-friendly guidelines, that include aspects such as hav-
ing big buttons with clear feedback to address visibility issue among older people.
In addition to the research-based guidelines, the World Wide Web Consortium
(W3C) is also putting a major effort into developing guidelines for designing
usable and accessible mobile interfaces [10]. The W3C, based on [13], divides
the guidelines into four principles related to barriers experienced by people with
impairments.
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Although a comprehensive set of design guidelines have been suggested, there
is no evaluation on how and to what extent they are implemented during the
mobile App design process. The aim of this paper is to evaluate the usability
and accessibility of two groups of mobile Apps based on research-based and
standards guidelines. These groups include Apps that are designed for older
people, and Apps that are designed for critical city services that may benefit
older people, but are targeted at a broader audience. The Apps are selected based
on their popularity in the main domains of interest: health, mobility, socialising,
entertainment, emergency, assistance, customization, finance and location.

The following section is a literature review of the available guidelines for
designing age-friendly mobile interfaces. Sect. 3 describes the evaluation design.
Section 4 presents the results, and finally, Sect. 5 provides the final discussion
and conclusion of the results.

2 Literature Review

Smart phones through the Apps installed in them, allow citizens to interact
with provided smart city services that improve people’s life quality. An impor-
tant group of citizens that may benefit from these smart services are the older
population. Smart services face certain issues, especially in understanding the
real needs of the people living in the city [14]. Older people’s needs are associated
to the age related changes they face. The main issue is that services targeted
at older people do not seem to address these needs in the visual presentation of
information. This represents a universal barrier to communicate with older peo-
ple, which prevents an active ageing [1]. Major operative systems include built-in
accessibility functionalities, such as Voice Over in iOS or TalkBack in Android.
Both functionalities allow to turn the interface into text to speech for people
with visual disabilities. Not only that, to address older people age-related needs,
the industry and the academia has proposed age-specific design guidelines for
mobile devices. Guidelines, enable the designers to create accessible interfaces
without the need to hire older people for heuristic evaluation. This is why in this
study the available guidelines are used as parameters to evaluate the Apps.

This section presents an overview of the available research, from both indus-
try and academia, regarding accessible mobile UI design for older people.

2.1 Research-Based Guidelines

Research-based guidelines are the ones developed in the academic context, which
are published in indexed conferences and journals. Based on eight different age-
friendly mobile design guidelines and checklist [15–21], Petrovčič et al. suggested
a set of 38 senior friendly usability guidelines [12]. Table 1 summarizes the list of
38 guidelines, grouped within seven different dimensions associated with various
interaction elements of smart phones. These dimensions are: screen, touchscreen,
keypad, text, menu, exterior, and content.
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Table 1. Usability dimensions and categories for designing age-friendly mobile
interfaces.

Dimension Guideline Source

Screen Display size [19]

High contrast [19]

Colors

High resolution [22,23]

Slower dimming [24]

Zooming and magnification [25–27]

Touchscreen Touchscreen gestures [28–30]

Feedback [31]

Target/Icon properties [32]

Content layout [12]

Animation [25]

Keypad Button type [12]

Button shape [25]

Button size [24,25,33]

Button feedback [34]

Button responsiveness [33]

Labelled buttons [35]

Button positioning [12,31,36]

Number of buttons [12]

Text Ease of text entry

Font size [29–31]

Font type

Menu Simple menu [30]

Consistent menu

Minimized nesting

Ease of navigation

Current location in the menu

Exterior Device size [25,26,32]

Shape

Material

Battery charging

External volume buttons

Hearing aid compatible

Content Terminology [12]

Function labels

Additional languages

User help and/or manual

Error messages
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Screen. Older people favour a big display size, with a high resolution screen, and
options to magnify the content. Colors in the screen should have a high contrast
between the foreground and the background, and should be conservative. Since
there is no agreed definition of conservative colors in the provided guidelines,
the following definitions are considered: “marked by moderation or caution”
[19], and “sober and conventional” [37]. Conservative colors are: black, white,
grey, blue, beige, and various shades, tones, or tints of these colors. As well as,
any color palette with a mix of neutral and highlight colors, where the neutral
color appears in the biggest amount.

Touchscreen. The touch technology in mobile device creates difficulties for
older people. They are not familiarized with tapping on the screen, so they need
more time to comprehend and learn gestures [28–30]. Therefore, it is highly
recommended to keep gestures simple. It is also suggested to include auditory
and tactile signals that give distinctive feedback to the user [31].

Keypad. Buttons play an important role in age-specific UI design. Older people
prefer large buttons with clear and immediate feedback (visual, tactile, and/or
auditory) that helps them avoid mistakes when pressing a button [24,33,34]. It is
suggested that older adult’s pointing performance is better with: large buttons;
a wider spacing between buttons; a target size between 14 and 17.5 mm; and by
placing the buttons in the upper right direction from the centre point [31,36].
Buttons should not be too sensitive, and they should be visually differentiated
from other actionable elements [25].

Text. Older people prefer a bigger font size that allows the to better perceive
the screen. Also, it is recommended to provide easier ways for them to input
data [29–31].

Menu. The increased number of features and services offered on a smart phone
has resulted in more complex menus that are harder to understand by older peo-
ple. That is why, a menu should be simple, consistent, have minimised nesting,
and Show the current location in the menu [30].

Exterior. Several studies have revealed that phones for older people should:
be big, facilitate an ergonomic grip, be lightweight, and have the shape of a bar
[25,26,32]. Additionally, it is advisable to include audio adjustment, preferably
from an external button, with a wide number of volume levels.

Content. Function labels have a fundamental role in UI design for older people
who do not know what to do while navigating a menu [12]. Therefore, termi-
nology used in a function label should be simple, consistent, self-explanatory,
non-ambiguous, and should avoid foreign expressions, abbreviations, and tech-
nical terms. Instructions and error messages should be easy to understand and
be always available.
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2.2 Design Standards

Design standards are guidelines developed in standards organizations like ISO
or W3C. The W3C is the main standard’s organization for the web. They have
published “Web Content Accessibility Guidelines” (WCAG) [13], where they cat-
egorize guidelines into four principles: perceivable, operable, understandable, and
robust [38]. These principles are the required foundation to develop any accessi-
ble web and mobile content [38]. Table 2 shows the W3C’s suggested guidelines
for designing accessible mobile devices.

Table 2. W3C’s mobile accessibility guidelines.

Principle Category Guideline

Perceivable Small screen size Minimize the amount of information displayed

Provide a reasonable default size for text and touch

controls

Adapt the length of link text to the view-port width

Position form fields below their labels.

Magnification Allow customization of default text size, preferably on

page controls

Allow for magnification of entire screen

Allow for magnifying lens view under user’s finger

Contrast Provide high contrast text

Operable Keyboard control

for touchscreen

devices

Allow interfaces to be operated by external keyboards

Touch target size

and spacing

Touch targets should be at least 9mm high by 9mm wide

and be surrounded by a small amount of inactive space

Allow a reasonable spacing between buttons

Touchscreen

gestures

Gestures should be as easy

Allow activating elements via the mouse up or touch end

event

To manipulate a device always provide touch and

keyboard operability

Buttons Provide button positioning alternatives based on

different scenarios

Understandable Screen orientation Support both portrait and landscape

Layout Repeated interaction elements should be displayed

consistently across different pages, screen sizes and

orientations

Position important page elements before having to scroll

Operable elements Group operable elements that perform the same action

Provide clear indication that elements are actionable

Instructions Provide instructions for custom touchscreen and device

manipulation gestures

Instructions should be easily discoverable and accessible

at anytime

Robust Data input Set the virtual keyboard to the type of data entry

required

Provide easy methods for data entry

Support the characteristic properties of the platform
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Perceivable. Some of the W3C’s recommendations to create perceivable UI
components are:

– Reduce the amount of information displayed in a phone’s viewport, through
hierarchizing the information and only including what is necessary.

– Position form fields below their labels to increase the size of input elements,
and improve visibility.

– Allow to customize the text size and magnification, through on page controls
that are visible and recognizable.

Operable. An operable mobile device is when all UI elements and navigation
can be easily controlled by the user without requesting to perform an unknown
interaction. Some of the suggested guidelines to design operable UI are:

– Set the touch target to at least 9 mm high by 9 mm wide. If the elements are
close to the minimum value then they should have an inactive space around
them. This makes the touch target bigger and makes it easier to interact with
the elements.

– Provide a prudent separation between the interaction elements.
– Avoid complex gestures like pinch and spread, which is a standard gesture

for zooming in and out [27].

Understandable. An interface is understandable when everyone is able to
comprehend all the information and operations in it. Some suggestions to turn
a mobile interface understandable are:

– Support both screen orientations, landscape and portrait, and not to force
the user to change their orientation if they do not want.

– Display repetitive elements across the interface consistently, even in different
screen sizes and orientations.

– Provide visual hints that differentiate actionable from non-actionable ele-
ments through colour, shape, iconography, positioning, and text label.

Robust. An interface is robust if it remains accessible through the changes and
adaptation of an App. Some recommendations for a robust interface are:

– Automatically trigger the type of keyboard that matches the kind of data
entry required in a form. So for example, if only numbers are required, then
enable only the numeric keyboard.

– Provide easy methods for data entry. A convenient way to do so is to include
select menus, radio buttons, check boxes, and even auto-complete acquainted
information.

– Support the characteristic properties of the platform, such as the accessibility
feature in Android or iOS smart phones.
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3 Evaluation Design

The aim of this research is to assess how and to what extent industry takes
into account the usability and accessibility needs of the ageing population in the
design of mobile Apps in smart cities. Two sets of mobile Apps are selected
and evaluated based on the research-based guidelines and design standards.
These sets include age-specific Apps and Apps that are critical city services that
may benefit older people, but are targeted at a broader audience. This section
describes the procedure and method applied to evaluate the Apps, including the
Apps and checkpoint selection criteria.

3.1 Checkpoint Selection

In this section, the selected guidelines are grouped into two lists of checkpoints
(Tables 3 and 4), which serve as metrics to evaluate the Apps. To facilitate
the evaluation process, a code name is assigned to each checkpoint. RBG for
research-based guidelines and DS for design standards.

Research-Based Checkpoints From Table 1, all the guidelines listed under
exterior dimension, along with three out of six guidelines from the screen dimen-
sion are excluded. These guidelines are not in the scope of this study, as they
address more physical characteristics of a mobile device, than the UI compo-
nents. Also, content layout, number of buttons, font type, animation and addi-
tional languages are not considered in this study, as there is not clear explanation
in the corresponding literature into what they mean. Finally, high contrast is
also excluded, because there are not enough resources available to evaluate it.
Therefore, from the original set of 38 guidelines in Table 1, only 23 are selected
as the first set of checkpoints to evaluate the selected Apps (Table 3).

Design Standards Checkpoints. From the design standards on Table 2, con-
trast, touch target size and spacing are not considered in this study due to
tools limitations. Additionally, keyboard control for touchscreen devices, device
manipulation gestures, allowing for magnifying lens under user’s finger, and
adapting link text width to the view-port width are excluded as there is not
enough clarification on their importance to older people. Hence, from the orig-
inal 26 guidelines on Table 2, 20 of them are considered for the final evaluation
(Table 4).
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Table 3. Selected list of checkpoints from the research-based guidelines.

Dimension Checkpoint Code

Screen Colors’ conservativeness RBG-01

Zooming and magnification RBG-02

Touchscreen Touchscreen gestures RBG-03

Feedback RBG-04

Target/Icon properties RBG-05

Keypad Button type RBG-06

Button shape RBG-07

Button size RBG-08

Button feedback RBG-09

Button responsiveness RBG-10

Labelled buttons RBG-11

Button positioning RBG-12

Text Ease of text entry RBG-13

Font size RBG-14

Menu Simple menu RBG-15

Consistent menu RBG-16

Minimized nesting RBG-17

Ease of navigation RBG-18

Current location in the menu RBG-19

Content Terminology RBG-20

Function labels RBG-21

User help and/or manual RBG-22

Error messages RBG-23

Table 4. Selected list of checkpoints from the design standards.

Principle Dimension Checkpoint Code

Perceivable Small screen size Reduce information SG-01

Font size SG-02

Form field below label SG-03

Magnification Text resizing SG-04

On-screen control to change text
size

SG-05

Zoom SG-06

Operable Touchscreen gestures Easy SG-07

Touch-end event SG-08

Buttons Accessible SG-09

(continued)
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Table 4. (continued)

Principle Dimension Checkpoint Code

Understandable Screen orientation Support both SG-10

Consistent layout Multiple pages SG-11

Screen orientations

Page elements Important page elements before
page scroll

SG-12

Operable elements Group operable elements
performing same action

SG-13

Visually differentiate actionable
elements

SG-14

Instructions Available SG-15

Easily discoverable and accessible SG-16

Available anytime SG-17

Robust Data input set virtual keyboard to the type
of data entry required

SG-18

Reduce amount of text entry
required

SG-19

Support characteristic
properties of platform

Zoom SG-20

Font size

Captions

3.2 App Selection and Evaluation Process

To find a set of suitable mobile Apps for the evaluation, a systematic review of the
market was performed. The review was carried out using Google’s browser, Apple
App Store, and Google Play Store. Throughout the review, certain keywords
were used to ensure that all the relevant Apps for the ageing population were
detected: best, older, App, senior, elder, older people. Every hit was reviewed in
terms of its relevance and based on the following selection criteria:

– The App must be targeted at older people and/or be an App designed for
critical city services that may benefit older people, but targeted at a broader
audience.

– The App should be up to date, meaning that it is still in use and developers
still support it.

– The App should be for iOS and/or Android.
– The App should be free or at least should have a demo version.

Based on these criteria 22 Apps are selected and grouped by functionality to
facilitate the evaluation process (see Table 6).

To assess the usability and accessibility of the selected Apps for older people,
an expert-based usability evaluation has been performed. This method involved
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an expert review of the Apps in terms of usability and accessibility on the basis
of the defined list of checkpoints. Throughout the evaluation, each individual
checkpoint was tested manually for every App.

To grade each checkpoint, a scale system that goes from 0 to 2, in which 0 is
given where the checkpoint is not addressed, 1 is given to a partially addressed
checkpoint, and 2 is given to checkpoint fully addressed. To evaluate the Apps
level of accessibility, a 5 level score system was designed (see Table 5). The 5
levels are high, high-moderate, moderate, low-moderate, and low, which are cal-
culated based on the number of checkpoints each of the Apps have covered in
each of the guidelines or standards. Each list of checkpoints obtained an individ-
ual preliminary score (Table 6). The final score was obtained by calculating the
average between these preliminary scores. The final App score (Table 6) presents
the most and least accessible Apps which shows how the industry is complying
with older people’s accessibility requirements in the design of mobile interfaces.

The Apps’ evaluation was performed using two different devices: an iPhone
5s with iOS 11.3, and a Moto G 2014 with Android 7.1.1. In both cases, the
platforms’ built-in accessibility settings were disabled, unless necessary.

Table 5. Guideline/standard coverage scoring systems.

High High-mod. Moderate Low-mod Low

RBG Score 37-46 33-36 28-32 23-27 0-22

DS Score 32-40 28-31 24-27 20-23 0-19

Total Score 34.9 - 43 30.6 - 34.8 26.3 - 30.5 21.6 - 26.2 0 - 21.5

4 Results

4.1 Apps Results per Set of Checkpoints

Research-Based Checkpoints. The results show that there is a high level
of inclusion of the research-based checkpoints in more than half of the Apps.
Figure 1 (left) shows that 17 out of 23 checkpoints are fully addressed in more
than half of the Apps. While, Table 6 shows that 54% of the Apps (11 out of 22)
reached high and high-moderate level of accessibility. However, Two checkpoints
from this set of guidelines, Zooming and Magnification (RBG-02) and Feedback
(RBG-04), are not included in more than 75% of the Apps (see Fig. 1 Left).
These checkpoints impact how older people interact with a mobile interface,
and have been recurrently mentioned in several guidelines since 2014 [12,16,25–
27,31,33,61–66].
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Design Standards Checkpoints. Unlike the results from the research-based
guidelines, the evaluation of the Apps based on the design standards show a
low level of addressing of the checkpoints. As reflected on Fig. 1 Right, only
9 out of 20 checkpoints were fully addressed in more than 50% of the Apps.
While 8 out of the 20 checkpoints were not addressed in at least 50% of them.
Among these checkpoints were aspects that allow to make an interface per-
ceivable, understandable and robust for older people. The checkpoints with low
level of inclusion are: Form field below label (DS-03), Text resizing (DS-04), On-
screen control to change text size (DS-05), Zoom (DS-06), Support both Screen
Orientations (DS-10), Instructions easily discoverable and accessible (DS-16),
Instructions available anytime (DS-17), and Set virtual keyboard to the type
of data entry required (DS-18). From these checkpoints DS-05 is not even part
of any of the sample Apps. Furthermore, the design standards scores on Table 6
show that none of the Apps obtained a high level of accessibility, only 2 obtained
a high-moderate level, 6 a moderate level, and 14 out of 22 Apps reached between
low-moderate and low levels of accessibility.

In the evaluation it was observed that almost all the Apps support the zoom
from the accessibility menu in the device, which means that even though an App
does not include a zoom feature, the platform will allow to do so if activated from
the phone’s menu. However, asking an older person to interact with a complex
menu like that represents a difficulty [12].

4.2 Apps Total Score

From the results on Table 6, it is clear that mobile Apps are still not accessible
enough for older people. Out of the 22 evaluated Apps, none of them reached a
high level of accessibility, and only 5 had a high-moderate level of accessibility.
While the remaining 17 Apps are still not accessible enough for older people.
Particularly, in most of the evaluated Apps, including the age-specific and non-
age-specific Apps, there are problems with aspects that address visual degrading
for older people such as zooming, text resizing and on-screen controllers to mod-
ify text. Additionally, most of the Apps lacked proper instructions and options
to ease the data input process for users. These features decrease the impact of
older adults’ degrading cognitive skills when interacting with an interface. Thus,
there are different guidelines that could be better addressed by the industry to
design mobile Apps for older people. By making sure that these guidelines are
applied during the design process of a mobile App, it is possible to contribute
to senior citizens’ inclusion and engagement in smart cities.
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Table 6. Apps evaluation results

Domain App Score

(RBG)

Score

(DS)

Total

Score

Emergency Red Panic Button
[39]

33 23 28

Fade: fall detector
[40]

29 17 23

Assistance Magnifying Glass
With Light [41]

26 21 23.5

Magnifying Glass
Flashlight [42]

32 22 27

Usound (Hearing As-
sistant)[43]

42 26 34

MyEarDroid - Sound
Recognition [44]

22 18 20

Live Caption [45] 36 29 32.5

Personalisation Wiser – Simple Se-
nior Launcher [46]

40 19 29.5

Nova Launcher [47] 28 20 24

Health MindMate - Healthy
Aging [48]

32 23 27.5

WebMD [49] 28 22 25

Pocket Physio [50] 37 23 30

Blood Pressure Mon-
itor [51]

23 20 21.5

Pill Reminder by
Medisafe [52]

35 23 29

Enterteinment Lumosity - Brain
Training [53]

40 29 34.5

Social Skype *1 [54] 26 26 26

Stitch Companion-
ship [55]

34 24 29

Location Find My Family,
Friends, Phone
Safe365 [56]

38 24 31

Finance Bank of Ireland *
[57]

31 19 25

RevApp * [58] 36 26 31

Mobility Dublin Bus * [59] 33 24 28.5

Mytaxi * [60] 37 21 29

* Apps that are designed for critical city services that may benefit older people, but
are targeted at a broad audience
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Fig. 1. Checkpoints level of inclusion in Apps. Left: research-based. Right: design
standards

5 Conclusion

The aim of this study was to assess how and to what extent is the industry
taking into consideration the existing usability and accessibility guidelines to
design suitable mobile interfaces for older people. To assess the industry, 22
industry-built mobile Apps were selected. These Apps included sample Apps
specifically targeted at older people and sample Apps designed for critical city
services that may benefit older people, but targeting a broader audience. These
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Apps were then evaluated on the basis of two sets of checkpoints, retrieved from
available age-specific academic and industry design guidelines.

It was observed that overall the Apps had a weakness in all the accessibil-
ity principles that make an interface perceivable, operable, understandable and
robust for the older people [10,13]. The most concerning checkpoints were the
lack of text resizing and zooming in more than 70% of the Apps. Although, it
was also observed that most of the Apps (95%) supported the platform’s accessi-
bility settings, which allowed to zoom and adjust the font size. However, a major
issue with this, as pointed in [12], is that older people are being forced to find
such settings in the platform’s menu, which generally represents a complexity
for them. For operability and understandability the most surprising finding was
the lack of adequate instructions, without which the interface turns incompre-
hensible and inoperable for older people. Finally, regarding robustness 55% of
the Apps were found to not set the virtual keyboard to the type of data entry
required, which facilitates older people inputting data through a smart phone.

An interesting finding from the study was the relevant difference between the
results from the research-based guidelines and design standards. In Fig. 1 (Left),
it was observed that at least half of the Apps fully included 82% of the check-
points. While in Fig. 1 (Right), only 45% of the checkpoints were fully included
in at least half of the Apps. As shown in Table 6, the Apps obtained a higher
level of accessibility when evaluated on the basis of the research-based check-
points. In this case, 54% of the Apps scored between high and high moderate.
While in the case of the design standards set, only 9% of the Apps obtained a
high-moderate level of accessibility, and no Apps reached a high level of acces-
sibility. This difference in scores can be explained because at least half of the
checkpoints from each set measured different usability and accessibility aspects.
This reveals that the industry is considering more accessibility aspects related
to the research-based guidelines than the design standards.

On the Apps total score on Table 6, none of the Apps achieved a high level
of accessibility and only 23% achieved a high-moderate level of accessibility.
From the remaining Apps, 41% moderately includes age-specific aspects, but not
enough to be regarded as fully accessible Apps. Meaning that only 23% of the
sample Apps can be considered accessible enough for older people. This clearly
shows the low efforts from the industry to implement age-friendly guidelines in
the design of mobile Apps for older people. Thus, there is still a lot of work to
be done to reach an inclusive smart city that benefits older people as much as
any other citizen. As the results of this study show, a good starting point to
do so are smart phones, which are key component that provides a way for older
people to interact with the smart city through their mobile Apps. Thus, mobile
Apps in the context of smart cities should be designed in such a way that they
are accessible by all citizens.

5.1 Limitations and Future Work

Even though this study presents some insights into how accessible are mobile
Apps for older people in smart cities, its findings are subject to some limitations.
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First, the Apps evaluations was not performed by old users. However, a set of
guidelines previously tested by older and impaired people, was employed in this
study. This type of guidelines, have been suggested as an effective heuristic-tool
when the end-user is not available. Second, the study was performed using free
Apps only and this might have limited the sample set. Thus, in the future it is
interesting to evaluate paid Apps and compare them to the results obtained in
this study. Third, not all guidelines could be evaluated, and these could have an
impact on the final results. So, as future work, the evaluation can be performed
including all the guidelines from the research-based guidelines and design stan-
dards. Despite of the limitations, the study provided useful information to use
available usability and accessibility guidelines for the evaluation of age-specific
mobile Apps. This study shows weaknesses of mobile Apps today, to avoid them
in future age-friendly mobile App design. Thus, it can be used as a framework by
designers in the industry when developing mobile Apps targeted at older people.
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Abstract. In the context of Information and Communication Technologies
(ICT), there is clearly a great difficulty in persuading older people to use them,
particularly those with low digital literacy. This reality is mainly due to their
lack of access opportunities, physical and psycho-sociological individual char-
acteristics, and by the functionality of technology. Even though many older
people are still digitally-excluded, the number of who are willing to use ICT is
increasing. Older people aren’t afraid to try new technology when they see a
clear benefit. This study focuses on the analysis of empirical projects, solutions
and/or experiences, national and international, guided to the applicability of
tools to support the use of technological tools and services by older adults. The
main goal is to draw up some guidelines for designing tools that can facilitate
the older adults’ use of the miOne community. MiOne is an online community
created under the project SEDUCE 2.0 - Use of Communication and Informa-
tion in the miOne online community by senior citizen. Relevant electronic
databases were searched using the following keywords, in Portuguese and
English language: help tutorial, video tutorial, multimedia tutorial, older adults,
and help tools. Findings suggest some recommendations for the adequate
development of solutions that can help older users to use different ICT contexts.

Keywords: Tutorials � Information and Communication Technologies �
Older adults � miOne

1 Introduction

Once retired and dedicated the rest of their lives to the grandchildren and to relive
memories, older adults present today a greater vitality to carry out new projects, in the
short term, and contribute and take part of socially, culturally and politically decisions
[1]. By being determined of their own wishes [2], they are not afraid to use the new
technologies when they see a clear benefit.

It is consensual that we are facing an increasingly aging society [3–5] and doubly
excluded. Beyond the biological, physical and psychological changes resulting from
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the natural aging process, there is a lack of access opportunities - consequence of
economic, cultural and educational variables – [2, 6, 7], and the functionality of
technology [6–8].

No less true is the fact that we are facing an increasingly technological society and
various studies demonstrate that ICT use brings real benefits to older adults, including
general enhancement of their mental status; strengthening of their self-concept, self-
esteem and self-realization [9]; increase in their quality of life [10–13] and sense of
independence [14, 15], decrease in feelings of loneliness [8, 16]; reduction in stress
perception and the level of social support [17–19]; increase in feelings of connected-
ness [20], and a positive connection to health [21, 22].

However, integrating Information and Communication Technologies (ICT) into
your everyday life is not a simple task.

In fact, a report that studied the way the Portuguese population interacts with the
Internet seems to remain updated. It reveals that there is clearly a gap between this
target group and other generations in terms of ICT usage [23]. Specifically, the info-
exclusion groups include the people retired, with lower education level and income,
and/or lack of access to digital platforms and Internet. From now to 20 years later, it is
estimated that the individuals that participate in this research will continue to be digital
and info excluded [23]. The age group that will be mostly affected is the one aged
between 45 to 64, with a level of education up to the second cycle of basic education
and the solely use of Internet will be done by relatives or other household members.

All this context justifies the promotion of strategies that improve the use of ICT by
older adults, specifically the development of audiovisual or multimedia tutorials.

Thus, the research question of this paper is: What recommendations should be
followed in the development of tutorials that help the ICT use by older adults?

The objective is to analyze various national and international examples that cover
the development of tutorials for older adults in different ICT contexts.

2 Aging and Technology Interaction

To exam the development of tutorials, the first step would be to understand the
interference of aging characteristics in ICT use.

In the visual system, changes are significant – e.g. changes in the cornea and lens
added to the loss of ciliary muscle tonicity; reduced pupil size; and a decrease in the
number of retinal cells [24]. These transformations lead to difficulties in reading, night
vision and perception of rapid changes in the environments with different luminosity,
difficulties in differentiating details, tired sight, in which the quality of the near vision is
reduced, cataracts and physiological degenerative processes in the retina [25, 26]. Color
discrimination also changes, in particular, decreases the blue discrimination capacity
and increases the distinction between red and green. These losses can reduce an
individual’s ability to use non-verbal information in communication [25].

The aging process is also responsible for several motor changes [26], namely, the
response time to actions is slower. There is also a decrease in the ability to maintain
continuous movement; disturbances in coordination and variability of movements and
loss of flexibility. In fact, older adults are 1.5 to 2 times slower than younger adults.
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The presence of chronic conditions, such as arthritis, also affects movements and these
changes in the motor skills have a direct relevance to computer use. In specific, [26]
report that for older adults to master the use of the mouse can be a greater challenge
than learning how to use software.

Auditory changes, such as its gradual decline, the s buzz, the difficulty about the
attention to cases of environmental noise or group conversations, a low tolerance for
high volume and high intensity sounds [25, 26], can be also limitations and interfere
with the experience of using technological systems, especially when the sounds made
available by the software and/or digital information environments are not presented in a
clear way or not available to increase/reduce the sound volume.

Cognitively, the aging process is responsible for many changes [26–28]: increased
difficulty in understanding long and/or complex messages to recall specific terms and to
develop reasoning activities that involve the analysis of logical and organized abstract
or unfamiliar material; repetitive discourse; through the difficulty in selecting infor-
mation; by reducing the ability to perform new tasks and fast psychomotor skills;
memory impairment, especially the memory related to the acquisition of new infor-
mation and the sharing of attention in multiple tasks and, finally, difficulties in
inductive behavior, spatial orientation, numerical and verbal skills and in perceiving
speed.

As for intelligence, it also changes. Intelligence can be classified as crystallized and
fluid. Crystallized refers to the source of general information, vocabulary or acquired
knowledge, whereas fluid intelligence refers to the ability to understand the relation-
ships between things and the manipulation of information. According to [27], until the
age of 70 people maintain their level of intelligence crystallized. From that moment, a
decline begins. In turn, fluid intelligence peaks at the age of 20 and follows a pro-
gressive decline. In this sense, with aging, the functions that require the manipulation
of new information are more problematic than those that only require the use of the
acquired knowledge.

The clear understanding of these changes contribute to the identification of specific
elements that can be implemented in technological development services, especially
interface and support-related. The adequate design of an intuitive interface can con-
tribute to the inclusion of a greater number of users, for reasons of ease of access and
use [29].

3 Method

To respond to the question that guides this study, What recommendations should be
followed in the development of tutorials that help the ICT use by older adults?, we
opted for the systematic review of literature based on the concepts: help tutorial, video
tutorial, multimedia tutorial, older adults, and help tools. The databases searched were
SciELO Portugal, ISI Web of Knowledge, and Google Scholar, with publications since
2010. In this phase, 24 publications potentially eligible for this study were identified.
We proceeded by identifying articles that met the following criteria: (i) the sample
should include elderly people, even if they integrate other ages as well; (ii) use of ICT;
(iii) and original studies involving older users at some stage of help tools development.
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After the process of analyzing the studies, which involved reading the title, keywords,
abstracts and full texts, only 4 seemed to fulfill all requirements. Analyzing the articles
references, we identified another publication, totaling 5 examples.

Most of the studies about help tutorials relates to education and e-learning systems
and not integrate older users.

In the analysis of the publications, the following aspects were observed, when
available: (i) size and sample selection; (ii) instruments used; (iii) results; (iv) and
limitations.

4 Findings and Discussion

As this is a theme that attracts the interest of scientific and governmental communities,
Table 1 shows the five initiatives that were found: OpenISA project; SEDUCE project,
which unfolds in two investigations; Help Center; and the case of MedlinePlus.

Table 1. Projects and initiatives examples that use help tutorials to support the use of
technological systems

Projects/Initiatives Goals

OpenISA – Open Innovation Platform for
Health-related Services during Old Age
2009–2012

Study the development, implementation and
evaluation of an open online platform geared
towards the health of older adults. This
integrates video that support effective
learning

Active aging: audiovisual in the promotion
of physical exercise 2014

Integrated within the scope of the SEDUCE
project - Senior Citizen Use of computer
mediated communication and information in
web Ecologies, this study [30] aimed to
develop audiovisual tutorials to support the
practice of physical exercise, integrated in
the health area of the miOne community

Audiovisual tutorials for ICT use by senior
citizens: planning, development and
evaluation 2015

Integrated study within the scope of the
SEDUCE project, in which a set of video
tutorials teach senior citizens how to use the
registration and communication areas of the
miOne social community

Help Center - Design of Interactive Tutorials
on Mobile Applications 2017

Design an interactive tutorial, which can
adapt to mobile applications

MedlinePlus - Trusted Health Information
for You 2018

Belonging to the US National Institute of
Health, United States of America, the
website provides updated health information
by the National Library of Medicine. Taking
special consideration of the older population,
it includes a set of explanatory videos about
the functioning of the website and health
information
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Developed from European Union incentives, since 2009 to 2012, the OpenISA
project - Open Innovation Platform for Health, related Services during Old Age,
focused on creating an innovative platform for providing health information and ser-
vices to older adults. OpenISA, in which the main research focus is the OICs (Online
Innovation Contests), aimed at integrating the target audience aged 50 years old and
over in the development and evaluation of the interdisciplinary platform, in order to
eliminate barriers and encourage it use.

Innovation Contests (ICs) are popular tools that enhance the integration of the
general public in the development of innovative technologies often used to solve
problems that affect society as a whole. That is, companies, organizations or individuals
use ICs to encourage specific groups to submit their contributions related to tasks
(general or specific) during a given period (hours, days or months) in exchange for
incentives (monetary, non- monetary or both). The target audience of older adults are a
group considered to be interesting for this type of dynamics, not only because they
recognize the vast life experience [31], but also because of the challenging market for
products that are now expanding. As part of the project, Digmayer and Jakobs have
qualitatively studied the integration of video tutorials in support of the learning of key
Innovation Online Contests (IOCs) functions by older adults in the development of
mobile phone design for older adults [31].

After surveying about the difficulties when using the IOCs, video tutorials were
created as a help resource and their usability was tested. The results of the study show
that the tutorials are an appropriate tool to provide an overview of the IOCs and its
main functions. Digmayer and Jakobs suggest that, in more complex tasks, video
tutorials help to reduce error rates however, task execution times tend to increase [31].
Also, beginning users are interested in targeted tutorials and step-by-step instructions,
while more experienced users prefer help tools that do not interrupt the workflow.

Regarding interface design and the tutorial content, the same study presents some
important recommendations:

• Learning occurs when users are involved in solving real-world problems. This
principle focuses on the presentation of the problem, its deconstruction in tasks in
order to solve it, followed by its operationalization and consequent action of making
them feasible;

• The video tutorial should appear where the user expects it to be made available, i.e.
on the first page. If the help tool is not recognized, the user will not use it;

• Ensure that the video can be viewed in full screen mode and in the best possible
resolution;

• It is important to clarify that it is only an aid and not part of the website. To do this,
you can add along the video, for example, the reference Tutorial;

• Provide the preview progress bar and interactive elements of the video player;
• Display a logical order following the presentation of the menu options;
• Provide incentives that motivate users to use or remain in the tutorial, such as

including humor or a joyful experience;
• Provide visual and audio support options. A hearing impaired user should be able to

choose a textual version, for example;
• Maintain consistency of the element names presented throughout the video;
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• The purpose of each function should be presented at the beginning, as well as the
benefits of its use;

• The transition to the next step should be the user’s choice, progressing only when
they are prepared;

• The operations must be explained in detail and the technical terms duly explained;
• It is important to clarify what the user should do at the end of each part of the

tutorial. This can be achieved by offering interactive elements.

The SEDUCE project, developed from 2010 to 2014, is another example of the use
of tutorials in supporting the online social community miOne (see Fig. 1).

This was conceptualized with the active participation of senior citizens from four
Aveiro Private Institutions of Social Solidarity. MiOne distinguishes from other online
communities because it integrates five areas of interest confirmed by the older adults:
(i) communication through email and instant messaging; (ii) health information;
(iii) news information; (iv) games; (v) and access and sharing of experiences among
members [32].

The project enabled the development of two studies specifically aimed at the use of
video tutorials to support the use of the miOne community by older adults and to
practice physical exercise [30]. The study of Caldas, Veloso and Antunes included the
planning, development and evaluation of a set of four video tutorials dedicated to
registration, general presentation of the community, use of the electronic mail service
and use of the conversation system [33]. This process had the participation of two
distinct groups, the specialists who participated in the focus group sessions and the
older adults who participated in the tutorial evaluation [33]. Studies of Czaja and Sharit
and Caldas, Veloso and Antunes suggest that tutorials should incorporate the following
characteristics [26, 33]:

• Non-use of technical terms, but an informal language and quiet narration, preferably
with a masculine voice;

Fig. 1. miOne community homepage Source: www.mione.pt
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• Avoid noise and echoes. When background music is used, it must be audible only
when the narrator does not intervene;

• Textually avoid decorative typefaces;
• As mentioned in the study by Digmayer and Jakobs, use segmented tutorials [31];

and
• Use 50:1 contrasts, that is, black background, white letter and vice versa.

Nunes in turn, and also using two groups of different participants, specialists and
older adults, presented a set of three videos: the first is an introduction and incentive to
practice physical exercise, the second is a Yoga tutorial and the third is a Tai-Chi
tutorial [30].

To the results of Caldas, Veloso and Antunes [33] and Nunes [30] adds the
importance of avoiding the scrolling in the texts and of adapting the narration voice to
the character of the video. If a female character is used, the narration must also be
female.

The fourth example is the Help Center (see Fig. 2), developed under Beijing
Humanities and Social Sciences fund Project Construction of Public Education
Rehabilitation Aids and Beijing Key Laboratory of Network System and Network
Culture. The goal of this research “is to design an interactive tutorial for middle-aged
and older adults, which can adapt to existing applications” [34: 162]. After applying a
questionnaire to 64 participants, the main problems reported on interaction with mobile
applications were: (i) difficulties in finding help options; (ii) they do not remember the
instructions of the tutorials, when they need to apply them; (iii) do not know how to
express themselves, when facing problems; (iv) and feel confused about the meanings
of the icons and features.

In light of these results, the Help Center was designed to implement: (i) a fixed
Floating Action Button (FAB) to access the help resource, whenever any doubts appear
(ii) a PIP (Picture in picture) tutorial that allows the user to continue to do the oper-
ations while watching the instructions; (iii) a learning center (that help users learn to
use the mobile applications, including Discovery, Tasks and Collections); (iv) and in
the “meaning icons and features” mode users can tap an icon or feature to learn what it
used for. From related work and findings from the survey study applied, Chen et al.
summarized the following design principles [34]:

• improve the accessibility, as reported by Digmayer and Jakobs [31];
• help tools need to be accessible at any time to help the users, when they forget about

the instructions;
• the searching for troubleshooting need to be improve with well-organized and

related information;
• tutorials may include a feature introduction, meanings of icons and features, fea-

tures access;
• allow applications with the interactive, step-by-step, self-based and visual instruc-

tions (see Fig. 3) on the same interface;
• alert for interfaces’ changes;
• improve appropriate feedback;
• and motivate users to relieve from anxiety while learning.
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The fifth example is theMedlinePlus website. As mentioned in Table 1, the website
is owned by US National Institute of Health that financially supports studies that aimed
the development of tutorials, such as the project coordinated by Bo Xie, Developing an
e-health tutorial for older adults to use online health, started in September 2017.

In MedlinePlus, video tutorials are used in the website support (see Fig. 4) and in
the explanation of health information [35].

Fig. 4. Video tutorial to support website navigation Source: https://medlineplus.gov/
aboutmedlineplus.html

Fig. 2. Help Center interface Source:
[34: 174]

Fig. 3. Feedback in Icon and Features
feature Source: [34: 178]
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The navigation video support for the MedlinePlus page is located on About Med-
linePlus tab. Although it is not possible to specify the date of publication, it presents
characteristics that corroborate some of the recommendations [30–33]:

• narrative paused;
• background music audible, or lower, only when the narrator does not intervene;
• the video progress bar and interactive elements of the player are visible;
• presents a logical sequence of page navigation options; and
• enables the video to be viewed in full-screen mode and in good resolution. In

addition, the areas referred to in the audio are highlighted through visual magni-
fication and color strategies (see Fig. 5).

When used for health information explanation, the tutorials are presented in the
form of animations (see Fig. 6), in addition to the particularity of offering the audio
description options or without audio description.

Fig. 5. Highlighted areas in MedlinePlus tutorial Source: https://medlineplus.gov/
aboutmedlineplus.html

Fig. 6. Example of health information tutorial Source: https://medlineplus.gov/ency/
anatomyvideos/000002.htm

384 S. Ferreira and A. I. Veloso

https://medlineplus.gov/aboutmedlineplus.html
https://medlineplus.gov/aboutmedlineplus.html
https://medlineplus.gov/ency/anatomyvideos/000002.htm
https://medlineplus.gov/ency/anatomyvideos/000002.htm


5 Conclusions and Limitations

This paper intended to provide a relevant input to the development of tutorials for older
adults in the context of Information and Communication Technologies.

The information collected enabled us to answer to our research question and pro-
pose some recommendations for the adequate solutions development: improve the
accessibility tools. The help should appear where and when the user expects it to be
made available, i.e. on the first page and be accessible at any time; it is important to
clarify that it is only an aid and not part of the website; provide the preview progress
bar and interactive elements of the player; provide visual and audio support options
paused but when background music is used it must be audible only when the narrator is
not talking; to allow feature help in full-screen mode and with good resolution; the
areas referred in the audio should be highlighted through visual and color strategies;
tutorial may include a feature introduction, meanings of icons and features, and the
purpose of each function; avoid decorative typefaces and use 50:1 contrasts; the
transition to the next step should be a user’s choice; provide incentives that motivate
users to use or remain in the tutorial; and clarify what the user can do at the end of the
tutorial.

Limitations of the work include the paucity of studies that directly involve help
tools in ICT contexts and older users. However, all the examples analyzed respond to
the selection criteria and shows a relevant theoretical framework and a coherent
empirical research.
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Abstract. Gamification has become popular as a behavior change strategy to
increase the motivation and engagement of clients in health and wellness
applications. Motivational affordances or gamification elements can help to
foster intrinsic or extrinsic motivation for an activity as mundane as achieving
fitness and wellness goals. Research indicates that there are many motivations
among older adults for playing digital games and exergames to encourage
physical activity (PA). Although studies investigate the influence of game ele-
ments in exergames on older adults PA, our study focuses on the usage of
gamification elements for gamified PA technology. We designed Spirit50, a
gamified PA technology app and conducted an expert evaluation using long
form questionnaires and the Heuristics Evaluation for Gameful Design instru-
ment. Content analysis and comparisons of expert ratings of the heuristics
provided specific insights into motivational affordances for older adults’ PA
technology.

Keywords: Gamification � Older adults � Motivational affordances �
Expert evaluation � Physical activity � Intrinsic motivation �
Extrinsic motivation � Behavior change

1 Introduction

Older adults struggle to develop adequate exercise habits to maintain their health [1]
and face the challenges of decreasing strength [2], potential diminished mental capacity
[3], and social isolation [4]. Encouraging older adults to participate in physical activity
(PA) through persuasive technology interventions provides the additional benefit of
being able to track user activity. One study showed that overcoming sedentary life-
styles can be achieved through systems like UbiFit Garden where rewards and tracking
functions were used to encourage older adults to participate in physical activity [5].
Embodied gaming or full-body interaction games improved the feeling of capability
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and encouraged older adults to play together for fun [6]. Interactive computer games [7]
or exergames (technology combining exercises with digital gaming) have helped to
overcome loneliness and encourage PA [8, 9] and improved physical functioning and
cognition health outcomes [10–12]. Exergames have also served as a therapeutic
instrument for improving physical function, cognition and social wellbeing [13, 14],
provided a user-friendly medium for social interaction, diversion, wellness and reha-
bilitation [15–17].

While digital games and exergames exist to facilitate PA, gamification is a form of
persuasive strategy which incorporates game design elements such as rewards and
tracking functions to make mundane actions more playful and serves as a behavior
change agent [18–20]. Such applications of a reward mechanism or gamification ele-
ments [21–23] or motivational affordances [24, 25] for PA facilitation are elements
which help facilitate intrinsic or extrinsic motives. Persuasive technologies using
gamification as a strategy indicated emergent themes such as feedback and monitoring,
reward and threat, and goals and planning [26].

Prior research on the motivations and preferences to participate in PA indicated that
health pressures and ill-health avoidance were significant motives for older adults to
maintain an active lifestyle [27]. Understanding older adults’ and their intrinsic and
extrinsic motivation for PA is an essential primary strategy for the design and devel-
opment of technology solutions facilitating PA [22, 28–31]. Therefore, we designed a
PA motivation gamified technology that was goal-based (vague goals and specific
goals) [32] with specific gamification elements and carried out an expert evaluation of
this app.

The key findings of this expert evaluation showed that goal-based PA motivation
technology designed for older adults’ ability to do exercises based on their physical
health conditions can be leveraged to foster intrinsic motivation to improve their health
and wellness objectives. The contributions of this work can be used by PA technology
designers and user-interaction researchers to customize and tailor gamified PA tech-
nology for older adults.

2 Theoretical Development

A comparison of existing gamification apps for PA technology revealed that the
challenges of aging related to physical ability were not taken into consideration in the
design of these apps [32]. These apps and gamified technology were not designed with
older adults’ needs and wants, and physical challenges due to aging. Based on pre-
liminary studies [22, 27], these needs and wants were further categorized into vague-
goals, specific-goals, barriers and current health conditions [32]. This taxonomy of
goal-based differentiation of older adults’ PA was developed into the Exercise Moti-
vation Technology Framework (EMTF) (Fig. 1) [32]. Therefore, our research group
designed Spirit50, a gamified PA technology specifically tailored for older adults’ PA
needs and challenges.

Spirit50 was a gamification application that was designed to provide customized and
personalized exercise routines for older adults to help them participate in PA through
daily and weekly exercise routines. This technology used the Self Determination Theory
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(SDT) [33, 34] and the Kaleidoscope of Effective Gamification (KEG) for its design and
development. While considering the physical challenges faced by older adults, this
artifact was tailored to adapt to the short-term and long-term motivations for PA (Fig. 1)
that was based on the SDT [35, 36]. This theory posits that individuals participate in
activities due to the inherent satisfaction from the activity (intrinsic motivation) or doing
something for an external reward (extrinsic motivation) [20, 29, 35–37] or a combi-
nation of both.

In the specific context of this paper, an expert evaluation was sought for reviewing
the motivational affordances emerging from a prior study [38] and the technology
facilitation of PA using Spirit50. Motivational affordances emergent from the partici-
pant interviews helped with creating the mapping of motivational affordances for PA
technology [38]. However, based on user experience research, it was important to
review the technology mapping with experts to evaluate these motivational affordances
in the context of older adults PA motivation. This paper illustrates the expert evaluation
of a gamification application (Spirit50) using heuristics and questionnaires to review
the technology facilitation of PA, its applicability, usefulness and ease of use of the
Spirit50 application in the context of the guidelines of motivational affordances for PA
by older adults [38].

3 Method

In this section, we explain the expert review method and instruments used to evaluate
the motivational affordances in Spirit50 for older adults’ motivationfor PA.

High Intensity 
Exercise

Meduim 
Intensity 
Exercise

Body Part 
Areas

Strength

Endurance

FlexibilityLow Intensity 
Exercise

Desirability Customization Motivational Affordances

Specific Goals
(Short-term) 

goals)

Barriers  

Vague Goals
(Long-term) 

goals)

Intrinsic Af-

fordances

Extrinsic Af-

fordances

Feedback 

Current Health 

Conditions

Fig. 1. Exercise Motivation Technology Framework (EMTF) [32]
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3.1 Expert Evaluation

Expert evaluations are normally conducted to inspect an application or a tool from the
vantage point of applicability and usability [39, 40]. An expert heuristic evaluation, or
expert review, is a method of assessing a product or service for its usefulness, appli-
cability and ease of use [41–43]. A panel of experts from multidisciplinary domains
spanning HCI, computer science, game design and gamification were identified and
sent requests for participation in the expert evaluation process.

3.2 Objectives of the Expert Evaluation

Motivational affordances [24, 25] for PA facilitation are elements which help facilitate
intrinsic or extrinsic motives to participate in PA. Gamification is essentially applying
strategies from game design (e.g., mechanics, dynamics, and aesthetics) to daily
activities to make people’s actions more engaging. In this expert evaluation “Moti-
vational Affordances” and “Gamification Elements” terms were used interchangeably.
Experts were recruited to evaluate the technology artifact (Spirit50.com) for the fol-
lowing objectives:

1. Evaluating motivational affordances for technology facilitated PA
2. Evaluating the usefulness of the Spirit50 application
3. Evaluating the ease of use of the Spirit50 application.

3.3 Materials

While user testing of the Spirit50 design helped to resolve usability and interaction
issues, the prior eight-week experimental study provided motivational affordances
guidelines for technology facilitated PA [38]. Spirit50, to the best of our knowledge,
was the only gamified technology designed specifically for older adults and tailored to
their age-related abilities. A backup Spirit50 site was set up on a separate server so that
it would not conflict with the commercial version of the site. Spirit50 is a web
application designed with gamification elements for older adults over 50 years of age.
Spirit50 incorporated the following gamification elements (motivational affordances):
goal definition (quests: short-term and long-term goals), daily challenges, weekly
challenges, goal progression meter, points and badges (stars), roadmaps and accolades
for completing activities.

The survey questionnaire posed questions for motivational affordances from the
Heuristics Evaluation for Gameful Design (HEGD), a heuristic toolkit, designed for
gamification applications [44] and also consisted of long-form (LF) questions pertinent
to applicability of the Spirit50 for the older adult demographic and its usefulness.
The LF questionnaire section comprised of the following questions:

1. Do you think any specific gamification elements/motivational affordances/game
elements should be given higher importance than others?

2. In your expert opinion, what other gamification elements/motivational affordances/
game elements would be more impactful in the context of the Spirit50?

3. Do you think that the application provided adequate feedback to the participants?
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4. If feedback provided in the Spirit50 application was not adequate, can you suggest
any pointers to improve the feedback to potential users?

5. From an expert evaluation perspective, please list a few limitations of the Spirit50
application, if any?

6. From the perspective of older adults, can you suggest ways to improve this
application?

7. Do you see any major hindrances in implementing Spirit50 application for older
adults (over 50 years of age) in the context of Physical Activity and challenges
caused due to aging?

8. Do you see any usability challenges with this application in context of older adults
(over 50 years of age) physical activity and challenges caused due to aging?

9. From an older adult’s perspective, do you think that the Spirit50 application could
provide the opportunity of challenges and achievement in the form of exercise
variations and/or levels of exercise intensities?

The combined survey questionnaire was set up using LimeSurvey1, an open source
survey platform on a secure password protected site.

3.4 Participants

As part of the recruitment process, seventeen experts in the domain of gamification and
HCI were invited to participate in the expert evaluation. Twelve agreed to participate in
the expert evaluation study. Three experts were unable to complete the expert evalu-
ation process due to which reason only data collected from nine experts (F = 1, M = 8)
was used in the final analysis. Experts represented gamification (n = 5), games user
research (n = 2), and human computer interaction (n = 2) specializations. Seven of
them had Masters Degrees and two held Doctorates. Five experts averaged four years
and six months of expertise in gamification or gameful design [45]. While the most
experienced expert had more than seven years’ experience, the least experienced had
two years of research expertise. The experts were invited to evaluate the motivational
affordances, usefulness and ease of use of Spirit50.

3.5 Procedure

The expert evaluation was conducted in two stages.

Stage1: The Spirit50 site was cloned and given a login and password for remote
access. Step-by-step instructions to access the site and to select the eight-week
testing option was provided in a PowerPoint. While the commercial site had a
payment plan, a discount code had to be set up so that experts would not have to
pay for the site during evaluation. They were encouraged to use the web application
as a user and evaluate the process of setting up their goals to exercise, input current
health challenges, and select known barriers to exercising. All experts were asked to
evaluate the setting up of their eight-week fitness roadmap for the specific goal of

1 https://www.limesurvey.org/.
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“Getting up and down off the floor with ease”. This specific goal was chosen
because it was the same specific goal used by participants in the experimental study
described in a prior study [38]. Experts were required to perform all the fitness
activities as indicated on the site and step through the task provided on a daily basis.
They were allotted a time of one hour to evaluate the site and continue with the
activities indicated in the app if they felt the need to do so.
Stage 2: Once the evaluation phase as completed, experts conducted an online
assessment of the application using the survey questionnaire.

4 Results

The data from the expert evaluation stored through LimeSurvey and exported to SPSS
for analysis. Comparisons of the ratings for the HEGD questionnaire and content
analysis was carried out for answers to long form questions.

4.1 Comparison of HEGD and Content Analysis of LF

While the number of participants were low, the selections of experts from all 17
dimensions of the HEGD [44] were compared for correlations which are shown in
Table 1. Results from detailed qualitative content analysis (QCA) [46, 47] of long-form
questions are posted in Table 2.

Table 1. Scale correlations for the HEGD [44]

Intrinsic motivation Extrinsic Motivation Context-dependent 
Autonomy - Creativity and Chal-
lenge - Competence

Ownership and Completeness -
Mastery

Feedback and Completeness -
Mastery

Autonomy - Creativity and Com-
pleteness - Mastery

Rewards and Completeness -
Mastery

Feedback and Autonomy-Creativity

Relatedness and Completeness -
Mastery 

Rewards and Autonomy - Creativity Feedback and Rewards

Immersion and Completeness - 
Mastery 

Rewards and Relatedness Actionable Feedback and Immersion

Rewards and Immersion Graspable Progress and Autonomy - 
Creativity 

Rewards and Ownership Graspable Progress and Feedback
Virtual Economy and Relatedness Graspable Progress and Actionable 

Feedback
Unpredictability and Relatedness
Unpredictability and Scarcity
Unpredictability and Graspable 
Progress
Disruption Control and Ownership
Innovation and Loss Avoidance
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Within the intrinsic motivation dimensions from the HEGD [44] correlation
between Autonomy - Creativity and Challenge – Competence imply that the app
facilitated the freedom of choice of vague goals (long-term goals) and specific goals
(short-term goals) with respect to their health conditions. The increase in difficulty level
of the exercise routines afforded the correlation between Autonomy - Creativity and
Completeness – Mastery. The potential of comparing their performance and their
progression on a daily and weekly basis and sharing with others facilitated the
Relatedness and Completeness - Mastery dimension. Engagement while doing the
exercise routines with increasing difficulty levels afforded the corelation between the
Immersion and Completeness - Mastery dimensions.

With the extrinsic motivation heuristics [44], achievement of virtual goods (points
and stars) based on the completion of specific tasks of increasing difficulty facilitated
positive correlations between the dimensions Ownership and Completeness – Mastery.
Additionally, freedom of selection of tasks based on the individual’s ability and health
conditions afforded the Rewards and Autonomy – Creativity dimension. Fair acquisi-
tion of rewards [44] within the Spirit50 app and meaningful interaction with the nar-
rative of the app afforded the dimensions Rewards and Relatedness, and Rewards and
Immersion. Furthermore, the app facilitated the collection of rewards (points and stars)
for task completion and daily and weekly progression helped with correlations between
the dimensions Virtual Economy and Relatedness.

Within the context dependent heuristics [44], positive correlation between Feed-
back and Completeness - Mastery, Feedback and Autonomy-Creativity, Feedback and
Rewards indicated that the system communicated the completion of tasks and
achievements. Expert evaluation also affirmed the dimensions Actionable Feedback
and Immersion, Graspable Progress and Autonomy – Creativity, Graspable Progress
and Actionable Feedback, and Graspable Progress and Feedback due to the presence
of progression feedback, daily and weekly roadmap, and comparison of their current
standing in the roadmap. Furthermore, intermittent tasks, randomness of tasks con-
tributed to ratings between Unpredictability and Relatedness, Unpredictability and
Scarcity, and Unpredictability and Graspable Progress. Protection against cheating,
and allowing ideas to be added for exercise routines, specific goals and health chal-
lenges helped with ratings between the dimensions Disruption Control and Ownership,
and Innovation and Loss Avoidance.

5 Discussion

We conducted the expert evaluation of Spirit50, to determine the efficacy of the
motivational affordances used in the gamification technology, its usefulness and ease of
use for the older adult demographic.

5.1 Motivational Affordances and Older Adults’ PA

Experts indicated that autonomy can be fostered by empowering older adults’ the
opportunity to do manageable and achievable PA within the app. Helping them take
ownership of their PA activities can help to achieve specific goals [32] such as
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improving mobility in arms, legs and further leading to full-body mobility. Further-
more, selection of the type of exercise (strength, endurance and flexibility) and the
intensity of exercises (high, medium and low) will help with self-regulation and taking
ownership of their PA decisions.

The opportunity to level up, competing on levels of exercise which increase in
difficulty level and exercise intensity fosters competence. Creating achievement levels
based on exercise intensity will enable mastery of specific-goals leading to a feeling of
accomplishment. While incremental success at exercise routines in the app is a positive
reinforcement for the PA, simplicity of routines can also lead to boredom. Therefore,
randomness in the occurrence of difficult challenges could add to the element of
curiosity and spontaneity in the gamified app.

Sharing of individual successes and task completion status with others fosters
relatedness. The aspect of coaching others based on their own experiences at the
activity could help with the concept of sharing. Portability of the app on a smartphone
or a mobile device helped with the ease of access to the routines. Furthermore, being
able to review the correctness of one’s body-form in an exercise routine repeatedly
adds value to the gamified PA technology.

Rewarding effort over task completion is an extrinsic motivator. This could be
facilitated by interjecting praise for effort done throughout the app which would, in
turn, reassure older adults about being on the right track. The app would serve as a
virtual assistant or a virtual coach in the PA program. Such rewards would also provide
validation of efforts and serve as achievement markers.

5.2 Spirit50 and Motivational Affordances

Intrinsic motivation: Content analysis showed that Spirit50 was one way to facilitate
PA amongst older adults. Gamification elements like goals (quests), challenges, and
routine activity can help to foster intrinsic motivation among older adults who are
focused on improving their health and wellbeing. It could provide a platform for habit
formation leading to the continued usage of the app over prolonged periods of time.
The exercise routines were simple and could afford the possibility of easily remem-
bering routines for quick repetition. The freedom of selection of vague-goals (long-
term goals) and specific goals (short-term goals) [32] afforded autonomy among users.
Competence at being able to do the exercise routines, completing the tasks on a daily
basis, performing challenges which were laid out at higher exercise intensities in
progressive weeks was also seen in the Spirit50 app. This was also seen in the com-
parisons of the answers to the HEGD [44] questionnaire, namely the autonomy-cre-
ativity, and the challenge-competence, and completeness-mastery dimensions.
Furthermore, this showed that the challenges presented in the Spirit50 app were
adapted to user’s ability, health challenges and achievement of goals.

Extrinsic Motivation: Experts valued the presence of virtual rewards’ (points and stars)
as a means to validate the effort of achieving the goal-based activity. The presence of
progression on daily challenges and weekly increments indicated in the road map
provided the assurance of task achievement and accomplishment of set activities within
the app. This in turn, served as virtual praise for task completion. Therefore, the
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presence of a simple reward mechanism for task completion would be meaningful to
the user engaged in performing PA as specified by the app.

Feedback Options: Experts noted that the presence of goal selection, number of steps
and reps completed, the daily fitness roadmap and the visual representation of PA
progression was essential feedback for older adults. Experts considered the simplicity
of daily activities to be similar to achieving small achievable goals that could be scaled
to more complex PA tasks. The presence of new exercise routines that were interjected
spontaneously contributed to the surprise, curiosity and unpredictability dimensions of
the HEGD [44].

5.3 Limitations of Spirit50 and Future Work

While the Spirit50 app used specific gamification elements’, experts indicated that
social interaction and community formation [1, 22, 28], two very important aspects for
the continuance of PA were missing. Presence of this attribute would help older adults’
with overcoming the feeling of loneliness in the aspect of doing PA [48–50]. Addi-
tionally, providing a performance rating (correctness vs effort) similar to the feedback
provided by a fitness trainer could help with modulation of PA posture, stance, gait and
feeling of improvement [27, 51, 52]. An eight-week study using Spirit50 also indicated
the need for greater feedback on posture correction and stance improvement within the
gamified system [38]. Such features within the system would help to improve older
adults confidence in the system and foster competence [22, 53, 54]. While Spirit50
engendered a select collection of fitness routines, the closed system did not allow for
the addition of new activities quickly because of depth of programming needed to make
such additions. Providing options to change the exercise intensity and difficulty level
on a real-time basis was not possible, which would have helped to foster greater
autonomy.

Expert evaluation also indicated that the sizing of the points, stars and progression
icons were small. Additionally, the interface design did not showcase the accom-
plishments of the users well on the page, leading to a lack of hierarchy of gamification
elements on the interface. Furthermore, presenting a time to completion and current
levels with reference to future levels in a graphical format would enhance the under-
standing of the PA quests within the gamified system.

Expert evaluation also showed that real-time feedback regarding correctness of
posture could help older adults in improving their form while performing PA routines.
This missing feature would need real-time scanning of body positions and overlaying
with the computer-generated sequence of PA activities. Spirit50 also lacked show-
casing the importance or value of doing a specific set of exercise routines. Additional
pop-out screen with this information could help to reassure the value of doing specific
PA routines in relation to the selected vague goals and specific goals [32]. Limited
dexterity of their hand could also be a deterrent to older adults using a computer mouse
when playing the gamified app. Concerns about the perception/misconception of older
adults about games and gamification elements were also raised by experts indicating
the need for onboarding opportunities within the gamified PA system.
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6 Conclusion

Spirit50 was a gamified PA technology designed to improve motivation of older adults
to participating in PA while considering their physical limitations and ability to do PA.
We conducted an expert evaluation of this app which showed that the purposeful usage
of motivational affordances (gamification elements) in PA technology can help with
older adults’ PA motivation. The expert evaluation used long-form questionnaires and
the HEGD [44], a gamification toolkit to evaluate Spirit50. Experts indicated that
Spirit50, with select gamification elements can foster intrinsic and extrinsic motivation
for PA. Intrinsic motivation among older adults for PA can be achieved through the use
of gamification elements like goals (quests), challenges, achievements, and task
completion of specific exercise routines on a daily basis leading to an eight-week
fitness program [38]. Reward mechanisms in the form of points, stars and progression
metrics for task completion serves as a validation of effort and could foster extrinsic
motivation for PA. Experts also indicated that Spirit50 could be improved by the
addition of sub-goals, graphical progression meters, collaborative community building
and deployment of the design on mobile devices such as smartphones and tablets. This
expert evaluation helps to show that motivational affordances can help with PA
motivation of older adults and identified how this app could be improved. Results of
this expert evaluation can be used by PA technology designers and user-interaction
researchers to customize and tailor gamified PA technology for older adults.
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Abstract. The present paper investigates the usefulness of the cultural theory
of Durkheim to analyze modes of utilization and functions of digital commu-
nication, especially through social network sites (SNS), by surveying their
capability for normative and social integration. It explores to what extent can the
analytical tools of Durkheim’s study concerning the elementary forms of reli-
gious life be used to describe, comprehend and explain social media domesti-
cation by seniors? It is contented that this approach is especially useful in the
analysis of the mediated rites of exchange of digital content, which is itself
infused with social meaning. Distinctive uses of symbolic forms on digital
communication can be a routine method of peer-sharing and support, a means of
reaching out, reinforcing an emotional attachment and the cohesion of a social
group that shares an identical cultural code and type of domestication of digital
devices. For instance, the content exchanged on SNS and on the internet can be
understood, since their popularization, to form a cultural code that constitutes,
simultaneously, an element of group cohesion between peers and of segmen-
tation between generations and social groups. Albeit acknowledged analytical
problems in functionalist perspectives, it is also argued that their utility lies in
the capacity to associate cultural features with tangible forms of social media
domestication and motivational aspects concerning that domestication.

Keywords: Seniors � Social network sites � Durkheim

1 Introduction

This paper examines the usefulness of Durkheim’s cultural theory to study and interpret
data regarding the uses, functions and gratifications of digital communication among
seniors, in social network sites and mobile devices, in particular, by surveying their
capability for normative and social integration. Therefore, the main goal of this article
is to examine to what extent can the analytical tools of Durkheim’s study regarding the
elementary forms of religious life [1] be employed to describe, interpret and explain
digital media domestication by seniors. According to this approach, the shared
(mediated) symbolic forms and the rites of exchange of such forms can be considered
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as fundamental units of analysis which endow the message of social meaning beyond
explicit or manifest content. Consequently, the mediated rite of symbolic exchange is a
key element of analysis since it is permeated with social meanings. Following Lessig
[2] these meanings can be understood as the semiotic content attached to various
actions (such as send messages, click like, post, etc.), inactions, or statuses (through
online disclosure), within a particular (digital) context. Moreover, for seniors and
younger individuals alike, distinctive uses of symbolic forms on digital communication
can be a routine method of peer-sharing and social support, a means of reaching out,
reinforcing an emotional attachment among peers.

Many research evidence points out older adults barriers to social media use such as
cognitive debilities [3], privacy concerns [4, 5], income and trust [5]. But other studies
focus on the engagement in Social Media Relationship Maintenance Behaviors by
seniors and indicate that older adults experience such behaviors in social network sites
(SNS) as actively as younger counterparts [6]. Past studies also show that SNS senior
usage is associated with increased feelings of connectedness with friends [7] and that
older adults often cultivate new connections to counterbalance the loss of ties in later-
life situations, such as retirement and widowhood [8]. Thus, there is evidence that
social media contributes to the social cohesion of older adults that might share an
identical cultural code and certain types of domestication of digital devices.

The messages exchanged on digital platforms such as SNS and on mobile phones
can be understood, since their vulgarization, as communication modalities that form
cultural codes constituting, simultaneously, elements of group cohesion and of seg-
mentation between generations and social groups. Therefore, digital rites can also be
studied in terms of their segregation potential to jeopardize intergenerational normative
and social integration and as a factor of individuation.

Albeit acknowledged analytical problems in functionalist perspectives [9, 10],
Alexander [11] argues that the attractiveness of functionalist approaches lies in their
ability to interconnect cultural aspects with concrete social action. Thus, following
Alexander, it is argued that their utility lies in the capacity to associate cultural features
with tangible forms of media domestication and motivational aspects concerning that
domestication. In fact, it is an approach that fits very well with the research interests of
Blumler and Katz [12] concerning individuals’ uses and gratifications and the inter-
vening variables between the media and their audiences [13]. In this approach there is
less concern for the transmission of ideas or points of view than other studies, since the
focus is “on the social and psychological “needs” of audiences which they argued
actively shaped media consumption and the ways that audiences understood media
content” [13].

The Durkheimian model is highly operable in media studies and helps the under-
standing of a series of empirical results concerning the domestication of digital devices
and platforms among Portuguese users, including seniors. The model contributes to
identify the elementary forms of the digital life of older people and see if the separation
between the sacred and the profane is still played in the division between real or virtual
or between lived and mediated experience, setting them apart from younger people, or
if they are becoming closer to younger generations that sacralize digital connectivity.

The use of the social network sites and mobile phones might be illustrative of this
proposition. For instance, most Portuguese children surveyed online in a past study
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report they receive calls, often or always in social situations where communication
from outside could be considered as disruptive [14]. And in a networked logic of social
action, embodied in a practical rationality, if a communication link is broken another
link will be sought (either by changing the medium or ties). Concerning seniors, it is
also the aim of this paper to find clues to see if the profane world of seniors is becoming
also one of disconnection. It is likewise argued that the Durkheim’s cultural model is
consistent with the role of media devices in the maintenance of ontological security
[15] of seniors, and with the domestication approach in new media studies.

2 Theoretical Framework

In an influential text, Carey [16] pointed out two main conceptualizations of communi-
cation: as transmission and as ritual. Communication as transmission refers to its tradi-
tional meaning, that is, as an instrumental form of information dissemination and as the
process throughwhichmessages are transmitted and distributed through space [16, p. 15].
This sort of notion addresses a functionalist idea of communication as an influence,
capable of producing effects, thus a power, and emphasizes the transport of information
and distance. However, it can be a challenge to clarify what can be regarded as media
effects and to what extent can we consider media technologies as independent factors. In
fact, early work on the influence of media technologies on audiences focused on “be-
havioral effects” and assumed an unsuspecting and largely passive audience [13], instead
of considering the active selection, uses, intentions and involvement of audiences [17].
For Bryant and Zillmann [18], media effects can be understood as the social, cultural, and
psychological impacts of communicating via media. But while is useful to have a broad
perspective on media effects in order to comprehend the extraordinarily extensive variety
of influences the media exert, it also contributes to the dispersion of the effects research
and to the successive reconceptualizations and destabilization of what is meant by effects.
This situation still demonstrates an insufficient systematization on its conceptual bea-
coning. For these reconceptualizations has also contributed the change from a context
dominated by mass media to a contemporary context where the pervasiveness of new
media (internet, mobile phones, etc.) in everyday life, of younger adults and seniors alike,
has been increasingly evident [19].

Moreover, when many individuals in their everyday lives think about media effects,
they might bound their thinking to negative outcomes that happen to other people after
being exposed to “bad” content [20] such as nowadays “fake news”. In addition,
academic literature regarding new media effects has been considering not just the
effective negative outcomes (damage) but also potential negative outcomes (risks) to
vulnerable individuals [21]. Therefore, the literature has identified risks encompassing
new media effects considered to be harmful, such as the risks of social disintegration
(between individuals, generations or social groups) or social isolation [22], of addiction
or the risk of info-exclusion [23, 24]. This risk-centering analytical focus often leaves
out the analysis of other effects (that can be understood as opportunities or positive
externalities) as, in a neo-Durkheimian approach, the media’s contribution to the social
cohesion of a given group through ritual sharing of meanings. This builds on Dur-
kheim’s idea that society needs “upholding and reaffirming at regular intervals the
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collective sentiments and the collective ideas which make its unity and its personality”
[1, p. 474-5]. It is suggested here that, to some extent, media technologies coupled with
civic rituals provide a functional equivalent to religious rituals in modern secularized
societies. Besides, we can articulate this approach with a praxeological perspective, that
is the contribution of the media to the structuring of daily routines with impacts on the
ontological security of individuals [15], among others. In this way, a reflection on the
social construction around what constitutes positive or negative effects of the media is
considered important, and how this construction mediates the way individuals carry on
the daily consumption of digital media.

It is also important to consider the latent meaning within digital media content,
regarding what digital content means to senior audiences rather than a mere view of how
new media affects them. According to Carey [16], if we consider the conception of
communication as ritual, we can link this concept to the notions of community, com-
munion, sharing, participation and association, thus assuming transmission as the basis
of social existence, occurring at all levels, in space and time, and promoting exchange
and relationship. To this extent communication is a symbolic process through which
reality is both (re)produced and transformed [16, p. 23]. This more Durkheimian per-
spective invokes simultaneity, emphasizes the maintenance of society over time through
shared modes of thinking and sees communication as a form of cultural reproduction,
promoter of order and shared experiences. In this way, communication does not appear
merely as a neutral transmission of information, denoting a factual function. It never
occurs in a cultural and social vacuum, being then contingent on the cultural and social
maps in which it takes place and, in a dialectical process, will help in the production of
those same matrices of perception of reality where it is inscribed. That is, it is in and
through communication that the visions of the world are constructed and destroyed,
confirmed and refuted. Communication is both a producer and a product of culture and
society, and these are not separate entities. This extended conception of communication
not only as a mere process of information flow, but also as secular ritual and mediating
element of social (re)production is updated by Couldry with his notion of media rituals
[25]. These “ritual communication approaches”, although intending to move away from
an over-functionalist view, refer to the norm and to the stable forms of integration [26],
and have been investigated in numerous ways where media technologies are seen as
vehicles to reproduce notions of community and solidarity [13].

3 Methods

The data employed here comes from two face-to-face surveys representative of Por-
tuguese individuals living in mainland Portugal aged 15 or more. One is the 2015
questionnaire survey “ERC—Públicos e Consumos de Média” (ERC — Media
Audiences and Consumption) (n = 1018) lead by the Portuguese Media Regulatory
Authority (ERC—Entidade Reguladora para a Comunicação Social). The other is the
survey “Sociedade em Rede” (Network Society) (n = 1542) employed by the Centre
for Research and Studies in Sociology - CIES-IUL (Centro de Investigação e Estudos
de Sociologia). The analysis combined the use of univariate and bivariate descriptive
statistics carried out with the SPSS program. Data was analysed and interpreted

410 T. Lapa



according to the insights presented in the theoretical framework. Using the Portuguese
survey Network Society, for the purposes of the analysis we considered older adults
aged 65 years old or more (n = 344).

4 Portuguese Seniors and Social Network Sites: Some Results

The emergence of innovations at the software level, namely, the emergence of appli-
cations that have been labeled by Web 2.0 applications, has built up the social media
ecology [27, 28]. Web 2.0 has opened doors for innovation in the use and appropriation
of applications by Internet users, making it easier to produce and disseminate user
generated content. With social media it has become feasible for ordinary users to create
online networks around newly created content and exchange comments on such con-
tent, thus recreating the communicative role of networks. Web 2.0 provides a way to
consolidate social networks by expanding existing online communication opportuni-
ties, whether through instant interaction or the sharing and networking of online
content. The same technologies facilitate the production of audiovisual materials for
private use, as well as the articulation of content storage and broadcasting with mass
audiences [27]. In fact, one of the great changes in the way people have been using the
internet since 2005 has been the increasing popularity of social network sites [29],
which has reverted in the expansion of the possibilities for individuals to communicate
and interact with one another, such as e-mail, chats and blogs.

As shown by the representative survey conducted by the Portuguese Regulatory
Authority for the Media (Entidade Reguladora para a Comunicação Social – ERC,
2015), Portugal is still marked by acute generational differences as we can see in
Table 1 and by the digital exclusion of most the senior population. These data are in
line with data from 2013, when the representative Portuguese survey Network Society
registered 11,8% of internet users older than 65 years old, of which 10,8% are direct
users of the internet and 1% can be considered proxy users since they access the
internet via another person. To put it in other perspective, among seniors who are
internet users, 92% is a direct user while 8% uses through another person.

The ERC survey (2015) also indicates that the majority (60%) of senior internet
users use social network sites (SNS), while the previous Network Society Survey
indicated 51,3% of SNS users among senior internet users, and all of them have an

Table 1. Are you an Internet user (at least once per week)? Source: ERC2015 - The new
dynamics of audio-visual consumption in Portugal

Age group Yes (%) No (%)

15 to 24 years 96,3 3,7
25 to 34 years 93,1 6,9
35 to 44 years 81,4 18,6
45 to 54 years 63,4 36,6
55 to 64 years 36,1 63,9
65 or more years 11,5 88,5
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account on Facebook. This shows, according to Cardoso and Araújo [30], a contri-
bution to increasing the central role of communication in networks. It is therefore
important to look at how seniors use SNS, supported by the data collected from the
Portuguese Network Society survey (2013). There were no senior Twitter users in 2013
and Google+ appeared far behind in terms of its usage rate, around 14.3%. The most
common device for accessing social network sites (SNS) was the computer (for 89.6%
of senior respondents), and a much lower percentage (16.0%) used the mobile phone to
access SNS.

Regarding the perceived time spent by senior SNS users in social interactions,
Table 2 gives us an image of the weekly hours spent on social network sites vis-à-vis
the hours spent on the mobile phone and in face-to-face interactions with family and
friends. It shows that seniors perceive they spend more hours per week in SNS than in
mobile phones, although some methodological caution is required in reading the data
since we cannot know how the question was interpreted by the respondents, that is, if it
refers only to sending or receiving calls or to other activities such as sending messages,
or even accessing SNS. The mobile phone is also an instrument for accessing social
network sites, which complicates, methodologically, the measurement of what is to use
one thing or another. This refers to the more general difficulty of measuring media
usages in a networked communication model.

Table 2. On average, how many hours per week you spend in contact with: (Senior SNS users)
Source: Portuguese survey Network Society, 2013

Family Friends (outside work/school)

Mean Face-to-
face

Mobile
phone

Social
network sites

Face-to-
face

Mobile
phone

Social
network sites

2,65 1,29 1,38 2,3 1,22 1,59

Fig. 1. Frequency of speaking or sharing ideas on your social network site … (Senior SNS
users) Source: Portuguese survey Network Society, 2013
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As Fig. 1 above shows, it is with the closest friends’ network that more than half of
the senior SNS users share, at least once a week, personal issues or concerns and
interests or hobbies. In addition, for some respondents, the people they deal with daily
(family, co-workers or classmates) are also everyday targets for matters relating to
personal issues, feelings and concerns, as well as for other less or non-intimate
interests.

The data do not seem to be in line with the study by McPherson, Smith-Lovin, and
Brashears [31], which indicates that internet users, specially the most intensive ones,
have fewer people to discuss important issues, and that these discussions occur less
frequently compared to the relatively recent past. Here we do not possess diachronic
data to make a comparison with the past, but as it turns out, intimate affairs, along with
less intimate interests, are the subject of daily or weekly conversation in the SNS with
the nearest circles for appreciable percentages of senior Portuguese users. Also, con-
trary to what Bauman and Lyon [32] suggest, the data reveal a strong relationship with
the inner circle, where SNS appear as a bridge between offline and online social spaces.
The ‘virtual’ social networks add to and multiply the connections with peers in the
‘real’ world. Because seniors use online social networks to facilitate pre-established
relationships, they interact primarily with the people they trust. There is also no
indication that online social spaces have widespread negative impacts on what we can
understand as the social capital of seniors, in the sense attributed by Putnam [33]1.

Table 3. On social network sites where you have a profile created, what kind of features do you
use? (Senior SNS users) Source: Portuguese survey Network Society, 2013

Features %

Chat service 59,2
Send messages 84,4
Play (Farmville, Mafia Wars, etc.) 20,9
Join/support Causes 25,0
Create photo albums 41,1
Send virtual gifts 9,9
Comment posts 56,0
Like the posts of others 67,3
Create/join groups 15,1
Disclose events 20,9
Search, make and suggest friends 42,1
Post music or video 10,4
Write comments on wall 20,2
Birthday alerts 47,6

1 The concept refers to elements of social organization such as networks, norms and social trust that
facilitate coordination and cooperation with mutual benefits [34].
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According to the data of Table 3, relational uses and communicative practices are
prominent in terms of SNS practices. Features that stand out for many are: send
messages, like the posts of others, chat service usage and comment posts. The use of
the like feature, for instance, can have some readings. It can be understood as a gesture
of recognition, a phatic form of communion in relation to a certain content (a photo, a
video or commentary), a form of communion facilitation or even a measure of sym-
bolic capital and social interaction. The data shows that many activities on SNS are
sparse since most of them are not carried out daily. Still, curiously, the most frequent
daily activity among, for 10,5% of respondents aged 65 years or older, is to play.
According to 5.2% of the seniors surveyed, the communicative and phatic usage of
sharing a novelty is performed at least once a day, and a similar percentage of senior
users reports to support causes on daily basis. In general, this is the most common
activity on SNS since most of the Portuguese senior users (51,2%) state doing it at least
from time to time. Sharing a novelty and lurk the profiles of acquittances are activity
performed at least once in while by around 46% of the respondents.

It is in this sense that Bauman and Lyon [32] speak of a liquid surveillance where,
in addition to business, SNS users engage in mutual social voyeurism. However, our
data do not reveal that this is a widespread or at least very common or frequent practice
among senior users. Another concern, which has emerged with the popularization of
SNS, is the devotion it requires to track updates and manage a broad network of
“friends” or contacts. However, there is a limited limit on the number of people in
whom one is personally and emotionally investing and one who is committed to
“quality” relationships, which has repercussions on online interactions [35].

According to our data, only small minorities of the senior SNS users felt, at least
once, uncomfortable because they could not keep up with updates from all their friends
on social network sites (12%) or had difficulty managing their online social

Table 4. Reasons you signed up in social network sites. (Senior SNS users) Source: Portuguese
survey network society, 2013

%

Strengthen social ties that already exist offline 56,8
Meet new people 26,4
Professional reasons 15,3
Because most of the people I know are on such sites 84,2
To keep in touch with people who are far away 89,7
To meet and keep in touch with people I have not seen in a long time 79,0
So as not to feel left out 21,2
To be able to share thoughts/comments/videos/photos 41,5
Because I was invited 46,6
Initiate/foster a loving relationship 5,4
To promote my work 10,0
To promote events 10,6
To promote causes or political positions 15,3
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relationships (5,2%). For 19% of Portuguese seniors (not just internet users) the main
feeling of being “left out” comes from the technological change itself, since they felt, at
least once, out of touch because of the pace of that change. Looking at Table 4, one
finds that among the main motivations for enrollment in the networks are the desires to
keep in touch with people who are far away (in 89,7% of the cases) or that respondents
haven’t seen in a long time (in 84,2% of the cases) and because respondents feel that
most people they know are on such sites (in 79% of the cases). This last indicator
seems a bit contradictory with the much lower percentage (21,2%) of senior SNS users
that point out as a reason as not to feel left out, since both reasons suggest a Dur-
kheimian normative pressure. Also, a majority points out as motivation the strength-
ening of pre-existent social ties, which may be indicative of a set of phenomena: the
extension in space and time of interactions in the social space of SNS; the use SNS
features for phatic communication, where shared content is a form of strengthening
ties; sharing of interests. SNS can still be understood as social spaces in the sense given
by Giddens [9], that is, spaces built by social relations, where spaces of consumption,
social connection or entertainment and communication intersect. Boyd [36] also sug-
gests that social media has contributed to the constitution of a public space in a
network, which shakes up constructed definitions of public and private life and refers to
a social structure whose contours we begin to know gradually, We can also call into
question, as Bauman, Lyon [32] and Putnam [33] do, the “quality” of internet and SNS
relationships, that is, the strength or intensity of forms of social cohesion based on
online mediated communication. But if we look at social networks in the light of the
Durkheimian cultural model, we can assume that social organization in social network
sites is symbolic, where individuals look for a set of meanings that can be shared with
others to form social bonds. The symbolic forms shared in SNS profiles, comments and
messages play a role in the intensity of the links that communication between peers
reveals. In this approach there is no fundamental differentiation between mediated and
unmediated communication and interaction.

This dynamic is close to what Malinowski dubbed “phatic communion,” in which
the social value of symbolic exchange is not in the content itself (information, ideas or
values) but in the ritualistic form that brings the gratification of speaking with others,
that is, to use speech to establish a social link between the sender and receiver [37].
Such a notion inspired the field of sociolinguistics, applicable in the understanding of
communication in everyday life and, consequently, in social contexts such as SNS
where the phatic language refers to the trivial and symbolic exchanges that are obvious
and expected in everyday life, composed of catchphrases and predictable statements. In
short, small talk (or its many digital variants) is an important lubricant of social bonds
[38, 39]. In this way, we can differentiate, within a given social network, phatic content
(guided by relations of friendship/personal) from non-phatic content (guided by
interests) but also distinguish SNS practices according to the phatic inclination of the
motives that behind them.

Looking at Table 5, it turns out that substantial majorities of senior respondents
agree or fully agree that online social networks allow for greater rapprochement and a
deeper understanding of friends’ tastes, opinions, and activities. That is, there are
indicators that the phatic uses of SNS are privileged over the relational uses guided by
specific interests or support for political or social causes.
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The social affirmation of social network sites is linked to individual and group
strategies, with the aim of reinforcing pre-existing social networks linked to belonging
groups such as family, group of friends or work, reference groups as socializing agents,
the sports club, the geographic and/or linguistic community, etc., or the insertion in
communities of geographically dispersed interests, which find in social network sites a
facilitated form of connection between individuals.

5 Discussion: The “Elementary Forms” of Social Media
Communication

Adopting a Durkheimian cultural model, we will look at the function of social media
applications by their capacity for social and normative integration or, on the contrary,
by the ways in which they can jeopardize integration itself, constituting a factor within
society itself of anomie, individualization, isolation and breaking of traditions. Social
media communication forms a ritual system of reciprocal exchanges, which means
commitment in a network of relationships. In this sense, Portuguese senior SNS users
point out that they spend on average more hours on social network sites in contact with
family and friends than on mobile phones. In addition, around two thirds of the
respondents report that they speak or share personal issues, emotions, feelings or
concerns with intimate friends weekly or at least once a day, and more than half share
them with family with the same frequency. The sharing of hobbies or interests through
SNS is overall less frequent. This is coherent with the notion that individuals primarily
seek a set of meanings that can be shared with others to form social bonds. Thus, the
Durkheimian interpretation of SNS use seems adequate to identify forms of social and
emotional regulation through networks of relations and of “phatic communion,” in
which the social value of communication is to be found in the ritualistic form of
maintaining social links between the transmitters and receivers. Similarly, regarding
mobile phones, Ling and Yttri [40] affirm that beyond the content there is a meta-
content: as the receiver is in the thought of the emitter and messages serve for the
development of a common history and a narrative.

Relational uses and communicative practices are prominent in senior SNS prac-
tices. Sending messages is the most widely used feature on social network sites by the

Table 5. Since signing up in social network sites, agree or totally agree with the following
statements: (Senior SNS users) Source: Portuguese survey Network Society, 2013

%

Feel closer to your friends 63,4
Greater knowledge of friends’ tastes 68,6
Greater knowledge of friends’ opinions 72,5
Greater knowledge of friends’ activities 88,2
Feel closer to people with whom you share interests 57,3
Feel more involved in political or social causes 35,5
Feel more inclined to express your opinion or support causes 36,3
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senior respondents, reported by 84,4%, clicking “Like” in the posts of others is the
second most used feature, reported by 67,3% of respondents, followed by chat service
usage (59,2%) and commenting posts (reported by 56% of respondents). These prac-
tices do have a phatic interpretation where digital content and performances can gain
special affective meanings. It is associated with the sender and at a certain moment, it
might represent a connection among people, being part of a heritage of memories,
which constitutes both an internal and external memory, present and ready to be re-read
in the timeline or logs of digital devices. Like other individuals, a growing number of
seniors are starting to manage a portfolio of different tools and communication
modalities (which in Durkheimian language can be seen as digital totems) to support
their social and family relationships: such as chat service for fast and intimate con-
versations, messages, and status updates, as a ritualistic way of being present (and
regulating social emotional connections) with a larger group. In fact, most senior
respondents state that they signed up in SNS to keep in touch with people who are far
away (89,7%), because most people they know are on such sites (84,2%) and to meet
and keep in touch with people they have not seen in a long time (79%). Curiously,
much less (56,8%) state as a reason to sign up “strengthen social ties that already
existed offline”, and only a minority (26,4%) points out as a reason to meet new people.

The domestication of digital media for relational routines and social and emotional
regulation of ties may follow two perspectives on their motivations, which we can link
or retrofit to the data analysis. The first has its roots in Durkheim, but also in Goffman,
on the phatic features or “communion” of mediated and unmediated interactions. This
is tantamount to focusing the analysis on ritualized and routinized communicative
practices rather than communicated content which helps to frame the response.
Moreover, in this perspective there is no fundamental differentiation between face-to-
face communication and mediated communication. However, senior users might
reflexively differentiate between the “quality” of face-to-face communication and
mediated communication, but perhaps not in practice. Also, considering the data
presented above, for many older users, communication through SNS might be regarded
as a substitute or less than optimal medium that is particularly useful to reach those who
are far away or to re-enact contacts not seen in a long time. This is something that only
further research can clarify. Still, the great majority of respondents point out that since
signing up in SNS, they agree or totally agree that they have a greater knowledge of
friends’ activities (88,2%), opinions (72,5%) and tastes (68,6%). The majority also
agrees or totally agrees with the statement that they feel closer to their friends (63,4%)
and to people with whom they share interests (57,3%).

The second perspective on the motivations of social media usage is based on the
Giddenian distinction [9, 41] between ontological security and anxiety. In this sense,
we can understand the domestication and appropriation of social network sites as forms
of regulating ontological security through the routinization of (mediated) social rela-
tionships. New media appropriation can likewise be understood as a way of creating
and accessing social spaces that extend beyond the domestic place. This points to
another Giddenian distinction between the place (the physical context of social activity)
and social space, constructed in terms of social relations. As for seniors, the strategic
use of social media to “keep in touch” allows the hyper-coordination - which involves
social and emotional interaction and the construction of common narratives between
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social agents [40] - of family life and friendship at a distance. We can understand,
following Giddens, the communicative routines provided by social network sites as
accustomed modes of behavior that support and are supported by agents’ sense of
ontological security [9, p. 60-4]. Therefore, the routinization of mediated uses and
interactions refers to the prevalence of forms of conduct that support and are supported
by the ontological sense of security.

6 Conclusion

It is contended that the Durkheimian model is highly operable in media studies and
helps the understanding of a series of empirical results concerning the domestication of
social network sites among Portuguese senior users. It might not be much adequate to
analyze, for example, overt content or to employ in an abductive approach that tries to
capture agents’ rationale on why they use SNS and its features in their own terms. But
Durkheim’s cultural model is consistent with the role of digital platforms in the
maintenance of ontological security of seniors, regarded as a powerful motivator of
social action, and with the domestication approach in communication studies. When
Collins suggests that emotions appertain in “situational ways of acting in conversa-
tional encounters” [43, p. 1010], he is referring to the social and emotional effects of
Durkheimian rituals, that have been lately transposed to digital platforms.

This framework is also useful since a whole research program can be derived from
it. In this sense, we can raise a series of questions and hypothesis for future research.
First, we can put forward the hypothesis that the increasing presence of digital devices
in seniors’ lives is also creating among them a moral order and expectations around
permanent digital connectivity, integrating them, with more or less resistance, in an
always-on culture [19]. Following this, a concurrent hypothesis is that the breakdown
of the moral order and expectations around permanent connectivity and message
exchange can produce disorientation when connection to digital networks or the digital
ability to “keep in touch” is broken. According to Sum et al. “using the Internet for
communication and information seeking were more likely to have positive effects on
participants’ social capital, loneliness and wellbeing” [44, p. 216]. Durkheim’s con-
tributions to the study of relational or associational effects at different levels of analysis
[42] also suggest the development of a line of research that focus on the links between
new media usage by seniors, wellbeing and active aging [45]. For instance, the ele-
mentary forms of digital life might play an important role in the expression of seniors’
identities, self-esteem and social recognition. Although, it might also raise concerns
about the tensions and emotional load of managing different modes of communication
and complex social hierarchies with relatively simple digital tools. SNS and digital
communication can also enhance family ties bridging generations and raising the
awareness of family members’ activities, opinions and tastes. When applied to the
study of digital communication of seniors, the Durkheimian perspective coupled with
more recent approaches in media studies might, thus, help us understand and produce
hypothesis regarding the emotional importance and consequences of digital devices in
seniors’ mediated daily lives.
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Abstract. Aging is becoming an urgent issue in China, the curve of aging
growth rate is rising. Home-based medical care for the elderly is important to
their quality of life, especially for those who live independently in countryside.
An electronic sphygmomanometer (ES) can measure blood pressure to detect
physical condition and greatly assists the elderly. However, studies have shown
that age has a certain hindrance to people’s ability to deal with information. Due
to the use of products that have various functions and complex operations, the
ergonomic problems of elderly people are increasingly prominent today. Many
existing products are not well adapted to their needs. In the face of new products
and new technologies, they often show up as retreat. This paper studies the
factors that affect the intention to use new products for the elderly (60–70 years
old) based on Perceived Ease of Use (PEU) and Affordance, taking ES as an
example. There are two experiments in the study. The first experimental task, 10
experts and 10 elderly rated the 10 representative ES based on PEU (1–7 points).
Appearance (affordance) characteristics was found out based on score ordering.
The second experimental task, another 10 elderly used these ES in the last score
order and rated the 10 representative ES. The Studies showed that the elderly
was more willing to use the products with affordance features. Features such as
text affordance, color affordance, and form affordance have a good guiding
effect on the use of new products by elderly.

Keywords: Elderly � Perceived ease of use � Affordance �
Electronic sphygmomanometers

1 Introduction

1.1 The Problem of Using New Products for the Elderly

The aging of the population has become an extremely serious social problem in China,
and its population aging is accelerating. Because the incidence of chronic diseases such
as cardiovascular and cerebrovascular diseases is significantly increased, the use of
medical auxiliary products can greatly prevent the diseases of the elderly, such as
electronic sphygmomanometers (ES) and other medical devices that can measure
physical and physiological indicators. As McCann et al. pointed out, medical devices
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that measure the physical indicators of the elderly are used at home to provide con-
tinuous health care for the elderly, reducing the cost of physical examination and the risk
of life [1]. Because there are a large number of elderly people in the country of China, it
is very expensive to go to the hospital frequently. As such, elderly people can signifi-
cantly promote their health services by using home medical equipment. The elderly can
quickly understand the physical condition. The equipment even can transmit informa-
tion to the medical staff through the network to achieve the telemedicine guidance.
Health assessment and decision support was conducted, which plays an important role in
the early prevention and timely medical treatment of the elderly.

Since home medical testing equipment has such an important role, the elderly
should use the equipment frequently. However, due to the gradual decline of the
physiology of the elderly and their ability to process information is also declining, their
learning and memory skills are also significantly less than young people’s [2].
Therefore, the elderly often shy away in the face of new products and new technolo-
gies. Previous studies have also found that elderly people have low acceptance of home
medical equipment [3–6]. There is reported to be greater fear and anxiety associated
with using computers, and in addition, their assessment of their own skills and abilities,
with both using and learning to use them, is generally lower than for other age groups.
New productions’ interfaces and interaction styles are continually evolving. There are
many reasons for being digitally excluded including those related to financial con-
straints, lack of training and prior experience.

Through a survey of Chinese elderly, it has been found that one key obstacle is
always difficult for them to learn to operate new equipment [7]. They are concerned
about the negative consequences of erroneous operations, avoiding the use of new
devices, and the perceived ease of use (PEU) of medical devices has an important role
in promoting the intended use of older people. They avoid the use of new devices
because of the negative consequences of erroneous operations. Thereby, the PEU of
medical devices has an important role in promoting the intended use of older people.

1.2 Purpose of the Study

PEU requires designers to promote the use of new technology products from the
perspective of mental models and visual guidance. PEU is important for the use and
acceptance of the product, and affordance has a strong positive correlation with PEU
[8]. Elderly people often afraid to use the product for the first time because of the
obstruction caused by visual perception. Previous studies indicate that usability is one
of the important determinants of technology used by older people [9], and the research
models commonly used in this field are Technology Acceptance Model (TAM) and
UTAUT Model [10, 11], which provide a solution to the problem of perceived
usability. Norman’s affordance to extended HCI is also well applied in the user per-
ception of usability [12].

Affordance and PEU have many applications in product and technology, but few
studies have focused on the PEU of home medical devices by older people. This study
provides guidance for older people to more easily use medical products, combining the
above models to discuss the main influencing factors of the perceived availability of ES
design from the perspective of affordance.
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2 Literature Review

2.1 Previous Frameworks and Models

TAM was early framework that effectively explain adoption of technology innovations
[10, 13]. The susceptibility or difficulty of understanding and use has been identified as
a key determinant of TAM adoption. TAM identified two factors that determine the
user’s decision to use the new technology: perceived usability and ease of use. In the
past, safety and functional factors were watched for older products. However the
usability of products was neglected. The actual expectations and needs of older.

The Diffusion of Innovations Model has also confirmed the importance of usability
for older products [14]. While it is important to meet older adults’ needs by providing
practical benefits, it is critical to make technology easy to use so that such benefits are
realized. The combined effects of these age-related changes may affect older people,
making it easy to use technology to achieve these benefits [15].

Pan studied the factors affecting the adoption of the Internet by Chinese elderly by
applying the Extended Technology Acceptance Model (TAM) [16]. The results show
that perceived use richness (PU) and perceived ease of use (PEU) Subjective norms
(SN) and facilitate conditions (FC) are four key predictors, while gender and age play
an important role in two key TAM components (PU and PEU).

Lee et al. through a literature review of the Technology Acceptance Model
(TAM) research field, concludes with 10 final and most important influencing factors,
namely value, usability, affordability, accessibility, Technical support, social support,
emotion, independence, experience and confidence, among which availability is
identified as an important determinant of the adoption of technology by older people
[9]. The study demonstrates two important characteristics of older users’ anxiety about
technology and resistance to change. Cao integrates context-aware and unified theory
of acceptance and use of technology (UTAUT) models to explain the use of Alipay
users from both the perspective of technology perception and context awareness.
Researchers believe that users’ behavior depends not only on their perceptions and
attitudes toward technology, but also on good contextual perception [17].

Affordance theory is based on user contextual awareness and has been successfully
applied in the field of perceived usability. Hsiao et al. used an online availability
assessment model to measure the degree of availability to evaluate products. Avail-
ability [12]. Designers can gain PEU and easily identify the look and feel of products
that need to be modified and optimized by using this model.

2.2 Summary

The above studies as shown in Table 1 show that, the PEU of medical products is
critical for older people are willing and able to use them such as ES. This study will
obtain the key influencing factors of the PEU of ES through Affordance theory, based
on the research models such as TAM and UTAUT. The design of an ES that is more
attractive, practical and usable for the elderly, to interact safely, healthily, indepen-
dently, with mobility and happiness between the elderly and technical products.
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3 Method

3.1 Experimental Sample

An Electronic Sphygmomanometer (ES) is a medical device that uses modern elec-
tronic technology and indirect measurement of blood pressure to measure blood
pressure. The ES is divided into an arm type, a wrist type, and a watch type. Older
people choose the upper arm type ES because the pulse is weaker and the wrist ES is
not suitable for patients with blood circulation disorder. Therefore, we mainly chose the
upper arm type ES in this study.

Samples of Electronic Sphygmomanometer. First of all, 56 types of ES were found
out from the mall and e-commerce website. In this study, considering the factors
affecting the use of new products by the elderly (60-70 years) and feedback of markets,
combining with experts’ opinions and the purpose of this experiment, 10 samples were
selected. The final choice is shown in Table 2. Ten types of upper arm ES are shown.

Table 1. Summary of technology acceptance and use models.

Theoretical
model

Object Conclusion Author
(time)

Technology
Acceptance
Model (TAM)

Explaining the adoption of
technology innovations
effectively

PEU may actually be a
causal antecedent to
perceived usefulness, as
opposed to a parallel,
direct determinant of
system usage.

Davis
(1989);
Venkatesh
(2000)

Diffusion of
Innovations
Model (DIM)

Explaining the main
elements in the diffusion of
innovations model, and to
apply them to the special
case of the diffusion of
new telecommunications
technologies

Usability plays an
important role for elderly

Rogers
(1995)

Unified theory of
acceptance and
use of technology
(UTAUT)

A unified model provides a
useful tool for managers
needing to assess the
likelihood of success for
new technology
introductions and helps
them understand the
drivers of acceptance in
order to proactively design
interventions targeted at
populations of users that
may be less inclined to
adopt and use new systems

PEU and context
awareness are very
important for elderly

Venkatesh
et al.
(2003);
Cao (2019)
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Perceptual Usability Evaluation Questionnaire. According to the relevant research
methods of the literature [10, 18], choose 9 dimensions of the Use of Comfortable,
Function Clear, First Step Operation Clear, Reading Clear, the Role of Each Button
Clear, Operation Ideas Clear, Easy to Get Started, Operation No Risk, Willing to Use
and 1 overall evaluation of Feel Easy to Use, select the above 10 kinds of upper arm ES
pictures. In order to avoid the influence of factors such as brand and view, use Pho-
toshop cc to delete all the logo information on the image, and modify all the images to
577 * 577 pixels, all of which use the view that reflects the product information as
much as possible, except 8 uses 3D view. All of them use the front view, and finally t a
perceptual usability evaluation questionnaire (Fig. 1 shows one sample) is generated
through WJX.cn (a website for making a questionnaire).

Table 2. 10 samples

1 2 3 4 5
Xiaomi iHealth Happy i2 upgrade Happy i5 upgrade OMRON U32K OMRON U31

6 7 8 9 10

Xiaomi Bluetooth 
Connection Edition

OMRON U30 OMRON HEM-1020 YUWELL YE670D YUWELL 690C

Fig. 1. Expert’s questionnaire and elderly’s
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3.2 Participants

20 elderly participants aged between 58 and 72 are selected from Wuxi, China. The 10
experts have experience of design more than 10 years. 1 expert works in the enterprise.
The other 9 are lecturers and associate professors of university.

3.3 Experimental Procedure

First experiment. The first experiment was conducted to allow 10 experts to score the
PEU (1–7 points) of the above 10 ES from the perspective of affordance. The total
average score of the different dimensions and was calculated. The scores of experts are
shown in Table 3.

In addition, 10 elderly people were found (mean = 64, SD = 3.5) to subjects. The
above 10 types of ES were scored (1–7 points) from the perspective of PEU. Because
the elderly did not understand the survey questionnaire clearly, the experimenter guided
elderly when they scored the sample. The average score of PEU of each ES was
obtained. The elderly scores are shown in Table 4.

Experts scored the total average score, and the elderly chose to feel easy to use the
average score, sorted by comprehensive evaluation. The top 5 experts’ evaluations are
No. 1, No. 9, No. 7, No. 8 and No. 10, and the top five results of the evaluation of the
elderly group are No. 1, No. 9, No. 7, No. 3 and No. 8, respectively. It was found that
the four products in the top 5 scores were No. 1, No. 9, No. 7, No. 3 and No. 8,
respectively, and the lowest scores of the experts and the elderly group was No. 6.

Second Experiment. In the second experiment, the test group was elderly. The order
was sorted according to the overall evaluation of the elderly scores, sorted as 1, 9, 7, 3,
2, 8, 5, 4, 10, and 6. The other 10 elderly people (mean = 64, SD = 3.3) as subjects
were found, and divided into 2 groups. Each group was randomly selected, and each of
them used these ES in turn. The first group (mean = 63.6, SD = 3.6) was used for the
forward exercise in the order obtained in the first experiment, and the other group

Table 3. Expert score.

Serial number 1 2 3 4 5 6 7 8 9 10

The average score of PEU 6.37 5.57 5.43 5.14 5.43 4.53 5.83 5.37 5.79 4.8
Total average score 6.43 5.06 5.07 5.29 5.36 4.71 5.86 5.57 6.14 5.43

Table 4. Elderly score.

Serial number 1 2 3 4 5 6 7 8 9 10

Total average score 6.09 4.63 4.67 4.06 4.25 3.56 5.12 4.39 5.32 3.65
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(mean = 64.4, SD = 3.6) was used in the reverse exercise (see Fig. 2). The perceptual
usability ranking of the test product was not told before the experiment. After the task
was completed, the two groups of participants evaluated the usability of 10 products
separately. Finally, the two sets of data were analyzed.

4 Result and Discussions

4.1 Relationship Between Appearance Characteristics and PEU

From the first experiment, it can be found that the products with the top 5 scores in the
top 5 are No. 1, No. 9, No. 7, No. 8. By summarizing the appearance characteristics of
the four products, we can find that the above-mentioned products have important
effects on the PEU in terms of text affordance, color affordance, and form affordance
(See Fig. 3).

Fig. 2. Using ES of OMRON U30

Fig. 3. Key Feature Affordance.
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Key Feature Affordance. In addition, we will revisit the appearance of the product
based on the previous score. From the perspective of product complexity, the top four
products do not have many function buttons, and not seem complicated. However,
No. 6 with the lowest score needs to rely on the mobile APP to connect and use, which
may be an important reason for the perception that the score of product’s PEU is low.
From this experiment we can summarize, the appearance of the product has a certain
impact on the PEU of the product. Therefore, the design of ES for the elderly should
focus on Key Feature Affordance.

4.2 Relationship Between Accepted to Use (AU) and PEU

From the second experiment, it was found that the average total score of the forward
exercise used in the first group was 47.80, and the average total score used in the
reverse exercise of the second group was 44.08, as shown in Table 5.

The total score for forward order use is greater than the total score for reverse order
use indicating that perceived usability can also help the performance of older people.
Due to the learning effect, the products used later have higher scores than the previous
products. The scores of the forward order group No. 1 ES and the reverse group
No. 1 ES may not be objective. Therefore, we chose to compare the scores of the 5
(experimental NO. 2) and 6 (experimental NO. 8) products in the middle of the
sequence. Data obtained in the second experiment were input to SPSS 19.0, and the
data of samples 2 and 8 were subjected to mean T test. We found that the forward order
use group scores of the samples 2 and 8 were significantly higher than the reverse
group scores. As can be seen, PEU of product has a significant effect on the use of new
products by older people. See Tables 6 and 7.

Table 5. Forward and reverse score.

Group 1 2 3 4 5 6 7 8 9 10

Forward 6.2 5.2 4.8 4.6 4.8 4.8 4.6 4.6 4.4 3.8
Reverse 6.4 5.4 5.0 4.8 4.6 4.4 4.0 3.6 3.4 3.2

Table 6. NO. 2 score T test

Group N Mean SD t Df Sig.

Forward 5 4.8000 0.44721 24.000 4 .000
Reverse 5 4.6000 0.89443 11.500 4 .000

Table 7. NO. 8 score T test

Group N Mean SD t Df Sig.

Forward 5 4.8000 0.83666 12.829 4 .000
Reverse 5 4.4000 0.54772 17.963 4 .000
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5 Conclusions and Shortages

Conclusions. This study shows that older people are more willing to use an ES with
good PEU. The ES showed affordance characteristics through features such as text
affordance, color affordance, and form affordance, making it easy for the elderly to
perceive the product use to ease, which in turn makes older people more willing to use
ES products and learn to use them faster. The products designed for the elderly should
not seem too complicated. The buttons and colors of the product interface should not be
too much, and the function of the product should be practical and easy to operate.

Shortages. The main Shortages of this study are that the number of samples is small,
and it is not possible to comprehensively and objectively respond to the scores of the
samples in the experiment. In addition, the Affordance characteristics of the product
itself may be related to many factors, which cannot be completely attributed to the
points mentioned in the conclusion.

Future study. The next step the Affordance characteristics of the product will be
further refined, and the perceived ease of use of the product from the product char-
acteristics will be analyzed. And it is hoped to improve the medical level and quality of
life of the elderly through increasing the usability of home-based medical care
products.

Acknowledgements. We would like to thank all participants and experts for this research. We
thank the editor for reviewing and editing this paper.
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Abstract. Taisugar have developed over 300 years since 17th century in Tai-
wan, it has been committed even more to research and development of sugar-
cane varieties than to control of sugarcane pests and diseases prevention. This
study aims to discover this Eco-museum by empowering sugarcane pests and
diseases as a start point and convert these elements into a task-based treasure-
gathering mechanism, then integrate into “Service engineering and knowledge
management” within a LBS-AR (Local-Base Service Augments Reality) system.
This study hopes that it can help more and more people via experiencing this
LBS-AR game to learn more knowledge from sugarcane history and culture of
Taisugar. Beside the biodiversity, the process from “cane” to “sugar” is rich in
humanity and culture, which is a very important element in the process of digital
design. The players will be deepened and improved after the gameplay and
experience the local sugar industry. Another cultural key point is Taiwanese
“Sugar Mill”, whose role played in the past is similar to foundry manufacturing
today. In the field, it can be explored a series of production of modernization
from original “Sugar Mill”, modified “Sugar Mill” to mechanized “Sugar Mill”.
So that, this study integrated task-level and multiple catching treasures mech-
anism to improve the player’s adhesion of the game.

Keywords: Taisugar history � Local-Base Service Augments Reality (LBS-AR) �
IP (Intellectual property) character design � Interactive Visual Storytelling �
Pokémon GO

1 Introduction

More than 300-year-history in Taiwan, Taisugar Corporation delivered both ecology
and industry data as a “Digital Museum”. Due to the biodiversity, from “cane” to
“sugar” will be inevitably entangled with humanity and culture in the process of digital
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design. For example, there are more than 10 species pests of planting sugar cane
divided into: leaf worms, stem pests, underground pests and vector pests, etc. They are
not only related to the soil, but also seasonal change, therefore, multidimensional
corresponding elements should be complex to the game. This paper aims to discover its
Eco-museum by empowering sugarcane pests and diseases within LBS-AR “Interactive
Visual Storytelling” game.

2 Literature Review

During 1895 to 1945, Taiwan was colonized by the Japanese. For of the suitable terroir
conditions and the policies advocacy of the Colonial Government, 44 sugar factories
had been erected between central and southern Taiwan. The sugar industry had become
an important economic development of the Colonial Government. After the World
War II, most of these sugar mills has been closed after 1986 but only 2 factories remain
operating. Because of the highly maintaining cost and the replacement from the
highway systems, the transportation using of the sugar industry railway systems has
declined since 1982, and all of the lines have been shouted down, even though two
factories functioning. Some of the buildings of the sugar factories were designated as
“monuments” under the Cultural Heritage Preservation Act before its amendment in
2005. Due to the restrictions of this Act of “no changes to building appearance” led to a
fossil conservation, the owners of those buildings against to be registration or desig-
nation. After amendment to the Cultural Heritage Preservation Act, the category of
Cultural Landscapes was added to the Act, which includes the spaces and related
environment of myths, legends, circumstances, historical events, community life,
and/or ceremonies. The Operational Guidelines of the Act indicate detailed categories
as the location of myths and legends, the routes of historical or cultural facts, religious
landscapes, historical gardens, the locations of events, agricultural landscapes, indus-
trial landscapes, transportation landscapes, irrigation facilities, military facilities, and
the landscapes interaction between humankind and the natural environment. In this
sense, the sugar factories could be industrial landscapes, one of the sub-categories of
cultural landscapes. Up to 2010, the Qiaotou and Hualien sugar factories left only had
been registered as cultural landscapes finally. However, most of the cultural heritages
had been designated as monuments in the past, while only the buildings and the
territory of the factories were included in the registration of cultural landscapes of the
sugar industry. However, the farms and railway systems related to the production of
sugar were both excluded [1]. In a near future, AR glasses contact lenses in public
place surrounded by a number of bystanders could be uncomfortable with the user
recording them. Moreover, the user could cheat bystanders without consensus similar
to an advanced spy cam [2]. For this sake, another combination of advanced tech-
nologies as mobile wireless, AR, multimedia and game that have all been brought
together in a cultural context to provide meaningful engagement. The mobile-AR
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application to cultural organizations added value to visitors’ experience by investing in
developing applications for hardware owned by their visitors [3]. Under the game
refinement theory, it is effectively used worldwide in domains of games as board
games, video games, Somatosensory sports and Pokémon GO included. After a rea-
sonable information game model establishment which could be used as a helpful tool to
measure the game attractiveness and enable game designers to make a target game
more sophisticated [4]. In this program, the same situation by solving puzzles through
collecting cards, swapping cards, personalizing items, linking consoles together to
share items, powers and characters, playful technological platforms scaffold imagina-
tive enquiry, exploration, and the collection and sharing of virtual creatures and
knowledge. Universal transmedia of Pokémon is a techno-aesthetic platform that
facilitates particular kinds of imaginative engagement, from the rule-bound and
intentional, to more unpredictable and expansive semiotic and performativity play.
Thus there are an infinite number of ways in which reality is augmented in play albeit
their material and technical realities will be particularly vivid and technically com-
plicated [5].

3 Methodology and Procedure

3.1 Research Design

Based on the biodiversity from “cane” to “sugar”, richness of cultural humanity of
sugar mills’ landscapes has been indicated transform by following process (see next
page Fig. 1) as below:

1. Intellectual Property character design: It focused on translating pictogram consists
of signifier and signified into significance by means of identification, parallelization,
deduction and inference. Moreover, encoding and decoding communication with
pictogram in shapes, colors, materials, media, and receiver, where cultural back-
ground is a pivotal key successfully for IP character design;

2. Scenes and mobile device selection: Recognition with the feature of pictograms,
transfer to the visual cortex by optic nerve for feature and structure matching, and
comprehension. “Trend” as a central design concern when time goes by, and then
applying universal design concepts to make pictogram design more tolerant [6];

3. LBS-AR game design: Firstly, experience design through consider constituent
elements of sugar mill and diversity insects in sugarcane growth life. And then,
integrated the IP characters, UI pattern, special effects etc. into a game engine
software named “Unity” and a plugin software named “Vuforia”, finally through
program debugging to accomplish game experience mechanism.
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3.2 Intellectual Property Character Design

Based on the organisms that endanger the growth of sugar cane, the design elements of
this study are mainly representative biometrics like the common insects such as Cer-
ambycidae, Mogannia hebes, Arvicolinae, and Locust etc. (see Table 1). Taking
Cerambycidae as an example, its characteristics of the beetle are the rigid appearance
and the outer shell and the luster of the texture. The jacquard and the foot with the
jagged section are used as the reference for the designer.

Fig. 1. Research framework and process
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Table 1. Instructions of character design extraction

Names Original images Description Intellectual property pictograms

Ceram-
bycidae

1. Six feet.
2. Black or brown body.
3. A pair of strong 

tentacles on its 
forehead

4. A pair of long joggled 
tentacles on both 
sides of froehead. 

5. Bright and straight 
textured of hard back.

6. Bigger ass than head.

(Continued to the next page.)

Mogan-
nia 
hebes

1. Six feet. 
2. Transparent 

geometric pattern of 
wings.

3. Watery blue eyes.
4. Green and brown 

body
5. A paire of tentacles 

on its head
6. Approximated 

triangle head.

Arvicol-
inae

1. Round body. 
2. Four feet and a long 

tail.
3. A pair of round big 

ears.
4. Brown back and 

white abdomen. 
5. A pair of big watery 

black eyes
6. White beards on both 

sides of red nose. 
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3.3 Scenes and Mobile Device Selection

This study selected five locations in one idle grass of Chang Jung Christian University
as a demonstration field where is designed to be a “Sugar Mill” exhibition place also.
Furthermore, the five locations selected the GPS was used as the trigger point of the
game. Because of the positioning accuracy of various brands of mobile phones may be
different, so the commonly used mobile phones of selected Sony, Apple and Samsung,
etc. (see Table 2). The demonstration scene is the location of the “Sugar Mill” with five
GPS sensing points (see Fig. 2).

Locust 

1. Crystal clear green 
gradient body.

2. Rugby-like body.
3. Six feet.
4. A pair of long 

tentacles upon its 
forehead. 

5. A pair of abdominal 
tubes are located on 
both sides of body.

Table 2. GPS tolerance of different mobile phones

Brands Model Tolerance

Sony Xperia XA1 1–2 m
Apple IPhone 7 1–2 m
Samsung J7 4–6 m
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4 LBS AR Game Design

The content of this AR game will be divided into “fixed point for catching treasure”
and “question and answer” two major part. The “fixed point for catching treasure” is
mainly to bring the pest character designed into AR game, which also helps to deepen
the player’s awareness of the pest. The “question and answer” game mechanism allows
the player to deepen the knowledge of sugarcane pests through answer questions. The
process of experiencing the game including: 1. while opening the APP the introduction
of the glycoside will appear; 2. click the play symbol to enter the game screen. The
bottom left corner of the screen is the game, and the magnifying glass in the lower right
corner is the reminder for the device to open. Click on the blue button. The game map
will appear when the icon is placed; 3. after entering the game map, the green dot
indicates that the level has been unlocked, and the player must complete the capture of
the green unlocked level object, and the blue blocked level will be unlocked. Then click
on one of the mission points to experience; 4. when entering the experience, the
satellite map will guide the player to the actual location and display the distance
between the player and the level event; 5. before reaching each level object for treasure
capture, Triggering the task point will play the pest and the task description. When the
blue play button is pressed, the treasure can be captured (there are 4 task points for the
treasure grab); 6. while entering the treasure screen, there will be a baby ball below.
Players can use the finger to slide the baby ball to lose the ball to the randomly moving
treasure. When the player throws the treasure before the limited number of balls is
used, the screen will appear radial, and the player will catch the ball. Treasures, on the

Fig. 2. Game site and the field of sensor points
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Table 3. Experience process of LBS-AR

Step 1 Step 2

Starting screen as introduction to the sugar 
mills.

Tap the blue button to enter the game.

(Continued to next page)

Step 3 Step 4

The green button unlocked task until it com-
pleted and blue button activate.

Map will guide you location and distance 
between the mission points after clicking.

Step 5

While reaching the anchor point, pests will be showed in a icongraph before catching 
the treasure, so that players have to leaen their habits and harms deeply to pick up the 
treasure after clicking the play pictograms.
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contrary, fail; 7. when entering the anchor point of the question and answer item, the
screen will display the title and options. When the player answers correctly, they can
directly obtain the treasure reward (see Table 3).

5 Conclusion and Future Works

Based on the development of LBS-AR, this study developed a new SDK AR that
combines the cultural history of sugar, commercial marketing and online community
functions. Its interactive AR game design integrate sightseeing tours, cultural creative
industry in the digital business model. It designed 4 original IP characters to help
develop specialty products in the future. The treasure hunt production of experience
game proposed in this study, the capture mode is different from that of Pokémon, which
only provides the player with a static capture mode. In addition to moving in the video

Step 6

The players will drop the ball on the sliding screen whlie entering the treasure 
collection section, it will record the number of balls and score as long as the pests 
are successfully conquered but the energy bar above is exhausted.

There is only one item in the question and answer mode, after answering the 
question the player can get the treasure directly.

Step 7
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screen with the dynamic treasure character, the player is caught. In addition to the
difficulty of taking the character of the treasure, the entertainment experience is
combined with the design of the subject of the knowledge, so that the player can also
obtain the history of the development of sugar mills, the history of modern sugar
production and the basic knowledge of sugarcane planting in China during the enter-
tainment experience. This mode helps to improve the player’s deep experience in the
field, thus enhances the player’s adhesion to local cultural tourism.
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Abstract. With the popularization of mobile devices and the trends in popu-
lation aging, it becomes important to consider aging issues on the development
of mobile devices. Many studies have shown that mobile devices with haptic
feedback provide users with the better user experience. This study combines
pinch open/close and clockwise/counter-clockwise rotation gesture with four
different types of vibration modes, and compares the task completion time and
idle ratio of each. The aim is to increase the haptic feedback variety and explore
haptic feedback technology applicability in the future. The result shows that the
vibration mode can shorten the average operation time compared to the non-
vibration mode, wherein the lasted-vibration mode has a significant shortening
of the operation time. While the ratio of the idle time, there has a significant
different between both non-vibration lasted vibration (p-value = 0.04) and non-
vibration versus reminded-vibration (p-value = 0.039) in pinch open gesture.

Keywords: Elderly � Multi-haptic � Tactile � Haptic feedback � Gesture

1 Introduction

According to United Nations statistics, the number of people aged over 60 in the world
was 962 million in 2017, more than twice the number of 382 million the elderly in
1980. It is expected that by 2050, the number of elderly people will double again to
reach nearly 2.1 billion [7]. The problems and needs of the elderly who are declining in
their physical function are one of the focuses of many studies today. The use of mobile
devices by the elderly has gradually spread. Although most users are between the ages
of 20 and 50, there is an increasing number among older users who are older than 50 or
even 60 [6]. Mobile services can enhance social ability and entertainment of the
elderly, thereby promoting their quality of life, and the elderly have the ability to learn
about information and communication technology. Because the elder are accustomed to
the use of traditional mobile phones, it is an important factor for researchers to consider
how the elderly adapt to use smart mobile devices [18].
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In terms of using mobile devices, it is more difficult for an elderly to touch a button
or to operate complicated gesture with a small interface. On the other hand, due to the
decline in visual and auditory acuity, inconvenient mobility, and memory loss in the
elderly, it often makes them feel anxious and unacceptable to use mobile devices.
Although many studies have been solved these problems, there is still room for
improvement [3].

A review of the literature on tactile perception indicates that devices that com-
municate messages to the body through physical contact or physical touch are called
tactile sensor, and tactile perception techniques have been developed by researchers
and companies in the past forty years, and also indicated that the tactile perception
technology in the future will be the trends [17]. To further understand the problems
faced by the elderly in operating mobile devices, the following will review the literature
on the tactile degeneration, multi-touch gestures and feedback of the elderly.

1.1 The Impact of Hand Degeneration in the Elderly

Due to the physiological deterioration of the elderly, the sensitivity and stability of their
hands are declined, which makes them more difficult to do complicated movements. In
terms of using mobile devices, miniaturized design makes it difficult to use and read,
and the range of hand wrist activity is reduced, which may cause hand function, muscle
and bone damage [4]. In addition, as the age increases, the body muscle fibers grad-
ually decrease and shorten, and it makes the elderly operate mobile devices more
difficult. Moreover, slower neural responses may affect the brain’s ability to receive and
process information, affecting its coordination and stability [12].

Some studies have conducted experiments on the exertion and coordination of the
fingers of the elderly and young people, and measured the ability of the fingers to
generate force and moment. The results show that the elderly need higher forces and
showed less accurate when performing the tasks. The study inferred that ageing can
affect the coordination of fingertips [13]. In the study of finger tactile acuity, it was
found that the fingers tactile recognition ability of the older subjects was lower than
young subjects [14]. In view of the above, the physiological decline may increase the
fatigue and burden of the elderly using the mobile device, and may reduce the will-
ingness of the elderly to operate the mobile device.

1.2 Elderly and Multi-touch Gesture

Touch gesture is a common method of operation on mobile devices. Although elderly
people have lower touch accuracy and sensitivity than younger people, touch operation
is more efficient than mouse or other assisting devices [8]. For the elderly, direct
operation of the mobile device is better than operation through the assisting device, and
the gesture operation can promote the interaction of the elderly and effectively reduce
the error rate [5].
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Nowadays, more and more software and hardware support the operation of multi-
touch technology. Some studies have pointed out that the elderly are acceptable for
touch gestures and clearly indicate that it is helpful for the initial software or hardware
learning [11]. However, for operating mobile devices, the elderly prefer single-touch
gestures and they are less willing to perform multi-touch gestures. These results show
that multi-touch gestures increase the difficulty and complexity of the elderly to operate
the mobile devices [15].

Therefore, the physiological changes increase the limitation of the elderly in
operating multi-touch gestures, and it is an important issue to find out how to effec-
tively help the elderly to operate gestures to improve the coordination and stability of
the mobile devices.

1.3 Multi-haptic Feedback

Tactile feedback is a physical response when touched the devices. Studied have shown
that for visually impaired users, increasing tactile feedback in the graphical user
interface can improve operational efficiency [16]. The use of gestures to operate the
mobile device with tactile feedback enhances usability and provides a better user
experience [10]. In addition, tactile feedback can create richer interactions than visual
and auditory feedback [1]. Tactile feedback is used as an aid when using mobile
devices, and operations can be performed more accurately [9], and another research
suggest that adding visual feedback when operating software can help the elderly
understand the operation of multi-touch gestures [11]. In the study of using keyboard
input, it is pointed out that adding a keyboard with tactile feedback will allow the user
to input more words and fewer errors. On the other hand, in the moving environment,
the benefits of tactile feedback are slightly reduced, but it can still effectively reduce
errors [2].

According to above literature, the elderly are more difficult to perform multi-touch
gestures due to tactile degeneration, so additional tactile feedback may be able to
improve operational performance. Therefore, the purpose of this study is to investigate
whether tactile vibration feedback can help the use of multi-touch gestures in the
elderly, and further compare the task performance of different vibration samples.

2 Method

The purpose of the experiment is to investigate whether haptic feedback can increase
the performance of multi-touch gestures in the elderly. There are 29 subjects including
4 males and 25 females who are over 50 years old with experience in using smart
phones. The experiment device is Xiaomi - Mi 6, equipped with a linear motor and
Android system. And the experiment tasks and the data recording are setting by Unity
program. And there are four types of vibration mode for tasks, which are pinch open,
pinch close, clockwise rotation and counter-clockwise rotation.
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The experiment analyzes the completion time and the idle ratio. The completion
time is the time when the subject completes the task and the idle ratio is the ratio of the
time when the subject’s finger away from the screen and the total time. If the idle ratio
is higher, it means that the subject is less aware of whether he or she has reached the
task goal.

2.1 Subjects

According to the literature, humans sense began to degenerate at the age of 50.
Therefore, the community recruited a total of 29 elderly (male 4; female 25). And all
subjects have the experience of using smart phones.

2.2 Vibration Samples

This experiment sets four tactile vibration samples. Shown as Table 1, non-vibration
(general operation), touch vibration (when the user starts zooming), lasted-vibration
(keep vibrating during operation) and reminded-vibration (to alert the user when the
task is not completed), respectively. In touch vibration is given to subjects vibration
feedback as if they touch the screen. The lasted-vibration provides vibration feedback
during the whole task, and reminded-vibration is a reminder when the subject finishes
the operation without completing the task.

2.3 Procedure

This experiment uses basic multi-touch gestures (pinch open/close and clockwise/
counter-clockwise rotation gestures) with four different vibration modes to allow
subjects to perform task. To understand whether the different vibration mode can assist
the subjects to complete the task, and compare the task completion time and the idle
ratio in different vibration modes.

Task description: (1) enlarge the photo to the specified size; (2) reduce the photo to
the specified size; (3) rotate the photo clockwise to the specified size; (4) rotate the
photo counterclockwise to the specified size, as shown in Table 2.

Table 1. Vibration sample

Vibration mode Touch During Error

Non-vibration � � �
Touch vibration ○ � �
Lasted-vibration ○ ○ �
Reminded-vibration � � ○
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Table 2. Experiment task diagram

Experiment task
Gesture

Start screen Completion screen

Pinch Open

Pinch Closed

Clockwise Rotation

Counter-clockwise Rotation
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3 Result

3.1 Average Completion Time

This study explores performance of the basic multi-touch gestures and four types of
vibration mode. The pinch open (PO), pinch close (PC), clockwise rotation (CR) and
counter-clockwise rotation (CCR) are respectively compared with average completion
time of non-vibration, touch vibration, lasted-vibration and reminded-vibration. If the
average completion time of the vibration mode is shorter than non-vibration mode, it
means that the vibration mode can improve the performance of the elderly. The results
are shown in Table 3.

The results of comparing average completion time of each vibration mode show
that the completion time of lasted-vibration mode is shorter than the non-vibration
mode by nearly 1 s, as shown in Table 4.

In order to investigate whether the various vibration samples are different from the
current non-vibration mode, we perform paired sample t-test with non-vibration, touch
vibration, lasted vibration and reminded-vibration. The results show that there has
significant difference (p-value = 0.011) between non-vibration and lasted-vibration, as
shown in Table 5.

Table 3. Average completion time between gestures and vibration modes

Vibration mode Gestures
PO PC CR CCR

Non-vibration 5.806 (s) 6.191 (s) 3.765 (s) 4.201 (s)
Touch vibration 5.296 (s) 4.099 (s) 3.659 (s) 3.284 (s)
Lasted-vibration 3.757 (s) 4.960 (s) 3.524 (s) 3.208 (s)
Reminded-vibration 4.539 (s) 6.152 (s) 3.165 (s) 3.168 (s)

Table 4. Average completion time in different mode

Vibration mode Average completion time

Non-vibration 4.990 (s)
Touch vibration 4.085 (s)
Lasted-vibration 3.862 (s)
Reminded-vibration 4.256 (s)
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3.2 Idle Ratio

Comparing the idle ratio of four vibration modes by four multi-touch gestures
respectively. The results show that non-vibration mode has the highest idle ratio with
pinch open gesture; the touch vibration mode has the lowest idle ratio with clockwise
rotation gesture, as shown in Table 6.

Furthermore, using t-test to analyze four gesture to find out whether there has any
different between them. And the results show that in pinch open gesture has a sig-
nificant different between both non-vibration versus lasted vibration (p-value = 0.04)
and non-vibration versus reminded-vibration (p-value = 0.039), as shown in Table 7.

4 Discussion

The study explores four basic multi-touch gestures including pinch open and close,
clockwise and counter-clockwise rotation. According to the experimental results, in
terms of the average completion time of different gestures, the average completion time

Table 5. Completion time verification result

Comparison (Vibration) p-value

Non vs Touch 0.063 (s)
Non vs Lasted 0.011 (s) *
Non vs Reminded 0.182 (s)

*Significant at p < 0.05.

Table 6. Idle ratio

Vibration mode Gestures
PO PC CR CCR

Non-vibration 44% 37% 14% 14%
Touch vibration 28% 31% 13% 14%
Lasted-vibration 27% 35% 18% 14%
Reminded-vibration 27% 36% 15% 19%

Table 7. Idle ratio verification result

Comparison Gestures
PO PC CR CCR

Non vs Touch 0.097 (s) 0.221 (s) 0.459 (s) 0.438 (s)
Non vs Lasted 0.004 (s) * 0.341 (s) 0.159 (s) 0.471 (s)
Non vs Reminded 0.039 (s) * 0.278 (s) 0.387 (s) 0.135 (s)

*Significant at p < 0.05.
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of clockwise rotation gesture in non-vibration mode is the shortest, and the pinch close
gesture is the longest, indicating that the elderly are easier to operate the clockwise
rotation gesture. The differences could result from the characteristic of rotation gesture.
Through observation, subjects were able to use one of their fingers as supporting point
to assist performing the task. In terms of average completion time of different vibration
modes, the vibration mode with gestures is shorter than the non-vibration mode. If we
further analyze each vibration mode with the non-vibration mode, we can find that the
lasted-vibration mode is significantly shortened than the non-vibration mode. In
addition, in terms of idle ratio, pinch close gesture is the highest, and the touch
vibration mode has the lowest idle ratio with the clockwise rotation gesture. Further
analysis shows that the idle ratio is significantly reduced when performing the task of
pinch open on the photo with vibration mode.

To sum up, the elderly encounter more difficulties in operating pinch gestures than
rotation gestures, but with vibration feedback can significantly shorten the completion
time of the pinch gestures, and the effect of lasted-vibration mode is most obvious due
to the feedback and reminder that provided by haptic feedback. On the other hand, the
vibration feedback is less obvious for rotating tasks that are easier to perform. How-
ever, as for the average, subjects still have better performance when conduct tasks that
combined with haptic feedback. In conclusion, adding haptic feedback is helpful for the
elderly to perform multi-touch gestures.

Further research could improve this study in three directions. First, explore more on
the feedback mode by considering the subjective feelings of the elderly. Second,
explore more on the auxiliary level by examination the vibration duration period and
intensity. Last but not least, this study using paired t-test as statistical method to reduce
the difference between subjects which inevitably face the effect of repeat tests. Further
research could recruit different groups of subjects for each vibration sample to further
verification the effect of haptic feedback.
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Abstract. The paper analyzes the participation of the elderly in the digital
society by comparing the situation in the Netherland and in Italy. While the
Netherlands are at the forefront in internet and social media use with 80% of the
seniors in the age group 65–75 being online in 2016, the situation is different in
Italy with only 28,8% of the population in this age group using Internet. We
have carried out two surveys in Italy to highlight the reasons for this difference
which seems to be due to lack of digital competences. We suggest that the
widespread use of ICT in The Netherlands can have a positive impact on urban
sustainability and on healthy ageing through caring and volunteering activities
of the elderly in the natural environment promoted through social media.

Keywords: Social media � Internet � Elderly � Urban sustainability � Italy �
The Netherlands

1 Introduction

The elderly are usually considered a problem for sustainable development since the
exponential growth of the ageing population threatens the resources that are globally
available [1]. In the context of the European project Grage [2], we have carried out an
interdisciplinary research on the challenges of ageing and sustainable development in
urban areas. The study has evolved around the idea of citizenship, healthy environment
and suitable urban solutions for an ageing society. The themes addressed in the project
are elderly legal rights, green urbanization, food sustainability and analysis of elderly
urban behavior. In this context, we have investigated the role that information and
language technology can have in transforming cities into environments that support
green and healthy lifestyles.

The elderly can be a resource for sustainable development if we stimulate their
involvement in reducing the environmental footprint as well as their volunteering
activities in a natural environment, an important aspect of healthy ageing [3]. Internet
and social media can play an important role in supporting these best practices: they are
affecting the way we live in urban areas since many activities such as social interac-
tions, production, consumption and exchange of services, are now also occurring in
online spaces. More specifically, information and language technology can play an
important role in the promotion of sustainable development based on a behavioral
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analysis of the data produced by old adults. Therefore, we adopt the view that cities are
characterized by the connectivity of the people and the digital devices that make them
important data producers, especially through social media, allowing thus an analysis of
the content and of the interactions of the users. These data can provide useful insights
to deal with current issues in green economy, healthy lifestyles and healthy ageing and
more generally they can help redefine urban spaces. In this context, the participation of
the elderly in the digital society is essential, however, there are still crucial differences
at European level in this respect.

In this paper, we analyze the situation with respect to ICT use by focusing on a
comparison between the Netherlands and Italy, two countries with quite different
behavior. It is based on data available from the respective national statistical institutes
(i.e. CBS and ISTAT, respectively) and from two surveys we have carried out in Italy
within the Grage project. We show that the Netherlands are at the forefront in Internet
and social media use even among the elderly, while this is not the case in Italy where
Internet and social media adoption are lagging behind and we investigate the reasons
for this difference.

2 ICT Use Among Elderly in the Netherlands

The knowledge economy is a growing sector in the Netherlands: companies use social
media extensively to communicate with their clients that are quite often online. Eight
out of ten Dutch citizens use mobile internet on a daily basis: while Internet use is
pervasive in the youngest age groups, we notice a considerable growth also among old
adults and the elderly, in the last years [4].

Mobile technologies contribute to the ‘datafication’ of the (urban) space since
social actions are transformed in online data that allow for predictive analysis of
people’s behavior [5, 6]. The (big) data produced trigger new forms of entrepreneurship
that are at the basis of the knowledge economy that is driven by innovation and
creativity, giving rise to smart cities [7, 8]. In the Netherlands, one out of five com-
panies carries out analysis in this area, creating new jobs and business opportunities,
positioning thus the Netherlands at the forefront in Europe, in this sector [4].

If we look more specifically at ICT use in the Netherlands and we focus on the
elderly, statistics [4] reveal that in the age group between 65 and 75 years old, 80% of
the Dutch population made use of Internet in 2016, while the seniors above 75 years
old were 50%, as can be seen in Fig. 1. Furthermore, an investigation of the percentage
of households with internet access in Fig. 2, shows that The Netherlands, in 2016, were
at the forefront within Europe, with 97% of households being online. Similarly, for the
Scandinavian countries, Luxembourg, Great Britain and Germany where 9 of the 10
households have an internet account. The percentage is lower in Southern Europe that
is lagging behind, in particular, Italy is quite below the EU average with less than 80%
of the households with Internet.
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It is interesting to analyze, per age group, the type of technology that is being used
in order to be online. As can be seen in Fig. 3, the smartphone is the device most used
by the youngest age group; in the age group 65 until 75 years old, it is the laptop that is
the most used while in the age group of 75+, the use of the various devices is rather
equivalent except for the smartphone that is used less than the others.
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Fig. 1. Internet use in the Netherlands per age group (Source: CBS)

Fig. 2. Households with internet in EU countries 2016 (Source: Eurostat)
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As for the types of activities carried out online among the elderly, Fig. 4 shows that
in 2016, the 75+ group uses internet mainly for email (light blue), while almost 70% of
the respondents use it for finding information about goods and services (dark blue) and
for banking (light green), around 60% use it for buying online (dark green) and for
finding information about health (orange), more than 50% use it to read the newspaper
(purple). Percentages are higher in the group of 65–75 years old.

We can thus conclude that Internet is pervasive in the Netherlands with a high
percentage of old adults and the elderly gaining access to it.

If we consider the social media use of the Dutch population, which includes online
chatting, writing or reading weblogs, e-mailing and use of social and professional
platforms, in 2016, we notice an extended use in all age groups (cf. Fig. 5). Almost
60% of adults between 65 and 75 years old are active on social media while those
above 75 years old are 20%. If we focus on social networks, in Fig. 6 it is possible to
visualize the development in use, in the last years, per age group. Even though young
people made more use of social networks than the elderly, the difference has become
smaller since 2014. The use in the age group 45–65 years old has registered an increase
from 70% to 83%. In the age group above 65 years old, the increase has been from 26%
to 39%.

Fig. 3. Devices used to access internet in the Netherlands in 2016 (Source: CBS)

Fig. 4. Internet activities in the Netherlands in 2016 (Source: CBS) (Color figure online)
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Fig. 5. Social media use in the Netherlands (Source: CBS)

Fig. 6. Social networks use in the Netherlands (Source: CBS)

Fig. 7. Use of various social networks in The Netherlands (Source: CBS) (Color figure online)
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Figure 7 shows the development in the use of the various social networks in the
years 2012 and 2016. These two years are represented over each other and they
partially overlap, in this case the color is grey-blue. It is possible to see that young
people use platforms such as Facebook and Twitter less while the elderly are using
social networks more, this is especially the case for instant messaging. Furthermore, the
use of professional social networks has increased in the age group 22–35 years old.

3 ICT Use Among Elderly in Italy

In the previous section, we have shown that the elderly are at the forefront in ICT use in
the Netherlands while in this section we analyze the situation in Italy, where we notice
striking differences with respect to the analysis previously presented.

The Digital Economy and Society Index tracks the evolution of the European
member states in digital competitiveness and it shows the differences attested among its
member states. The analysis in [9] shows that the Nordic European countries, among
which The Netherlands, are in the first positions while Italy has one of the lowest
scores. It occupies the 25th position among the 28 members states with a digitalization
index of 44,3 that is calculated on the basis of connectivity, basic digital competencies,
internet use and digitalization of private and public companies. It is almost 30 points
behind The Netherlands which is in the fourth position (cf. Fig. 8).

More specifically, if we consider statistics in internet use [10], there has been a
constant growth in Italy, as can be seen in Fig. 9 and a considerable increase in the age
group 15–24 years, whose use is above 90%, furthermore, the users between 55–59
years old have also notably increased. We notice a similar tendency also among the

Fig. 8. Digital Economy and Society Index (DESI) 2018 ranking

Sustainable Development and ICT Use Among Elderly 455



elderly even though the percentages in usage are still rather low with only 28.8% of the
population between 65 and 74 years old using internet in 2016 and only 7.7% of those
aged 75+. This is quite a big difference if compared to The Netherlands. A gender gap
in internet use is also attested in Italy: in 2016, 67,6% of the males were online, against
59% of the females. Regional differences still play a role and this is the case especially
between those regions in Northern Italy (67,6%) compared to Southern Italy (55,9%)
and the islands (55,7%), while the Central regions score similarly to the North. Social
differences are also attested: while 91,6% of people with a university degree are online
and 93,8 of managers and professionals, the percentage goes down to 63,9% among
those with a middle school diploma and to 77,6% among factory workers.

As for social networks, in 2015, in the age group 65–80 years old, only 14.3% of
the users were on Facebook while only 6.6% used YouTube [11], as can be seen in
Fig. 10.

Fig. 9. Internet use in Italy (Source: Istat)
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To conclude, while we have seen that in the Netherlands the extended use of
Internet and social media triggers the production of big data and a flourishing
knowledge economy, the situation is different in Italy where even the digital compe-
tence within companies is limited. Only 16,2% of those companies with 10 people has
personnel specialized in ICT and only 12,9% of them organizes informative sessions on
digitalization [10].

4 ICT Analysis of Italian Elderly in the Grage Project

The differences with respect to ICT use in The Netherlands and in Italy are quite
striking and in the context of the Grage project, we have carried out an exploratory
cross-sectional survey in the city of Macerata to gain insights into the reasons for this
different behavior and the low penetration of ICT in Italy among the elderly. Macerata
is located in the Marche region, which is in central Italy.

We created a tailor-made questionnaire on the basis of a checklist of the essential
features of age-friendly cities developed by the WHO [12] to measure the perception of
age-friendliness of the urban context the elderly live in. The original WHO checklist,
which includes several domains covering physical, social and service environments,
has been adapted to the Italian context and we have added additional questions related
to ICT and technology, which are of relevance in this paper. The survey comprises 58
items, in addition to 16 demographic questions aiming at assessing the status of the
respondents with respect to their personal situation.

The respondents are individuals belonging to two age groups, that is between 55
and 64 (pre-retirement) and older than 64 (retired). We have asked 166 residents, aged
on average 64.57, that have provided an answer based on their personal experience and

Fig. 10. Social media use in Italy (Source: Censis)
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their subjective perception. Responses are based on a 6-point Likert scale, ranging from
1 (‘strongly disagree’) to 6 (‘strongly agree’). The questionnaire has been carried out in
elderly centers, community halls, summer vacation camps for the elderly, churches,
university offices and public offices. Data were collected by means of face-to-face
interviews while younger (i.e. between 55 and 67) and literate respondents adminis-
tered their own questionnaire.

One of the items in the survey asks whether computers and internet are available for
free (or for a reasonable price) in public places such as libraries, municipality offices
and elderly centers. The majority of the respondents disagree with this statement (i.e.
48%), while 20% didn’t answer, responses are visualized in Fig. 11. In Fig. 12, we can
see the results of the item that assesses whether there are courses being offered to learn
how to use Internet and the various digital services based on it, such as internet-
banking, reading news, buying products online or sending emails. In this case, the
disagreement is even higher with the statement (65%) while 21% of the respondents
didn’t answer.

Similar disagreement is attested with respect to the item whether the elderly are
aware of social media platforms, such as Facebook and whether they use them to be in
touch with family and friends and to receive information. In this case, 67% disagree
while 14% didn’t answer, as can be seen in Fig. 13. However, the majority of the
respondents agree that Internet and social media would be very useful for the elderly
because they support social inclusion and allow for information to be gained as well as
for relations to be maintained with family and friends. As can be seen in Fig. 14, the
majority agrees with this statement (59%) while 10% didn’t answer.
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From these responses, we can conclude that the elderly are interested in Internet
and social media and they are aware of their potential, but they are limited in their use
due to lack of digital competences and limited support through courses to become more
acquainted with them.

This conclusion seems to be also supported by an additional survey that we have
carried out at regional level to assess the attitude of elderly with respect to ICT, that is
whether elderly own devices and whether they are familiar with them. The survey has
been filled by 203 respondents from the Marche region, including not only inhabitants
of Macerata and its province but also seniors from the other 4 provinces living in small
(i.e. less than 30.000 inhabitants) and medium size municipalities (more than 30.000
inhabitants). The average age of the respondents is 73 years old, including both men
(52%) and women (48%), with medium-low level of education, of which 76% were
retired.

In the context of this study, four questions are relevant, that is whether the
respondents own a computer, an internet connection, a smartphone or a tablet and what
is their level of familiarity with them. With respect to the possession of computers, 63%
of the respondents answer that they have one at home, while 32% don’t and 5% haven’t
answered. Results are similar with respect to internet connection indicating that people
that buy a computer do so to be online. The responses are the same also with respect to
familiarity with these devices, that is 11% of users declare that they don’t use them and
are not interested in using them, 8% don’t use them but would like to use them, 7% use
them only if somebody helps them, 9% knows how to use them, but don’t use them
regularly, only 21% use them often while 43% didn’t answer.

As for smartphones, the results are the same as for the other two devices with
respect to possession, however, regarding familiarity, there are some differences
indicating that the elderly are more acquainted with this device. Results indicate that
4% of users don’t use them and are not interested in using them, 4% don’t use them but
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would like to use them, 5% use them only if somebody helps them, 14% knows how to
use them, but don’t use them regularly, only 30% use them often while 42% didn’t
answer.

Differences are attested in ownership of tablets, since 39% of the respondents have
one at home while 54% don’t have one while 6% didn’t answer. As for familiarity with
this device, 5% of users declare that they don’t use them and are not interested in using
them, 4% don’t use them but would like to use them, 4% use them only if somebody
helps them, 10% knows how to use them, but don’t use them regularly, only 12% use
them often while 64% didn’t answer.

These results indicate that ICT devices are present at home but people tend not to
use them often: the percentages of internet and computer use are in line with the
national statistics for this age group, discussed in the previous section. Tablets are used
less than computers, while smartphones are used the most, but in this case one wonders
whether they are used as simple phone or whether all their functionalities are known,
including internet use. Interviews with some of the elderly have revealed that the use of
apps makes access to services through the smartphone easier for them, especially the
use of instant messaging apps such as WhatsApp, that is becoming popular among this
population also in Italy. However, the fact that a high percentage of seniors didn’t
respond might indicate that even though these devices are at home, possibly because
they are owned by a younger member of the family, seniors are not much concerned
about their use or the possibility to use them or to learn how to use them (cf. low
percentages for this option in the survey).

To conclude, it seems that the Italian respondents being asked are aware of the
advantages of ICT devices, they have one at home, but they lack information and
knowledge on how to use them. The survey has indicated that the reason might be that
not enough courses and education tailored for the elderly are available to support them
in acquiring ICT skills. This conclusion is in line with a recent report from ISTAT that
concludes that while two thirds of Italian family have access to broad band at home, the
majority of families without access indicate lack of digital competences as main reason
for not being online (55,5%) while 25,3% of the respondents doesn’t consider Internet
an interesting and useful tool. Economic reasons seem to play a more marginal role and
are mentioned only by 16,2% of the respondents while privacy concerns are mentioned
only by 2,4% of the people being asked [10].

5 Conclusions

We have shown, on the basis of detailed statistics [4], that the Netherlands are at the
forefront in Internet and Social media use, their adoption includes not only the young
generation but also a growing number of old adults as well as the elderly population.
The situation is different in Italy that still lags behind in ICT use, which is the case not
only for the elderly but also for small enterprises that score low in digital competi-
tiveness [10, 11]. The reasons, that emerged from the two surveys we have carried out,
seem related to lack of digital competences as well as shortage of education oppor-
tunities being offered to the elderly to contrast the digital divide.
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In the Netherlands, where the ICT use is widespread, the online activities support
the production of data that are at the basis of a flourishing knowledge economy, which
relies on big data and behavioral analyses. A problematic side effect of this develop-
ment is that citizens and social media users, including the elderly, are considered
merely as data providers [13]. It is only recently that a debate has emerged in which
questions of data ownership are being raised and whether these data benefit the needs
of the citizens or instead the interests of the big tech companies [14].

In [15], we have shown that a behavioral analysis of the Dutch elderly based on
Twitter data, can be useful to assess their attitude and interests and can have a potential
positive impact on urban sustainability and healthy ageing. The analysis of hashtag use
reveals that while the younger age groups have an interest in nature and sustainability,
this doesn’t seem to be the case for the seniors that exhibit, however an interest in
locations. We hypothesize that this apparently negative result might reveal that the
debate on sustainable development in Twitter revolves around economic and work-
related aspects and it is thus less relevant for the elderly that are not part of the work
force since they are usually retired. It is, however, interesting for the younger age
groups that use Twitter for work related activities. While initial insights seem to
confirm this hypothesis, further research is necessary to validate it and to investigate,
on the basis of geo-location information, whether the location hashtags used by the
elderly are employed to promote the city they live in. If this is the case, we could
conclude that they are more apt to relate to the environment they live in, rather than to
abstract concepts such as sustainable development. This interest could be exploited to
promote an alternative discourse on sustainable development with social media being
employed by the elderly to develop actions in support of the local environment,
including environmental policies and volunteering. Activities in the natural environ-
ment are restorative experiences and can benefit human beings [16, 17] they tend to
involve physical movement and thus promote health, consequently reducing expen-
diture for health care systems and the connected risks of social marginalization. The
Dutch are quite active in this respect given that 49% of the population, in the period
2012–2016, was involved in volunteering activities and this percentage is even higher
among older adults aged 65–75, raising to 52% and then decreasing to 34% for those
aged 75 and above [18].

In this view, the elderly would act as innovators and could play an important role in
restoring the bond between individuals and the environment which constitutes an
essential component of sustainable development [3].
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Abstract. Online forms and surveys often include text input fields to gather
information such as name, address, comments, or other information that is not in
a small set of pre-defined answers. This paper shares results of three different
experiments investigating how older adults using smartphones interact with
different user-interface designs of text input fields in online surveys. Experiment
1 compares different ways of labeling the text input field. Experiment 2
investigates the impact of using a character countdown on the field. Experiment
3 investigates whether predictive text in such fields helps with data entry.
Results confirm that label placement does not affect time to complete the task,
but users prefer either labels above the field or inline labels that move above the
field when focus is placed in the field. Most participants were not aware of the
character countdown feature and there was not a strong preference for it.
Although it did significantly reduce deleting characters, it did not increase the
number of characters typed or decrease time on task. Predictive text was pre-
ferred and when used, there is some indication that it might make the task
quicker without increasing incorrect answers.

Keywords: Mobile survey design � Mobile guidelines � Older adults �
Predictive text � Field label placement � Character countdown features

1 Introduction

While most respondents answer an online survey on a computer, increasingly survey
respondents are using a smartphone to complete online surveys. This smaller device
poses particular challenges for developers and survey designers as the display area on a
smartphone is much less than that on a computer screen. This smaller amount of screen
“real estate” affects many areas of the survey, including the response option designs for
questions. In this paper, we explore one particular type of response option design on
mobile devices: the text input field. Text input fields allow users to enter characters or
numbers using the keyboard or keypad. Typically, they are used for questions with too
many possible answers for a radio button or drop down design. Common examples of
questions that use a text input field are name and address questions, ethnicities or
ancestry questions, or food or medicine questions. Text input fields are used to collect
open-ended comments or a personal note for a gift purchased online. The field is also
used in forms for business purposes, such as collecting credit card numbers [1].
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To analyze the data entered into these fields, often the open-ended responses are
coded, either by a machine or an analyst, into categories or groups for further analysis.
Coding answers that do not have enough context or content is challenging. Spelling and
grammatical errors can interfere with correct coding as well. These limitations can lead
to measurement error or more labor intensive, and therefore more expensive, manual
coding. When there are several text input fields on a web page, survey respondents
need to understand what to enter and where to enter the data so the correct answer is in
the correct field. They also need to understand how detailed an answer to give without
exceeding the space limitation of the field. To investigate these issues, we conducted
experiments to examine field label placements; character countdown features; and
predictive text (sometimes known as auto-correction, or type-ahead). We describe these
three elements in detail below.

When considering the design of text input fields, it is essential to label each field so
that users know what to enter. Nielsen and Norman (2010) recommend placing a label
close to the correct field (either above or to the left) so that there is no confusion about
which label goes with which field [2]. Labeling form fields has been researched using
PC monitors [3, 4] with somewhat consistent results. For example, neither group found
that the label position affects the time spent on a web page. However, field labels either
above the field or to the left of the field (either aligned left or aligned right) are more
preferred and generate fewer eye fixations on a PC than other label designs [5]. That
same research found that the flow design where the label is left aligned and the field
immediately follows the label such that a web page with multiple fields has a jagged
design, is not preferred by users. Inline labels, or placeholder text, where the label
disappears when focus is put into the field (by either clicking into, tabbing into, or
touching the field) is sometimes used to save space on forms. However, this design has
several problems. Inline labels tax short-term memory because the user must remember
what the field was for and research has shown that users do not prefer this design [5, 6].
More recent advancements with inline labels allow the label to jump to the top of the
field (either right outside or inside the field but small and above the text entered) once
focus is placed in the field. Google calls these designs outlined text fields or filled text
fields, but we refer to them as inline labels that move [7]. To our knowledge, research
on these type of labels has not been conducted on mobile phones. It is possible that
inline labels that move may be more advantageous for surveys on mobile phones where
space is limited as it could reduce the length of the page without relying on short term
memory. Given the prior research on PCs, we do not expect time to complete the task
(i.e., efficiency) to differ because of label placement, but we do expect user preference
for labels to differ. We hypothesize that inline labels that move would be preferred and
over labels above or to the left of the field.

Another important decision for open text fields concerns how to communicate the
amount of text input that is expected. On well-designed forms, the input field is the size
of the expected entry [8, 9]. One design feature that is sometimes used to communicate
the field size is a character countdown. With a character countdown, the maximum
number of characters allowed in the field is placed near the open-text field, usually
below the field. This number reduces directly in relation to the number of characters
typed, letting users know how many characters remain to be used. When the maximum
number of characters is reached, sometimes users can no longer type and the character
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countdown remains zero, but other designs let the countdown go negative and the
number turns color, typically red. This feature is often used in open-text fields with a
limited number of characters, such as a note to the receiver of an online purchase.
However, this feature is not used in a field asking for name or address. While there is
research that suggests respondents can share as rich and meaningful information with a
known 160-character text limit as with larger fields in an email [10], little to no research
has been conducted on character countdown features in web surveys. We hypothesize
that character countdowns lead to a more efficient survey experience because respon-
dents would know how much text is expected and they would not exceed the limit.

Finally, predictive text is a technology that uses the context of the existing text and
the first letters typed into a field to suggest a complete word to insert. The words
typically appear below the field and update on the fly depending on what additional
letter is added to the word being typed. Instead of continuing to type, the user can touch
the word and it will appear in the field. The feature is frequently used when texting on a
mobile phone, yet it is not often used in open-ended input fields in a survey. Early
research used tactile vibrations in combination with predictive text to increase accuracy
and speed with typing on mobile devices [11]. One set of guidelines for forms suggest
that predictive text should be used for fields with a lot of predefined options [12].
Questions with a large number of possible, but predictable answers such as car models,
vacation destinations, ethnicities, or medicine, could be candidates for an open-text
field response option with predictive text. Early research on mobile phones indicates
that suggesting words could reduce the amount of time and key presses needed to
compose messages [13]. When using predictive text, spelling errors are eliminated and
thus answers might be more likely to be machine coded. If the predictive text was
limited to a list of finite words to “suggest” to the user, it also might make coding more
efficient as researchers would not have to spend time attempting to code a word that
was meaningless or that did not precisely “fit.” Couper and Zhang conducted an
experiment with a predictive text prototype with a finite word list, conducted primarily
on PCs [14]. They found more codable answers using drop boxes and the predictive
text dictionary, but response time was longer than entering data in a plain open text-
field – the opposite finding of the research on mobile [13]. Given the conflicting
findings, we hypothesize that predictive text with a finite word list would lead to more
codable answers, but we have no hypothesis about whether it would take longer than
plain text.

The purpose of the present study was to conduct a series of systematic assessments
on a mobile phone to determine how older adults use different user-interface designs to
answer online survey questions and to identify preferred designs based on performance.
The results of these assessments could be used as guidelines for developing mobile
online surveys. We focused on older adults because they have reduced vision, mobility,
and memory compared to younger adults [15–17]. Our rationale was that if we develop
guidelines for a mobile web survey interface that older adults can successfully com-
plete, then younger adults would do at least as well because of their superior perceptual
and motor capabilities. In addition to conducting the field label experiment with older
adults, we also conducted it with younger participants to help assess the assumption.
This study is a continuation of the research on other mobile survey elements [18]. For
more information on this entire research project please see [19].
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2 Methods

Below are highlights of methods relevant to the three experiments described in this
paper. In the analysis, we consider significance to be at p = 0.05 or less.

2.1 Participants

We aimed to recruit a sample of persons aged 60–75. We prescreened to include only
participants who had at least 12 months of experience using a smartphone under the
assumption that these participants were more typical of respondents who choose to use
mobile devices to complete online surveys than those with less experience using
smartphones. Additionally, we prescreened participants to include only individuals
who had an education of 8th grade or more, who were fluent in English, and who had
normal or corrected to normal vision. The participants were a convenience sample
recruited from senior and/or community centers in and around the Washington DC
metropolitan area between late 2016 and the summer of 2018.

The participant characteristics are provided in Table 1. Experiment 1 was conducted
with a pool of 64 older adult participants, Experiment 2 was conducted with a pool of 40
participants; and Experiment 3 was conducted with 37 participants. With regards to
familiarity with using a smartphone, on a 5-point scale where 1 was “Not at all familiar”
and 5 was “Extremely familiar,” participants in each pool reported an average of 3.
Experiment 1 was also conducted on 58 younger adults from community colleges.

2.2 Data Collection Methods

One-on-one sessions were conducted at senior centers and community centers. Par-
ticipants were walk-ups that day or were scheduled by the center. At the appointment
time, they were screened by Census Bureau staff and signed a consent form. Then, each
participant worked with a test administrator (TA) and completed between 4 to 6
experiments, only some of which are the subject of this paper. The experiments were
designed into apps and loaded on a Census-owned iPhone 5S or 6S. TAs provided

Table 1. Participant demographics for 3 experiments

Experiment Average age
(standard error
(SE))

Gender
(male/female/missing)

Smartphone
usage* (SE)

Experiment 1 Field labels
older adults (n = 64)

68.5 (0.6) 14/50 3.8 (0.1)

Young adults (n = 58) 26.4 (1.6) 35/23 4.5 (0.1)
Experiment 2 Character
countdown (n = 40)

69.7 (0.6) 8/31/1 3.7 (0.1)

Experiment 3 Predictive
text (n = 37)

66.9 (0.9) 6/31 3.8 (0.2)

*1 – Not Familiar to 5 – Extremely familiar
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participants with one of these devices for purposes of the test, and gave instructions to
the participants. This included instructing participants not to talk aloud during the
session, and to complete the survey to the best of their ability as though they were
answering the survey at home without anyone’s assistance. The participants performed
the task independently, taking 10–20 min for each experiment, depending upon the
experimental design. At the end of the session, each participant was given $40
honorarium.

3 Experiment 1: Text Input Field Labels

3.1 Designs Tested in the Experiment

In this experiment, we tested five different label locations for text input fields using a
between-subjects experimental design with five conditions. Sixty-two older adults
participated in this study. They were randomly assigned to a condition. Condition 1
included the label above the text box, left justified (Fig. 1). Condition 2 included the
inline labels, where labels were initially inside the box as shown in (Fig. 2), and when
focus was placed in the field (by touching it), the label moved above the text box, and
thus appeared similar to condition 1. In condition 3, the label was to the left of the text
box and left aligned (Fig. 3). Condition 4 was similar to condition 3, in that the label
was to the left of the text box, but it was right aligned so that it was near the field
(Fig. 4). The label was to the right of the text box in condition 5 (Fig. 5). Our
hypothesis was that questions with inline labels that move or labels above the text
boxes would be most preferred, but there would be no difference between conditions in
the time needed to complete each question.

Fig. 1. Label above box Fig. 2. Inline labels that
move

Fig. 3. Label to left of
box and left align
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Each condition had the same 14 open-ended questions on a range of topics. Each
question, aside from Question 141 which was one long scroll, was presented in full
display on one screen. Some questions requested basic information like name and street
address, that required little thought; while other questions were more complex, col-
lecting information that might require more thought, such as the hours spent reading a
book in the past week.

After the survey questions, satisfaction data were collected. The participant was
asked to rate how easy or difficult it was to complete the task on a 5-point scale with the
endpoints labeled 1 = Very Easy and 5 = Very Difficult. Then, the participant was
shown the address question in all five labels locations and asked which one(s) he or she
preferred.

3.2 Analysis Methods

The app collected behavioral measures including time on screen. For each condition,
we measured respondent burden, operationalized as time to complete a screen (our
efficiency measure), self-reported satisfaction and self-reported label location prefer-
ence. We then compared these measures between conditions.

We modeled the log of time to complete a screen at the question level using a
mixed model because the residuals of the model with time untransformed were slightly
skewed. Modeling at the question level increases the number of observations and
allows us to account for different question characteristics. See Table 2 for the question
characteristics. In the model, we controlled for the condition, the type of data requested

Fig. 4. Label to left and
right align

Fig. 5. Label to right of
box

1 Question 14 was added mid-way through the data collection sessions because we thought it was
possible that a long scroll could have an impact on the optimal location of the field label. This meant
that some participants answered 13 questions and some answered 14 questions.
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(basic or complex), and any interaction between condition and those characteristics. To
control for any participant effect because each participant would contribute up to 13 or
14 times (one time for each question), we included a random effect for the participant.
As a check we also modeled time controlling for the question number instead of the
question characteristics.

We tabulated satisfaction scores for each of the five conditions. For these analyses,
we conducted a Chi-square test of independence. And, finally we tabulated the pref-
erence data.

In this experiment we also collected data from 58 participants younger than 60
years old. We compared whether the younger adults performed similar to the older
adults or if their performance differed by adding a cohort variable to the model to
indicate whether the data was from a young individual or an older individual. We also
included an interaction between the condition and the cohort indicator.

3.3 Results

Table 3 contains the results of the experiment for older adults, including how many
participants were in each condition, the number of observations in each condition (this
is the number of questions/screens); the average time to answer a question by condi-
tion, and the average satisfaction rating for each condition.

Table 2. Text input field label experiment: question characteristics

Question
number

Topic Answer was basic
information or more
complex

1 Name Basic
2 Date of birth Basic
3 Address Basic
4 Email Basic
5 Security question and answer Complex
6 Number of rooms and bedrooms in home Complex
7 Cost of electricity Complex
8 Hours spent outside in the past week Complex
9 Opinion question about what is the essential

characteristics of democracy
Complex

10 Sources they use to find out what is happening in
the country

Complex

11 Hours spent in the past week reading a book,
magazine, or website

Complex

12 Number of days in past week that they ate the
evening meal alone

Complex

13 Type of work Complex
14 Rating question on a number of different topics

such as the courts, labor unions, universities,
banks, etc.

Complex
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Table 3. Experiment 1 metrics by condition

Condition and
description

No. of older
participants

No. of
observations

Average time per
screen in seconds
(SE)

Average
satisfaction
rating (SE)

1–Label above the
box

15 206 36 (1.8) 1.7 (0.2)

2–Inline labels 11 151 34 (2.0) 1.8 (0.3)
3–Label to the left
and left-aligned

12 165 39 (2.0) 1.3 (0.1)

4– Label to the
left and right-
aligned

12 165 42 (3.3) 1.6 (0.2)

5– Label to the
right of the box

14 192 39 (2.6) 1.9 (0.3)

Burden as Measured By Time to Complete (Efficiency). Controlling for the type of
data requested (whether it was basic information like name or address, or whether it was a
complex question that required more thought), and using a mixed model predicting the
log of time with a random effect for the participant, there was no difference in the amount
of time spent on a screen by condition (F = 0.24; p = 0.9) for the older adults. When
modeling with the question number instead of the type of data requested, the pattern of
results was unchanged. When including the younger adults in the model, the pattern of
results was unchanged and there was no interaction between the age cohort and the
condition. Using a t-test, we found that the older adults took on average 12 seconds
longer (p < 0.001) to complete each screen in the survey than the younger adults.

Satisfaction Scores By Condition. Satisfaction was measured on a 5-point scale
where 1 was very easy and 5 was very difficult. We found no differences in satisfaction
scores by condition (v2(16) = 11.4, p = 0.8) when combining the older and younger
adults and there was no difference by condition for older adults (v2(12) = 5.8, p = 0.9)
or younger adults (v2(16) = 20.1, p = 0.2).

Label Position Preference. At the end of the experiment, participants were shown
each of the designs, and we asked them which one(s) they preferred. Participants could
choose one or more designs so the percentages below do not sum to 100. Results for
older adults were:

• 43% preferred the inline labels that move;
• 42% preferred the label above the box;
• 14% preferred the label left aligned and left justified;
• 11% preferred the label left aligned and right justified; and
• 6% preferred the label to the right of the field.

4 Experiment 2: Use of Character Countdowns

4.1 Designs Tested in the Experiment

In this experiment, we tested a character countdown feature where the character
countdown shows 0 characters left and stops accepting characters into the box when the
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field is at the maximum number of characters. The survey contained six open-text field
questions with different character limits asked in this order: Ancestry (20 characters);
Kind of work (200 characters); Employer’s main business (35 characters); Main reason
left job (15 characters); How you search for work (30 characters) and What you did
yesterday (250 characters). Each question was on its own screen and the field size
matched the number of characters allowed. Predictive text was offered for all questions
in all conditions.

We used a between-subjects experimental design with three conditions and 40
participants. Condition 1 did not include a character countdown feature on the screens
(Fig. 6); condition 2 included a character countdown feature left-justified below the
field (Fig. 7); and condition 3 included a character countdown feature left-justified
above the field (Fig. 8). Our hypothesis was that more information would be typed with
the character countdown features because the number gives a sense of how much text is
wanted; the use of a character countdown would reduce the number of people who tried
to type more than was allowed in the field; and the presence of a character countdown
would minimize the amount of changes within the text field.

After the six survey questions, satisfaction data were collected. The participant was
asked to rate how easy or difficult it was to complete the survey and, to enter the
answer. Both questions were on a 5-point scale with the endpoints labeled 1 = Very
Easy and 5 = Very Difficult. The final tasks were for the participant to select the type of
input field design he or she had used (all three conditions were shown) and which one
he or she preferred. We refer to the second to last task, where the participant had to
select which input field design he or she used, as the memory task. This task was
included as another measure of whether participants were aware of the feature.

Fig. 6. No countdown Fig. 7. Countdown below Fig. 8. Countdown above field
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4.2 Analysis Methods

The app collected behavioral measures, including time on screen, the number of
characters submitted for each question, whether the user tried to type when out of room
in the field, how many times the user selected a predictive text word for the question,
and the number of characters deleted while typing in a question. We used two criteria to
measure respondent burden which address efficiency as a whole. First, burden was
operationalized as time to complete (both the amount of time on the screen and the
amount of time typing in the field). Secondly, we considered erasing characters in the
text input field (whether by backspacing or by selecting and deleting) to be an indicator
of burden. To measure accuracy, we counted the final number of characters entered into
the field and submitted. We tabulated satisfaction scores and preference data for each of
the three conditions. We measured awareness of the character countdown feature by
capturing whether the participant ran out of room in the field and kept trying to type
and by calculating how many participants selected the correct input field design they
had seen during the session in the memory task.

We modeled the log of the two time variables at the question level using a mixed
model. Modeling at the question level increases the number of observations from 40 to
40 � 6 or 240 and allows us to account for the different maximum field lengths. We
modeled the log of time because the residuals of the model with the untransformed time
variables were slightly skewed. In the model, we controlled for the condition, the
question number, and the number of characters submitted (because more characters
might mean more time). To control for any participant effect because each participant
would contribute up to 6 times (one time for each question), we included a random
effect for the participant. We tried several other models including question number as
an ordinal variable, and models with interactions and the results did not change.

We modeled the number of characters typed at the question level using the same
type of mixed model, but we removed the last question’s data because an error in the
programming allowed users to type more than what was allowed. Because we dropped
a question, there were only 200 observations to use in that model. We controlled for the
condition, the number of predictive text words used, and the question number and
added a random effect for the participant.

We used a Chi-Square statistic for the remaining analysis: (1) did backspacing
and/or deleting characters differ by condition; (2) did typing more than allowed in a
field differ by condition; (3) was there a difference in memory task by condition; and
(4) was there a difference in satisfaction by condition. We then investigated the sig-
nificant Chi-squares by performing logistic regressions to determine the direction of the
significance. Finally, we tallied preference of design.

4.3 Results

Table 4 includes the results of the experiment, including how many participants
received each condition, the average time to answer a question by condition, the
percent of questions where at least one character was deleted while typing; and the
average satisfaction rating for each condition.
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Burden as Measured By Time to Complete (Efficiency). Modeling log of time to
complete and the log of time to type at the question level, we did not find a difference
by condition for either time variable (log of screen completion time: F = .32, p = .73;
log of typing time: F = .54, p = .58) with question number and the number of char-
acters submitted as covariates and with a random effect for the participant.

Burden as Measured By Deleting Characters (Efficiency). Participants in condi-
tion 1 deleted at least one character while they typed in 55% of the questions, while in
both character countdown conditions, participants deleted at least one character in 37%
of the questions. Deleting characters was dependent on the condition using the Chi-
Square statistic (v2(2) = 6.9, p = .03). Using a logistic regression model, we found that
participants were more likely to delete a character when typing in the condition without
the character countdown than in either of the other two conditions with a character
countdown (p < .01) when the question number was added as a covariate.

Accuracy (Effectiveness). There was no difference (F = .39, p = 0.68) in the number
of characters typed by condition using a mixed model controlling for question number,
the number of predictive words used, and adding a random effect for the participant.

Satisfaction. Chi-square results reveal no difference in satisfaction ratings between
conditions (v2(6) = 6.0, p = 0.5).

Preference for Character Countdowns: At the end of the experiment, participants
were shown each of the designs, and we asked them about preference. Results were:

• 25% preferred the condition with no character countdown;
• 25% preferred the condition with the character countdown below the field;
• 20% preferred the condition with the character countdown above the field; and
• 30% had no preference.

Table 4. Experiment 2 metrics by condition

Condition and
description

No. of
participants

Average time
per screen in
seconds (SE)

Percent of questions
where at least one
character was deleted

Average
satisfaction
rating (SE)

1–No
countdown

14 110 (17) 55% 1.6 (0.3)

2–Countdown
below the field

13 90 (13) 37% 1.5 (0.1)

3–Countdown
above the field

13 83 (10) 37% 1.5 (0.2)
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However, several participants who selected the countdown above the box com-
mented that when it was below the box they were/would not be able to see it when the
keyboard appeared because the keyboard might cover up the lower half of the screen,
including the character countdown.

Awareness of Character Limits. Based on how few participants selected the correct
design used and how many tried to enter more information than the field would hold,
we conclude that not everyone was aware of the countdown feature.

Identifying the Design Used: Only 8% of the participants who received the char-
acter countdown above the field correctly recalled their condition when presented with
a picture of each of the designs. Forty-six percent of participants who received the
character countdown below the field correctly selected that picture when asked which
design they used. Fifty percent of the participants who did not receive a character
countdown, reported that they did, when asked to select the design they used.

Trying to Type More than Allowed: There was no significant difference between
the conditions in the number of times participants tried to type more than allowed
(v2(2) = 1.5, p = .47). Without a character countdown, participants attempted to type
more than allowed in 24% of the questions; when the countdown was below the field,
they attempted to type more than allowed in 21% of the questions and when it was
above the field, they attempted to type more than allowed in 16% of the questions.

5 Experiment 3: Use of Predictive Text

5.1 Designs Tested in the Experiment

Experiment 3 focused on predictive text. The research question was whether predictive
text within an open-ended question on a survey improved the respondent experience
and led to higher data quality than without predictive text.

We used a within-subjects experimental design to investigate the topic. The survey
had two questions: the person’s race and the medicine the person uses. Since the
population was older individuals, we expected most individuals to be on at least one
prescription. One question would have predictive text and the other question would not.

Participants were randomly assigned to one of four question presentations to
counter balance order effects. Thirty-seven participants completed the survey with two
questions: 6 with predictive text on the first question of race; 8 with predictive text on
the first question of medicine; 14 with predictive text on the second question of race;
and 9 with predictive text on the second question of medicine. In total there were 74
data points. See Figs. 9, 10, 11 and 12.
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Fig. 9. Race with predictive text Fig. 10. Race without predictive text

Fig. 11. Prescription with predictive text Fig. 12. Prescription without predictive text
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After the two survey questions, we measured satisfaction by asking the participant
to rate how easy or difficult it was to complete the survey on a 5-point scale with the
endpoints labeled 1 = Very Easy and 5 = Very Difficult. The final task was for the
participant to select whether he or she preferred predictive text or not. The participants
were shown a paper with a screen shot of the race survey question with predictive text
showing and without predictive text and asked which they preferred. Then, the par-
ticipant was directed to the same preference question on the phone and asked to touch
the option they preferred. We used this two-step approach because we found that on
preference questions it was easier for participants to understand the preference when
they could see both choices at the same time and you could not on the phone (which
was not possible on the phone because of scrolling).

5.2 Analysis Methods

The app collected behavioral measures, including time on screen, number of touches
per screen, and use of the backspace key. A touch was captured on any part of the
screen except the QWERTY keyboard. The minimum number of touches for a question
without the predictive text was two, one to enter the field, and one for the next button.
The minimum number of touches if the participant used the predictive text was three:
one to enter the field, one to touch the predictive text and one for the next button. The
app also captured the race and medicine answers that had been entered and the par-
ticipant’s satisfaction score and design preference.

Burden was operationalized as time to complete the task (the amount of time on the
screen) and the number of touches per screen. We calculated whether there were too
many touches by taking the minimum number of touches by factor (predictive or not
predictive) and then created a variable for each factor whether the number of touches
was the minimum number or more than the minimum of touches.

We used two criteria to measure accuracy. Accuracy was measured by whether the
entered data matched to a real word or not. The race and medicine answers were coded
by a reviewer into two categories - matched and not matched, which we assumed meant
accurate and not accurate. Accuracy was also measured by the use of backspace, with
more backspacing suggesting more error.

Satisfaction scores were not particularly meaningful because it was a within-
subjects design and each participant saw each of the two factors, but even still, there
were no differences in those scores by the randomization order (p > 0.8).

We modeled log of time at the question level using a mixed model. The model with
the untransformed time variable produced slightly skewed residuals. A total of 72
observations, instead of 74, was used in the model. Two observations were dropped
from analysis because they were three standard deviations away from the mean time. In
the model, we controlled for the factor of predictive text presence or absence and the
question content of race or medicine.

We used a Chi-Square statistic for the remaining analysis: (1) did the number of
additional touches differ by the factor and (2) did backspacing differ by factor. We
tallied preference of design.
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We measured awareness of the predictive text feature by examining how many
participants used the feature both in this experiment and in Experiment 2, where the
feature was present on all questions.

5.3 Results

Table 5 includes the results of the experiment, including how many participants
received each condition, the average time to answer a question by condition, the
percent of questions where at least one character was deleted while typing; and the
average satisfaction rating for each condition.

Burden Operationalized as Time to Complete (Efficiency). Modeling log of time to
complete at the question level, we did not find a difference by factor (predictive text or
not) with the question content as a covariate (F = 1.5, p = 0.2). It took significantly
longer to answer the medicine question than the race question (F = 13.2, p < .001).
A previous model demonstrated that there was no interaction between the question
content and the availability of the predictive test (F = .09, p = 0.8).

Burden Operationalized as Number of Touches on Screen (Efficiency). The
number of extra touches on the screen was not significantly different by factor
(v2(1) = 1.0, p = 0.3).

Accuracy Operationalized as Codable/Uncodable Answers (Effectiveness).
Responses to the race and medicine questions were able to be matched to real words
(e.g., coded) most of the time. Ninety-one percent of the answers to the questions
where the predictive text was available matched a real word. Eighty-one percent of the
answers to the questions without predictive text availability matched a real word.
Overall, 14% of the responses did not match a real word, but this did not differ by
factor (predictive text available or not available) (v2(1) = 1.6, p = 0.2).

Accuracy Operationalized as Use of Backspace. Backspace was used in 24 out of 72
questions, or 33% of the time. Use of the backspace key also did not differ by whether
the question had predictive text available or not (v2(1) = .03, p = 0.9).

Table 5. Experiment 3 metrics by factor

Factor
description

No. of
observations

Average time
per screen in
seconds (SE)

Response
matched a
real word

Percent of
too many
touches

Preference
(n = 37)

No
predictive
text

37 21 (4) 81% 15% 24%

Predictive
text

35 16 (3) 91% 3% 76%
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Overall Preference. Almost 76% of the 37 participants preferred the predictive text
compared with just over 24% that preferred the text input fields without the predictive
text option.

Knowledge of Predictive Text Options. Examining Experiment 2 data we conclude
that most older adults were familiar with predictive text. While Experiment 2 did not
evaluate predictive text, that feature was offered at all questions. In that experiment,
only 3 of the 40 participants never used predictive text. But, predictive text was used in
only 56% of the questions, so even when participants knew it was there, they did not
necessarily use it.

In Experiment 3, not all participants who could have used the predictive text
feature, did so. The feature was used in only 22 of the 35 questions or (63%). Use of
the feature did not differ by question content (v2(1) = .09, p = 0.8) nor by whether the
predictive feature was available on the first question or second question (v2(1) = 0.36,
p = 0.5). When modeling time for only the questions with the predictive text available,
time differs greatly by whether the predictive text was used or not. Those questions
where it was used took only 11 s (SE = 2) (n = 22), while those questions where it was
not used took 26 s (SE = 7) (n = 13) (t-statistic = 2.06, p < .05). However, it could be
that the difference was due to participant characteristics that we could not measure.
Based on Experiment 2 data, we believe participants knew about the predictive text.

6 Discussion

The purpose of this research was to learn more about how to design text input fields on
mobile web surveys for older adults. Results from the first experiment confirmed our
hypothesis that label placement does not affect time on the screen and that there was a
preference for labels to be located above the field (Fig. 1) and the newer inline labels
that move (Fig. 2). Other researchers have also found that label placement does not
affect time on task for PCs but that labels above the field are preferable and lead to
fewer eye movements [4, 5]. While we did not use eye tracking in these experiments
and our participants were older adults, we nonetheless draw the same conclusion for
field labels on mobile phones. Because we also gathered additional data from younger
participants, we can conclude that the time-on-task finding does not differ by age of the
user, but that older adults are slower than younger adults during survey completion
with text input fields regardless of label placement. These results contribute to the
literature in two ways. We found respondent interaction with field labels to be the same
on smartphones as they were on PCs, suggesting that device size does not matter for
optimal label placement. We also found a preference for the inline labels that move.
Inline labels that move have the benefit of saving space and not relying on short term
memory.

To our knowledge, results from Experiment 2 is the first to show that while
character countdowns are not explicitly noticed by older adults, they do appear to
reduce the action of users erasing letters (or words) which is in keeping with our
hypothesis. Surprisingly however, character countdowns did not lead to a reduction in
the amount of time spent within the field nor did they increase the amount of
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information shared. While fewer participants were aware of the feature when it was
above the field then when it was below the field, we did hear a few participants
comment while selecting the design they preferred. Comments included that they
would not be able to see the feature when it was below the field when the keyboard
appeared because the keyboard would cover the countdown. This suggests that for
smartphones, it might be a good idea to keep the countdown feature above the field.

Our results from the third experiment show that there were no real time differences
for questions with predictive text offered compared to those where it was not offered.
This is in contrast to the work done on PCs, by [14] where the predictive text feature
took longer than the plain text. This difference may be due in part to the mechanism for
using predictive text on a PC. Using a keyboard and mouse may make the task of
selecting a choice more difficult than the single touch needed on a mobile phone virtual
keyboard. Our timing finding is also in contrast to the prediction by [13] that predictive
text would save time on mobile. It is possible that this too was due to the mechanism
used in the early 2000s where at that time, the type of mobile keypad had at least three
letters and one number associated with one button. Those researchers did not use a full
virtual keyboard as was used in this research. Virtual keyboards on mobile devices are
now the norm and so our timing data did not follow the expectations of [13].

However, when predictive text was offered, we found participants spending less
time per question when they used the predicted words compared to those who simply
typed all their response, which perhaps is what [13] was suggesting. This finding
combined with the overwhelming number of users that preferred the predictive text
option suggest survey designers should offer predictive text on questions that would
benefit from it (e.g., open-ended questions with a finite list of response options, such as
a list of prescription drugs).

Contrary to our hypothesis, there were no differences in the number of errors in
made with or without the predictive text offered nor the number of codable terms. This
may be due to a ceiling effect as the percent of codable answers were high across the
board. Future research should test additional open-ended questions with long finite lists
of items to see if those coding results still hold.

7 Conclusions

This research set out to examine three features of open-text fields in surveys accessed
by mobile phones and whether they lead to more efficient and accurate data entry by
older adults and more satisfaction by older adults. We found that placing field labels
above or using inline labels that move was preferred by older and younger adults; not
all older adults were aware of a character countdown feature but having that feature
reduced erasing characters; and including a predictive text option does not necessarily
affect overall time or accuracy for questions when offered, but it is a preferred option.
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8 Limitations

Our research used a convenience sample of older adults who traveled to community
centers, owned smartphones for a year or more, and lived in the Washington, D.C.
metropolitan area. While we are unaware of any regional differences in smartphone use,
it could be that older adults who cannot travel outside of their homes would behave
differently.

Disclaimer. This report is released to inform interested parties of research and to
encourage discussion. The views expressed are those of the authors and not necessarily
those of the U.S. Census Bureau.
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Abstract. This paper proposes atmosphere sharing method with chat-
ting agent during TV watching in order to improve user’s motivation
for conversation with the agent. Dialogue agents like interactive robots
which include physical and virtual robots are expected to be companion
to talk with the elderly or social isolated people to monitor or support
them. Although the technologies of interactive robots, which are speech
recognition and synthesis or auto chatting engine etc., have been devel-
oped, the agents are not continuously utilized for daily-life yet. We have
developed TV chat agent which have light conversation with user dur-
ing TV watching. To increase user’s motivation of conversation with the
agent, the agent gives interesting and funny talk by using SNS comments
that are provided by users who are watching the TV program. This study
attempts to share atmosphere, such as scene with exciting or of bursting
into laughter, by using the TV chat agent.

Keywords: Human robot interaction · TV chat agent ·
Atmosphere sharing · Behavior modification

1 Introduction

This paper proposes atmosphere sharing method with chatting agent during TV
watching in order to improve user’s motivation for conversation with physical
or virtual agents. Since people who live alone increase due to aging society or
changing of life-style, they tend to lose the opportunity of conversation with
other people. If people lack opportunity of daily-life, there is possibility that
function of brain or health changes for the worse. It is important to increase the
opportunity of conversation in daily-life for healthcare of the elderly people.

In order to overcome the problem, some studies attempted to give users
opportunities of the daily conversation by using communication agents, such as
interactive robots which have physical body or virtual agent in smart phone or
tablet. Kanda et al. proposed that it is important to built trust relationship
c© Springer Nature Switzerland AG 2019
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between people and interactive agents to accept the communication agents as
social partner of in daily life [1].

Minami et al. [2] developed a TV chat robot that enables to reply quickly
enough to seem spontaneous by making comments on social media. This robot
was developed with the aim of promoting continuous dialog with a user. It chats
while watching TV with the user. It allows to respond to what the user says as
quickly as a human. Its dialog function allows it to compose comments derived
texts from social media on what is being broadcast on the TV. This system
embodies “sociality” and “favorite information” and so, it was proposed, would
be able to motivate the user to communicate with a chat robot continuously.
However, a mismatch occurs due to the time delay of the topic content of the
TV program and the utterance contents of the robot, due to the time-lag between
the robot’s acquisition of texts from social media that relates to content of the
TV show and the verbal output of the chatting robot. Also, the user allows to
find it difficult to hear the sound of the TV and the robot when they are both
“speaking” at the same time.

This paper develops atmosphere sharing methods with TV chat agents by
using SNS comments which are submitted by user who is watching TV. This
study also carries out evaluation experiments to investigate effectiveness of
agents behavior in exciting and laughing scenes. This research compares effects
of users in different conditions which are with/-out atmosphere sharing by using
physical robots or virtual agents.

2 Related Work

In order for the chat robot to increase the opportunities of speech of the elderly
and young people, they need provide suitable opportunities for dialog with the
robot. Miyazawa et al. [3] identified the factors that promote the motivation
of a user to engage in daily-use communication with robots. Two factors are
required for effective interaction. One is “sociality,” which means social nature
or tendencies created by a user interacting with SNS communities via a chatting
robot. To promote sociality, it is important to give the user a sense that the robot
enables to listen to him or her. The other is “favorite information,” which means
providing unexpected or new information. Miyazawa et al. established that it is
important that two factors should be incorporated into a robot whose function
it is to communicate. We classify and summarize under two headings on-going
research based on this point of view with regard to communication robots.

Minami et al. [2] aims to improve the sociality and favorite information of
robots to encourage daily dialog in the long term. In order to realize this, they
developed a TV chat robot by combining the method of Kobayashi et al. [6] which
produced a dialog system that is smooth, and another method of Takahashi
et al. [7] which generated one that is interesting. This robot has four dialog
functions: backchannel [4], repetition [6], machine answering [5] and social media
comments [7]. It is found out that the motivation of users to continuously use
the robot is enhanced more when all the functions are combined than when it
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embodies each function alone or a combination of some functions. The problems
with this system are indicated Fig. 2. One of the dialog functions, the “social
media comments” function takes time to implement. The system needs to process
comments written in social media on the web to arrive at the corresponding
utterance of the chatting robot. Due to this time delay, there is a mismatch
between the topic contents of the TV program (which might, by the time the
utterance is ready, may have moved on to another topic) and what the robot
says. Also, the television and chat robot may end up speaking simultaneously,
making it difficult for the user to attend to both. There is a fear that these
problems will reduce the motivation of the user to interact with the robot.

This paper develops atmosphere sharing methods with TV chat agents by
using SNS comments which are submitted by user who is watching TV. Section 2
reviews related work of interaction technology with agents for continuous con-
versation. The overview of our proposed method is mentioned in Sect. 3. The
experiment results of interactive agents with atmosphere sharing is shown in
Sect. 4 and concluded in Sect. 5 (Fig. 1).

Fig. 1. TV chat agent system.

3 Development of Atmosphere Sharing with Agents

3.1 Atmosphere Sharing with TV Chat Agents

This research develops atmosphere share method with user and agents which
are interactive robots as physical agent and CG agent as virtual agent during
TV watching. Kinds of atmosphere generally include anger, sadness, fear, or
exciting etc. This study focuses on exciting and laughing scenes because we
assume that these situations can affect user’s motivation for conversation. We
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handle the sport and comedy show programs for atmosphere sharing with TV
chat agents. In order to determine agent’s behavior for the atmosphere sharing,
system has to estimate timing and level of the exciting or laughing situation
in TV program. In general, There are two approaches to estimate the timing
and level of them in TV program. First way is to detect atmosphere status of
TV program by analyzing SNS comments which were submitted by TV viewers.
General atmosphere status of TV program can be estimated by using reactions of
TV viewers through SNS. Another way is to determine them by directly sensing
the reaction of each TV viewer. This approach can estimate status of atmosphere
individually because atmosphere is analyzed by a reaction of each TV viewer. In
other words, the approach can personalize for atmosphere estimation. However,
it is difficult to precisely estimate user’s reaction from appearance of TV viewers.
As above reason, This study employs the first approach which determines the
atmosphere of TV program. In this paper, the effects of users are evaluated
when they are watching TV with agents of which behaviors are decided by using
estimated atmosphere.

3.2 Atmosphere Estimation of TV Program

This study handles excite and laughing scene as atmosphere in TV program for
TV chat agents. This section describes estimation method of timing of atmo-
sphere status changing and level of atmosphere status.

Timing Estimation of Atmosphere Status Changing. We assume that
the atmosphere in TV program is decided by emotion of TV viewers. Therefore,
in order to determine the atmosphere, the emotion of TV viewers is estimated by
analyzing SNS comments submitted by them in real-time. Exciting scene can be
estimated by detecting periods which SNS comments suddenly increase because
the magnitude of exciting scene in TV program generally depends on the number
of SNS comments. Related work proposed the detection method of important
scene by using the number of comment in Twitter. In this study, exciting scenes
are detected by Eqs. (1) and (2).

ThresholdC = μ + 2ρ (1)
Ci < ThresholdC : exciting scene (2)

where Ci is the number of comments every 5 s. μ and ρ are average and standard
deviation in a period which is not laughing scene for past 15 min, respectively.

The laughing scenes are detected by Eqs. (3) and (4).

ThresholdL1 = μ + ρ (3)
Li < ThresholdL1 : laughing scene (4)

where Li is the number of comments which express laugh meaning every 5 s. μ
and ρ are average and standard deviation in a period which is not exciting scene
for past 15 min, respectively.
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Level Estimation of Atmosphere Status. We also assume that there is
level of the exciting and laughing scenes. This section describes definition of the
levels of the exciting and laughing scenes and estimation methods of them. In
this study, we define there are four levels of the exciting and laughing scenes
The level of exciting scenes are estimated by form Eqs. (5) to (8).

Ci < ThresholdC : level0 (5)
ThresholdC < Ci < 1.3 × ThresholdC : level1 (6)

1.3 × ThresholdC < Ci < 1.6 × ThresholdC : level2 (7)
1.6 × ThresholdC < Ci : level3 (8)

where Ci is the number of comments every 5 s and ThresholdC is estimated in
previous section.

Li < ThresholdL : level0 (9)
ThresholdL < Li < 1.3 × ThresholdL : level1 (10)

1.3 × ThresholdL < Li < 1.6 × ThresholdL : level2 (11)
1.6 × ThresholdL < Li : level3 (12)

where Li is the number of comments which express laugh meaning every 5 s and
ThresholdL is estimated in previous section.

3.3 Behavior Determination

This section explain control method of agent behavior in exciting and laughing
scene for atmosphere sharing. There are two types of interactive agents; phys-
ical and virtual agents. Virtual agent is drawn by computer graphics in smart
phone or tablet. Physical agent is real interactive robot which has physical body.
Appearance of both agents are human-like. Smart phone application “Davelive”
(amirbo tech Inc.) is used as virtual agents as shown in Fig. 2. Outside body of
interactive robot “Kabo-chan” (PIP Inc.) is used as physical robots. Two servo
motors are installed at both solder joints of the physical robots to wave robot’s
arm.

TV chat engine which gathers SNS comments in real-time provided by [2] is
utilized for deciding utterance contents. A server of the engine sends utterance
contents and atmosphere information estimated in previous section every seven
seconds. Clients, such as smart phone which provides virtual robot or small
computer which controls physical robots, talk based-on information received
from the chat engine server.

In exciting scene, atmosphere is expressed by speaking with multiple agents at
same time. Behavior of multiple agents are controlled based-on levels as follows.

level 0 one agent utters one comment.
level 1 two agents utter one comment.
level 2 three agents utter one comment.
level 3 five agents utter one comment.
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Fig. 2. Agent behavior in exciting scene.

In case of virtual agents, some virtual robots appear based on the levels as shown
in Fig. 2. On the other hand, by using physical agents, five physical robots are
prepared.

In laughing scene, atmosphere is expressed by speaking with multiple agents
at same time. In addition, three levels (small, medium, and loud) of laughing
voices set up in advance Behavior of multiple agents are controlled based-on
levels as follows.

level 0 one agent utters one comment.
level 1 one agent utters one comment and other one agent gives small laugh.
level 2 one agent utters one comment and other two give medium laugh.
level 3 one agent utters one comment and other four give loud laugh.

In case of virtual agents, some virtual robots appear based on the levels as shown
in Fig. 3.

4 Evaluation Experiments of Atmosphere Sharing

This section describes experiments of atmosphere sharing during TV watching
with virtual and physical hat agents and effects of users against the agents.
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Fig. 3. Agent behavior in laughing scene.

4.1 Experimental Environment

For exciting scene, football game is selected as TV program because timing of
exciting periods can be detected easily and there is small differences among indi-
viduals. In this experiments, sportscasting of football game between Japan and
Uruguay on October 16th 2018 is used for exciting scene. On the other hand,
Japanese comedy show is selected as TV program contents for laughing scene
as shown in Fig. 4. TV program contents for experiments are made by collecting
SNS comments about these TV programs. As physical agents, customized phys-
ical robots are used, and each robot takes clothes of different color to recognize
robot easily. Voice of the each robot is synthesized by using VioceText Web API.
Behaviors of the agents are decided in advance due to repeatability.

As shown in Fig. 5, we ask the 11 subjects to use the chat robot as they watch
four types of TV programs each in the case of conditions as follows.

– without atmosphere sharing, virtual agents
– with atmosphere sharing, virtual agents
– without atmosphere sharing, physical agents
– with atmosphere sharing, physical agents.

Subjects answer a questionnaire after each of TV watching sections. The contents
of the questionnaire is as follows. The questionnaire takes the form of 7-point
Likert scales.
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Fig. 4. Movie contents in laughing scene with physical and virtual agents.

Fig. 5. Experimental environment with physical and virtual agents.

In exciting scene:

– Do you feel exciting between robots?
– Do you feel friendliness?
– Do not you feel strange?
– Do you feel motivation to use?
– Do you feel empathy?

In laughing scene:

– Do you feel fun between robots?
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Fig. 6. Results of subjective evaluation in exciting scene.

Fig. 7. Results of subjective evaluation in laughing scene.

– Do you feel fun with the robots?
– Do you feel friendliness?
– Do you feel empathy?
– Do not you feel strange?
– Do you feel motivation to use?

4.2 Results and Discussion

Figure 6 shows results of subjective evaluation in atmosphere sharing of exciting
scene. In case of using virtual agents, score under condition with atmosphere
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sharing is compared with that under condition without sharing, and the signifi-
cant value difference (p < 0.05) is shown. When atmosphere sharing is provided,
score under condition using virtual agents is compared with that under con-
dition using physical agents, and the significant value difference (p< 0.05) is
shown. From the results, effects of atmosphere sharing in exciting scene is better
than one without it regardless of appearance of agents.

Figure 7 shows results of subjective evaluation in atmosphere sharing of
laughing scene. In case of using virtual and physical agents, score under con-
dition with atmosphere sharing is compared with that under condition without
sharing, and the significant value difference (p< 0.05) is shown. When atmo-
sphere sharing is provided, score under condition using virtual agents is com-
pared with that under condition using physical agents, and the significant value
difference (p < 0.05) is shown. From the results, condition with virtual agents
get higher score than one with physical agents. As a reason for that, we think
there are some functions which only system of virtual agents have. For examples,
only virtual agents have face expression and utterance sentences is displayed on
smart phone.

5 Conclusion

This paper has proposed atmosphere sharing method with chatting agent dur-
ing TV watching in order to improve user’s motivation for conversation with
the agent. We have developed TV hat agent which have light conversation with
user during TV watching. To increase user’s motivation of conversation with the
agent, the agent gives interesting and funny talk by using SNS comments that
are provided by users who are watching the TV program. This study attempts
to share atmosphere, such as scene with enthusiasm or of bursting into laugh-
ter, by using the TV chat agent. A behavior of the chat agents is decided by
estimating the atmosphere of TV audience by analyzing SNS comments about
TV program. It is possible to dynamically change the amount of utterance of
the robot according to the excitement and laughing section and the level, and it
is considered that more natural excitement can be realized. By comparing the
excitement of people with one of SNS during TV watching, features of them
are extract and characterize. In addition, by analyzing the feature promoting
excitement impression, appropriate SNS comments for TV chat agents can be
selected. As a result of subjective evaluation of the user by the robot utterance
reflecting each feature, it was confirmed that the utterance of a human who con-
tains a lot of sensuous verbs gives the impression of excitement to the user with
a significant difference recognized.

Acknowledgments. A part of this research was supported by the JSPS Foundation
18H03274 and Research Complex Promotion Program.
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Abstract. Despite how technologies are, nowadays, becoming inte-
grated to several branches of society, there are still many groups with
trouble to follow these technological advancements. Among them, the
group that most likely suffers from this difficulty are the elders. An area
strongly benefited by technology is health, currently counting with mul-
tiple mobile applications for smartphones, designed to upkeep the users’
health. In this context, the current paper proposes an analysis of inter-
faces from medication reminder apps focused on the elderly. The fol-
lowing techniques were implemented: An Usability Test through Explo-
ration (UTE) to evaluate easiness in learning by exploration, the System
Usability Scale (SUS) method to ascertain the usability level of said
applications and the Heuristic Evaluation of their Interfaces. With those
techniques, it was possible to build a solid benchmark to evaluate the
level of elder-friendliness of an app in the given context. Results from the
case study have shown that the apps lack a design focused on the elder
public, which might have led to troubles during the tests performed with
volunteers. The expert-based results have also found general interface
issues on these apps that may need to be improved.

Keywords: Technology · Elderly · Interface analysis · Applications

1 Introduction

In Brazil, as stated by the Brazilian Institute for Geography and Statistics (Insti-
tuto Brasileiro de Geografia e Estat́ıstica, IBGE), the number of people over 60
years old has surpassed the milestone of 30.2 million in 2017, presenting a 18%
growth in the group over the last five years [1], which means that, in a growing
motion, this group contains more than 14% of the country’s total population.

A distressing characteristic related to the advanced age is the considerable
loss in cognitive skills, specially those related to memory [3]. On top of this
populational ageing, and all that comes with it, the number of people with
c© Springer Nature Switzerland AG 2019
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chronic diseases is also increasing and, therefore, the consumption of drugs and
the use polypharmacotherapy among said people [2].

Associated with the consumption of drugs, there is a problem that has become
a matter of concern. According to reports by the World Health Organization
(WHO), it’s estimated that around half the patients with chronic diseases don’t
actually take their medication as prescribed [4].

In this context, the adoption of technology may be an alternative solution
to the correct usage of medication and also a useful tool for health professionals
to follow their patients along their treatment. In contrast to that, barriers of
cognitive, motion and, in some cases, financial origins may be limiting factors to
the access of new technology by the elderly [5].

Facing what has been exposed, and considering the special needs of the
elderly, as well as the increase in smartphone usage by them, the current paper
aims to perform a mapping of market solutions for mobile apps, regarding medi-
cation reminders. By using the SUS method, UTE and Nielsen’s heuristics, eval-
uations were performed in terms of interface usability and easiness of learning
from the users.

The remainder of this paper is organized as follows: In Sect. 2, we discuss
weaknesses found in related works on the field as some justification for the pro-
posed methodology; In Sect. 3, we present the apps evaluated in this paper and
the techniques used on said evaluations; Followed by Sect. 4, which describes, in
detail, the actual procedure of evaluation; Afterwards, in Sect. 5, we present the
results obtained through the process and how they are interpreted; Finally, in
Sect. 6, we give our final thoughts on the matter approached, on the methods
applied and on the results obtained.

2 Related Works

By researching the state-of-art, some deficiencies were verified along related
works dealing with evaluation of medication reminder apps regarding the elderly.
Among those deficiencies, the most proeminent were the small number of apps
evaluated per work and the lack of details on some of the methods used and
results found.

To give context, there were chosen three papers related to the approached
theme, that were used as basis to develop the methodology of this article.

The first paper, entitled Medication Management Apps: Usable by Older
Adults? [6], performed its analysis solely on the Medisafe app, with two usabil-
ity experts applying Nielsen’s heuristics. Results obtained show that the app
present a couple of usability problems related to layout and interface design, as
well as difficulties found by the experts in relation to certain features of the app,
like the Medfriend feature, that allows the register of trusted contacts to aid the
users in their treatments.

The second work, entitled Acceptance Factors of Mobile Apps for Diabetes
by Patients Aged 50 or Older: A Qualitative Study [7], is a study focused on
the acceptance of elder people in relation to the usage of mobile apps for aiding
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in diabetes control. The evaluation had 32 participants with an average age of
68.8 years. In total, two apps were evaluated, OnTrack Diabetes version 2.8.8
and Glucose Monitor Version 2.7. Difficulty on interacting with the applications
was among one of the main reports of the evaluation group, which resulting
in resistance by them on using solution proposed by the researchers, as well as
complaints about the lack of additional benefits and resources on the presented
apps.

The third article, with the title Design and Evaluation of a Medication Adher-
ence Application with Communication for Seniors in Independent Living Com-
munities [8], proposes the development of a tablet-based app focused on the
elderly with the purpose of reminding them of medications that must be con-
sumed. In addition to that, a web platform was also developed, with the purpose
of helping caretakers and guardians in keeping up with the ingestion of medi-
cation by the elders. During the tests with the app, sixteen participants were
recruited with an average age of 66 years. During three months, those partici-
pants used tablets provided by the developers with the app installed on them.
In this period, users were instructed to answer all medication reminders and
report changes in medication. Resulting from this work’s feedback, a series of
recommendations were defined that can be used when developing apps focused
on the elderly.

3 Materials and Methods

Apps that promise to help in the control of medication are pretty common, with
many available solutions in Apps Stores. Among the better reviewed, there are
apps who stand out with functionalities such as stock control, posology and
reminder notifications. However, as it is common in commercial products, its
development is not design for a niche, meaning that it doesn’t seek to attend to
the needs of a specific group, but instead to reach the largest number possible
of people.

In that case, to select the scope of evaluated apps, it was considered only those
developed for smartphones with Android as their running operational system,
available to download at the Google Play service, from which only three were
selected. These three apps, Medisafe, My Therapy and Cuco Health were chosen
according to their number of downloads and number of positive reviews by users.

The Medisafe app has, until the writing of this paper, more than 1 million
downloads and over 167 thousand reviews. It allows its users to add medication,
receive reminders and learn how to correctly use this resource. According to the
developers, their goal is to offer tools and support so that users may correctly
take their medication.

MyTherapy, until now downloaded by more than 500 thousand users, having
over 13 thousand reviews, has the unique feature of Drug Stock Control, where
users may register their medications in use.

Cuco Health, a Brazilian app that counts with more than 50 thousand down-
loads and over 3.2 thousand reviews. It offers the feature of Health History, which
logs all data of previous treatments done with the app, besides also allowing the
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creation of a team of “caretakers”, with messages and tips about treatments and
diseases.

Of all three apps evaluated, none possess in their description or in their
advertising any explicit usability features aimed at the elder public. All three
propose mildly similar solutions for medication reminding, however they show
no engagement in attending a specific demographic.

3.1 Selecting the Evaluation Techniques

In order to evaluate usability, three techniques were used. The first was the
SUS method, proposed in SUS - A quick and dirty usability scale [9]. On this
paper, the author states that, in many cases, when in need of evaluating the
general usability of a system, it is desirable to have measurements that aren’t
too complex or extense and also don’t demand too much effort to apply, but
also present a certain level of reliability. Thus, in his work, a simple system its
proposed, containing ten items that offer a global view in subjective evaluations
of usability based on a Likert scale [10], that is, using a scale built on that model,
the evaluator may indicate his degree of agreement or disagreement to certain
statements about the subject evaluated, with values ranging from 1 (strongly
disagree) to 5 or 7 (strongly agree) (Fig. 1).

Fig. 1. An example of likert scale application

In order to calculate the SUS score of a system, the evaluator must use the
following equation:

S = [
5∑

o=1

(Qo − 1) +
5∑

e=1

(5 −Qe)] · 2.5 (1)

Where S is the normalized SUS score obtained on a single evaluation, Qo is
the individual value of an odd answer and Qe is the individual value of an even
answer.

It’s highly suggested to perform multiple evaluations for each systems, to
obtain a more realistic average score, where:

Savg =
k∑

i=1

(
Si

k
) (2)

Where Savg is the average SUS score, Si is the value of a single score and
k is the total number of evaluations performed on that system. This average
normalized score may range from 0 to 100 [9].
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Through the use adjective ratings, based on statistical results, a survey score
may be considered above average (over 50% of statistical results), if bigger than
70.5 and it may be considered good it if bigger than 71.4 [11].

According to Research Collective [12], there are a couple of advantages in
using the SUS method, which are:

– It has a Cronbach’s Alpha rating of 0.92. This coefficient is rated from 0 to 1
and measures the level of reliability in a research-oriented survey;

– It might be used for a plethora of different systems and products to aid and
evaluate the users’ experiences;

– It can be used even with small sample sizes;
– It’s cost less and it’s questions may be easily found on internet researches,

being heavily mentioned and/or utilized by works focused on usability scale.

The core objectives of a system with good usability include, a raise in produc-
tivity, a shortage in training costs, reduction of user errors, a precision increase
during use and interpretation of data and the decrease in technical support neces-
sity. With that in mind, the second technique approached was the User Based
UTE.

The goal of this evaluation was to analyse the easiness in learning through
exploration in mobile apps and to observe which main difficulties the volun-
teers may face. This technique was implemented by following a set of four basic
steps [14,15]:

1. Preparation: Where the tasks that will integrate the evaluation are defined;
2. Gathering and Interpretation of Data: Part where the execution of tasks

is observed;
3. Consolidation of Results: Where the data produces conclusive

information;
4. Result Reporting: When information is formally registered and submitted

as feedback or guidelines.

The employment of this technique facilitates the identification of day-by-day
issues faced by the average user. An user based evaluation is also more prone
to produce unbiased results, as the lack of expertise offers a less subjective and
more practical view of the system. And although sometimes it isn’t possible to
find willing volunteers to perform evaluations for free, this is a method without
any cost of elaboration, requiring only the planning of which activities are going
to be performed.

The third app evaluation technique was performed through the use of the ten
Nielsen’s heuristics. The heuristic evaluation is made by observing an interface
and trying to obtain an opinion about what is good and bad on it [16]. Ideally,
evaluations are conducted under certain rules, such as those listed in typical
guideline documents. In this case, the heuristic evaluation follows the guidelines
proposed below [17]:
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– Visibility of the system status: the user is informed about system status,
whether they are the current status or generated only after performing an
action;

– Compatibility of the system with the real world: the system must
be simple and use a vocabulary which is the closest possible from colloquial
language;

– Control and freedom for the user: the system must provide ways so that
the user may easily undo an action that he considers wrong;

– Consistency and standardization: the system must be consistent over the
use of interface elements in a way that avoids causing confusion or influencing
the user to commit mistakes, e.g., standardization of buttons, menus and etc;

– Prevention of Errors: the system must be designed in a way to minimize
errors that users may commit;

– Recognition instead of Memorization: the system must be simple and
intuitive, in a way that the user shouldn’t need to remember steps to perform
a task;

– Providing shortcuts: the system must provide ways that allow the user to
have experience with the system in order to execute tasks more rapidly;

– Minimalist design and aesthetics: the system must be as simple as pos-
sible, avoid irrelevant functionalities and data;

– Helping the user to recognize, diagnose and correct errors: the sys-
tem must provide clear error messages, that indicate to the user that some-
thing wrong has happened and also how to proceed to correct such errors;

– Help and documentation: the system must provide a help functionality
for the user, be it in the form of system documentation or some sort of
communication channel for questions and doubts.

To qualify the severity level of disagreement with the heuristics, a scale from
1 to 4 was used, on which:

1. It’s not faced as a problem of usability.
2. Aesthetic problem, no need to be corrected, unless there is available time and

resources.
3. Serious Problem, needs to be corrected and may cause problems on system

usage.
4. Extremely Serious Problem, must be corrected at once, creates serious trou-

bles in usage and might drive users to abandon the system.

The heuristics are largely consolidated when it comes to interface evaluation.
It requires at least one professional familiarized with its guidelines and can be
done with a small group of people. In a short window of time it’s possible to
obtain feedback about what works and what doesn’t on an interface. The orig-
inal guidelines proposed by Nielsen can easily be found online, facilitating the
access. There are also variations on the heuristics focused to specific systems
and products.
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4 Performing the Evaluations

In order to proceed with the evaluations, thirteen elders from the city of João
Pessoa, Brazil, were approached to join the research as users (also interchange-
ably referred as volunteers on the remainder of this paper). Their were all locals
with ages ranging from 60 to 78 years old. Also, three of the authors also per-
formed as usability experts.

The chosen research site was the Informatics Laboratory, at the Center of
Exact and Nature Sciences of the Federal University of Paráıba (UFPB). While
performing the tests, all volunteer evaluators used their own personal smart-
phones.

The participation of the selected users was part of a practical activity realized
under the project of University Extension denominated “Basic Informatics for
Elders”, hosted at the UFPB in the period between March and December of the
year 2018. Because of that, the evaluations that made use of results provided
by volunteer evaluation followed the ethics guidelines present on the Official
Submission Notice of the Institution’s program of University Extension, called
PROBEX/2018.

In a beforehand interview, several users reported to be using, at least, one
type of medication, varying from two to ten pills a day and occasionally had
difficulties reminding dosages of their medications. After being informed about
the subject of the research, they presented themselves as interested, curious and
surprised about the existence of applications focused on aiding with that kind
of problem.

4.1 Usability Evaluation Through the SUS Method

The usability evaluations of the chosen apps (Medisafe, MyTherapy and CUCO
Health) through the SUS method, were realized by all the thirteen selected users.

Each volunteer was guided in to the process of installing all three apps in
their own devices. Prior to the beginning of the tests, they were deprived of any
instructions on how to use the applications and were advised not to solve any
questions they had during the whole process.

The users had the opportunity to choose one of their day-to-day therapy or to
choose one fictitious therapy suggested by the researchers. After all of them had
registered their selected medication prescription, they were instructed to answer
a survey containing ten Likert-based questions in relation to the experience they
had using the current app. This process was repeated with every volunteer for
all the three apps evaluated.

The survey presented to the users contained the statements listed below.
Odd-numbered statements take a positive view about the app while Even-
numbered statements take a negative view:

1. I think I would like to use this app frequently;
2. I think it’s unnecessarily complex;
3. I think it’s easy to use;
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4. I think I would need help from a person with technical knowledge to use it;
5. I think that many functions of the app are very well integrated;
6. I think that the app presents a lot of inconsistency;
7. I imagine that people will learn to use the app quickly;
8. I though the app was clumsy to use;
9. I felt confident while using the app;

10. I had to learn new things before I could use the app.

4.2 Easiness of Learning via Usability Testing Through Exploration

For the exploration usability text, three of the thirteen users were randomly
selected. The objective of this evaluation was to determine the difficulty that
users with zero to minimal background of mobile apps might face when learning
how to navigate them.

Two tasks were selected as goals for the users. They had limited time to
figure out the process on how to do them on each app. These tasks were:

– Finish the User Registration;
– Add a Medication Reminder.

Since these evaluators had the apps already installed on their smartphones
and had a small knowledge on how to use them since they previously performed
a SUS application, the test consisted on the usability experts following each
users’ walk-through during (x minutes) and observing the issues they faced to
complete the proposed tasks.

4.3 Interface Evaluation Through Nielsen’s Heuristics

The heuristic analysis of the apps’ interfaces were performed by three usability
experts, each evaluating all three apps. The application of Nielsen’s heuristics
occurred through expert-based usability walkthrough of pre-selected system fea-
tures, from which the evaluators deemed which elements were out of usability
standards.

The evaluated features on the apps were User Registration and Medication
Adding/Insertion. In order to evaluate these, a worksheet was created, itemizing
the Ten Heuristics. Screens on which no problems were found, according to the
experts, received an “OK” pass and weren’t included in the results described
below.

After the expert usability test of the mentioned features, all three evaluations
were confronted against each other, with the purpose of overlapping the issues
found by each expert in order to obtain more fine results.

With these early results in hand, in order to apply the Heuristics, a fictitious
persona was used, prescribed with a fictitious treatment, in order to create a
standard for all evaluations to follow.

Persona: Maria Silva, 66 years old.
Maria has asthma and an early stage of pneumonia. In a checkup at her local

Community Health Center (Posto de Saúde da Famı́lia, PSF), in the bairro where
she lives, Mangabeira, in João Pessoa. Her doctor prescribed the following drugs
and dosages:
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– Ventolin/Salbutamol: One inhalation every six hours;
– Amoxicillin: One pill every twelve hours;
– Budesonide: One inhalation every eight hours.

5 Results and Discussions

The following results are presented and discussed separately for each method
implemented in order to verify their degree of credibility and, afterwards, are
crossed and combined in order to create a definitive diagnose for each evaluated
app.

5.1 Results Given by SUS Method

Here, the obtained results from the evaluation of each app are represented. They
are disposed in a table format, containing the individual grades from each user
to each question, raw mean scores for each question (the mean of each raw score
given to that question through all 13 evaluations), SUS score for each evaluation
and, finally, the average SUS score (Savg) for the app.

Table 1 contains data related to Medisafe app.

Table 1. Results from SUS evaluation on Medisafe.

User Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 SUS score

1 3 4 5 2 4 3 2 1 5 3 65

2 5 1 5 1 5 1 5 1 5 1 100

3 3 1 5 1 5 1 5 1 5 1 95

4 5 2 4 2 4 2 5 5 2 5 60

5 5 1 5 1 5 1 5 1 5 1 100

6 5 1 5 1 5 1 5 1 5 1 100

7 4 2 4 1 2 2 3 1 3 2 70

8 2 2 5 1 4 1 4 1 5 1 85

9 5 5 5 5 5 1 4 4 5 5 60

10 5 1 1 5 5 5 5 5 5 5 50

11 5 1 5 1 5 1 5 1 5 1 100

12 5 1 5 1 5 1 5 1 5 1 100

13 5 1 5 1 5 1 5 1 5 1 100

Mean 4.38 1.77 4.54 1.77 4.54 1.62 4.46 1.85 4.62 2.15 83.46

According to the results shown above, the Medisafe app obtained very good
raw mean scores on questions that evaluated easiness, functionality integration
and confidence in use (questions 3, 5 and 9). Besides, on questions 2, 4 and 6,
who deals with negative usability aspects, it obtained the lowest scores.
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Table 2 contains data related to MyTherapy app.

Table 2. Table captions should be placed above the tables.

User Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 SUS Score

1 5 4 5 3 3 1 4 2 5 1 77.5

2 5 5 5 4 5 1 5 1 3 1 77.5

3 5 2 2 3 2 2 5 4 5 2 65

4 2 3 5 2 2 5 5 5 5 1 57.5

5 5 5 5 5 5 5 5 5 5 5 50

6 5 5 5 5 5 5 5 5 5 5 50

7 4 2 5 2 3 2 4 5 4 2 67.5

8 2 5 5 5 2 5 2 5 5 5 27.5

9 5 5 2 1 5 5 4 3 5 1 65

10 5 5 5 1 5 5 5 5 5 5 60

11 5 5 5 2 5 1 5 1 5 1 87.5

12 5 5 5 5 5 5 5 5 5 5 50

13 5 5 5 5 5 5 5 5 5 3 55

Mean 4.46 4.31 4.54 3.31 4 3.62 4.54 3.92 4.77 2.85 60.77

On the evaluation of MyTherapy, the raw mean scores with highest values
were from questions who deal with easiness, learning and confidence during use
(3, 7 and 9). Questions who dealt with negative aspects, however, also received
high scores, resulting in a negative feedback when it comes to using this app
and, by consequence, a significant decrease in its SUS average score.

Table 3 contains data related to CUCO Health app.
In the CUCO Health evaluation, questions about easiness, learning and con-

fidence during use obtained low scores in relation to the other two apps and, in
addition to that, similar to what happened in MyTherapy, it also received high
scores in questions about negative aspects, leading to the worst SUS average
score among the evaluated apps.

According to the adopted SUS average score standard (70.5 for an overall
positive result and 71.4 for an “Good” classification), only Medisafe obtained
enough points to be ranked as “Good”, presenting a remarkable level of usability.

The other two apps didn’t obtained a satisfactory rank, altough, by Brooke’s
adjective ranking [9], they were defined as the “OK” neutral rank, meaning that,
with minor improvements, they would be eligible to a positive classification.

Also regarding the reproved apps, both obtained similar point contribution
on the even-numbered questions, since the sum of all even raw mean scores of
those apps only differs by a value of 0.1, which means that both have presented
resembling results in relation to their negative aspects of usability. This leads to
the conclusion that, what made MyTherapy as the second place was it’s good
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Table 3. Table captions should be placed above the tables.

User Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 SUS Score

1 5 3 5 3 4 2 5 2 5 2 80

2 5 4 5 5 2 5 5 5 5 2 52.5

3 3 5 5 1 3 5 2 5 2 2 42.5

4 5 2 5 4 4 5 3 2 4 4 60

5 5 5 5 2 5 5 5 5 5 5 57.5

6 5 5 5 5 5 5 5 5 5 5 50

7 1 2 2 4 3 2 3 2 3 1 52.5

8 1 4 1 4 2 4 1 1 1 4 22.5

9 5 1 5 3 5 1 2 2 5 1 85

10 5 5 1 1 5 5 5 1 5 1 70

11 5 5 5 4 5 5 5 5 5 1 62.5

12 5 2 1 5 5 5 5 5 5 52.5

13 5 5 5 5 5 5 5 5 5 5 50

Mean 4.23 3.92 3.92 3.23 4.08 4.15 3.92 3.46 4.23 2.92 56.73

scoring in positive aspects of usability, showing that positive aspects have a
slightly larger impact on the user ’s experience.

5.2 Results Given by UTE Method

The first app evaluated through this method was CUCO Health. The first steps
on the app induced volunteers to commit several, otherwise avoidable, mistakes,
as they had trouble in finding the starting screen of the app, since it has three
initial screens showing a little of how the app works, but only actually giving
options for the user in the last one, with the button “Let’s begin”, which leads
the user to a user registration screen. In said screen, two volunteers were able
to find a smaller button to “Enter without Social Media” and the other one
managed to register using the button to login using a Google account.

After performing the registration, the users were guided by an animated
assistant called CUCO, which gave them instructions on how to access the main
screen. None of the users reported trouble in this step, as well as in the next
step of finding the Medication Register screen, due to a strong symbolic repre-
sentation for that feature (a red button with an addition sign). Guided by the
assistant CUCO, all three managed to perform both tasks easily.

The second app evaluated was Medisafe, which presented a smaller amount
of steps to Medication Register in relation to CUCO Health and, due to that,
was perceived as more intuitive, according to users. Their main issue was to
write the name of the medication being added, since the smartphone touch
keyboard didn’t activated along with the screen. Two users tried to activate
the keyboard by randomly touching the screen, while the third tapped directly
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over the text box, activating the keyboard. To finish the therapy registration, the
app presented the finishing button “DONE” in multiple locations of the screen,
which facilitated the completion of the task, according to the users.

At last, MyTherapy was evaluated. And so as the one prior to it, MyTherapy
conducted it’s users very well to the medication register screen. However, there
were issues with the lack of information when the volunteers tried to finish the
insertion, as all three reported an error message appearing. The larger number
of data required during registration led to certain confusion. The location of the
“Save” button, which finishes the registration, localized on the top part of the
screen, also caused trouble to the users, which took a notable amount of time
to find it.

While performing the medication register, it was solicited that the reminder
notification was set for 30 min after the evaluation, so that it’s main core feature,
the medication reminding, could also be evaluated. Due to time constraints,
however, each user only evaluated the notification on a single app.

On the CUCO Health reminder, the user identified that the two buttons who
appeared were to either confirm or not the ingestion. He stated to have found
interesting that, when the “Don’t Confirm” button was pressed in a therapy
notification, the app visually represented that fact by decreasing the number on
the Health meter.

On MyTherapy, the ingestion notification was selected by the user through
the push of a button. A screen with a medication list was opened, but the user
was unable to take any further actions, as the app didn’t clearly specified that
he should have informed about the ingestion.

On Medisafe, the notification appears with the name and color registered
for the medication along with three buttons with texts “Ignore”, “Take” and
“Postpone”. By clicking in “Ignore”, the user faced a box on which he would
choose one of few pre-defined reasons for the non-ingestion, of which he chose a
random one and, afterwards, ender the app.

Although the amount of people selected to apply this method was quite
limited, the election of which application was the easiest to use was unanimous,
being Medisafe the favorite of all three evaluators. It showed the easiest interface
to validate medication ingestion, with three very visible and intuitive buttons
and identification by name associated with customizable color tags.

5.3 Results Given by Nielsen’s Heuristics

From the results given from the SUS and UTE methods, an alarming issue
with the sizing of screen elements, specially buttons, shows up. With that in
mind, an eleventh heuristic was proposed, denominated Screen Dimensioning
Adaptation, focused on evaluating the behavior of apps’ screens based on an
existing functionality in the Android Operational System (OS) 7.0 or newer.

In the Settings menu of Android smartphone devices there is an submenu
of Accessibility Resources, where it’s possible to find the option Exhibition Size
(as shown in Fig. 2). The purpose of this feature is to increase the size of the
screen’s elements in order to allow better visualization to people with varying
degrees of visual capacity.
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Fig. 2. Exhibition size adjustment feature on Android 7.0+ systems

The results from the evaluations of each app was subdivided as follows: (1)
Expert-based Usability Walkthrough; (2) Presenting unattended heuristics and
justification; (3) Screen Captures; (4) Severity of Issue; (5) Proposal of Solution.

MyTherapy. Both walkthroughs were troubled, on which five problems were
found.

Walkthrough: User Registration Screen.

IV - Consistency and Standardization: When the user clicks the Start button,
he’s directed to the next screen (Fig. 3b), but from there he is unable to return to
the previous one. In case the user tries to use the Return button, he’s is directed
to a third screen (Fig. 3c), related to Medication Registration.

Severity of Issue: 4 - Considered an Extremely Serious Problem.

Solution: Provide return path to the first screen in a way that the user might
choose another entry option to the app, e.g., from the small “Enter” button
shown in Fig. 3a, used only in case the user already has an account for the app
and wishes to recover previous data.

V - Prevention of Errors: The Enter button is small in size and badly polished,
which might lead to difficulties to the user at the moment of clicking or confusion
under the functionality of the button itself (Fig. 3a).

Severity of Issue: 4 - Considered an Extremely Serious Problem.

Solution: Provide better sizing and signalization for the button, as well as placing
Privacy Policies terms on a lower portion of the app screen.
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Fig. 3. MyTherapy app issues with navigation. (a) MyTherapy main screen. The blue
button reads “Start”; and the circled small button on the bottom right reads “Enter”;
(b) screen after the “Enter” button is pressed, requesting basic info from the user; (c)
“Therapy” menu screen that pops-up if the user tries to return to the main screen,
showing it’s four main features (Color figure online)

Walkthrough: Screen to Register Medication.

IV - Consistency and Standardization: The screens of Today (Fig. 4a) and Ther-
apy (Fig. 4b) menus both have similar sections with the exactly same name (Add
Medication). However, on the Therapy menu, this feature is focused on medica-
tion taken regularly, where as in the Today menu, this functionality is focused on
medication which the user must take only once. This ambiguous usage of terms
and menus without further clarification may lead to severe confusion and induce
the user to commit mistakes.

Severity of Issue: 3 - Considered a Serious Problem.

Solution: Standardize two different section types to insertion of medication, one
for each screen, in order to minimize possible confusions from the user’s part.

X - Help and Documentation: The Help menu (Fig. 5a) is found inside the Set-
tings menu (Fig. 5b) and is, ironically, of little help, since the user is only provided
with a single channel of communication through e-mail, also lacking any sort of
documentation about the app.

Severity of Issue: 4 - Considered an Extremely Serious Problem.

Solution: Detach the Help menu from the Settings menu, with a direct button
for it on the lateral quick menu, facilitating it’s acess by the user. Also providing
documentation with at least basic usage information or a How-to-Use tutorial.
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Fig. 4. Redundant screens on MyTherapy app. (a) “Add Medication” screen on the
“Today” menu; (b) “Add Medication” screen on the “Therapy” menu

Fig. 5. Channel of communication on MyTherapy app. (a) “Configuration” menu
screen, where the “Help” submenu is shown; (b) “Help” submenu screen
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IV - Consistency and Standardization: The Help menu (Fig. 5b) has texts in
english, but all other screens are in brazilian portuguese.

Severity of Issue: 3 - Considered a Serious Problem.

Solution: Provide consistent use of a single language in all screens.

CUCO Health. Both walkthroughs were troubled, on which two problems were
found.

Walkthrough: User Registration Screen.

IV - Consistency and Standardization: The placing of buttons to Register and
Login on the application are disproportionate (Fig. 6a). The entry option of login
without a social network becomes totally shadowed by all the other network-
based entry options.

Severity of Issue: 4 - Considered a Serious Problem.

Solution: Provide better sizing to a non social network register option to facilitate
access.

Fig. 6. CUCO health app. (a) user login/register screen; (b) main user screen, showing
“Health Meter” and registered therapies

Walkthrough: Screen to Register Medication.
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XI - Screen Dimensioning Adaptation: The medication adding button (+) pre-
vents the visualization of the Therapy Timeline when it’s full (Fig. 6b).

Severity of Issue: 4 - Considered a Serious Problem.

Solution: Provide automated adequation to screen size in order to prevent infor-
mation loss and so that the user is not impaired when the screen sizing is altered.

Medisafe. Only one walkthrough was troubled, on which two problems were
found.

Walkthrough: Screen to Register Medication.

V - Prevention of Errors: Using purely icon-based representations may induce
users to error, leading them to dubious interpretations, like the case with the
“pencil” icon to represent “Edit” but without any proper text caption (Fig. 7a).

Severity of Issue: 3 - Considered a Serious Problem.

Solution: It’s important that icons, even those considered intuitive by a certain
group of users, have clear and simple captions, in order to avoid any errors.

Fig. 7. Medisafe app. (a) warning screen of a scheduled therapy, containing time and
dosage of medication; (b) warning settings screens, containing storage for dosage and
resupply of medication
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XI - Screen Dimensioning Adaptation: The Add Medication/Posology Edit
screen (Fig. 7b), whenever the screen sizing is enlarged, suppresses some titles
and important information, e.g., the resupplying medication feature.

Severity of Issue: 4 - Considered a Extremely Serious Problem.

Solution: The disposition of elements in a screen must follow a certain spacing
standard, considering all elements, so that the user don’t suffer information loss
on the resizing.

6 Conclusion

The UTE with the users allowed for the diagnose of some deficiencies appointed
during the text, such as trouble with finding the “Enter” button on the apps’
main screens, a large amount of information required to be inserted during med-
ication register and the issue of touch keyboards not appearing by default on
screens which demanded text typing.

The application of the SUS survey made possible to identify the degrees of
usability of the apps. Some positive points were listed, such as easiness of use,
which was scored positively for all the apps, as well as, learning and confidence of
the users during the time of evaluation. However, even though all three reached
reasonable scores on positive aspects of usability, only Medisafe was able to
overcome the adopted standard, thus, being the only one already owning enough
usability features to be considered Elder-friendly.

Results shown on the methods above created the need of a new Heuristic of
number 11, denominated “Screen Dimensioning Adaptation” and adopted during
the heuristic evaluation along with the ten traditional heuristics, having the
purpose of making applications more accessible to people with varying degrees
of visual capacity.

From the implementation of Nielsen’s Heuristics, it was possible to enumerate
a couple of issues found in the apps’ interfaces. The most serious, located on
CUCO Health and MyTherapy, were a few disproportionate screen elements,
which also caused issues on the usability tests performed by the users, as well
as others such as screens with similar design but different functionalities or an
disadvantaged location of the Help menu, both presented on MyTherapy app.

The addition of the new heuristic also brought its own results. The apps
Medisafe and CUCO Health had screens rated as problematic for showing respon-
siveness flaws when utilized on larger Screen Sizes options, through accessibility
resources from the Android OS.

In a general sense, the response of the methods employed was very satisfac-
tory. The employment of three distinct methods revealed results that, sometimes
overlapped and sometimes contrasted, in a way that the final result was more
complete and, thus, more closer to reality.

From the research presented in this paper, further studies must be made, with
a larger pool of users and with a broader set of applications in order to precisely
quantify the level of certainty that this method presents while evaluating how
elder friendly an medication reminder app can be.
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Also, in continuity of this work, a set of guidelines of good practices for app
development in medication reminding apps will be made, based on the results
presented, which may improve programmers and software engineers in creating
services that also take in to consideration the elder public and its limitations.

Thus, it’s believed that this developed methodology is capable of determining
the level focus on the elder public, based on subjective, qualitative and technical
parameters.

The employment of such methodology on the evaluation of other medication
reminder apps is totally feasible, as well as its application in a general way
to any kind of mobile application involving registrable reminders and/or other
populations with cognitive skills similarly reduced to the elders.

It’s also believed in the potential of this methodology to be implemented in
the accessibility evaluation of any type of application, in a broad sense. However,
it’s important to emphasize the need pf adapting the methodology accordingly to
the specific characteristics and needs of the target audience and of the evaluated
service.
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Abstract. ‘Shifting Baseline Syndrome’ is highly apparent in the context of
generational shifts in work and life patterns that reduce interaction with and
knowledge of the natural world, and therefore expectations of it. This is exac-
erbated by changes in the natural world itself due to climate change, biodiversity
decline and a range of anthropogenic factors. Distributed and accessible tech-
nologies, and grass roots approaches provide fresh opportunities for interactions,
which enable active engagement in ecological scenarios. The My NatureWatch
project uses digital devices to collect visual content about UK wildlife, pro-
moting ‘active engagements with nature’. The project embodies Inclusive
Design in the Digital Age, as the activity; engages a wide demographic com-
munity, can be used by all, provided user led agency and produced method-
ological design lessons.
The article frames My Naturewatch as an agent for active designed engage-

ments with nature. The research objective is to comprehend ‘how to design tools
for positive nature engagement’ holding value for; (1) academic communities as
validated methodologies (2) the public through access to enabling technologies,
content and knowledge (3) industry in the form of new; experiences, engage-
ments and commerce. The approach is specifically designed to yield insights
from a multitude of engagements, through the deployment of accessible, low-
cost products. Project reporting documents the benefits, pitfalls and opportuni-
ties in the aforementioned engagement uncovered through design-led approa-
ches. Insights are gathered from public/community facing workshops, wildlife
experts, ecologists, economists, educators and wildlife NGO’s. The engagement
methodologies are compared highlighting which initiative yielded ‘Active
Engagement with Nature’.
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1 Introduction

1.1 What is a Nature Engagement?

Governments are implementing policies to “increase people’s engagement with and
connection to nature” [1] owing to the widespread decline of the world’s biodiversity
[2] and the benefits that connection brings to pro-environmental behaviours [3] and
human health [4]. The National Trust commissioned the Natural Childhood report [5].
Moss (founding producer of BBC Springwatch) highlights;

“Nature Deficit Disorder: focuses on the lives of Britain’s children, particularly
with regard to their lack of engagement with nature. [Impacting on] physical health
including obesity, mental health problems, and children’s growing inability to assess
risk. Imagine a world where our children are physically and mentally healthier, com-
munities more cohesive and connected, and everyone enjoys a closer relationship with
the natural world. Reduced costs to the NHS, higher educational attainment in schools,
and happier families” [5].

Engagements with the natural world presents positive impacts (for all ages)
including; cognition and development [6], tourism [7], mental health [8], fitness [9],
risk taking [10], child development [11] and protecting the ecosystem that supports
human life [12]. The 2018 Living Planet Report concludes a “60% fall in [wildlife and
biodiversity] in just over 40 years – is a reminder and ultimate indicator of the pressure
we exert on the planet” [12]. City design (in developed worlds) comprises of infras-
tructures, concrete, built to move cars and people including buildings sustaining human
comfort. Developments “largely ignore the natural processes through which humans
are sustained” (food, energy, and water), thereby perpetuating a human disconnection
from nature [13]. In How does engaging with nature relate to life satisfaction identifies
nuances between rural and urban participants, in approaches and engagements in
nature. The “rural residents responded more positively to the questions over residents
from urban and suburban areas” due to their differences in perspective [14].

This design space provides ‘mechanisms’ for laypeople to engage in their natural
surroundings with examples including; the Wildlife Trusts ‘30 days wild’ [15], the
British Beekeeping Association’s adopt a beehive [16], Wild Cities [17], Chris Pack-
ham’s walk for wildlife [18], photography exhibitions [19], twitching apps [20] etc.
Existing ‘nature engaged’ audiences have intrinsic motivation e.g. in From Poachers to
Protectors it contextualizes the motivations for saving local wildlife through com-
munity engagement to “understand how community-level approaches can effectively
help combat the Illegal Wildlife Trade” [21]. The World Health Organisation is
deeming air pollution the new tobacco as “the act of breathing is killing 7 million
people a year and harming billions more” [22]. Our human relationship with the natural
world is intertwined, to reach resilience for a sustainable bio-diverse future, change
needs to be embedded. The Natural England Access to Nature Report, Highlights
nature engagements can “increase communities’ sense of ownership of local natural
places, by establishing strong partnerships between communities, voluntary organisa-
tions, local authorities and others” [23].
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1.2 What is the Importance of Making?

The act of ‘making’ provides; agency [24], economy [25], craft [26] and control over
our material environment [27]. Open Design, digital manufacture and accessible
technologies have transformed the access to manipulate/create ‘personal products’ [28].
Professor of surgical education R. Kneebone, stated, “young people have so little
experience of craft skills that they struggle with anything practical”, stressing ‘making’
inexperience is impacting dexterity in operating theatres [29]. The Make or Break:
UK’s Digital Future presents “the role of technology must create a sustainable society
for global development” [30]. House of Commons report Digital Skills Crisis com-
ments to “equip the next generation with industry [aptitude] but also with skills they
require for a future not yet imagined” [31]. Traditional making tools extend to digital
tools like ‘Raspberry Pi’, a low cost, “credit-card sized computer that plugs into a
computer monitor or TV, and uses a standard keyboard and mouse. The Raspberry Pi
has been used in an array of digital maker projects, from music machines and parent
detectors to weather stations” [32]. The People Fixing the World establishes “the public
desire to fix and repair goods, for sentimental or economic reasons”, leading to “res-
killing and sharing knowledge” [33].

Designer Enzo Mari wanted to produce furniture described as cheap, high quality
and long lasting. Mari believed that “if someone tried to build something, they would
learn something”… resulting in ‘Autoprogettazione’ [34], that translates as ‘self-
design’. He believed in the pedagogical element of design and his instructions for self-
made furniture served as a tool for learning and were instructions for self-fabrication
and Open Design. Open Design is the “free distribution, documentation and permission
of modifications and derivations” of an object, product, service or designed interven-
tion [35]. Open Design “empowers people to make and understand products and
processes, with more transparency”, leading to more independent user led design [35].
DIY Citizenship, Critical Making and Social Media, identifies that we are moving past
people just making for themselves and using “DIY construction to provide new modes
and possibilities for political and social engagement” [36]. These cases align to the
unknown importance of making, that it is not just about the artefact but includes;
wellbeing, accomplishment, knowledge, satisfaction, skill development, economic
values and most importantly… agency.

1.3 Combining Making and Nature Engagement

The 2017 Woodland Wise report, Nature Inspires Education, comments the “need to
maximise the education and development of everyone by using the outdoors as a tool
for learning about nature, to acquire life skills, and as a platform for standard curricular
subjects” [37]. In the UK, an “estimated 87% of households have access to a private
garden, varying from a few square metres to several hectares” [38]. Nature facing
organisations lack knowledge of people’s gardens. The rationale is that “resources are
usually placed in visible locations, thereby increasing the reliability of sightings, par-
ticularly of rarer species” [39]. The combination of ‘making, nature engagement and
private space’ offer the opportunity for enhanced design experiences. The challenge is
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balancing i.e., informed public understanding and the contextual requirements without
consequences. For example bird feeders can transmit, Trichomonas gallinae, a com-
mon parasite to pigeons. 2012 studies documented a “30% reduction in green finch
numbers” due to the transmission of parasites to other species, via unclean bird feeders
[40]. The Dorset Wildlife trust reports smart “phone apps imitating bird song have been
used negatively to lure species for amateur photography” [41]. Tony Whitehead, RSPB
public affairs officer states, “repeatedly playing a recording of birdsong to encourage a
bird to respond, in order to see it or photograph it, can divert a territorial bird from
important duties, such as feeding its young” [41]. This space results in the requirement
of non-invasive design proposals to explore the natural world. The work frames a
process beyond participatory design, co-design and public engagement and enacts
‘Design for Active Engagement’ in the surrounding world. TheMy naturewatch project
follows “Human-centred design, develop[ing proposals] based on direct interactions
with individuals” [42].

Traditionally, participatory design has involved users in “evaluative research:
testing existing products or prototypes of developed concepts” [43]. Participatory
design has more “open-ended outputs to look for [design] opportunities” [44]. The
often non-linear process of participatory design involves the client, user, designer(s)
and alternate stakeholders [45]. Participatory design processes explore users’ either
“existing or possible contexts of use, aiding the design team to have a more empathetic
approach” [44]. Including users in design processes should include “looking at people
in context, actively involving [them to] try things” [46]. The design of the My
naturewatch camera embodies some of Chapman’s Emotionally Durable Design as
“The product is developing a tangible character through time and use and some-times
misuse” [47]. My Naturewatch uses digital devices to collect visual and audio content
about UK wildlife around the British Isles to promote positive engagements with
nature. Project objectives include, people investigating nature outside of their back
door in all its forms, giving its users agency. The value in wildlife outside of your back
door is not often explored in urban and suburban areas.

The My Naturewatch project makes the opportunity for interaction accessible to all.
The My Naturewatch Camera is designed to capture pictures of wildlife when it detects
movement designed to be inexpensive, and aligned to the interests of the BBC’s
Natural History Unit. The cameras are available as DIY designs for people to make
themselves. Constructed entirely from commercially available components, using
instructions and software from project website (mynaturewatch.net), designed to be as
easy to make, and require no direct contact with the project team for success.

1.4 Research Objective

The My Naturewatch project is a design led exploration engaging the public in sur-
rounding wildlife with the intention of evolving their knowledge of design, technology
and nature, and or informs their actions over time. This article is framing the project as
an agent for change.
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2 Collective Method

The following workshops had a similar methodology and only changed by context,
demographic or the business type; amends are highlighted in each section, as they were
design workshops that had contextual input, influences and agendas. Design workshops
help researchers include participants in questioning problems, situations or defining
design territories. In ‘Developments in Practice’, Suri identifies that the “design pro-
fession’s major strengths [are] the ability to create tangible expressions of ideas and to
invent and exploit new tools” i.e. translating insights into tangible design outputs [46].
The ‘new tools’ Suri describes range from technologies to services, from construction
to execution. Design workshops are tools for incubating design outcomes and trans-
lating insights as they “establish user needs, test product designs and evaluate final
concepts” providing grounded tangible outputs [48].

Workshop participants were recruited by the host communities or by an open call
through the Internet and the host’s social media channels. The My naturewatch camera
trap was designed specifically using off the shelf parts that were accessible by a third
party and could be assembled without tools on a kitchen table with pre-approved CE
certified components. The cameras are; repairable, reusable and utilise components
found in schools, homes or technology enthusiasts place of work. All of the parts are
publically accessible and purchasable. The cameras were used as an agent to encourage
engagement with the natural world and surrounding nature.

Urban Birder David Lindo believes you should “see your urban environment as a
bird would: the buildings are cliffs and any green areas are an oasis for nesting, resting
and feeding” [49], as we are surrounded by wildlife, it does not solely exist in rural
areas. The workshops approach embodied “contact, meaning, emotion, compassion and
beauty indicators of, pathways towards nature connectedness” as five strong indicators
for positive nature engagement [50]. The workshops included a 30–45 min camera
assembly and check, with follow-ups, or tech support offered by email, website or
forum. Factors informing workshop locations were; type of organization, motivation,
locality, communities and prior technology or nature knowledge (Fig. 1).

Fig. 1. A My naturewatch camera deployed before a workshop at Wakehurst Place.
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In parallel research Hecker et al. state “research in citizen science takes a diverse
approach where the balance between scientific, educational, societal and policy goals
varies across projects” [51]. The authors noted, “a major obstacle [in] preventing the
adoption of technologies is the presence of those entrenched in traditional solutions”
the My naturewatch advantages do not compete with traditional methods, but advance
them [52]. Participants early images where evocative, but they often deleted them
feeling unworthy, personally comparing to project partner BBC Earth pictures.

2.1 Sussex Wildlife Trust, Beta Development (Study 1)

Sussex Wildlife Trust is “a conservation charity for everyone caring for nature in
Sussex. [They] focus on protecting the rich natural life that is found across our towns,
countryside and coast” [52]. SWT are uniquely placed with local; expertise, networks,
outreach, passion for surrounding environment(s), the negatives of potential use cases
and have experience in engagement campaigns e.g. 30 days Wild. SWT are linked to
the Sussex Biodiversity Record Centre, actively contribute to local wildlife media,
Wildlife Festival and run a public facing troubleshooting hotline called ‘Wild Call’
[53]. Contextual methods included; using a local site (Woods mill) that regularly
engages diverse audiences, schools and welcomes volunteers. The organisation was in
prime position to help future awareness and use the tool for their own benefit. The
workshop was run with 9 rangers and volunteers. The delivery involved a build
workshop, example camera placement, with a review of captured content after 1 month.

2.2 Sussex Wildlife Trust/Results

The rangers highlighted scaling ‘baiting’ to attract different wildlife and its challenges.
Baiting of “wildlife involves the purposeful placement of natural or artificial food
resources in the environment to manipulate the behaviour of wild species so as to
attract and/or retain them in an area” [53]. Large “concentrations of wildlife activity
centred around feeding or baiting sites have been widely implicated as a mechanism
influencing transmission of infectious diseases” [54]. This highlighted the need for
endorsement by wildlife expertise and the delicate balance that is required. Repeatable
placing and providing more knowledge of how and when to attract different species,
whilst not over attracting vermin and spreading disease, was raised as a concern.
Researchers found that ‘permission giving’ was imperative e.g. if participants broke
them, through usage it was ok as they could repair or rebuild them. The participants
sought external validation from social media ‘as a goal’, to share content.

2.3 Schumacher College, Beta Development (Study 2)

Schumacher College embodies EF Schumacher’s “small is beautiful”, providing a
combination of ecology, design and economy teaching [55]. Their Ecological Design
course “believe[s] in a future where the things we design no longer need to be detri-
mental to the wellbeing of our planet, in a future that pioneers ecological possibilities
that redress social, environmental and economic imbalance” [56]. Contextual methods;
founded by bringing design, ecology, economics together and understanding
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environments. It was a captive non-tech audience, interested in documenting local
wildlife. They were selected as a design orientated audience providing honest feedback,
as they had no pre-bias to the project.

2.4 Schumacher College/Results

The participants found the technology magical in its connectivity and simplicity in its
connection to a mobile device. In contrast frustrations occurred, as they did not “catch”
what they wanted, however ‘wildlife is not an on demand performance’ nor should be
made to be so. The “product language” [57] of off-the-shelf technologies and the
physical interaction they bring was challenging, as the Raspberry Pi offers countless
adjustment rather than restricting the users and lead to confusion. Participants thought
the camera kits would instantly catch new species… in this case it did not, highlighting
the need to frame the technology appropriately within events.

2.5 Wakehurst National Trust (Study 3)

This was the first workshop after BBC SpringWatch launch, so was out of Beta testing
phase. Wakehurst is a “Kew [owned] Wild Botanic Garden in Sussex, situated on the
High Weald, [with] more than 500 acres of ornamental gardens, woodlands and a
nature reserve. Wakehurst also home[s] the Millennium Seed Bank [58] the largest wild
seed conservation project in the world” [59]. Visitor numbers to Wakehurst in 2017
were “2,124,138” [60]. Wakehurst was selected as the National Trust has “5.2 million
members of which families [their] (biggest growing group), accounts for over 23% of
memberships” [61]. It built on the National Trusts network for further engagement. My
naturewatch cameras were placed throughout the Wakehurst site a month before the
workshop gathering material and familiarising the keepers with the equipment. Par-
ticipant recruitment included an open call, through Wakehurst’s social media, with
40% of places offered to participants invited through local schools for people estranged
to National Trust properties. Local head teachers sent supervised school pupils,
rewarding good behaviour. The format, introduced the technology, featured a live
demonstration outside, 30–45 min build with a local ranger offering advice on camera
positioning, practicalities and experience.

2.6 Wakehurst National Trust/Results

Families were assembling the kits together and crossed generations. Participants fed off
the group dynamic and actively helped each other. Participants actively discussed
camera placement and helped each other. The venue acted as validation for the venture.
Visitors highly engaged with the My naturewatch project online (that researchers had
never met) turned up to show us their own builds & specific hedgehog camera rigs.
Participants sharing material post workshop was very challenging over a digital
medium, as it required the simple effort of them putting on to social media. Partici-
pant’s definition of a good photo or good output was critical, as they did not need to be
a professional. The outputs of ‘drop-in sessions’ were harder to measure as participants
had less time invested.
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Comments from an attending Wakehurst ranger (Fig. 2);

“The beauty of the project is that technology usually makes kids stay indoors and not explore
the outside world, the combination is powerful” (host comment).

2.7 Depot Cinema (Study 4)

Lewes is situated in the South Downs National Park and is a “Transition Town’, where
people offer knowledge forming a sustainable community” [62]. Depot is an “inde-
pendent community cinema and cafe-restaurant with education facilities, created and
operated by the charity Lewes Community Screen. Lewes Community Screen aspires to
create a venue that serves as a focal point for the local community, not only in the area
of film but through a wider range of art forms” [63]. The location was selected, as the
researchers had not yet focused on the usage of the material but predominantly on the
inputs. As Manzini comments “the convergence of social and technical innovation
interacts with the way people are and think, in this way new values emerge, impacting
what we count as well-being” [63]. Mazini states:

“Collaborative organisations are social groups emerging in highly connected environments.
Their members choose to collaborate with the aim of achieving specific results, and, in doing
so, they also create social, economic, and environmental benefits” [64].

The authors empowered social groups in every case study, but the Depot was specific
as the result was a film, with the intention on wider benefits. Cinema’s can be “social
levelling, social hubs” that cross generations and unite audiences [65]. The organisation
hosted an open call for filmmakers of all ages, with the incentive of a trailer to be
played in the cinema over the coming months. The age ranges (advertised) were from
8–15, 55–80. Locals who could not attend were also invited to digitally submit ima-
gery. The follow up workshop focused on community film making techniques.

2.8 Depot Cinema/Results

Researchers were surprised that the participation incentive was not inclusion in a
trailer, but people exploring their gardens, rooftops and local space. The process

Fig. 2. My naturewatch Wakehurst Place workshops (Image credit, James McCauley).
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highlighted the importance of repeat visits, also solving early tech support issues were
vital as if people got frustrated, they would not seek the information on the forum or
ask friends. A number of participants to this day are still sending images that they feel
are important to them and the trailer still remains to be of interest.

“The camera is doing its job well, I regularly look in the garden from the window or when I am
working in the garden. 24 species in the garden (so far) and another 6 “from” the garden like
Swift and Peregrine” (Participant email).

2.9 Victoria & Albert Museum, Digital Design Weekend (Study 5)

Digital Design Weekend “presents installations, workshops, talks and performances
from over 40 artists, designers, scientists and engineers”, it is a “weekend of free events
exploring human-machine interaction and potential future worlds” [66]. The
researchers ran open workshops hoping to invite a multicultural art and design facing
audience. This time researchers relied on passing traffic and timed workshop sessions
rather than pre-sign ups. The Victoria and Albert museum, was also selected as; it has
great experience in running engagement events, is of international significance and has
a mixed visitor demographic with 3,789,748 [67] visitors in 2018, that is free and
accessible. The workshop was run during the 2018 London Design Festival.

2.10 Victoria & Albert Museum/Results

Venue’s significance offered trust and contextualisation as in discussion people thought
they were creating ‘works of art’ rather than just taking photos. Adhoc participants
commented they ‘wanted to see what they would get’ from a 45 min assembly
workshop before they committed their time. The negative of running a workshop in
such a prestigious location, was the re-enforcement that we were a research project and
not just an extension of the museum was sometimes confusing to participants. One
shared result was a participant using the technology to form a link with their next-door
neighbour as they did not have a garden. Whilst the interaction between the participant
and neighbour lasted a month, it did bridge an age divide of 45 years between two
people that had not interacted before or created a technology intervention. The par-
ticipant responded by email with:

“A fruitful collaboration with a neighbour (an old lady) who has a birdbath, we got some pretty
amazing shots of the (quite busy!) bird ecosystem in both of our backyards. It was a really nice
thing to collaborate on” (participant email).

2.11 The Design Museum (Study 6)

The Design Museum “champions design and [it’s] impact on the world. Design is
about innovation, technology, creativity and craftsmanship and influences our lives.
The museum is an independent charity and relies upon its loyal members to continue
this valuable work” [68]. Since opening the museum has attracted “672,000 visitors, in
10 months” [69]. Authors initiated a ‘sixties + nature tech group’ meeting weekly for a
month. Participants were local to the Design Museum and Holland Park (collaborating
as local wildlife experts) opening their Ecology Centre [70] and staff. The process
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utilised repeat visits over 4 weeks for support. Session (1) camera assembly and
troubleshooting session (2) deployment in Holland Park, advising camera placement
after a week living with the cameras, to ensure debugging. Session (3) participants
collected the cameras for image review, taking the cameras home with them. Session
(4) group discussion, followed by a pop-up exhibition providing the participants the
opportunity to share data with family members. The approach borrowed lessons from
citizen science and community practices. In The Knowledge Gain and Behavioral
Change in Citizen Science Programs Jordan et al. comment that trial participants
claimed that the largest motivating factor for participation is “content knowledge” [71].
Content knowledge is the education that participants experience from exploring the
world, it also offers training opportunities where volunteers can increase their skills,
expertise and ‘content knowledge’. In The Rise of The Expert Amateur: DIY Projects,
Communities, and Cultures, Kuznetsov describes the main motivation of users con-
tributing to DIY projects as the “learning of new skills and communal sharing” [77]
(Fig. 3).

2.12 The Design Museum/Results

The number of sessions meant that participants did not loose faith due to technical
difficulties, as each session could troubleshoot, building confidence. The places par-
ticipants deployed their cameras included participants; window boxes, allotments,
gardens and small green spaces. The feedback opened up the conversation to include
how the My naturewatch project could be used as a health tool, against sedentary
lifestyle and contribute towards a good physical and mental wellbeing. The sessions
empowered them to use different tools that they had not used before. There was great
power in making a group of 60–80 year olds, know more about a technology over their
grandchildren, as they commented on numerous occasions. The sessions re-enforced a
social impact, due to participation they subsequently met externally (to the organised
events) creating; friends, made bread together, learnt a language together, as a social
group, which previously did not know each other before.

Fig. 3. Assembly and deployment of My naturewatch cameras, over 60’s tech group.
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“It’s a fantastic project and it’s shown us how the museum can support older people to get
engaged in nature and technology” (Host institution email).

The Design Museum study was the most successful of all of the workshops, as it
established a small community that led to a wider impact. The participants also felt the
value in sharing their ‘captures’ as it was straight forward and they could learn of each
other quickly. The participants commented that re-skilling [72], was an important skill
of the workshops, they understood things they had not done before. Researchers wit-
nessed a change in ownership once the participants ‘I made that to take that photo’. The
feedback highlighted a number of themes unknown in other prior workshops with
following statements from participants (Fig. 4):

“The process has made me feel re-skilled and I am keen to learn more” (workshop participant).
“I know more about this technology than my grandchildren, which is empowering” (workshop
participant).

3 Discussion

3.1 Project Support

The authors found that physical repeat visits to the locations were important, not from a
debugging perspective but from a social side unifying workshop participants to share
their stories and insights that might not have happened through an online presence as
we focused on attracting participants that had not previously engaged in creating
technologies. The groups over-reviewed their imagery and deleting very valuable
images that might not have “captured” a species, but had taken a great photograph. The
concept of “group making” re-enforces the social sustainability and exploration pro-
vided by others and not just undertaking a solo activity [73]. The workshops also
uncovered the value of peer-to-peer knowledge, especially in elderly participants
sharing their knowledge with grand children [74]. The authors believe that this support
can also build project sustainability over time supporting Hess’s theories of Commu-
nity Technology that combines a community with empowerment.

Fig. 4. Captured images from, My naturewatch over 60’s tech group.
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“To light that candle which is so much better than cursing the darkness. To be as much as the
human condition can sustain, rather than being only what a system can allow… To be… To
do… That is Community Technology” [75].

3.2 Motivation

Clary describes that the “protection of one’s self-interest is key to motivation” [76].
Motivation to participate remains a challenge, however communities ‘self-interest’ can
be designed in to it appropriately. Borrowing from Citizen science, to “engage a public
it should be innovative and imaginative combining the collation of data while
appealing to the volunteer community” [77]. Hieman also agrees with the importance
of ‘appealing CS activities to participants’ and comments that “democratize[d] science
should not fall solely to those formally trained in the natural sciences” [78]. When
participants were asked they often responded with “I want to see the garden when I am
not there” or “I have never made a piece of technology before”. The motivations were
surprising as the ‘big sell’ of trailers or ‘recognised on TV’ were not the incentive, but
learning the tech and the feeling of constructing it yourself.

3.3 Barriers

Where possible we encouraged serendipity, so participants could use cameras to
explore. The work followed a “research through design” process responding to
engagement and participants [79]. The barriers to entry highlighted through the
workshops were the type of people that felt they could attend or were able. The
researchers made the workshops as accessible, in times appropriate to ‘childcare’,
school access and on weekends. A 3rd party, Pimioroni, who packaged componentry
for easy purchase, removed one large barrier for the project. The final barrier was
giving ‘permission’ to participants. When they attended workshops there was a dif-
ferent approach to the object after they had ‘made it’ as they had invested their time and
skill into its assembly. Researchers had to give them permission to edit, repair and even
break them through use, rather than not use them. The last barrier was limited to
participants “fieldsense” in how they engaged or scared wildlife, in urban settings this
was less of a challenge; in rural settings had quite elaborate positioning [80].

3.4 Trust and Ethics

The authors are aware, that everything is open to abuse, its how you design out the
detrimental abuse to engage people in the natural world… to aid positive interactions is
the challenge. As highlighted by [81] the simple act of “tourism and footfall in areas of
natural beauty” require careful consideration, however the authors are highlighting that
documenting our back garden and surrounding parks in urban and suburban environ-
ments could not only provide interesting design material or content but in turn effect
our relationship with the natural world. The work was conducted using institutional
ethics procedures and IDEO’s mandate of “Respect, Responsibility and Honesty”, as
the work continually “acted to protect people’s current and future interests” of the
information they were gathering [82]. Ethics of capturing and wider scale, safeguarding
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was an issue in certain schools if there was a child with a “fear that a vulnerable child
might be identified”, even though that was virtually impossible [83]. The work also
identified the possible ethical situations of ‘do no harm’ and “empathy with wildlife
challenges of conservation” [84]. Some participants often got frustrated they did not
‘catch anything’, researchers had to re-enforce that “Wildlife is not performative” [85]
“managing peoples expectations” [86] that things are not “on demand” in this space,
nor should they be [85]. Baiting en-mass if all the public participated at the same time
could be catastrophic, “attracting vermin and disease” [87].

3.5 Health and Wellbeing

The health benefits of ‘engaging with nature’ are documented earlier in this paper.
Hartig et al. discuss the health benefits of ‘nature experiences’ including; physiological
impacts, restorative aspects, learning and personal development supporting “views
about nature and health, are using methods and theories now viewed as scientifically
credible” [88]. The NHS is now using “Social prescribing involves helping patients to
improve their health, wellbeing and social welfare by connecting them to community
services which might be run by the council or a local charity. For example, signposting
people who have been diagnosed with dementia to local dementia support groups”
[89]. This is further grounded as the “government says about 200,000 older people
have not had a conversation with a friend or relative in over a month” [90]. In Active
Ageing, Pensions and Retirement in the UK, “Active ageing has the potential to provide
a framework for strategies relating to population ageing, ultimately it can assist with the
process of optimising opportunities for health, participation” [91]. Prescribing ‘nature
as healthcare’ could be a valid direction for ‘Actively Engaging in Nature’. Gaming
platform Pokémon GO, surprised health experts as a “Real World Gaming Platform us
[ing] real locations to encourage players to search far and wide in the real world to
discover Pokémon. Pokémon GO helps you find and catch Pokémon by exploring your
surroundings” [92]. This platform created for profit and exploration; never considered
the health implications of getting people to explore their world. In studies Igmar et al.,
[93] documented 32,000 users “added a total of 144 billion steps to the US physical
activity”. Pokémon players were going to locations previously unvisited [94] and
helped people with social withdrawal [95].

3.6 Meaningful Engagement

The World Wide Fund for Nature (WWF) highlight issues with smart phone apps
recording sightings, specifically in Yellowstone, national park. Not only does it remove
the ‘wild nature of discovering wildlife’ with “grizzly bear sightings at such spots are
especially challenging for park rangers, who have to both direct traffic and keep people
a safe distance away” [96]. This extreme example of ‘logging wildlife’, does raise the
issue of health and safety and drawing people to locations, that do not have the
knowledge to cope with that environment. Public Engagement is defined as “the
involvement of specialists listening to, developing their understanding of, and inter-
acting with, non-specialists” [97]. The authors see ‘Design for Active Engagement’
differently as it is not passive; it presents design to actively engage through physical,
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system or digital interactions. Authors see active engagement as an opportunity for
potential behaviour change over time. Workshop activities established a deep level of
engagement with participants; investigating there surroundings, public environments,
presenting findings at camera clubs, sharing it with friends both personally and via
social media.

4 Conclusion

The repeat visits gave permission; yield data, establishing a community was important
to the success of the work for the demographics we engaged with. The design language
of off the shelf parts, was intimidating to some participants and can be confusing to the
public, so the overall design was imperative. The researchers had to frame the work
appropriately as it often came across during feedback as a ‘doing good tool’ rather than
just people exploring their outdoor space with a designed product. The project appeal to
the volunteer community was paramount, as people often became champions of the
project telling their friends and families. Giving permission was essential especially
when given kits as somewhere to scared to break them. The issue of giving things for
free did present bias’s that would require further investigation over time. The notion of
‘public press’ or ‘getting their name in the paper’ was not of interest to the majority of
the participants. Finally as Clary describes that the “protection of one’s self-interest is
key to motivation” [76], is of the upmost importance and remains a challenge, however
communities ‘self-interest’ can be designed in to it appropriately. An intrinsic
motivation/bias was noted as participants were given kits for free.
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Abstract. Both Taiwan and Japan are entering an area of hyper aged
and death-ridden society. The death rituals in both countries are rapidly
changing due to urbanization and secularization, although both cultures
have long histories and traditions for funeral and memorialization. Fur-
thermore, some digital technologies have already been adopted in both
countries, providing alternative changes for some occasions. This paper
principally reports contemporary funeral and memorialization practices
in Taipei and Tokyo by introducing insights from our fieldworks and
interviews in both cities. These also include examples of digital technol-
ogy adoption. Comprehensively understanding phenomena being caused
by local faiths and traditions, we will discuss how ICT/HCI designers
could contribute to the realm of local memorializations and more gen-
erally around the world, and what kind of design opportunities for the
future death rituals they could be involved in.

Keywords: Death and HCI · Technology · Mourning · Funeral ·
Memorialization · Remembrance · Thanatosensitive design · Taiwan ·
Japan

1 Introduction

Both Taiwan and Japan are becoming hyper aged societies. This means that not
only the population of elderly people, but also the number of deaths are rapidly
increasing. Around 2040, it is said that the annual number of death in Japan
will be the highest since after the WWII.1 While although Taiwan is little bit
1 In 2016, the number of death was around 1.3 million, but it is estimated to be 1.68

million in 2039 [1].
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behind Japan on the aging, its crude death rate in 2050 will be almost twice
than today.2 With the coming of death-ridden societies in both countries, ritual
practices and people’s thoughts on memorialization are also rapidly shifting.

Each country is a small island and has intense density of population in the
city area, particularly Taipei and Tokyo. Although Taiwan and Japan are geo-
graphically close and influence one another, the religious and local customs are
slightly different (e.g. [3–6]). Funerals and the other memorialization rituals in
Tokyo, mostly based on Japanese Buddhism, are becoming more and more sim-
plified in the last decade (e.g. [4,6,7]). Japan has a relatively long history of
cremation and today, where over 99.9% of bodies are cremated [7].

In contrast, Taiwanese people more rigorously follow traditions based on
Taoism, Feng Shui, and some local traditions (e.g. [5,6,8]). Even though people
historically have practiced traditional burial and reburial rituals, which in total
takes 6 to 7 years, they have now adopted cremation in the last decade. Today,
over 95% of Taiwanese are cremated.3 With increased cremation and the urban-
ization of memorialization practices, Taiwanese funerals and subsequent memo-
rial practices in the city area are also rapidly changing. Since the shift to cre-
mation in Taiwan occurred over a relatively short period of less than 30 years,
Taiwanese people are more conservative and still keep to tradition [6] compared
to Japan, where rituals are becoming more diverse and even simplified. But Tai-
wan and Japan share some ritual artifacts in common such as flower, incense,
the mortuary tablet, coffin, urn, photography, and etc.

On the other hand, people in both countries are rapidly adopting Information
and Communication Technologies (hereafter ‘ICTs’) not only in their daily life,
but also in their memorialization practices. For example, there have been digital
photo frames on the altars in funeral halls in Taipei since almost 10 years ago,
according to our fieldwork described below. There are several online memorial-
ization web services produced in Taiwan.4 Further, in some columbaria in Japan,
digital displays show the deceased’s photos and his/her life data [12]. The ques-
tion of how to utilize technologies in designing memorialization experiences is
becoming a key issue in both countries.

Addressing this situation, this paper focuses on seeking how the deceased’s
memory and presence could be digitally archived, utilized, and inherited by
the next generation within a hyper aged and soon-to-be death-ridden society.
After briefly introducing traditional death rituals in Taiwan and Japan, we first
examine the existing academic and case reports on digital commemoration. We
then examine several websites—mostly hosted by funeral companies—to analyze
contemporary funerary rituals and practices. These provide instructive visuals,
text, and videos for customers. To support this analysis, we visited practical sites
in both countries including funeral halls, cemeteries, columbaria, and related

2 While the crude death rate was 7.5% in 2018, it is estimated to be 15% in 2050 [2].
3 In 1993, the percentage of cremation in Taiwan was 45%, but it was 96% in 2017 [9].
4 For example, a “Cloud Remembrance Platform System” was launched by Kaohsiung

City on January 16, 2018 [10]. In a columbarium, a similar service using QR code
has been commercialized [11].
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expos. Occasionally and whenever needed, we interviewed people who work at
these sites in order to understand contemporary rituals in Taipei and Tokyo.

Reviewing and analyzing these data, we describe the basic scheme of funeral
procedures each in Taipei and Tokyo, and what kind of both analog and digital
objects—related to the deceased—have been adopted. Holistically addressing
these phenomena, we will discuss what kind of design opportunities there are
for either archiving or utilizing the digital remains for/in the memorialization
practices. Especially, we focus on discussing how people in the death-ridden
societies could prepare for their deaths and what kind of technology-enabled
designs are required by those who will encounter a death-ridden society. Finally,
we will argue how ICT/HCI designers and creators handle people’s memories
in the sensitive contexts especially related with the death rituals in general, by
learning from this research.

2 Background and Related Works

2.1 Key Objects for Memorialization in Taiwan and Japan

Over hundreds of years in Japan, cremated remains (cremains) have been highly
appreciated and protected. Since cremation became popular from the late of 19th
Century to 20th Century, people have favored constructing family gravesites in
which multiple urns were stored over generations (e.g. [3]).

On comparison, the cremation history of Taiwan is shorter than Japan. Tra-
ditionally, the Taiwanese have also appreciated the dead’s bones through the
unique burial custom known as bone washing ritual. However, due to
rapid urbanization and limited land for gravesites, Taipei city local government
has promoted cremation to its citizen and built many public columbaria in the
last 30 years (e.g. [8,13]).

Since the 1990s, customs and rituals for burial and disposal in Japan rapidly
begun to change. Natural burials, defined in Japan as a means of interring cre-
mains, such as the tree burial (directly placing ashes in the ground) and the sea
burial (scattering ashes at the sea) has spread through society, as people who
are unmarried or without children faced difficulties in keeping and maintaining
their family gravesites. (e.g. [14,15]) In recent years, cases of isolated death and
unclaimed cremains have become well-known social problems [7], broadcasted by
major newspapers and TV shows. Though the custom of natural burials has yet
to spread throughout Japanese society, memorial rituals are gradually shifting
toward natural burials and other alternatives.

In Taiwan, Taipei city local government has been promoting the natural
burial methods: “tree burial,” “flower burial,” and “sea burial” as a means of
the saving its limited land space [8,13]. However, a limited number of extremely
wealthy people in Taipei still refuse to adopt cremation even though they have
to pay a vast sum of money5 in order to purchase a gravesite for burial [6].

5 Over ten million TWD: about three hundred thousand USD.
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Fig. 1. Temoto kuyo products. Left: “Mayudama” [18], Middle & Right: “TORUS” [19]

In both Taiwan and Japan, the spirit tablet or mortuary tablet—páiwèi
in Taiwanese and ihai in Japanese—has been interpreted as one of most
important items involved in memorialization practices. Traditionally in Taiwan,
páiwèi is initially made of paper by the Taoism master at the funeral, and after
one year, is replaced by one made of wood for the bereaved family’s home altar
[5,6]. Contrastively, Japanese ihai is inscribed with a Buddhist posthumous name
kaimyo 6 and used at the funeral and domestic memorial customs at Bud-
dhist altars (e.g. [3,16,17]). Similar to Taiwan, ihai is initially made of a light
wood by the Buddhist priest, but 49 days after the dead, it is replaced by one
formally made of wood stained with Japanese lacquer that is placed at the
home altar. During the period when the deceased in Taiwan is represented by a
paper tablet (one year), the bereaved family has to take care of him/her, offer-
ing incense and food every day. Otherwise, it is said the hungry ancestor will
became a “ghost” who brings his/her decedents misfortunes and troubles [5,6].
In comparison to Taiwan, Japanese faiths and rituals for the spirit tablet ihai
are relatively informal and becoming increasingly secularized especially for the
younger generations.

2.2 Secularization, “Bodiless” Memorial, and Digitalization

According to contemporary research of Japan, several artifacts are taking over
the ihai in ritual and informal settings. Suzuki [16] reports that many of Japanese
families display framed photographs of the deceased or iei instead of ihai.
People who adopt “temoto kuyo ”—a way of keeping ashes (cremains)
stored in micro-containers or urns at home7 —(e.g. [14]) usually display their

6 Except the Buddhist school of Jōdo-Sinshū that gives the deceased a
hōmyo or precept name during their lifetime, and does not make ihai.

7 For example, a product—consisting of small urn and items for Japanese styled memo-
rialization: incense tray, candle holder, rin (Buddhist instrument), and flower vase—
has been marketed (Left on Fig. 1). Jewelry in which ashes can be inserted has been
also produced by several Japanese companies (e.g. Middle and Right on Fig. 1).
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temoto kuyo urns at home along with the deceased’s portrait. Some still use ihais
but some have thrown such traditional ritual items away.

Furthermore, in several cases photos used in memorialization practices have
been digitalized, which can shift the meaning and value of such displays. New
style columbaria known-as Automatic Conveyor-belt Columbaria (ACC) located
in urbanized areas of Japan adopt digital displays of iei picture, kaimyo, and the
other information about the deceased [12]. Gould et al. [17] describe contempo-
rary secularizations of domestic memorialization rituals in Japan and introduce
some digitalized Buddhist altar (butsudan) examples. An online butsudan ser-
vice called Onra’in described in this article appears like a digitalized butsudan
and virtually displays a family’s ihai. Yet it also archives and shows pictures
of/about the deceased, which technically more closely resembles online photo
archiving services such as Google Photos [20].

Outside of Japan, death rituals including funeral, burial, disposal, and memo-
rialization have been rapidly changed and secularized. Cann argues in her book
[21] that memorial practices in the United States have been “bodiless,” as people
do not face the corpse or the nature of death given the rise of embalming and
cremation throughout 20th Century. She claims people are now shifting to adopt
“virtual afterlives” enabled by online memorial services and SNS on which the
deceased could be represented again, although they are hidden from the rest of
the (offline) world. Similarly, Arnold et al. [22] investigates how people mourn,
commemorate, and interact with the dead through digital media, reviewing exist-
ing digital memorial platforms with a series of case studies drawn from North
America, Europe, and Australia.

Of particular note are SNS such as Facebook and Instagram, which allow
people to utilize several contents and services specialized for memorialization.
Facebook provides “Memorialized Accounts” [23], a function that enables a par-
ticular user account belonging to the dead to be closed or changed to become an
online memorial platform. (e.g. [24–27]) On Facebook, a service called “Legacy
Contact” has been released. With it, a living user can appoint another as a
Legacy Contact who has responsibility to manage the account in case of his/her
death. [27] In another novel use of social media, Gibbs [25] surveyed photographs
shared on Instagram public profiles tagged with “#funeral” and revealed how
the users have already invented new but vernacular rituals for the context of
death, mourning, and memorialization.

Especially in the West, several scholars have begun to study how digital tech-
nologies shape the presence of the dead in the society. (e.g. [21,22,24–26]) As
Cann [21] pointed out, the presence of the dead has represented online while
traditional death rituals (mostly based on religious thought) are simplified and
secularized. Notably in the urbanized regions including Taipei and Tokyo, phys-
ical spaces for graveyard has been almost exhausted. This is the realm in which
digital technology has already intervened and emerging technologies may con-
tribute.
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2.3 Death and HCI

Especially within the HCI (Human Computer Interaction) research community,
there has been growing interest in how interactive technology intersects with
experiences of bereavement and memorialization. For example, some systems
working on smart phones have been installed in cemeteries or graveyards. Gotved
[28] surveyed QR codes on gravestones in Denmark and revealed how people
adopt a digital memorial culture as provided by the QR code cemeteries which
connect physical sites with virtual memories. Now both in Japan (e.g. [29])
and Taiwan (e.g. [11]), there are also commercialized graveyards or columbaria
utilizing QR code identification. Simultaneously, Häkkilä et al. [30] designed
a location-aware navigation application at a graveyard. Also in Japan, similar
smart phone applications have been released (e.g. [31]).

Massimi and others [32] argue “thanatosensitive design”—design that
engages with the many issues bound to mortality, dying, and death through
the creation of interactive systems—is a critical emerging area for HCI research
and practice. Foong and Kera [33] adopt a reflective design lens [34] to interpret-
ing experiences of digital memorials. The first author in this paper Uriu et al.
[35] proposed a digital family shrine concept for people to remember deceased
relatives. Following this work, Uriu and Okude [36] describe an interactive altar
with the candle flame called “ThanatoFenestra” for supporting ritual prayer for
one’s ancestors. Applying and evolving its concept, Uriu and Odom [37] pro-
posed an interactive altar called “Fenestra” and conducted deployment studies
in domestic environments. They and others [38] are also trying to utilize incense
smoke for memorialization practices. Wallace et al. [39] suggested digital locket
jewelry that enables a digital legacy to be archived along with particular narra-
tives about the deceased.

Reviewing these examples and many others, Moncur and Kirk [40] offer a
framework for designing digital memorials. They articulate the need for future
research to explore how interactive systems shape practices related to the post-
self—how the identity of the departed is socially constructed. They [41] actu-
ally designed “Story Shell” an interactive sound player working with a sound-
gathering system, which is specialized for archiving and playing back stories
about the deceased. Odom et al. [42] model the design of future technologies
aimed at supporting a relationship between the living and the dead, reviewing
the process of their works Fenestra [37] and Timecard [43]. Pitsillides [44] pro-
poses how to create new forms of agency for the dead by arranging the digital
legacies the deceased leaves. In order to make digital legacies have agencies or
keep the dead’s presence in the society, she points out how designers can combine
digital legacies with physical and digital materialities such as ThanatoFenestra
[36], Story Shell [41], digital locket [39], and etc.

As we described above, Taiwan and Japan share some of objects for funeral
and memorialization rituals. However, due to limitations on land and secular-
ization in cities, each country’s traditions and rituals are shifting. Faster than
in Taiwan, some alternative products such as temoto kuyo (e.g. [14]) and ACC
[12] have already discovered new markets in Japan. In the West, digital/online
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Fig. 2. Sunshine Life Memorial Hall (A: appearance, B: ceremony hall, C: columbarium
floor, D: spirit tablet hall)

memorials are swiftly penetrating society, which illustrates existing ICTs have
already been utilized for death related designs. We are now at the stage of
exploring how emerging technologies within HCI could contribute to this realm.

Exploring contemporary cases in Taipei and Tokyo, this paper provides
insight into multiple important topics of interdisciplinary concerns, identify-
ing some design opportunities where ICT/HCI could successfully contribute.
It proposes a set of future design directions to both Taiwanese and Japanese
industries for funeral and memorial services, as well as what kind of topics the
death related scholars should investigate, and how designers and engineers in
the HCI community could collaborate with them.

3 Contemporary Funeral and Memorialization Practices

3.1 Methodology

This section consists of data captured in our field studies and interviews in both
Taipei and Tokyo. In Taiwan, we had an opportunity to contact and visit Chin-
PaoSan [45], established in 1977, which is one of the largest companies
for memorial services in the country. It owns a huge region for cemeteries and
columbaria in the north Taiwan area, and also provides funeral services in Taipei
city at their funeral hall called ChinPaoXuan . The first field study, vis-
iting their columbaria located in the north Taiwan area and ChinPaoXuan, was
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Fig. 3. The funeral altars in the ChinPaoXuan hall.

conducted in 2016. After that, we had several opportunities to interview with
their staff up until 2019. To understand Japanese landscape in 2019, we inter-
viewed an individual working at funeral halls in Tokyo who actually conducts an
array of funeral practices, including deciding funeral procedures with bereaved
families, coordinating with Buddhist priests to hold rituals, and finally, working
as an emcee at the funeral ceremonies. In addition to capturing these examples,
we received some pictures taken at a funeral by a person who lost her grand-
mother in 2015. To comprehensively describe the situations in each city, we also
refer to Web articles, films, media, and so on as necessary.

3.2 Taipei, Taiwan

Contemporary Funeral Procedure
One of ChinPaoSan’s columbaria called “Sunshine Life Memorial Hall ,”
architecturally resembles a Christian church and its interior is completely mod-
ern (Fig. 2). It holds memorial services within any religious and cultural back-
grounds, such as Taoism, Buddhism, Christianity, and even none-religious.
Before ChinPaoSan began to make columbaria in the latter part of 20th Cen-
tury, Taiwanese columbaria were known to have a dark atmosphere with interi-
ors that resembled simple storage facilities. Public columbaria today retain this
design, but are available to everybody. Following the emergence of ChinPaoSan’s
columbaria, other companies also produced modern style columbaria in Taiwan,
marketed especially to the wealthier people.

According to their website, the contemporary funeral service in Taipei is
roughly divided into eight procedures, as below.8

(1) Hospice care
(2) Transport of the deceased
(3) Setting-up of the funeral hall
(4) Funeral coordination

8 https://www.memory.com.tw/en/education.php#process. The introduction video
(Taiwanese) is also available on https://www.youtube.com/watch?v=i l8lz8V1Ts.

https://www.memory.com.tw/en/education.php#process
https://www.youtube.com/watch?v=i_l8lz8V1Ts
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Fig. 4. Left: An urn specially designed for Sunshine Life Memorial Hall (Fig. 2) pro-
duced by ChinPaoSan, Right: an urn prepared at an urn shop in Taipei city

(5) Encoffinment
(6) Offering ceremony
(7) Cremation, columbarium (Installment/Interment)
(8) Follow up care

In phase (1), when funeral staff are informed a person is dying soon, they
begin to prepare a whole package for the funeral ceremony. Just after the per-
son dies in phase (2), they collect the deceased’s body and move it to a public
mortuary facility. Then the (Taoism or Buddhist9) priest holds a ritual to trans-
fer “the deceased’s spirit” to a spirit tablet, while the body is frozen and kept
until the day for encoffinment (5). Simultaneously, the funeral staff talk with
the bereaved family to decide the details of the funeral plan (3). In Taiwan, the
day for encoffinment (5) and the day for the offering (departure) ceremony (6)
and the cremation/burial date (7) do not occur on a fixed timeline. These dates
are individually decided according to “the good days” following Feng Shui and
Taoism. In phase (4), the spirit tablet is placed on the altar in the funeral hall
such as in Figs. 3 and 5. During the days leading up to for final offering (farewell)
ceremony (6), the bereaved family and any guests may to visit the altar, which
is usually approximately one week. The bereaved finally reencounter—the first
time after it got frozen (2)—the deceased’s body at the public funeral hall when
the corpse is cremated in the encoffinment (5) and the final ceremony (6). It
takes a few days during phases (5) and (6), accompanied with some religious
and local rituals with priests. In phase (7), cremains in an urn are installed in
the columbarium such as Sunshine Life Memorial Hall after a ceremony at the
hall (e.g. Fig. 2B). Urns in Taiwan are normally made of stone10 and engraved
with the deceased’s name, portrait, his/her birth place, and dates of his/her

9 In Taiwan, Catholic Christians also adopt the custom of spirit tablets, but Protes-
tants do not.

10 Commodity and cheaper one is made of marble stone but more expensive and highest
quality one is made of jade stone.
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Fig. 5. An actual example of a funeral altar layout (A: digital photo portrait, B: spirit
tablet, C: offerings, D: messages and letters to the deceased, E: flower petals for visitors
to be offered on the altar)

birth and death (Right of Fig. 4). After the package of funeral procedure, Chin-
PaoSan focuses on following up with the bereaved family including grief care
practices. The average duration from phase (2) to (7) is twenty days.

Rituals in Front of Funeral Altar
As shown in Fig. 5, the funeral altar consists of many objects. The digital monitor
shows the portrait of the deceased in which multiple pictures can be stored and
played as a slideshow. The spirit tablet is placed on the altar centrally with small
dolls as servants to the deceased. Some offerings such as foods, drinks, snacks,
flowers etc. are placed around it. Traditionally in Taiwan, during the period
between death and the main ceremony, bereaved family members hold many local
rituals (e.g. constantly offering incense sticks, performing “crying” whenever
visitors come, and etc.)11. But nowadays in Taipei city, funeral companies have
largely taken over these traditional rituals, corresponding with contemporary
changes to people’s working lives in the city area. At ChinPaoXuan, the staff
offer foods and maintain the altars everyday, so the bereaved do not have to
do anything. Yet, some of them frequently visit the altar and want to spend
time with the deceased. For those visitors who would like to do something for
the deceased, flower petals (Fig. 5B) and materials for writing letters (Fig. 5D)

11 A Taiwanese movie called “Seven Days in Heaven ” illustrates these tra-
ditional rituals [46].
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Fig. 6. A funeral altar layout at the hall located in near Tokyo

are available in the hall. Traditionally, Taiwanese people pray for or “talk” with
the deceased via the incense sticks, but today the use of fire is prohibited inside
the newer buildings by the law. During the days the altar is set up in the hall,
normally 100–200 people visit the altar. However, there is rarely an encounter
with the corpse in the contemporary funerals in Taipei city.

3.3 Tokyo, Japan

Contemporary Funeral Procedure
Japanese funeral procedure is shorter than in Taiwan, basically as a result of
differences in local religious faiths and ritual traditions. Memorialization prac-
tices in Japan are mostly derived from Buddhism, but some local rituals appear
more vernacular. As a reference, we will introduce the procedure described on a
website by a funeral association group called Bellco [47]. Since funerals in Japan
are becoming simplified especially in the city area, traditional rituals are some-
times shorten or skipped [4]. But the procedure below is still standard in Japan,
even in Tokyo.12

(i) Death and Transport of the deceased
(ii) Consulting with bereaved family and funeral coordination
(iii) Encoffinment

12 Here is a set of explanations about Japanese funerals in English [48].
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Fig. 7. Urns made of ceramic, commonly used in Japan

(iv) Night wake/memorial vigil
(v) Farewell funeral ceremony and cremation
(vi) Follow up care

In phase (i), when a person dies, the bereaved family call the funeral com-
pany. Sooner than later, the staff from the company transport the body to the
funeral hall.13 In phase (ii), the staff introduce their funeral package plans to the
bereaved, who have to decide on a plan, choosing from options. Then, the com-
pany and the deceased decide dates for the night wake (iv), the farewell ceremony,
and cremation (v); by checking the crematorium’s availability, the bereaved’s
schedule, the Japanese calendar’s six labels called rokuyo14, and availability of a
Buddhist priest who holds a set of rituals. While in Taiwan the encoffinment (5)
is scheduled at least one week later than death, in Japan the body is encoffined
at the same day of night wake (iv) usually just a few days after death.15 The
funeral altar is set up in the funeral hall (e.g. Fig. 6) before the beginning of the
wake (iv). At the same time, the encoffined body is placed in front of the altar.
At the night wake, the priest comes and holds a set of rituals with the bereaved
family and guests related with the deceased. All visitors burn incense chips for
the deceased.16 As with Taiwan, a white wooden spirit tablet called ihai
is commonly placed on the funeral altar, which is engraved with the deceased’s

13 It was popular that the body is moved back to his or her home once from the hospital
though final funeral ceremonies are held at the funeral hall. But today about 75%
dead bodies are directly moved to the funeral hall.

14 One of rokuyo labels tomobiki literally translates to “pulling a friend.” Due to
it’s name, it is considered bad luck to schedule any funerals on these days. [49].

15 A Japanese film called “Okuribito” [50] focused on the encoffinment specialist called
nokanshi . Nokanshi cleanses the body, lets it wear the burial outfit, and
makes up the face, and encoffins it to the coffin with the bereaved family.

16 The Japanese wake ritual originally means “the last night” with the deceased, hence
the close relatives spend time together with the body until the morning. Nowadays
in the city area, the night wake ends at 9pm.



544 D. Uriu et al.

Fig. 8. Left: a portrait of the deceased iei on the funeral altar, Right: Photos reminding
of the deceased’s memories displayed on an another altar in the funeral hall

posthumous name called “kaimyo ” given by the Buddhist priest. In phase
(v), the final funeral ceremony is scheduled for 1.5–2 h prior to cremation. The
priest holds some rituals and all visitors including the bereaved holds the incense
ceremony again. After that, the bereaved family see the deceased for the last
time. Then the body is moved to the crematorium and is cremated. After the
cremation, the bereaved family members collaboratively pick up cremated bones
and place them into an urn, usually made of white ceramics (Fig. 7). In Japan,
installing the urn into the cemetery or columbarium should be scheduled for 49
days after death. Between the cremation and installation, the urn is generally
stored at the bereaved’s home. At the installation of the urn, the bereaved pre-
pares a formal spirit tablet with the posthumous name engraved on it and asks
the priest to hold a ritual to enshrine the spirit of the dead into the tablet.

Portrait of the Deceased, Use of Photos
A photographic portrait of the deceased is one of most important objects in a
Japanese funeral. It is placed on the funeral altar throughout the night wake
(iv) and the farewell ceremony (v). When the bereaved family accompany the
deceased for cremation at the crematorium, one deceased family member brings
this picture, called iei (e.g. shown in the left of Fig. 8) as well as the ihai
tablet. Both before and after the cremation, the iei portrait takes a key role in
representing the deceased as an iconic presence. However, bereaved families have
to find a photo of the deceased for an iei right after the death, despite being
shocked and saddened by the loss. The iei picture—the image is cropped to the
face and the original photo background is generally erased—has to be prepared
for setting up the funeral altar before the night wake (iv) begins.

Corresponding to this need today, many iei portraits are systematically pro-
duced by on-demand workflows. Asukanet [51]—a pioneer company providing a
remote iei production service—holds almost 30% of the market share in Japan.
The bereaved family prepared a photo and pass it to the funeral staff. Then,
the photo will be scanned and its data remotely sent to one of the photo editing
centers run by Asukanet. A professional operator immediately edits the image,
produces an iei picture, and sends it back to the funeral company. Finally, at
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the funeral hall, the iei picture will be printed automatically. In some of funeral
halls in Japan, digital monitors for displaying iei pictures are installed, but this
is still not popular in Japan.

In contemporary funeral ceremonies in Japan, not only the iei picture but
also other photos (snapshots) are displayed in the funeral hall. For example,
shown on the left of Fig. 8, some photos are displayed on another altar close to
the main funeral altar (Fig. 6) by the hall staff. These consist of photos of the
deceased, ones taken with her family and relatives, ones of her last days taken
by staff in a care home, and etc. Interestingly, in this case, another iei picture
frame of her husband who had passed away previously was also displayed (to
the right of the right image, Fig. 8).

4 Design Opportunities in Death-Ridden Societies

4.1 Presence of Spirit

People both in Taiwan and Japan have traditional faiths with rituals for honor-
ing the “spirit” of the deceased. Although the details of the rituals are different
between the two countries, spirit is mutually “installed” in the spirit tablet that
is appreciated and inherited by the bereaved and their descendants. (e.g. [3,5,6])
While Taiwanese rituals around the tablet—and how to treat the dead spirit—
are still relatively strict and there remains strong belief levels in its society [6],
Japanese rites are gradually secularized with newer rituals (e.g. [14,16]). We
cannot predict whether both traditions of spirit tablet rituals will continue or
disappear in the future, but we might forecast that there will be something rep-
resenting the dead’s spirit in each country. Today, both Taiwanese and Japanese
people believe in the presences (spirits) of the deceased and the ancestors, and
perform memorial rituals for them (e.g. [3,6]).

In the West, some digital memorials on the Web have already been adopted
by a number of people (e.g. [21,22]). But Cann [21] pointed out that the back-
grounds of contemporary death rituals—secularized, simplified, and even artifi-
cially faded in the last decades—has ironically caused the rise of digital memori-
als. She emphasized how people in the West have reclaimed death rituals online.

This situation is different from Taiwan and Japan, having long histories of
death rituals that appreciate the dead’s spirit. It is possible that emerging new
technologies will be adopted by both countries but existing rituals will not simply
be digitalized nor replaced by the current online memorials. Both in Taiwan and
Japan, some online memorials have already been commercialized (e.g. [10,11,29,
31]) but these are not the main rite for physical gravesites and columbaria, yet
rather additional services. According to domestic reports in Taiwan, although the
government is promoting online memorial services, which has not been accepted
by elderly people while relatively approved by youth [52,53].

4.2 Alternative Rituals Required

Considering what kind of memorialization practices both Taiwanese and
Japanese people need, one of key issues that emerges is the use of images. On
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the funeral altar in ChinPaoXuan, there is a large digital monitor that displays
portraits and snapshots of the deceased as slideshow (Fig. 5). These digital pic-
tures in Taipei invoke the deceased’s life memories, but do not have the strong
presence of the deceased’s spirit, which Japanese iei pictures (e.g. Left on Fig. 8)
do. The Iei has come to occupy almost the same position as the spirit tablet in
contemporary Japan—or even sometimes more important than the tablet [16]—
during the funeral and following memorial practices. Displaying snapshots at the
funeral such as shown in the right of Fig. 8, is a recent trend in Japan, that can
be interpreted as similar to the digital slideshow at ChinPaoXuan.

As Pitsillides [44] has claimed, not only do images of the dead naturally
remind the bereaved of the dead, but they could also assume a key role in
manifesting the strong presence or agency of the deceased, with proper design.
Particularly, emerging HCI technologies and their digital materialities (e.g. [36,
39,41]) can be connected to digital legacies such as photographs. This integration
would enable the realization of the agency or strong presence of the deceased.

4.3 What to Prepare for Your Death

Any digital legacies about a deceased person must be prepared before his/her
death (though this may be changed through virtual modeling or realization tech-
nologies for/in Virtual Reality environment). Obviously, no one can support
his/herself after your death. According to ChinPaoXuan staff, while some of the
digital photo frames show a lot of pictures provided by the bereaved, some have
only one or just a few, depending on the bereaved family. This suggests the
importance of people in the digital age to store their life memories and package
them in a way that can be inherited by their descendants. To this end, Asukanet
[51] (the remote iei production pioneer) has an online photo archiving platform
called “Iei Bank ” [54]. It is designed for anyone who wants to
choose a good portrait for iei by themselves and have it stored on the site. In
addition to SNS such as Facebook, specialized services for memorialization are
required that fit to local customs and rituals when preparing for death.

In the situation where traditional customs and rituals are shifting like in
Japan, people are required to make decisions preparing for death; you have to
choose your plans for the funeral, burial or disposal, and how the things you will
leave should be treated. The term “shū-katsu ”—activities of preparing
your own death—is widely used especially amongst elderly people in Japan in
recent years [55]. In shū-katsu, filling out the specially made templates called
“Ending Note” is common. It consists of your wishes surrounding your death
including the funeral, gravesite, legacies, and any other things which are not
covered by legal will. In death-ridden society in general, the government or city
cannot manage the performance of traditional death rituals due to limited space
and secularization caused by changes to people’s lives and working styles. The
Japanese elderly have already begun to prepare for their own deaths within a
context of diverse death rituals. With the increasing options of death rituals in
the next decade, this shall also be a requirement for Taiwanese people. In the
digital age, these activities for preparing for one’s death also provides design
opportunities with/on ICT/HCI.
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5 Conclusion

Within our contemporary lives in urban areas, traditional death rituals held
by local community previously are transferred to commercial memorialization
companies. In the US, in the last few decades, local death rituals have faded
away and the presence of death itself has become hidden from the society [21].
Both in Taipei and Tokyo, no bereaved family or relatives arrange funeral rituals
by hand, as this is completely supported by the industry.

However, when participating in these fully supported and urbanized death
rituals, some bereaved people might protest that there is nothing left to do
by their own hands. Meeting these needs, ChinPaoXuan provides visitors with
flower petal offering (Fig. 5B) and letter forms (Fig. 5D). In Japan, the common
practice of the bereaved—filling the coffin with flower petals and inserting letters
to the deceased—happens in the last minutes before moving to the crematorium
phase (v). In addition, traditional fire rituals that involve candles and incenses
are prohibited inside buildings by the local law, especially in the city area. We
believe that emerging digital technologies could provide alternative rituals for
people who want to do something for the deceased; at the funeral and also in
the daily memorialization practices.

In this paper, we started with the question of how to utilize HCI technologies
to support memorial practices, focused on contemporary funeral and memo-
rialization rituals in (and preparing for) death-ridden societies, and reviewed
examples in Taipei and Tokyo—more broadly Taiwan and Japan. Both coun-
tries have strong traditions of death rituals but have encountered situations that
force them to change due to urbanization, secularization, and changes to living
and working styles. Though people are forced to modify and sometimes simplify
the traditions, there remain beliefs about the deceased and ancestors’ spirits
and its strong presences and agencies [44] in the daily life and culture. In death
ridden societies in the digital age, designers and engineers have to engage with
and support the local contexts and particular faiths behind the rituals, when
utilizing emerging technologies.
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Abstract. The “SmartPointer” (SP) technology comprises a universal button-
less gesture-controlled handheld remote device with a simple quasi-intuitive
operating structure. With this handset, elderly people will be able to control
various household devices in their living environment. In order to develop an
age-appropriate SP system, the aim of the study was to determine the require-
ments of elderly people and people with tremor. For this purpose, a mixed-
method design, involving several assessments, a guideline-based interview, a
task-based investigation and a questionnaire using a gesture catalog, was
applied. The whole sample included 20 seniors being 60 years and older. In the
process, qualitative requirements were collected on the topics of device use,
operating problems, desired devices for gesture control, receiver unit, gestures,
feedback and safety. The interview results emphasized the elderly participants’
needs to an easy and intuitive system use. Furthermore, concerns should be
prioritized in order to the development of the system. In the quantitative eval-
uation, the use of various technical devices was analyzed and the frequency of
used gestures was determined based the gesture catalog and the task-based
investigation. The most frequently used gestures were horizontal, vertical, cir-
cular and targeting gestures. In summary, the elderly people were very interested
in, and open-minded towards, the SP-system. In a comparison between healthy
persons and persons with tremor, the results demonstrated only minimal dif-
ferences regarding the requirements.
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1 Introduction

1.1 Age and Technology

In 2018, the proportion of people aged 65 and above in Germany was 22% of the
country’s total population. Up to 2040, the number of people over 65 is expected to rise
from 17.9 million to 23.2 million (+9%) [1]. With increasing life expectancy, the
majority of people in this population group are characterized by deficits such as
mobility impairments, cognitive impairments and reduction in vision and hearing [2].
Despite existing illnesses and deficits, older people strive for an independent life,
especially in their own living environment. According to statistics, almost 93% of
people over 65 in Germany still live in private homes [3]. Technical devices and
functions such as assistive technologies (AT) can provide great support in coping with
everyday life and maintaining independence [4]. These techniques can be summarized
under the concept of Ambient Assisted Living (AAL), where strategies include ori-
entation, support and assistance services for older people. The aim of AAL is to
combine new technologies and the social environment in order to improve people’s
quality of life [5, 6]. AAL services also include smart home solutions, which are
becoming increasingly important in maintaining independence in old age. A smart
home means a private home in which household technologies (such as heating,
lighting, ventilation, consumer electronics and communication equipment) become
intelligent objects [5]. However, technological progress may comprise challenges for
people over 70 years of age, and therefore it is important that innovative smart home
solutions are adapted to the requirements and limitations of older people. On the one
hand, technical devices have different functions and complex operating modes. On the
other hand, they are usually controlled via computers or mobile devices such as
smartphones and iPads. In this context, it should be noted that less than half (45%) of
people over 70 living in Germany use the Internet [7]. The use of terminals for this
purpose is also low in this age group (26% laptop, 25% PC, 22% smartphone, 13%
tablet) [8, 9]. Consequently, if smart home controls are connected to mobile devices,
this can lead to uncertainties and avoidance of technical support among older people,
since comprehensive understanding of such technologies is not yet established in the
current generation of older people.

Furthermore considerable research activities have been directed to buttonless
controls based on the recognition of gestures. Many of these systems use images from
video cameras to determine the relative positions of the fingers of one or both hands.
However, changing backgrounds, occlusions and different directions the gesture is
pointed to still make video-based gesture recognition difficult [10–12]. Moreover,
considerable hardware costs are involved and camera applications are often contro-
versially discussed due to data privacy issues. In addition, hand-held devices equipped
with tilt and acceleration sensors similar to the famous “Wii” game console are also
considered too costly and complex for our purpose [13, 14].

Considering all the aforementioned, new smart home technologies should provide
comprehensible operating possibilities, which are simple, small, inexpensive and
lightweight, in order to ensure a smooth human-technology interaction. The research
and development project “SmartPointer”, pursues this goal.
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1.2 “SmartPointer” (SP)

“SmartPointer” is a collaborative project funded by the Federal Ministry of Education
and Research (BMBF) in the KMU-Innovative-Announcement Human-Technology
Interaction program. As part of the project, a universal system with a simple quasi-
intuitive operating structure is to be developed. By means of a buttonless gesture-
controlled handheld remote device with a long battery lifetime, elderly people will be
able to control various household appliances such as lights, heating, blinds, windows or
TV in their living environment.

Technology
The new “SmartPointer” system consists of:

(1) a handheld battery-operated and buttonless “SmartPointer”, similar to a small
flashlight, which emits visible light to select a particular device and spatially
structured, invisible infrared (IR) light to operate the device (see Fig. 1),

(2) an optoelectronic receiving unit (photosensors) in, on or near the device to be
remotely controlled and

(3) a decoding and communication unit for reconstruction and recognition of the
performed gestures and their conversion into the respective device-specific control
commands, together with connection to the device to be operated.

Functionality
With a handheld, buttonless and particularly user-friendly light pointer (“SmartPointer”),
the user carries out typical intuitive pointing and operating gestures in the direction of the
device to be operated, in order to select and switch it or adjust it continuously. A light-
sensitive receiver on the device detects the trajectory of the emitted, specially structured
light in the invisible IR wavelength range and converts the identified gesture into device-
specific control signals. Preliminary studies by Ruser et al. [35] showed the feasibility and
potential of this approach. Throughout all development phases, the user perspective of
elderly and mobility-impaired people will be consistently considered. The intuitive,
buttonless remote is intended to make a significant contribution to supporting indepen-
dent living.

Fig. 1. Schematic view of the SmartPointer (own illustration: Laser Components, 2019)
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1.3 Tremor Symptoms

Essential tremor is a symptom that occurs in about 1% of the total population and about
5%of the population over 60 years. As prevalence increaseswith age, asmany as 10–15%
of those over 70 and 50% of those over 90 suffer from more or less severe tremor, which
can significantly reduce the quality of life of those concerned. Routine activities such as
writing, holding an object, dealingwith buttons and drinking are usually affected at a very
early stage andmay no longer be possible with serious forms of the disease. This can have
a negative influence on the social life of those affected, and they may withdraw more and
more, due to shame and inability to manage their daily lives successfully [15, 16].

Against a background of tremor symptoms causing problems with the accuracy of
gestures, we consider the question of how the SP system can overcome these problems.
In order to be able to deduce conclusions for the system development, this group of
people was included in the study. The evaluations of the reproduced trajectories will be
used to determine whether certain algorithms can be developed to enable smooth
gesture recognition, even with the disturbance variable “tremor”. Although this ques-
tion is essential for the project and the development of the system, it cannot yet be
answered as only the requirements analysis has so far been undertaken.

1.4 Aim of the Study

Many studies in the field of gesture control in the past have concentrated on the target
group of younger people. In contrast, the “SmartPointer” project focuses on seniors
over the age of 60. The aim of the study was to determine the age-related requirements
of older people and people with tremor for an SP system, using qualitative and
quantitative methods. Furthermore, the study participants were asked about their
concerns about, and expectations towards an SP system, in order to assess the level of
acceptance for such an innovative system among the target group.

2 Methodology

In order to answer the questions, a mixed-method design consisting of a guideline-
based interview, a task-based part and a questionnaire using a gesture catalog, was
used. The survey was conducted once in individual interviews with 20 seniors over 60
years of age. A total of 16 subjects consisting of 10 healthy elderly persons and six
elderly persons with tremor, completed the study. In the cases of four of the partici-
pants, we performed only the assessments, the task-based part and the gesture catalog.
The interviews were conducted in German. All the described investigations were
carried out with the approval of the responsible ethics committee (EA4/134/18).
A declaration of consent was obtained from all involved persons.

2.1 Study Procedure

The study covered a survey period of two months (October to November 2018). In
advance, interested respondents were informed and educated about the study via a
telephone interview, and checked against inclusion and exclusion criteria. After signing
the agreement on the survey day, the seniors completed three assessments.

554 S. Vorwerg et al.



1. To test their cognitive abilities, the subjects performed the Mini-Mental State
Examination (MMSE) with 30 items, in a digital version. This test was also used as
a screening test to exclude persons with cognitive impairments from the study
(MMSE < 25). With regard to statistical quality criteria, this instrument has good to
very good results (reliability coefficient .96 and retest reliability .89; validity .78)
[17].

2. The hand force of the dominant hand was measured using a hand dynamometer.
This was mainly used to highlight differences between healthy subjects and subjects
with tremor. In this test, reliability coefficients of .89 to .96 are considered very
good [18]. The content and construct validity can be assumed to be given [19].

3. The Grooved Pegboard Test was used to determine the coordinative abilities or fine-
motor abilities of the dominant hand, in order to investigate the influence of tremor
on gestures (test-retest reliability .69 to .76 for the dominant hand) [20].

Subsequently, the interviews and the analysis of the requirements for the SP system
were conducted. The interview guideline was divided into five phases. In the first
interview phase, the topics of sociodemographic data, domesticity, use of technical
devices in the household and handling of technical devices and associated problems
were covered. In the second part of the interview, a short explanatory video clip was
shown to the test participants for a better understanding of the SP system. The sub-
sequent survey focused on the requirements for the handheld device to be developed
(design) and the associated gestures (desired functions of the devices to be controlled).
In the third phase, the task-based investigation took place. Here, the test participants
were asked to use their imaginations to demonstrate 32 intuitive gestures for particular
operating functions of various technical devices (see Table 1).

Table 1. Devices and functions of the demonstrate gestures

Devices Functions

TV On/off
Volume higher/lower
Program forward/back
Program selection

Music system/radio On/off
Volume higher/lower
Song forward/back
Function selection

Telephone Answer/finish phone call
Volume higher/lower

Heating On/off
Warmer/colder

Light On/off
Brighter/darker

Blinds Up/down
Door Open/close

Unlock/lock
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The intuitive gestures were demonstrated on a screen (1.20 � 1.50 m) using a
standard laser pointer in sitting position. The distance to the screen was 1.50 m. Both
the point projections of the pointer on the screen (see Fig. 2) and the arm or hand
movements (see Fig. 3) were filmed. In these first experiments we used a video camera
(frame rate 30 fps) with a resolution of 850 � 480 pixels.

The video material was subsequently evaluated with special software, which makes
it possible to reconstruct the trajectories and derive the gesture recognition from them.
Two examples are shown in Figs. 4 and 5, which also clarify the differences between
the two groups.

Fig. 4. Examples for recorded gesture trajectories. Participant P01 without tremor, gestures
“UP” (left), “CIRCLE LEFT” (right)

Fig. 2. Pointer on the canvas Fig. 3. Gesture
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In the fourth phase, the same devices with the corresponding functions were
assessed using a gesture catalog. This time, the participants received suggestions and
were asked to tick the gesture they thought appropriate for controlling the respective
device or function. The gestures to be selected from were full circle, “A”, “X”, tick,
swipe right/left, swipe up/down, clockwise/counterclockwise circle, wave and number.
In the last part, the participants were asked about the requirements for the overall
system (receiver unit, gestures and concerns).

2.2 Sample

The entire sample comprised 20 seniors aged 60 and over. Among them were 14 healthy
seniors (seven male and seven female) aged 74.8 ± 3.3 years and six seniors (three male
and three female) with tremor, aged 74.5 ± 8.7 years. The results are presented in
Table 2. Based on the results of the MMSE, all recruited subjects were able to participate
in the study (MMSE � 25 points). The values showed only a small difference between
healthy subjects (MMSE: 29.07 ± 1.12 points) and subjects with tremor (MMSE:
28.83 ± 1.17 points). In addition, finger coordination was measured using the Grooved
Pegboard Test. The results show significant differences between the two groups in this
test (U-test, p = 0.011). When measuring the hand force with a hand dynamometer, there
are appreciable differences of approximately 9 kg between the groups, but no relevance
could be determined when testing for significance (U-test, p = 0.117).

Fig. 5. Examples for recorded gesture trajectories. Participants T01 with tremor, gestures
“RIGHT” (left), “CIRCLE RIGHT” (right)

Table 2. Assessment results

N �x SD Sig.

MMSE_points 20 29.00 1.124
Healthy 14 29.07 1.141 p = 0.600
Tremor 6 28.83 1.169
Pegboard_min. 20 01:45 00:54
Healthy 14 01:24 00:15 p = 0.011*
Tremor 6 02:34 01:21
Hand force_kg 20 25.415 10.576
Healthy 14 28.129 9.375 p = 0.117
Tremor 6 19.083 11.304

Base: Mann-Whitney U-test, * p < 0.05
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2.3 Data Analysis

The qualitative content analysis of the interviews was conducted by the moderators
based on a systematic protocol. In order to ensure the correctness of the evaluation, the
four-eyes principle was applied. The protocols for all 16 test participants were sub-
sequently digitized and subjected to computer-aided evaluation using ATLAS.ti. The
aim of the content analysis was to reduce the material from the interviews and to create
an overview through abstractions. Therefore, the analysis was based on a category
system of 42 codes. These codes were strongly oriented to the guidelines of the
interview. For the final evaluation of the results, the contents of the codes were checked
for similarities, from which the reduction was formulated in the form of requirements.
For illustration purposes in the results evaluation, important requirements were docu-
mented with transcribed quotations from the tape recordings. Quantitative methods
(descriptive and inductive) using Excel and IBM SPSS Statistics 25 were used to
evaluate the sociodemographic data, the assessments, the task-based part and the
gesture catalog.

3 Results

3.1 Qualitative Results

The following paragraph presents the results from the qualitative part of the study,
using quotations from the interviews for illustration.

Use of Technology
The results of the qualitative part of the study show that technical devices within the
households of seniors mainly consist of entertainments electronics. The most com-
monly used devices were PCs or laptops, TVs and radios.

Technology Operating Issues
The questioned seniors identified two main issues relating to system operation: firstly,
the large number of choices within the operating menu and secondly, the large selection
of buttons with unclear functionalities, constituting a high potential for operation errors.
“There is the potential that I hit the wrong button” (P01, female, 79y).1

The long periods required for adaptation to new operation systems were mentioned
and described as being problematic. Here, seniors mainly referred to the wiping ges-
tures for smartphones or tablets. Seniors with tremor symptoms especially criticized
small buttons, as their accuracy in pressing buttons is considerably reduced, and this
leads to operating errors. “Yes, sometimes it hardly works. The smaller the buttons, the
worse the situation, because my hands, because they shake a lot” (T02, female, 84y). In
addition, seniors with tremor mentioned their problems with holding things. “When I’m
shaking badly, I could just throw it into the corner, because absolutely nothing works
then” (T06, female, 60y).

1 All quotations were translated from German into English. A “P” stands for a healthy senior, a “T”
stands for a senior with tremor symptoms.
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Desired Devices for Gesture Control
Gesture control for TVs (n = 13), lights (n = 6), hi-fi systems/radios (n = 5) and doors
(front door and room doors) (n = 3) were the most frequently desired by the inter-
viewees. The majority of the study participants rejected gesture-based control of
devices within close proximity of the user for reasons of pointlessness. Examples were
washing machines and stoves or ovens. “Perhaps an automatic system for automati-
cally switching off the device, but otherwise you have to stand in front of the oven
anyway” (P04, male, 76y).

Apart from the control of devices, the seniors expressed requirements regarding the
operation of functionalities for each device. Desired functionalities included, but were
not limited to, switching the device on and off, adjusting the volume, switching TV and
radio channels and directly choosing the channel, dimming the lights and
opening/closing and locking/unlocking doors. Additional features were selected for
heating, window blinds, telephones and mobile phones, TV media libraries and Internet
boxes.

Receiver Unit
The study participants made diverse statements regarding the system setup. For the
array and location of the receiver units especially, no general statements could be
derived from the interviews. However, the seniors described two main possible con-
cepts: (1) a central receiver unit combining all operable devices or (2) one receiver unit
per device. According to the participants, a central receiver unit makes sense when a
user wants to control devices outside the room that he or she currently occupies. “A
central receiver unit which can be extended to a random number of devices” (P08,
male, 78y). However, a central unit was also associated with complex handling.
Therefore, many participants preferred one unit per device. “Definitely one receiver
unit per device. Otherwise, I would need a whole lot of different gestures” (P01,
female, 79y). One unit per device additionally offers safety-related benefits. “It [the
device control] is more direct, […] maybe I cannot slip and trigger something [an
action or function] I don’t want to” (T04, female, 72y).

Gestures
The interviewed seniors made clear statements regarding the gesture-control of various
household devices. To some extent, these statements were linked to the participants’
experiences with their current technology use and showed their great need for security
and safety. The seniors asked for the use of consistent and uniform gestures for the
same functionalities, regardless of the device. For example, the same gesture for vol-
ume control of TV and radio. “It should be easy, clear, always the same. It may be
boring for young people, but here it absolutely makes sense” (P09, male, 71y). A great
concern among the seniors was the possibility of forgetting the control gestures and
consequently losing the power to control their devices. A catalog listing the gestures
and corresponding functions was perceived as helpful by the majority of participants.
“Well, […] if you forget that [gesture] – you forget things when you are old – then you
can look it up” (T02, female, 84y). The choice of whether to use their own invented
gestures or gestures provided by the developing company, was dependent on the
participants’ trust in technology and their own perceived technical understanding.
Seniors who rated their own perceived technology understanding rather high would
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prefer to invent their own gestures. In contrast, participants who stated they preferred
gestures provided by the developing company also stated that they trusted the devel-
oping company to choose appropriate gestures, rather than themselves. “No, I would
rather trust the provided gestures because they have been evaluated and I would adapt
myself, but I would also like to have a catalog listing the gestures” (P02, female, 81y).

Feedback
All interviewed participants required feedback from the system indicating a successful
or unsuccessful connection between the remote and the device. Two main types of
feedback requirements could be derived from the interviews: (1) audible feedback and
(2) visual feedback. According to the seniors, audible feedback should be unique and
clearly assigned to a function and visual feedback should be clearly visible and dif-
ferentiable from other light sources. Another idea from the participants was to have
audible feedback via voice output. However, the best solution, according to the study
participants, was a combination of visual and audible feedback, in order to allow
distinct feedback for persons with either visual or hearing impairments. “Well, I would
prefer a visual feedback. For the time when I cannot see very well anymore, then an
audible feedback should be implemented” (T04, female, 72y). The seniors rejected a
tactile feedback such as vibration, due to a potentially negative impact on the operation
and handling of the system. Participants with tremor symptoms especially, expressed
skepticism, but healthy seniors were also concerned about the potential impact. “Well,
[…] especially as vibrations or similar are present in various diseases anyway, and
maybe affected persons experience it [a tactile feedback] as unpleasant or maybe it
even triggers or amplifies symptoms. So maybe it would be helpful for a specific group
of users, e.g., visually impaired people, but not in general for all users” (P02, female,
81y).

Safety and Security
Many statements from the interviews revealed a high level of safety and security needs
among the participating seniors. Their concerns included data protection, safety of
people and potential operating errors. The interviewees frequently discussed the
potential risk of system access by third parties. In the context of data transfer in the
system, the participants wondered whether unauthorized third parties might be able to
control devices from outside if, for example, neighbors owned the same system. They
discussed whether they could control, for example, the unlocking mechanisms of a
front door and gain access to the living environment. “Well, I have that concern, that
my neighbor or somebody with malicious intent, if he has access to my system […], he
could do anything with it: he could switch on my oven and when I am not home, he
could wreak havoc, so it must be ensured that security programs similar to my com-
puter program prevent access from outside” (P08, male, 78y). An additional concern
expressed by the seniors was related to people’s safety in the context of the infrared
lamps in the system. “I have a great-grandson, he just turned six, and what if a child
like him gets his hands on the remote and fumbles with it, what happens then? […] You
can see how I fumble around with that remote and what if my great-grandson is sitting
there and the infrared lamps meet his face or his body, maybe you need to take that into
consideration” (T03, male, 82y).
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3.2 Quantitative Results

The following paragraph presents the results from the quantitative part of the study.

Use of Technology
In the quantitative evaluation, the use of various technical devices such as TVs, radios,
telephones, smartphones, mobile phones or PCs/notebooks/tablets was also evaluated
(n = 16). The following results were determined for the use of smartphones. In the
group of healthy seniors, two thirds of the respondents used their smartphones regu-
larly, but in the group with tremor symptoms only half did so. Four of the test par-
ticipants still used a conventional mobile phone (two seniors from each group). It was
surprising that 14 out of 16 subjects owned a PC. Only six seniors had a Notebook and
four had a tablet. Use of a television or the telephone was reported by all the
respondents.

Evaluation of Task-Based Investigation and Gesture Catalog
The task-based part and the gesture catalog were also quantitatively evaluated (n = 20)
for a comparison between gestures invented by participants and given gestures. The
frequency of used gestures was examined as a priority. Altogether, 417 gestures
invented by participants and 330 gestures from the gesture catalog were evaluated.
Gestures that occurred only rarely or were mentioned or shown only once were not
taken into account. As shown in Fig. 6, gestures such as horizontal (right/left) or
vertical (up/down) lines and circular movements (circle, either clockwise or counter-
clockwise) were the most frequently used gestures of the interviewed participants.

A comparison between healthy seniors and seniors with tremor showed clear dif-
ferences in the task-based investigation for the gesture denoted “targeting” or “pointing
to the device”. Almost exclusively, tremor patients indicated this gesture as a control
option (see Fig. 7). Almost 50% of healthy volunteers, on the contrary, preferred
vertical pointing patterns.

horizontal vertical circle A X target

78

138 132

21
48

0

70

148

58

0 9

45Co
un

t

Gesture

Gesture catalog Own gestures

Fig. 6. Comparison between gesture catalog and participants’ gestures for the most frequently
used gestures for all functions
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From the overall survey of the gestures used in the gesture catalog, it can be seen
that there are only minor differences (approximately 5%) between the two groups (see
Fig. 8), except that circular movement patterns seem to play a greater role in healthy
seniors.

In general, it could be observed that the gestures are oriented to existing patterns
and that there are tendencies towards the use of certain gestures. As there were no
serious differences in the gestures used between the two groups, the same functions for
the different technical devices for all seniors were combined and are illustrated below.

Switching on and off occurs in the following devices: televisions, music systems,
telephones, heating and lights. From the gesture catalog, it emerged that circular
movements (60%) are the preferred gestures for switching on devices or systems (see
Fig. 10). With regard to the participants’ own gestures, the targeting gesture is
somewhat favored (26%), although the circle pattern (20%) is also a relevant gesture
(see Fig. 9).
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Fig. 7. Task based investigation: comparison of participants’ invented gestures for healthy
seniors and seniors with tremor
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The results for the switch off function are very similar. Seniors also prefer targeting
(25%) for this function (see Fig. 11). Regarding the gesture catalog, the questioned
participants disagreed. The gestures “circle” and “X” show an almost identical result, at
50% and 49% respectively (see Fig. 12).

The function for increasing or reducing volume was requested for televisions,
telephones and music systems. Concerning this function, the participants were also
divided in their opinion about whether vertical or horizontal gestures were more
appropriate (see Fig. 13). The interviewed persons did not agree with regard to the
gesture catalog, but the tendency towards vertical or horizontal patterns is still dis-
cernible (see Fig. 14).
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Fig. 9. Participants’ own gestures – switch on
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Fig. 10. Gesture catalog – switch on
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Fig. 11. Participants’ own gestures – switch off
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Back and forth were functions that occurred either for the television, in switching
programs back and forth or for music systems, in switching songs/channels back and
forth. Interestingly, for this function there were different opinions for individual ges-
tures and catalog gestures. For individual gestures, the preference was for vertical
movements, i.e., upwards or downwards (see Fig. 15), whereas for the gesture catalog,
the preference was for horizontal movements to the right and left (see Fig. 16).

In contrast to the back and forth function, the test participants agreed on the up and
down function for controlling the temperature, the dimmer or the blinds. In this case,
the majority voted for vertical up and down movement patterns both in their own
gestures and in the gesture catalog (Figs. 17 and 18).

The last function evaluated was opening and closing doors and windows. As shown
in Figs. 19, 20, 21 and 22, the majority of the participants’ own gestures were different
from those taken from the gesture catalog. On the one hand, vertical movements were
dominant in the participants’ own gestures, and on the other hand, circular movements
were preferred from the gesture catalog. The large number of gesture variations indi-
cates a rather inconsistent opinion.
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Fig. 16. Gesture catalog – forward/back
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Fig. 17. Participants’ own gestures – up/down
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Fig. 18. Gesture catalog – up/down
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Fig. 19. Participants’ own gestures – open
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Fig. 21. Participants’ own gestures – close
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4 Discussion

New human-technology interactions, which should contribute to an independent life
into advanced age, increase the need for corresponding research in the geriatric field
[21]. However, a review by Kühnel et al. in 2011 [22] concluded that only very few
studies include age-specific user opinions in the design process for gesture-based
interactions. This observation is still valid today. Therefore, this project has the goal of
developing a technical solution especially for seniors. The emphasis was on older
people and older people with tremor who were actively involved in the development
process in order to identify requirements as well as expectations and concerns about an
SP system. Through the 16 qualitative interviews, a multitude of age-appropriate
requirements for the development of the SP system could be identified. These will be
discussed in detail below. They are of central importance in the entire development
process. Furthermore, studies prove the high importance of user-centered approaches,
as there is a large gap between the requirements of younger and older people [21]. The
use of technology constitutes an evidence of the solemn differences between the
generations. Whereas over 90% of people in the age group up to 50 use a smartphone,
only 41% of people over 65 do so [23]. Although the results of this study show that the
interviewed persons used smartphones (60%) or tablets (25%), problems occurred with
regard to device operation. According to the respondents with tremor, this difficulty can
increase many times over, as the accuracy of gesture execution becomes impaired.
Nevertheless, more complex tasks such as rotating or zooming, are also a challenge for
healthy elderly people [24]. Against this background, gesture-in-mid-air systems can be
a real relief for elderly people. The results of the present study also show that they are
interested in the new gesture-based operating system. This type of system is especially
popular since small buttons or applications such as those on a smartphone or tablet do
not have to be hit accurately. These results were also confirmed in a study by Bobeth
et al. [25]. Gesture-in-mid-air operation requires more practice in this age group, but
study participants showed a higher interest in this compared to a control with mobile
devices. Gerling et al. [26] also pointed out that handheld control devices such as
controllers or remote controls facilitate the execution of a gesture, compared to hands-
free control. This represents a further advantage for the SP system.

According to the test participants, visual or acoustic feedback or a combination of
both would increase operating safety. The necessity for optical, acoustic or tactile
feedback in gesture control has also been confirmed in various studies [27, 28]. Most of
the surveyed seniors were in agreement about the doubtful usefulness of tactile feed-
back. They supported the opinion of Hwangbo et al. [28], that acoustic feedback makes
more sense than haptic feedback, especially for older people. Sáenz-de-Urturi et al. [29]
also recommended acoustic feedback, especially for gesture-in-mid-air systems.

The interviewed seniors mentioned concerns about forgetting operating gestures
and operating the system incorrectly. According to Pages [30], operating errors are the
result of lack of knowledge and experience in technology use, as well as cognitive
impairment. Considering this, it is essential to prevent concerns about avoiding oper-
ating errors. According to the literature, a clear and easy operation procedure as well as
intuitive and simple gestures, can counteract concerns about operating errors [25, 31–
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33]. Additionally, users should receive a comprehensive training on the system. Seniors
especially, could benefit from relevant information about the quality of safety-related
measures intended to ensure personal and data protection.

As shown in the quantitative results, there were only a few differences between the
two groups in terms of chosen gestures. With regard to one gesture, i.e., “targeting”,
there was an evident difference between the two groups and between the task-based
investigation and the gesture catalog. The reason for the discrepancy might be
explained by tremor symptoms. People with tremor might automatically choose ges-
tures requiring little physical effort, in order to minimize movements. The gesture
catalog did not list the “targeting” gesture. However, it listed a circle, which was
interpreted by the seniors to be a pointing gesture and therefore chosen more fre-
quently. A further outcome of the study was that the participants repeatedly chose the
same, mainly simple, gestures, for the same functionality, regardless of the type of
device. Generally, the chosen gestures were similar to the gestures defined for
household technology in a study by Ouchi et al. [34], namely, straight up and down,
straight left and right and a clockwise and counterclockwise circle.

5 Conclusion

In conclusion, it was shown that older people were highly interested in, and receptive
to, the SP system. Existing problems with conventional technical devices, such as
buttons which are too small and too numerous, often generate an overload for seniors,
which can be minimized by an intuitive gesture-controlled and buttonless interaction.
Although the seniors recognized the benefits of the system for themselves and for the
most part could exactly describe the desired functionalities, they also expressed con-
cerns regarding malfunctioning, system failure, forgetting gestures and data and per-
sonal security. A comparison of the requirements of healthy older persons and persons
with tremor showed only a few differences in the types of gestures, feedback and
concerns. However, the gestures of participants with tremor were performed less
clearly. Preliminary studies by Ruser et al. [35] have already shown that a satisfactory
performance of this innovative approach based on test trajectories with 29 gestures was
achieved in healthy participants, with an average recognition rate of almost 94%.
Considering only six fundamental quasi-intuitive gesture (‘UP’, ‘DOWN’, ‘LEFT’,
‘RIGHT’, ‘CIRCLE LEFT’, ‘CIRCLE RIGHT’), the average recognition rate was
above 98%. In this respect, it will be important in the further course of the project to
determine the suitability of the system for people with tremor, and to develop technical
solutions for gesture recognition in cases of tremor.
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