ReDEAP: Recommendations for Developing
Smartphone Applications for an Ageing

Population

UNIVERSITY OF

LIMERICK

OLLSCOIL LUIMNIGH

Bilal Ahmad

Lero, the Irish Software Research Centre
Faculty of Science and Engineering
Computer Science and Information Systems

University of Limerick

Submitted to the University of Limerick for the degree of
Doctor of Philosophy (PhD), 2020

2020


mailto: bilal.ahmad@ul.com
http://www.dmarc.ie
http://www.ul.ie
http://www.csis.ul.ie
http://www.ul.ie

. Supervisor: Prof. Ita Richardson

Lero, the Irish Software Research Centre
University of Limerick

Ireland

. Supervisor: Dr Sarah Beecham

. Reviewer:

. Reviewer:

Lero, the Irish Software Research Centre
University of Limerick

Ireland

Prof. Aurora Vizcaino

Member of the Alarcos Research Group
University of Castilla-La Mancha
Spain

Dr Anila Mjeda
Lero, the Irish Software Research Centre
University of Limerick

Ireland

. Chair: Dr Michael English

Department of Computer Science and Information Systems

University of Limerick

Ireland

Day of the defense: 8 May 2020

Signature from head of PhD committee:

i



Abstract

Context — The increase in the proportion of older adults (OAs)
across the globe creates new challenges and opportunities. Technology
in the context of smartphone applications has the potential to alleviate

some problems of OAs, for example, social isolation and healthcare.

Problem — The long-term up take of smartphone applications by
OAs is low or unclear. To make smartphone applications useful for
older adults, they should address physical and cognitive decline is-
sues that differentiate this group of the population. It appears that
developers of smartphone applications for OAs are not cognisant of
their specific needs. The limited guidance provided by the current sci-
entific literature to develop usable and accessible smartphone applica-
tions lack empirical derivation, validation and reflection on mainstream
apps. Existing guidelines are piecemeal, confusing, contradictory, obso-
lete, incomplete and lack clarity in structure, classification and proper
specification. Improvements in reporting format, characterisation and
validation might improve adoption of these guidelines and reflection on
apps for OAs. There is a need for Usability and Accessibility guide-
lines for industry, because most of the smartphone applications for OAs

developed by them are ignoring these aspects.

Objective — The aim of this research is to uncover the needs of OAs,
transform them into a set of recommendations and make them available
and actionable for developers. This objective is achieved by answering
the key research question (RQ) “What do developers of smartphone
applications for older adults need to do to make their applications

usable and accessible for their target population?”



Methods — To address the key RQ, I took a mixed method approach.
The first phase involved conducting a literature review on smartphone
application development for OAs. In the second phase, I conducted an
empirical study with a sample of 235 OAs with mixed levels of tech-
nical experience. As part of this phase I developed a proof of concept
application. In the third phase, I conducted a further data collec-
tion based on observation of OAs’ interaction with their smartphones,
and on-line forum analysis. To analyse the data, I utilised thematic
analysis, descriptive and inferential statistics. Each phase yielded an
augmented set of recommendations. The derived themes and recom-
mendations were evaluated through conducting inter-rater reliability
tests. In phase four, I transformed these recommendations into design

patterns.

Results — An initial set of 150 recommendations were derived and
synthesized into 66 recommendations for Usability and Accessibility of
smartphone applications for OAs. Two key types of recommendations
(“Useful” and “Valuable”) for Usability of smartphone applications ap-
peared to be overlooked in the literature. The initial set of recommen-
dations was augmented with the expectations of technically proficient
(tech-savvy) older adults. These combined recommendations form the
basis for the design patterns, which I named ReDEAP (Recommenda-
tions for the Development of Smartphone Applications for the Ageing
Population). The set of 44 extracted design patterns is the primary

contribution to knowledge.

Conclusions — This research produced an empirically derived and
evaluated set of recommendations for the design of smartphone ap-
plications for OAs. The recommendations have a level of objectivity
achieved through conducting inter-rater reliability tests with external
researchers. ReDEAP also addresses the problem identified in the lit-
erature, that industry needs to take notice of the specific Usability and
Accessibility needs of OAs, when designing smartphone applications

for this section of the population.
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1

Introduction

\ Older people sit down and ask, "What is it?' but the boy
asks, "What can | do with it?"

|Steve Jobs

1.1 Overview

The proportion of older adults (OAs) is increasing all across the world (United
Nations 2018), whether in Asia (Zhu et al. 2019), America (Vespa et al. 2018)
or Europe (Rechel et al. 2013) where every fth individual is an OA (European
Commission 2018). This situation is presenting challenges to countries within
health, long-term care and welfare systems for OAs (European Commission 2418
Ireland is no exception and has seen an increase of 19.1% in the population of
OAs since 2011, the largest increase of any age group. (Central Statistics O ce
Ireland 2017). Moreover, a recent report by the Economic and Social Research
Institute (ESRI) in 2017 projected that by 2030, the population of Ireland aged
80 or above would increase by between 89% and 94%. The stacked bar chart
in Figure 1.1 shows the rise in ageing population in Ireland during Z1century
(Central Statistics O ce Ireland 2017) across di erent segments.

There is no consensus on the exact age at which someone can be declared as an OA
(Fisk et al. 2009), but, according to a World Health Organisation report (World
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Figure 1.1: Rise in Ageing Population in Ireland during 21st Century (Central
Statistics O ce Ireland 2017)

Health Organization 2016) about a project in the Sub-saharan region, 50 years is
considered as a general de nition of an OA. Moreover, it is also widely accepted
that age cannot be easily represented as a nominal value (Fisk et al. 2009). In
addition, a successful large-scale longitudinal and nationally representative study
on ageing in Ireland called TILDA, The Irish Longitudinal Study on Ageing, con-
ducted at Trinity College Dublin (Barrett et al. 2011) has opted for a sample over
50 years old for their research. Therefore, my research adopted this de nition and
has targeted those who are over 50 years old.

With ageing comes a lot of problems such as discrimination in the workplace (Nel-
son 2004), lack of access to resources (Glass et al. 2003), retirement leading to
loss of identity (Lim et al. 2011, Courtney et al. 2008), total change in routine
(Rejeski et al. 2012), more time and less money (Calvo et al. 2016), mental health
issues such as anxiety and depression (John et al. 2019), family members mov-
ing away (Shanas et al. 2017, Carr 2004, Lim et al. 2011) and decline in health
(Tennant et al. 2015). Nonetheless, the life of people over 50 has seen signi -
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cant improvements in their standards of living, lifestyles and healthcare systems
(Shannon 2012). But on the ip side, if we examine the issues this age group
face, we quickly nd considerable room for improvement. For example, the lives
of OAs can be enhanced by providing opportunities for active social engagement
(Mukherjee 2010, Doyle and Goldingay 2012) through volunteering (Fang et al.
2015, Bull et al. 2017), improved healthcare (Coughlin et al. 2007, Thielke et al.
2012), easy access to transportation (Everitt and Gfellner 1989, Van Cauwenberg
et al. 2012), banking (Arenas Gaian et al. 2015, Choudrie et al. 2018), each of
which can improve their longevity and quality of life (Chou et al. 2013, Narkwilai

et al. 2015, Siegel and Dorner 2017).

Recent studies suggest that personal technolo]ghas the potential to cope with
some of the challenges related to the ageing population such as social isolation
(Khosravi et al. 2016, Poscia et al. 2018, Barbosa Neves et al. 2019), physical
and psychological health (Theng et al. 2012, Fischer et al. 2014, Matthew-Maich
et al. 2016). A considerable amount of personal technologies for OAs are available,
but the rate of adoption appears low despite the potential bene ts they intend to
provide (Lee and Coughlin 2015). Examples of such technologies include public
displays (Brunette et al. 2005, Lindley 2012), virtual reality (Schneider et al. 2003),
websites (Sudore et al. 2014) and smartphone applications (Fang et al. 2015, Bull
et al. 2017). Since, all technologies may require a di erent set of design require-
ments, | have scoped my research to smartphone applications only. Therefore, the
focus of this thesis will be only on one form of personal technology, smartphone
applications, because they appear to be frequently used by OAs (Berenguer et al.
2016). Also, they can help OAs by providing them access to digital services given
the portability, low-cost and controlled nature of many mobile platforms (Bull

et al. 2018).

'personal technology is used as a collective term to encapsulate technical systems and ap-
plications such as websites (Sudore et al. 2014), mobile apps (de Barros et al. 2014), wearables
(Angelini et al. 2013), displays (Morris 2005) and virtual reality (Schneider et al. 2003).
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1.2 Problem Statement

Traditionally, personal technology does not di erentiate older adults from the
wider population, which hinders them from fully utilizing its functions and services
(Bull et al. 2018, Wong et al. 2018). In order to develop technologies that older
adults are able to use, attending to Accessibility requirements for those experienc-
ing age related physical and cognitive decline is necessary (Wang 2018, Knowles
and Hanson 2018). This situation can be addressed through research-based devel-
opment with and for OAs, such as participatory or human-centred development
(Dodd et al. 2017), which should better consider recommendations for the age-
friendly design of user interfaces on mobile phones (Petrowt, Rogelj and Dolncar
2018). This approach has led to a considerable research on devising guidelines (Al-
Razgan et al. 2012, Daz-Bossini and Moreno 2014) and checklists (Calak 2013,
Silva, Holden and Nii 2014, Mi et al. 2014) to develop interface design of mobile
phones for older adults (Petrowct, Taipale, Rogelj and Dolntar 2018). But, most

of the existing guidelines deal with visual and haptic issues and rarely address
many elements associated with the textual interface. In addition, existing guide-
lines are rarely tested (Petrowct, Taipale, Rogelj and Dolntar 2018, Al-Razgan

et al. 2012) and lack extensive empirical validation (de Barros et al. 2014).
Surprisingly, the guidelines for designing applications for OAs are not presented
to designers and developers in an accessible format (Leitao and Silva 2012) and
are sometimes merged in the discussion section of the papers (Daz-Bossini and
Moreno 2014, de Barros et al. 2014, Coelho and Duarte 2016). Furthermore, a
notable observation is the lack of solutions addressing cognitive issues in the do-
main of mobile user interfaces for OAs (Dodd et al. 2017), which advocates the
need for an inclusive and comprehensive guide to designing exemplars regarding
cognitive (Dodd et al. 2017) and other related issues like visual acuity as well (Al-
Razgan et al. 2012). Additional problems of existing guidelines are that they are
piecemeal, lack characterisation, not easily actionable (Nurgalieva et al. 2019), are
rarely validated, arguably unreliable and hard to understand given the con icting
advice o ered according to the many contexts covered. Improvements in report-
ing format, e.g. design patterns, characterisation, and validation might increase
adoption of and re ection on the apps (Nurgalieva et al. 2017 , Nurgalieva et al.
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2019, Luna-Garcia et al. 2015). Hence, one potential way for wider dissemination
and adoption is to create a design pattern library aimed towards practitioners and
pedagogical settings (Leitao and Silva 2012) for use and learning about how to
design smartphone applications for older adults.

To summarize, a few attempts have been made in this context by researchers,
resulting in a set of guidelines or checklists and are published in the relevant lit-
erature, but these are rarely validated extensively. There is a lack of explanation
on how to apply these recommendations or guidelines comprehensively. Similarly,
International standards like world wide web consortium (W3C 2019) have also
provided guidelines to develop accessible websites for older adults, but no spe-
ci ¢ guidelines for mobile applications for OAs have been proposed. Therefore,
my research lIs this gap by providing a structured and an evaluated set of de-
sign patterns to support designers and developers when developing accessible and
usable smartphone applications for OAs.

1.3 Motivation

The growing population of OAs presents an opportunity and it has been antici-
pated that the next biggest technology market could be startups for older adults
providing solutions (Gabriela 2018, Kohlbacher et al. 2015) for social inclusion
care givingz, healthcare (Kopec et al. 2018) and mobile games (de Lima Salgado
et al. 2019). Smartphone applications stand as a pro table market, being mostly
represented by independent startups striving to overcome their lack of experience
(de Lima Salgado et al. 2019). It is a very important area where a lot of these
problems need to be addressed using personal technology (Koch and Hagglund
2009). However, care should be taken whilst developing these personal technolo-
gies, because if they do not meet the needs of the older adult the e ort put into
creating them is likely go unrewarded. To avoid this waste of resources, involve-
ment of older adults in di erent phases of development of personal technology such
as mobile applications is a necessity (Goodman et al. 2004). Di erent methods

'https://www.noisolation.com/global/
*https://www.joinhonor.com/
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have been suggested to achieve this participation, such as User Centred Design
(Abras et al. 2004), Co-Design and Participatory Design (Muller 2007). These are
time consuming, resource intensive and require patience by developers who are ea-
ger to begin coding activities. In addition, ethical concerns need to be considered,
which is an additional liability.

In a fast paced industrial environment, smartphone application development life
cycle is short and swift (Rahimian and Ramsin 2008), which makes it di cult to in-
volve older adults at di erent phases to ask them about their particular needs and
expectations. Another motivation to develop smartphone applications for OAs is
recognizing that the area is in high demand particularly in the context of startups
(de Lima Salgado et al. 2019). Furthermore, the speed of smartphone application
release is key to commercial success (Gabriela 2018, Sutton 2000). Therefore, it
would be really helpful if an easy to use, concise and actionable library of rec-
ommendations is available to the practitioners, designers and developers, for the
design of smartphone applications for OAs. It is also believed that designers who
understand the general patterns of ageing can develop systems that OAs nd easy
to use (Fisk et al. 2009). As discussed in the problem statement, this need arose
from the lack of empirical derivation, consumption, extensive validation and re-
ection of existing recommendations on mainstream smartphone applications for
OAs.

1.4 Research Goals, Questions and Method
The two inter-related goals of this research are:

" To systematically derive and validate recommendations for designing accessible

and usable smartphone applications for a diverse cohort of older adults.
" To present the recommendations to designers of smartphone applications for
older adults in an easy to use format.

Furthermore, the design and development of smartphone applications for older
adults requires systematic and frequent involvement of OAs to get their input.
There is a need to have a comprehensive list of recommendations to alleviate this
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problem and expedite the process. Therefore, | employed a mix of qualitative and
guantitative methods augmented with continuous involvement of OAs to produce
a collection of recommendations for designers.

Main Research Question - \What do developers of smartphone applications
for older adults need to do to make their applications usable and accessible for
their target population?"

RQ1- What are the barriers that prevent older adults from using smartphone
applications?

Rationale- To articulate and elaborate the key factors which older adults believe
are demotivating them towards technology use.

RQ2- What attracts older adults to use smartphone applications over time?
Rationale- To articulate and elaborate the key factors which older adults believe
are motivating them towards technology use.

RQ3- How are older adults using smartphones and the associated applications?
Rationale- To give a level of rigor to the ndings, there is need to elucidate the
level to which smartphones have been used by older adults.

RQ4- What do tech-savvy and non-tech savvy older adults expect from smart-
phone applications?

Rationale- Previous research has shown the many di erent personas and asso-
ciated needs of users of technology (Weckl et al. 2012, Gizaw et al. 2015, Sorgalla
et al. 2017). Itis likely that the functional and non-functional requirements of OAs
who are tech-savvy and not tech-savvy will di er. There is a need to understand
the potential di erences and commonalities and categorise the recommendations
accordingly.

RQ5- What are actionable and validated recommendations for software practi-
tioners to design and develop accessible and usable smartphone applications for
older adults?

Rationale- To produce a re-usable design support to aid practitioners in the
design and development of smartphone applications for older adults.
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1.4.1 Research Method

Figure 1.2 illustrates the research process used to achieve the goals and to answer
the research questions. The details of the research process are provided in Chapter
3 and the results of applying the method are presented in Chapter 4, 5 and 6.

Figure 1.2: Research Process

1.5 Contributions

The contribution of this research is empirical in nature. The primary outcome
is a qualitative model, ReDEAP, Recommendations for Developing Smartphone
Applications for an Ageing Population. It serves as a road-map on what to do to
achieve Accessibility and Usability in the smartphone applications developed for
OAs. The recommendations from ReDEAP aim to make it possible for software
developers to understand and implement the requirements that need to be ad-
dressed to achieve Accessibility and Usability in smartphone applications for older
adults.
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1.6 Research Scope

This research began with reviewing and understanding the breadth of problems of
older adults and current o erings in the form of personal technology to solve them.
A mix of qualitative and quantitative empirical studies helped to scope it down
to smartphone applications and the recommendations to develop them. The niche
of this research is the transformation of the knowledge gathered into structural
guidelines and presented in ReDEAP.

1.7 Thesis Structure

Chapter 2: Background.  This chapter begins with summarizing the area of
older adults and personal technology. It focuses on the web, mobile and desktop
technology for older adults and outlines the current o erings. The focus is then
narrowed down to smartphone applications for older adults and their pros and
cons in their lives. It concludes with acknowledging the presence of smartphone
applications and a set of heuristics, guidelines and checklists to develop them.
The chapter motivates the research question(s) and highlights a need for having an
empirically derived reusable set of design patterns for the designers and developers
of smartphone applications for older adults.

Chapter 3. Research Design. This chapter describes the research design of my
PhD. It answers "What', "Why' and "How' about the selected research methods.
A section on inter-rater reliability is also provided to illustrate the reliability of
the outcome of each phase. It concludes with presenting the ethical considerations
and summary of the process.

Chapter 4: Phase 1 - Literature Review. This chapter describes how the rst
version of the recommendations, ReDEAP Version 1, was developed and evaluated
using inter-rater reliability testing method. ReDEAP Version 1 is presented and
summarized.

Chapter 5: Research Innovation. This chapter presents the ndings of re-
search phases 2 and 3 step by step and how one led to another. The artifacts
associated with each phase are presented. Finally, it concludes with a summary of
the ndings.
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Chapter 6: Phase 4 - Transform to Design Patterns. This chapter elabo-
rates the design patterns. It also provides answers to the the research questions
and explains how they |l the gap in the existing body of knowledge. It also
presents a critical summary of the comparison between existing design patterns
in this domain and highlights the additional bene ts that my proposed design
patterns are providing.

Chapter 7: Conclusion and Future Directions. This chapter provides the
concluding remarks regarding this research work. It also summarises limitations
and threats to validity of this research followed by the research contribution. It
then concludes by reporting directions for future work.

10
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Background

\ A problem well stated is a problem half solvéd.

|Charles F. Kettering, Delco

2.1 Ageing and Associated Problems

The increase in life expectancy is a cause of celebration. It is a clear depiction
of success of medications and healthcare systems augmented with improvements
in the standards of living during the 20" century (Shannon 2012). However, in
general, ageing is portrayed as a symbol of decline, frailty, loss and dependency on
others (Brewer et al. 2016, Piper et al. 2017, Brewer and Piper 2017). The most
recurring problems highlighted in literature which older adults face are social iso-
lation, family concerns, housing crisis, nancial issues, abuse, time management
issues, cognitive decline, sensory de cit, reduced mobility, and complex medical
conditions leading to dependency on multiple medications (Carr 2004, Lim et al.
2011, Shanas et al. 2017). Moreover, the increase in the number of older adults is
a multi-faceted problem, as it not only adversely impacts themselves, but society
as well by putting a burden on social, healthcare and pension systems (European
Commission 201B). This can, in turn, signi cantly impact the future progress
and development of any country. It has been cited repeatedly in the scientic
literature that social isolation is a key precursor to most of these problems (Find-
lay 2003, Cornwell and Waite 2009, Pedell et al. 2010), which if solved has the

11
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potential to improve the health and quality of life of older adults and reduce bur-
den on the support systems. One potential solution is to harness the potential
of technology. But, the feasibility of a technology driven solution requires a thor-
ough understanding of the key aspects that make older adults unique. Therefore,
Section 2.2 outlines the key characteristics of older adults that make them distinc-
tive from other age groups in terms of their general and technology needs. These
distinguishing characteristics motivated the empirical study with older adults, as
outlined in Section 2.3. Following that, Section 2.4 elaborates the current technol-
ogy o erings for the ageing population drawn from the related literature. Section
2.5 further scopes and reviews types of mobile phones and associated applications
for older adults. Finally, Section 2.6 presents a critical review of existing recom-
mendations to develop smartphone applications for older adults, highlighting the
the shortcomings and points towards the need for an extended set of empirically
derived and validated set of recommendations in a format designed for ease of use.

2.2 Distinguishable Characteristics of Older Adults

The following checklist is a synthesis of the related literature on characteristics
of older adults that distinguishes this segment of the population from other age
groups.

N

The attitude of older adults towards new technology and innovation is critical
and mindful as opposed to the more accepting nature of many of the younger
adults (Heinz et al. 2013, Hill et al. 2015). Older adults are skeptical (Vaportzis
et al. 2017), fearful, anxious (Vroman et al. 2015) and have wrong perceptions
about technology (Fausset et al. 2013, Laguna and Babcock 1997).

Older adults feel that they have less knowledge, exposure and con dence with
regards to technology in comparison with the younger adults (Marque et al.
2002, Mann et al. 2005).

Older adults perceive that there is no need of new technology in their lives
(Mann et al. 2005, Heinz et al. 2013).

12
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Older adults should be given more time to learn new skills in general and tech-
nology in particular in comparison with younger adults (Broady et al. 2010).

Retirement from full time work is also a factor that makes older adults unique
(Courtney et al. 2008, Lim et al. 2011).

Older adults have more time and freedom to engage in the activities of their
own choice (Kremer and Harpaz 1982).

Older adults have complex and changing relationship structures in comparison
to younger adults (Carr 2004, Lim et al. 2011, Shanas et al. 2017).

Older adults have a higher likelihood of disabilities than younger adults e.g.
vision impairment (Brewer et al. 2016, Piper et al. 2017, Brewer and Piper
2017).

Older adults have lifelong experiences and accumulated wisdom in comparison
with younger counterparts (Knowles and Hanson 2018).

It is obvious now that older adults have distinguishing characteristics which need
to be considered when developing systems. The signi cance of conducting research
with older adults to develop technology for them is elaborated in the next section.

2.3 Importance of Ageing and Technology Re-
search

The increase in the population of older adults across the globe is a key driver for
conducting research to gain a better understanding of their needs (Shannon 2012,
Farage et al. 2012 and NIHS 2016). Historically, older adults are underserved
by technological solutions (Wake eld 2015). In short, designing technology for

the speci c needs of OAs, may also serve needs of others in the wider population
sharing similar characteristics (Farage et al. 2012, Righi et al. 2017). Therefore,
conducting research in the domain of technology for ageing population can have a
wide impact (Dodd et al. 2017), because OAs are not isolated cases, but a grow-
ing group. The age related declines and changing relationship (Carr 2004, Lim

13
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et al. 2011 and Shanas et al. 2017) structures of older adults (Mynatt and Rogers
2001) has lead to new methodologies, guidelines (Darvishy and Hutter 2017) and
frameworks (Lee and Coughlin 2015) such as how to design with the vulnerable
population (Daz-Bossini and Moreno 2014, Park et al. 2014). In summary, con-
ducting research in this domain can result in wider principles for accessible design.
There is also a need to take care of the heterogeneity and diversity of this age
group, which until recently is rarely considered (Bobeth et al. 2012). According
to (Mitzner et al. 2010), older adults are not interested in technology just for the
sake of innovation, but want real utility and tangible value. By keeping this prin-
ciple in mind, the research on ageing and technology can result in ground breaking
solutions. To conclude, the life experience of older adults contains valuable lessons
for designers, technologists and society at large (Coleman et al. 2010) which need
to be explored to develop sustainable technology for them.

2.4 Technology for Older Adults

The challenges posed by the ageing population also provide opportunities for tech-
nological innovation (BiSmart 2019). If technology is built with an awareness of
the needs and wants of older adults, it can improve their lives (Newell et al. 2007).
The ideal is a paradigm shift from reactive to proactive. This means that instead
of waiting for older adults to su er from some sort of problem, current technology
needs to be exploited to predict potential problems that an older adult might face
(Slegers et al. 2009). Independent living and the ability to perform daily chores is
something to cherish, but reduced mobility can inhibit older adults from perform-
ing these simple tasks (Nelson et al. 2004). Some medical problems of older adults
can be catered for using connected health technologies (Harte et al. 2014), for ex-
ample, giving older adults reminders to take medication, online diagnosis and even
consultation with doctors (Grindrod et al. 2014). By wearing a device like a Fitbit
doctors can track the patterns of behaviour that lead to problems e.g. insulin
level, blood pressure, activity level (Paul et al. 2015). Moreover, technology can
also save older adults from becoming a victim of nancial fraud (Alves and Wilson
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2008), which is common nowadays with this cohort Examples include fraud de-
tection systems and virtual wallets designed speci cally for older adults (Starnes
1996). Social isolation and loneliness is another big problem that can be helped by
providing communication or social media apps, but these have their own inherent
tradeo s (Chen and Schulz 2016, Coelho and Duarte 2016, Jung et al. 2017). The
important thing is that these technical solutions should be tailored for older adults
to enhance their Usability and Accessibility (Luna-Garcia et al. 2015). Easy to use
interfaces can help older adults integrate with these technologies (Spreicer 2011)
e.g. Nolsolatiod. In short, as the technology is becoming inexpensive, we must
fully utilize its potential to solve the problems of older adults (Kohlbacher et al.
2015).

2.4.1 Trends in Academic Research Settings

The recurring types of technology for older adults mentioned in the academic
literature are websites, wearables, mobile phones, displays, virtual reality (VR)
and augmented reality (AR).

2.4.1.1 Websites

In order to improve the skills of older adults for accessing health related informa-
tion (Alpay et al. 2004), a website was developed after collecting their preferences
via interviews and focus groups. The evaluation results showed the website as
usable and learnable. Similarly, in 2014, a novel and an easy to use welbsitas
developed to get older adults involved in the decision making process for plan-
ning their own care (Sudore et al. 2014). A longitudinal study was underway to
assess the e cacy of this website and its e ectiveness in a clinical trial. During
the same year in University College London (Patsoule and Koutsabasis 2014), a
tourism website was redesigned to make it senior friendly. This process was done
by using the seven principles and forty ve guidelines to design websites for older

1https://www.cnbc.com/2019/11/23/new-research—pinpoints-how—elderly-people—are-
targeted-in-online-scams.html

Zhttps://www.noisolation.com/global/

3prepareforyourcare.org
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adults which appeared to increase Usability and satisfaction level of older adults
(Patsoule and Koutsabasis 2014). It was also revealed that the process of redesign
was swift. Of note is that this study con rmed that web sites for older adults need

to be built on unique set of recommendations di erent to general guidelines, as
guoted here : WA considerable number of more general web design principles and
guidelines are not directly relevant to older adults The surprising aspect of this
set of recommendations was principle P4 comprised six guidelines. Five out of six
of these guidelines advocate assisting older adults when they ask for help whilst
using the system. Only one out of the six guidelines discusses helping elements
in the interface. It might not be possible to directly help older adults through
technical support or family members, therefore my research will focus on the help-
ing elements in the interface e.g. tutorials, rather than in-person help. A more
recent attempt was made in 2019 (Nguyen et al. 2019) in which a hospital website
was redesigned to make it friendly for older adults with cancer. The evaluation
of the new version of the website showed that it was usable by older adults. The
next step of this work was a formal evaluation via a randomized controlled trial.
Another way proposed to support older adults is to provide them with web inter-
action aids (de Lara et al. 2016). A survey with more than three hundred older
participants revealed improvements in the interaction of older adults and even the
younger adults, which supports the argument of universal Usability (de Lara et al.
2016). During 2014 in the USA, a study was done that analyzed 104 public li-
brary websites to understand whether they adhere to the senior friendly website
design guidelines (Charbonneau 2014). The results of this research revealed that
most public library websites are problematic and inaccessible for older adults. It
also advocates the need for considering key website design issues in order to make
online library websites accessible and usable for older adults (Charbonneau 2014).
Another recent attempt was to help elderly diabetic patients in making decisions
on insulin intake through a website (Lum et al. 2017) rather than relying on a
traditional paper based decision assistant. A multi faceted and iterative approach
was taken to understand the expectations of older adults from the website. These
expectations point towards focusing on ageing factors such as vision, cognition,
motor skills along with psychological factors to help OAs make informed decisions
whilst using such kind of websites. An example of a guideline which falls under the
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category of psychological factors is the use of non-persuasive language on the web-
site. The ndings of this study can be used to make websites usable, acceptable
and accessible for older adults. According to (Haesner et al. 2015), websites are
helpful for several issues e.g. cognitive limitations of older adults. (Haesner et al.
2015) advise that at website hierarchy is an essential ingredient for developing
senior friendly websites.

2.4.1.2 Wearables

Wearable technology is an emerging way to manage the health of older adults in
an habitual free-living environment (Godfrey 2017). Yet commercial wearables
have not provided accurate analytics, while research derived wearables fail to pro-
vide transparent functionality due to the limitations in the proprietary software
(Godfrey 2017). A mixed methods study conducted recently revealed that older
adults su ering from chronic diseases and sedentary behavior perceive wearable
activity trackers as useful and acceptable (Mercer et al. 2016). Another study in
Canada (Puri et al. 2017) found that older adults were most accepting of wearable
activity trackers and they also considered them more personal than other types
of technology. (Puri et al. 2017) also stated that privacy was the least important
concern of older adults, contradicting other literature which states that it is very
important for them (Frik et al. 2019). Potential reasons of showing concerns for
privacy could be lack of understanding (Puri et al. 2017), novelty, dissemination of
sensitive information to third parties (Frik et al. 2019). Another study presented
the results of a trial of a commercial wearable known as Fitbit One, which is a
personal activity monitor. The results indicated that such kind of wearables are
feasible to track physical activity of older adults. OAs who have little technology
experience found it easy to use and useful (McMahon et al. 2016).

2.4.1.3 Virtual and Augmented Reality

Virtual Reality is a relatively new and growing type of technology that can improve
physical activity (De Bruin et al. 2010) and is potentially viable and accepted by
older adults (Molina et al. 2014). Recent studies suggest that if older adults ex-
ercise with the help of VR, it can improve their mobility (Maillot et al. 2012),
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balance control (Pluchino et al. 2012) and prevent falls (Schoene et al. 2013).
Furthermore, augmented reality (AR) tools can also help older adults with fall
prevention (Bianco et al. 2016). Cognitive problems of older adults can also be
solved by the application of AR in di erent settings. One such example is wind-
shield based in-vehicle navigation display system (Kim and Dey 2009) to help older
drivers in reducing issues of divided attention and cognitive load from having to
switch between a navigation system and the real road view. The evaluation of
this AR-enabled display revealed that older adults make fewer navigation errors
when using this system. Another interesting approach proposed to reduce the cog-
nitive load of older adults is voice augmentation (Sato et al. 2011). It helps older
adults whilst lling online forums, which results in increasing their con dence and
reduced number of mistakes. AR was also used recently to present the radio in
a mobile device as a traditional radio to make older adults comfortable with the
interface (Zhou et al. 2011). The results of this study were positive and provided
suggestions for improvements in the Usability of the mobile radio function.

2.4.1.4 Mobile Applications

The uptake of mobile phones by older adults is shown to be increasing with the
passage of time, but they rely on calling and short messaging service (SMS) only
(Zhou et al. 2014). There is a need to understand their requirements from mobile
phones. (Abascal and Civit 2000) proposed six features that mobile applications
should provide to older adults. These include personal communication, security,
social integration, access to education and labour market and autonomy. In ad-
dition, there is a need to have a mobile app store/market speci cally for older
adults, as it doesn't exist to date (Garca-Penalvo et al. 2014).

2.4.2 Trends in Industrial Settings

European Union (EU) recognizes the social and economic challenges posed by
increase in the ageing population. Therefore, a total of 25 projects were done under
their funding regarding technology for older adults. In depth analysis of these
projects revealed that they are focused more on healthcare. Moreover, their report
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(European Commission 201§ on analysis of these projects provide guidelines to
e ectively execute technology projects for older adults.

N

To ensure credibility of the results, validated evaluation methods should be used.

Attention should be given to ethical and regulatory issues, as they can lead to
serious problems, if overlooked.

An extensive market and competitor analysis should be done before and during
the execution of the project.

A well documented, iterative and user centred approach should be adopted.
Furthermore, the importance of design phase should never be underestimated.

Incorporate e ective user recruitment practices to e ectively engage and sustain
the users during the lifecycle of the project.

Adopt the testing of the systems according to the culture of the users.

Industrial collaboration should be actively sought to enhance expansion in the
market.

In order to increase e ciency, project management methodologies should be
used.

E orts must be put into involving external stakeholders.

Participation in EU funded research on active and healthy ageing programmes
should be increased.

2.5 Mobile Phones/Applications for Older Adults

Technology has evolved from character based screens to smartphones with voice
enable interaction (Mortensen 2020). Therefore, the focus of my research is on the
latest technology, smartphones and associated applications.

Some older adults face di culties whilst using standard mobile phones, in par-
ticular, smartphones due to age related declines and also because they do not
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meet their expectations (Klimova and Maresova 2016). To nd a solution to this
problem, a quick search on Google reveals several di erent tyr}ésof alternative
mobile phones for older adults with bigger buttons, large display and text, security
button and a long battery life. Older adults prefer several features, but one of the
important is Save Our Souls (SOS) button to locate them if they are in any type of
trouble such as theft, robbery or in a medical need (Balata et al. 2015). Although,
the evidence drawn from the non-peer reviewed literature lacks the rigour of the
peer reviewed literature, grey literature does have certain bene ts. For example, it
enables identi cation of emerging research topics in software engineering as many
research topics stem from the software industry, where practitioners prefer online
articles and blogs to disseminate new knowledge (Garousi et al. 2019, Beecham
et al. 2014). Therefore, the inclusion of the grey literature may arguably reduce
research bias, increase reviews' comprehensiveness, and foster a balanced picture
of available evidence (Paez 2017). It has recently emerged as a promising content
for enhancing the visibility of the ideas that were earlier un-explored or not made
use of. It is becoming more acceptable now to include the grey literature, with
easy access to the material leading to a broader adoption (Gul et al. 2020). Online
searches are a useful way to nd blog entries, white papers, book chapters, dis-
sertations and technical reports (i.e., accessing the grey literature). Incorporating
grey literature as part of understanding the current state of the art helps to in-
clude a diverse and heterogeneous body of material, and in my case, more current
and up to date information from users of technology designed for older adults,
often overlooked in the standard literature. This material can make a variety of
positive contributions to subsequent inquiry and practice. However, | was aware of
the large number of advertisements and marketing material that is o ered as evi-
dence. While proprietary information can serve to explain tool speci cations, they
are unlikely to give an objective evaluation. Other limitations are that this form

of publicly available information is not subject to traditional academic peer-review
processes and the authors are unlikely to have academic training. Nonetheless, it
has been suggested that more inclusive views of existing knowledge can expand
many types of scholarly e ort, including critical and literary projects (Adams et

https://www.choose.co.uk/guide/best-mobile-phones-for-elderly.html
“seniorcare.ie/the-best-mobile-phones-for-older-people/
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al. 2017). The online portal articles, technical reports, book chapters, disserta-
tions, articles included in this background fall under what (Adams et al. 2017)
call the rst and second tier grey literature, and therefore \exhibits a moderate
to signi cant level of strength of evidence or credibility.” | also note that the
grey literature is used to support the ndings in the peer reviewed articles that
dominate the background to the research presented in this chapter.

Lifewire is an online portal that presents the top ten mobile phones for older adults
(Beren and Popolo 2019). Similarly, another article only provides a list of top ve
mobile phones for older adults. These include Denver GSP-110, TTfone star, Doro
6520, Binatone M250 and Nokia 105 (Choose 2019). However, carefully reviewing
their details reveal that these are not inclusive as they are not holistic and do not
aim to solve multiple problems at once. Multiplicity implies overcoming dexterity,
security needs, complexity, poor eye sight in conjunction. Moreover, the scope of
my research is on the software interface of smartphone applications and not the
hardware aspects e.g. size of buttons.

2.5.1 Types of Mobile Phones (Feature vs Smartphone)

The two main types of mobile phones available currently are feature and smart-
phones. But, the emphasis of my research and thesis is on software and smart-
phones only, de ned as:

\ A smartphone can be described as a device that o ers advanced functions and
services that generally require a touchscreen and progressive computing capabil-
ities, including an advanced mobile operating system that supports downloading
and running of applications! - Callegaro et al. 2015

2.5.2 Mobile Applications for Older Adults (Academic)

There are nine (Plaza et al. 2011) di erent types of mobile applications for older
adults mentioned in literature as shown in Figure 2.1.

For health and wellness of older adults, a healthcare system called as "Yui Net'was
proposed (Sasaki et al. 2007) in which the mobile phone of older adults was used
to send text messages to a remote family member. This system also included a
safety con rmation system and emergency information system. The evaluation
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Figure 2.1. Types of Mobile Applications for Older Adults
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of this system suggested that it is feasible and older adults are satis ed with it.
Similarly, to provide home care, a mobile phone was used to send reminders to
older adults for taking medication (Tamburini and Paggetti 2005). In order to
provide safety and security to older adults, another mobile application called as
LibreGeoSocial (Calvo-Palomino et al. 2009) equipped with global positioning sys-
tem (GPS) was proposed. This system helped family members and caregivers to
locate older adults if they are lost outside. The compass feature in this system can
be used by older adults to orientate towards the right path. At the time of pub-
lication of this study, the pilot experiments/evaluation of this study were just in
the planning phase. One of the mobile application developed speci cally for 50+
age group during the last decade to help in daily chores and supply them with
goods is reported in Arsand et al. 2008). The objective of this application was
to help diabetic older adults manage their diet. The evaluation of this application
suggested that its features were valuable for older adults. However, it has its own
limitations like self selection of participants etc. Information is really important for
individual development, therefore a considerable amount of work is done for cog-
nitive training of older adults e.g. Hermes mobile application (Buiza et al. 2009).
It records what is said in the room and then reminds older adults at the right time
to strengthen their memory. Religion is considered as strongly correlated with the
general quality of life of older adults, as they consider themselves more religious
than their younger counterparts. However, according to (Zainal et al. 2015), there
is a lack of work done from this perspective. Just during the last year, a research
based app called as "M Ibadah Pro'(Ahmad et al. 2018) emerged from Malaysia to
help older adults perform daily Islamic activities. Older adults needs were taken
into account before developing this application. However, this application has
some really important features missing e.g. the Koran. It is available for android
users and only in Malaysian language. Also, the evaluation of this application is
unknown to date. A considerable amount of work has been done for improving
social interaction of older adults, as this is an important issue for OAs, if it persists
for long term. An array of examples can be given, but a recent one was called as
"Lonely No'(Gao et al. 2015). This app helps to organize leisure-time activities
between older adults with similar interests living in adjacent/nearby areas. Again,
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the requirements for this application were collected through conventional qualita-
tive research methods. The results of evaluation highlighted the critical impact
of perceived bene ts or relevance on older people's adoption of new technology.
Helping older adults perform their hobbies using mobile applications is under ex-
plored. A recent example is an Android app (Lekjaroen et al. 2016) as part of an
Interent of Things (IoT) planting system for older adults in Thailand. The evalu-
ation results indicated that older adults found this application useful and easy to
use and in general their attitude towards this system was really good for carrying
out their hobby of watering plants. Mobile applications to help elderly in either
their working life or tele-work work from home after retirement is an area that is
still understudied (Ga ner and Conrad 2010).

To conclude, the analysis of the research papers presenting these mobile apps for
older adults helped to identify their pros, cons and promising directions for future
research as depicted in Table 2.1. The key take away from these studies was that
mobile applications can be considered as promising tools to improve the quality
of life of older adults, but they are not su ciently investigated yet. Di erent re-
searchers have claimed that these applications can help in socialisation, healthcare,
safety and security, entertainment, etc. Therefore, they have attempted to achieve
these through various type of applications. However, the type of applications that
gained more attention by them are Health and Wellness, and Safety and Security
(Plaza et al. 2011). Several researchers have conducted research into social and
healthcare applications for older adults (Mikkonen et al. 2002). These studies have
viewed older adults as a homogeneous group. Moreover, a large number of these
applications are developed for conventional interfaces of mobile phones and are
not adapted to the needs of older adults. Miscellaneous limitations of these apps
include complex features, limited o ers and mechanisms to increase awareness of
older adults towards bene ts of using these apps. These studies also helped to
identify and build the requirements and expectations of older adults such as safety
and security. The initial version of the recommendations is elucidated in Chapter
4.
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Table 2.1: Pros and Cons of Mobile Applications for Older Adults

Pros
No. Description References
1. Help in socialization. (Gao et al. 2015),
(Dasgupta et al. 2016)
2. Improve health care. (Arsand et al. 2010),
(Pavlakis et al. 2012),
(Dasgupta et al. 2016)
3. Provide safety and security. (Melander-Wikman
et al. 2008), (Plaza
et al. 2011)
4. Source of entertainment. (Plaza et al. 2011)
5. Improve quality of life. (Holzinger et al. 2007)
6. Saves costs on health care. (Plaza et al. 2011)
Cons
No. Description References
1. Not always customized for the needs af (Olwal et al. 2011),
older adults. (Plaza et al. 2011)
2. Include complex features. (Plaza et al. 2011),
(Watkins et al. 2014)
3. Limited o er on mobile apps for older | (Plaza et al. 2011)
adults.
4, Older adults' lack awareness regarding (Plaza et al. 2011)
bene ts of using mobile apps.

Although technology use by older adults has been reported to be associated with
reduced social isolation leading to better physical and psychological health (Chopik
2016, Czaja 2017, Fang et al. 2018, Wilson 2018), it is not always the case. This
means that excessive social media use can sometimes back re and lead to more
social isolation (Primack et al. 2017), even if someone is a younger adult. Studies
also report that Internet use among elderly may lead to better self-rated health,
but it is not a silver bullet to this problem (Gracia and Herrero 2009). Other socio-
economic factors need to be investigated to gain a more clearer understanding of
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this phenomena. There is a need to rigorously examine the negative outcomes
of over-reliance on technology as well (Czaja 2017). This can be achieved with
small Usability trials (Chopik 2016) instead of conducting large-scale randomised
clinical trials to generate data (Kaye 2017). To conclude, social and ethical risks
need to be analysed and technologies should be used only when end users or their
caregivers understand the technology and can provide informed consent (Plaza
et al. 2011).

2.5.3 Mobile Applications for Older Adults (App Stores)

A search on Google play store and Apple iTunes using the key word "apps for se-
niors' produces hundreds of results. Most of these apps fall under the category of
healthcare, independent living and communication which is in line with the nd-
ings of the academic literature. The evaluation of a subset of these applications
by (Almao 2018) using standard (W3C 2015) and the research derived guidelines
(Petroxct, Taipale, Rogelj and Dolncar 2018) revealed relevant results. First of
all, there has been e ort put into addressing the Usability and Accessibility issues
in mobile applications for older adults by industry, but there is still a lot of work
needed to design appropriate mobile applications for older adults. It was found
in their study that less than a quarter of the selected applications “properly' ad-
dressed the issues of Usability and Accessibility of mobile apps for older adults.
The obvious and recurrent issues mentioned in ageing and Accessibility literature,
which need to be considered when designing apps for older adults, were not ad-
dressed in more than half of the applications. Examples of such issues include a
default zoomable interface and customization of the font size. In addition, another
important aspect is that the gestures to operate the app were di cult for older
adults in half of the selected applications. Moreover, the instructions to use the
mobile apps were either not provided or were ambiguous (Almao 2018). It was
also discovered very basic features like inputting data was quite slow in some of
the applications.

\ This is a clear re ection of lack of adoption of the research based guidelines for
developing mobile applications for older adults in industrial settings- (Almao
2018)

26



2.5 Mobile Phones/Applications for Older Adults

By implication, a connection between academia and industry need to be estab-
lished, so that software developers can develop the apps using evidence-based
guidelines. Thus this would support the development of usable and accessible
apps for older adults. Existing apps also need to be constantly evaluated using
research derived empirical guidelines. In addition, older adults also need to be
part of the process of validation of apps developed for them. This lack of adoption

is a two-fold problem. Either the designers are considering them as trivial or they
are not signi cant and usable by them. In order to get a clear picture, the next
section presents and analyzes the existing guidelines developed by the standards
organizations like W3C and the scienti c literature.

2.5.4 Barriers and Motivators towards Usage of Mobile
Phones and Associated Applications by Older Adults

It was really important to study what motivates and demotivates older adults to
use mobile phones and the associated applications. Reviewing existing research
revealed that there was knowledge available about the reasons for older adults
adopting and using smartphones and vice versa (Choudrie et al. 2014). A few
very relevant studies presenting the barriers and motivators towards smartphone
adoption by older adults include (Mohadisdudis and Ali 2014), (McGaughey et al.
2013 and Lee and Coughlin 2015). The problems with some of these studies were:
usage of single method for data collection, limited number of participants from a
particular country e.g. Malaysia, language di erence between participants and the
researcher, based on literature review only and lack of empirical grounding. Several
other related studies also presented the motivators towards mobile phone usage by
older adults such as (Conci et al. 2009, Kubik 2009, McLeod 2009, Renaud and
van Biljon 2010, Tang et al. 2013, Yang 2013). These studies highlighted numerous
motivational factors e.g. enjoyment (Conci et al. 2009), self-actualisation (Conci
et al. 2009), economic (Kubik 2009), security (Kubik 2009), ease of use (McLeod
2009), expressiveness (McLeod 2009, Renaud and van Biljon 2010), safety (Renaud
and van Biljon 2010), goal setting (Tang et al. 2013), social in uence (Tang et al.
2013) and usefulness (Yang 2013). Some studies reported that intrinsic motivation
play a more important role in adoption than extrinsic motivation, and suggested
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that designers should leverage on hedonic and self-realization aspects to increase
usage and acceptance of mobile phones and associated applications by older adults
(Conci et al. 2009). These studies also suggested that the motivations of young
and old older adults are di erent to use mobile applications (Kubik 2009, Renaud
and van Biljon 2010). Similarly, some studies describe the barriers towards mo-
bile phone and associated applications usage by older adults. One very relevant
study presented the work done by (Mohadisdudis and Ali 2014), which reported
eight factors demotivating older adults towards adoption of mobile phones. Other
studies reported barriers discretely such as problems with hardware or software in-
terface (Lin et al. 2009), small size of mobile device (Clarke and Concejero 2010),
di culty in usage (Leung et al. 2010), costs (Roupa et al. 2010) and physical prob-
lems of older adults such as poor vision, hearing, sense of touch (Lin et al. 2009).
Although there is a body of work on motivational and de-motivational factors re-
lating to mobile phone use and associated applications for older adults across the
globe, there does not appear to be a study that presents a holistic set of motiva-
tors or de-motivators towards smartphone adoption by older adults. Furthermore,
the reported studies are now outdated and not conducted with Irish older adults.
It is imperative to conduct the testing of the systems according to the culture
of the users (European Commission 2088 It was also recommended by these
studies that further research should be done to understand the motivational and
de-motivational factors further with greater number of participants (McLeod 2009,
Tang et al. 2013). In order to gain a clear understanding of these factors, older
adults who are going to use the mobile phones need to be involved in the re-
search. My initial research questions on barriers and motivators towards current
smartphone usage of older adults are motivated by these ndings in the literature.

2.6 Recommendations for Developing Mobile Apps
for Older Adults

The development of mobile applications for older adults can be guided by standards
and related research. In this section, | detail two sources of guidelines, the standard
proposed by W3C and research derived guidelines.
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2.6.1 Standard Guidelines

World Wide Web Consortium (W3C) is a well established consortium and a stan-
dards' organization for the web. They have provided standard guidelines for mak-
ing web content accessible. However, they have only provided an informative
guidance on how to adapt their existing guidelines whilst developing mobile appli-
cations (W3C 2015) for people with impairments or disabilities, who may or may
not be older adults. These are not a set of speci ¢ requirements or guidelines. This
guidance is classi ed on the basis of four key principles. These are perceivable,
operable, understandable and robust, commonly referred to as POUR. The details
of these four principles are provided in Chapter 4, where the in-depth analysis and
inter-rater reliability of existing guidelines is presented in detail.

2.6.2 Research Derived Guidelines

Figure 2.2 gives a bird's eye view of the taxonomies of research derived guidelines
for developing smartphone applications for older adults. | developed Figure 2.2
after selecting ve studies (Calak 2013, Daz-Bossini and Moreno 2014, Silva, Jor-
dan and Holden 2014, Mi et al. 2014, Carmien and Manzanares 2014) that are
proposing guidelines to develop smartphone applications for older adults.

These studies are also con rmed by a recent systematic literature review which
proposes guidelines for smartphone applications for older adults (Nurgalieva et al.
2019). The data extracted from each of these studies was nameltitle given to
guidelines, count/number of guidelines, authors with year, categories and number
of items that fall under each of the category. The items are presented in the form
of range to avoid ambiguity and redundancy of information. For example, the
category "Vision' has six items represented as Visl to Vis6. Also the short form
e.g. Vis is used as an acronym for Vision. Figure 2.2 also helps to understand
the heterogeneity of classi cation of recommendations either based on the char-
acteristics of the user group or design categories, which might make it di cult
for practitioners to choose one of them. The minimum number of guidelines for
smartphone app development for older adults is nineteen and maximum is forty
four. The average number of guidelines is 29.6. These guidelines are generally
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Figure 2.2: Taxonomies of Research Derived Guidelines
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classi ed into ve or six categories either based on the characteristics of the user
group involved in the study or design categories.

Table 2.2: Dierence Between Research Artefacts

Type

De nition

Reference

Checklists

Checklists are basically design guidelines converted
reworded into a set of yes/no response type question
For example: "An object shaped to easily t into their
hands' is converted into "Is the phone shaped to t easily
into users' hands?'

or

Mi et al.

S.
2014

Guidelines

']

Design guidelines contain a prescriptive set of rules that
e
n

have to be followed in the design process by product d
signers and developers. They often have over a thousa
rules to follow and are often seen as intimidating.

Nielsen
and Molich
1990

Heuristics

N

Usability heuristics are rules of thumb that describe
common properties of usable user interfaces (UI's).

sign.

They help evaluators focus on aspects of a Ul that ar
often trouble spots, simplifying the detection of Us-
ability problems. They often serve as classi ers thai
help evaluators make sense of a set of problems.

They summarize best Usability practices for Ul de:

1. Nielsen
2013 2.
Nielsen

and Mack
1994 3.
Baker

et al. 2002

[

Design
Patterns

A design pattern distills empirical research results intg
concise statements of a problem and its solution. Th
design patterns used in this thesis adopt the struc
ture provided by Christopher Alexander and Noll et
al. 2014. The components used are Importance, Wha

(Alexander
el977),
- (Noll et al.
2014),
t{Ambler

Why, How, Who, Evidence, Related Patterns, adopted 2000)

from S. Ambler's Work on patterns.
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As of now, there is no standard classi cation or taxonomy for mapping the guide-
lines to develop smartphone applications for older adults. This multiple type of
classi cation of the guidelines makes it di cult for practitioners to select one for
their usage. Moreover, there are four di erent ways in which the research insights
pertaining to developing smartphone applications for older adults are presented
in the literature. These are checklists, heuristics, guidelines and design patterns
and are de ned in Table 2.2 previously. This table also describes the granular
di erences between the di erent types.

The analysis of existing guidelines revealed that they are not derived using em-
pirical methods and researchers have relied merely on existing literature, which
e ects their reliability. Most of the studies presenting guidelines have relied on
literature to produce the guidelines. One fth of the guidelines are not validated
at all, while 80% of others lack extensive validation.

2.6.3 Problems with Existing Guidelines

In general, the existing guidelines are problematic, generic, poorly worded and lack
cognitive grounding (Zaphiris et al. 2005). Moreover, they are not holistic and are
piecemeal.

Confusing - \Support easy path is an example of a guideline which can be
confusing for practitioners (R men and Svan s 2012). This recommendation, in
itself, is di cult to understand because there is no context on what does \easy
path” mean. After reviewing the context in the paper, it becomes clear that it
means to provide a Home button and keep older adults informed about where they
are in the smartphone application.

Lack of Structure and Contradictory - \ Do not rely on color alone to convey
information. Be aware of color blindness. and \ Group information visually e.g.
make good use of color, text, topics.are contradictory, making it di cult for
practitioner to select one of them (Newell and Gregor 2002, Kim 2010, R men and
Svan s 2012).

Guidelines are Not a Silver Bullet - This suggests that guidelines may not
be able to identify 100% of the problems in the application. This is evident from a
validity study of Web Content Accessibility Guidelines (WCAG), which suggests
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than less than 50% of issues were identi ed (R men and Svan s 2012). Nonethe-
less, guidelines can be a good starting point to make applications accessible. But,
to further improve the Accessibility and Usability, software developers should fol-
low a user-centered design approach and perform Usability tests of the application
with users of a breadth of abilities (R men and Svan s 2012). My work is there-
fore built on user-centered design approach and has generated recommendations
empirically and validated via inter-rater reliability.

Too Generic - \ Make information accessible through di erent modaliti€sis too
generic and doesn't specify a particular modality e.g. mobile, desktop, wearables
or displays (Zaphiris et al. 2005).

Di cult to Interpret - \ Spacing between text linésis a guideline that is

di cult to interpret alone and it does not clarify the context (Zaphiris et al.
2005, Law et al. 2006, Ghorbel et al. 2017). This situation makes it compulsory
for the practitioner to read the paper, which is often not the standard operating
procedure in a fast paced industrial environment. Only after reading the paper,
the practitioner will understand that this recommendation is in the context of
written text within smartphone application. Furthermore, short sentences need to
be used and use at least usual spacing of 3.17mm between lines. Nonetheless, this
is a recommended practice, but no evidence is available in the paper.

2.6.3.1 Research Gap

All of these problems, associated with the existing guidelines augmented with
lack of re ection (Almao 2018) on smartphone applications for older adults and
their sustainable usage is unclear (Berenguer et al. 2016), represent a gap in the
existing body of knowledge. Moreover, the in-depth survey (Berenguer et al. 2016)
analyzed the data collected worldwide and revealed that even if older adults use
smartphones, they use them as feature phones. The underlying reason is the lack
of applications geared towards their needs (Berenguer et al. 2016).

2.6.3.2 Research Objective and Questions

" \To systematically derive and validate the recommendations for designing ac-
cessible and usable smartphone applications for a diverse cohort of older adults
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and build a model in an easy to use formadt.
" \To present the recommendations to designers of smartphone applications for

older adults in an easy to use formdt.

Main Research Question - \What do developers of smartphone applications
for older adults need to do to make their applications usable and accessible for
their target population?"

RQ1- What are the barriers that prevent older adults from using smartphone
applications?

Rationale- To articulate and elaborate the key factors which older adults believe
are demotivating them towards technology use.

RQ2- What attracts older adults to use smartphone applications over time?
Rationale- To articulate and elaborate the key factors which older adults believe
are motivating them towards technology use.

RQ3- How are older adults using smartphones and the associated applications?
Rationale- To give a level of rigor to the ndings, there is need to elucidate the
level to which smartphones have been used by older adults.

RQ4- What do tech-savvy and non-tech savvy older adulfsexpect from smart-
phone applications?

Rationale- Previous research has shown the many di erent personas and asso-
ciated needs of users of technology (Weckl et al. 2012, Gizaw et al. 2015, Sorgalla
et al. 2017). It is likely that both the functional and non-functional requirements

of OAs who are tech-savvy and not tech-savvy will dier. There is a need to

'Recent research has categorised older adults into three (apathetic, social and hedonic, busy
and active, as mentioned in (Vicente and Lopes 2016)) or four (maximal, average, modest,
non-users, as mentioned in (Vroman et al. 2015)) categories based on their samples. However,
my empirical data (interviews and surveys) revealed two main groups, tech-savvy and non-tech
savvy. There was a possibility to have another group possessing the intersection of the former
two, declared as moderate users (like (Vroman et al. 2015)), but to ensure simplicity and clarity
| opted for two types as of now.

Tech-savvy OAs -  OAs who spend more than 8 hours during a week on their mobile phone
and use basic functionality as well as mobile applications and wearables. Examples of mobile
applications are Whatsapp, Podcast, Headspace, and wearables such as Fitbit.

Non-tech savvy OAs -  Older adults who spend 0 to 2 hours during a week on their mobile

phones and rely on basic functionality only e.g. calling, texting.
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understand the potential di erences and commonalities and categorise the recom-
mendations accordingly.

RQ5- What are actionable and validated recommendations for software practi-
tioners to design and develop accessible and usable smartphone applications for
older adults?

Rationale- To produce a re-usable design support to aid practitioners in the
design and development of smartphone applications for older adults.

The end result of this research is Design Patterns, which aim to make it easier for
practitioners to implement the existing guidelines. Design patterns are considered
as one of the most e ective artefacts due to the clarity, context and explana-
tion they o er, yet least studied. Existing approaches or research artefacts e.g.
guidelines, heuristics and checklists are not applied by designers frequently due to
their poor speci cation which does not facilitate the implementation/development.
Therefore, this research study advocates for the need to continue developing and
proposing patterns to overcome common problems. These patterns can support
the improvement of technology Usability for older adults. The proposed patterns
from this study aim to be conducive to create well designed interfaces for older
adults, and be a starting point for designers to create accessible and usable smart-
phone apps for older adults. With the help of using these patterns, the technology
developed for older adults will fall in the intersection of Usability and Accessibility.

2.7  Summary

This chapter presents the state of the art of research into older adults in relation
to current technology o erings. Given the increase in the number of older adults,
and the problems associated with old age, technology has the potential to improve
their quality of life. This group of the population is shown to have distinguishing
characteristics that need to be taken into consideration when conducting research
into their technological needs. A critical analysis of the di erent types of tech-
nology such as websites, wearables, mobile apps, virtual and augmented reality
available to help this age group is presented.

The chapter focuses on smartphones, as a form of technology that is in common
use, along with associated applications for older adults along with their bene ts
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and limitations. Moreover, the classi cations of existing insights and guidelines
on how to develop and improve older adults experience with smartphone applica-
tions are presented. This discussion helps identify the problems and the research
gap that needs to be lled. In addition, the research questions to address the
research gap are presented. Finally, the rationale for presenting recommendations
in the form of design patterns is outlined, since they are found to help with design
implementation.
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3

Research Design

\To nd ideas, nd problems. To nd problems, talk to
people’

|Julie Zhuo, Interaction Design Foundation

3.1 Introduction

To answer the research questions, this research study is organized into clearly de-
ned steps. Mixed method research approach was used by following the guidelines
of (Creswell and Creswell 2017). It is an approach to inquiry involving collecting
both quantitative and qualitative data, integrating the two forms of data, and
using distinct designs that may involve philosophical assumptions and theoretical
frameworks. The core assumption of this form of inquiry is that the combination of
gualitative and quantitative approaches provides a more complete understanding
of a research problem than either approach alone (Creswell and Creswell 2017).
The thesis makes use of a mixed method approach of both qualitative and quan-
titative nature. It is a combination of primary and secondary studies involving
gualitative and quantitative data collection methods. A range of data collection
methods has been employed, such as literature reviews, semi-structured inter-
views, online survey, system usability scale, think aloud protocol, participatory
observation study. To analyse the data, | utilised thematic analysis, descriptive
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and inferential statistics. | have used design patterns as a support for presentation
of the ndings.

3.2 Sampling

It is practically impossible to study a complete population whilst conducting re-
search. Therefore, researchers study samples, a subset of the population. In this
research, a sample of older adults was chosen from the population using non-
probability sampling techniques (Creswell and Creswell 2017). This type of sam-
pling is suitable when the aim is to gain an in-depth understanding of a phe-
nomenon, rather than a general understanding. Three types of non-probability
sampling methods were employed during this research during di erent phases;
purposive, snowballing, and convenience, sometimes utilising multiple categories
in tandem. Table 3.1 shows the various type(s) of sampling techniques used for
each data collection method. It also presents an introduction to the method and
the requirements of this research. For instance, older adults over 50 years were
selected for the interviews. Strati ed sampling augmented with simple random
sampling was chosen for apps forum analysis to reduce sampling error and achieve
precision. This technique helped to highlight the speci ¢ sub-groups within the
population, smartphone apps in this case. Simple random sampling further helped
to achieve accuracy in the representation of each sub-group.

Table 3.1: Sampling Techniques used during this Research

Data Collection Method and Sam-
pling Technique
1. Literature Review - Literature

Description

It is imperative that software engineer-

review is a synthesis of relevant sci
enti c studies on a specic topic or
research question (Kitchenham et al
2009). Non-probability sampling tech-
nique was used, snowballing.

-ing research should be evidence bast
(Kitchenham et al. 2004). | conducted
a systematic literature review, becaust
it is a rigorous method for review of
existing research results (Kitchenham
et al. 2009). Guidelines of (Wohlin
2014) were used to identify and selec

D

U

—

studies.
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2. Interviews - Interviews in-

volve a researcher asking participants mary language was English and hac
questions and recording their answersdone some volunteering were recruite

(Creswell and Creswell 2017). In;
terviews can be structured, semis
structured or un-structured. Semi-

structured interviews typically con-
sists of a dialogue between research
and participant, guided by a ex-
ible interview protocol and supple-
mented by follow-up questions, probes
and comments (Creswell and Creswe
2017). Non-probability sampling tech-
nique was used, purposive.

eguestions to ask and needed more in

Idepth information.

Older adults over 50 years whose pri

O O

through press releases and radio publi¢
ity. | asked semi-structured open ended
interview questions from participants,
because | did not know exactly what

sight to understand older adults' view-
points. | wanted to allow older adults
for open-ended responses to gain in-

3. Surveys - Survey research design
are procedures in quantitative research

in which a researcher administers a sur-

vey to a sample or to the entire popu-
lation of people in order to describe the
attitudes, opinions, behaviors, or char-
acteristics of the population (Creswell
and Creswell 2017). The intent is to

assess trends, opinions, beliefs, and atsectional survey to gather data regard:

titudes for follow-up analyses and evalt
uations. The two common types of sur-
vey designs are cross-sectional and lo
gitudinal. Cross-sectional aims to col;
lect data at one point of time, whereas
longitudinal design is for studying same
people over time. Non-probability sam-

pling technique was used, convenience.

sPeople over 50 years were recruited

nimal costs for a particular point of time.

through press releases and email. Typ-
ical survey questions can be demag-
graphic, open-ended, closed-ended, rat-
ing questions, Likert scale, multiple
choice, or picture choice questions. |l
used a mix of these survey questions
in my research. | have used cross-

ing my research questions swiftly from
a larger group of older adults with min-
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4. Usability Study -  Usability in-

spection is the generic name for a setfrom a local retirement village. Addi-
of cost-e ective ways of evaluating user tional criteria such as language was th¢

interfaces to discover Usability prob-
lems (Nielsen 1994). They are eas

to use e.g., System Usability Scaleet al. 1996) to perform Usability test-

(Brooke et al. 1996). Non-probability

sampling technique was used, conve-highly versatile and robust tool (Ban-

nience.

People over 50 years were recruited

1372

same as for the interviews and surveys.
yl used System Usability Scale (Brooke

174

ing because it ful lls the need and is a

gor et al. 2008). | also asked three open
ended semi-structured interview ques
tions from the participants during this
study.

5. Think Aloud (TA) Protocol -

TA is performed by asking individu-
als to think out loud whilst interacting
with the system (Nielsen 2012). Field
notes and discussions are recorde
Non-probability techniques were used
convenience and snowballing.

These subjects were drawn from people
over 50 years who came back to us via
press releases or their friends, family
members, and colleagues. The distirn-
dguishing criterion for this phase was tg
, involve tech-savvy older adults who are
in possession of smartphones. More-
over, they should demonstrate that
they are adept at using at least two
smartphone applications regularly. |
began the session by asking just one
closed-ended structured question from
participants - Which of the two apps
on their smartphones do they like or
dislike most? | used TA to answer re-
search questions, because it is widely
used, inexpensive, exible and easy to
learn for participants. It also gen-
erates rich qualitative data with in-

experienced moderator of the session
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3.3 Inter-rater Reliability

6. Digital Content Extraction
from Ageing Forum Discussion
Analysis -  Digital content extrac-
tion is de ned as \Internet methods
that are used to collect qualitative
data for interviews, observation or doc+
ument analyses. For instance, web
pages are frequently used to condug
quantitative Internet surveys, but they
can also be used to observe groy
dynamics with or without interacting
with the group members as a qualita-
tive research method" (Im and Chee
2012). Non-probability sampling tech-
nique was used, purposive.

Forum should be only for users over 5
years who are active contributors, with
a discussion section on technology in
cluding recently active threads. | used
the guidelines of (Im and Chee 2012
before conducting this phase. | use
-ageing forums, because they were a
tpropriate to answer my research ques
tion for tech-savvy older adults. Older
padults were really open about their con-
cerns related to technology on these fqg
rums.

7. Digital Content Extraction
from App Forum Analysis - Same
as 6 above. The di erence is sampling
type. Probability sampling techniques
were used, stratied and simple ran-
dom sampling.

Applications should be explicitly de-
clared as for use by older adults.

j classi ed the selected apps into 9 cate
gories. After that | used simple random
sampling to choose 30% of the apps
| used the guidelines of (Im and Cheg
2012) before conducting this phase.
collected data from mainstream app
stores, as they share the main marke
distribution and were appropriate to
answer my research question for tech

savvy older adults.

O

-_— \UT U7

3.3 Inter-rater Reliability

3.3.1 De nitions

Inter-rater reliability is the extent of agr

eement between di erent raters. In the

beginning of the evaluation, three researchers coded and classi ed the recommen-
dations into a vocabulary with which the practitioners appear to be familiar. A
deductive approach was used. The Usability recommendations were mapped into
seven categories provided in Peter Morville's (Morville 2013) Usability honeycomb.
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3.3 Inter-rater Reliability

Similarly, the POUR principles provided by (W3C 2015) were used to map the

Accessibility recommendations. POUR is short for perceivable, operable, under-
standable and robust. Accessibility and Usability are closely related aspects in
creating software applications that work for everyone.

3.3.2 Choosing Cohen's Kappa

Di erent coe cients can be used for evaluating the agreement in classi cation of
recommendations between the three raters or inspectors.

Proportion Agreement- A straightforward approach to evaluate the agreement

is to consider the proportion of ratings upon which raters agree. This is, however,
considered naive as the agreement may have occurred solely by chance. According
to (Hartmann 1977), using proportion or percentage of agreement tends to produce
higher values than other measures of agreement. He discourages the use of pro-
portion agreement, because science is inherently about conservatism rather than
liberalism. In addition, the use of the proportion of agreement can be unreliable
(Suen and Lee 1985). Therefore, the use of proportion or percentage agreement
was not my choice for an evaluative measure.

S-Coe cient- Another option for evaluation of the agreements was the S-
coe cient proposed by (Bennett et al. 1954). However, he assumes that the
agreement by chance is due to raters assigning sub-categories/classes to the rec-
ommendations randomly at an equal rate.

Cohen Kappa- An alternative de nition for agreement is the raters' tendency to
distribute the classi cations in a certain way. This seems a reasonable assumption
a priori, in an inspection context. This is assumed to be the case with Cohen
Kappa's coe cient (Zwick 1988). | chose it because the three researchers, based
on their theoretical knowledge of the domain, would be expected to classify the rec-
ommendations in a speci ¢ way. It has also been established that Cohen Kappa's
coe cient can produce slightly higher reliability results in the case of more than
seven categories (Cicchetti et al. 1985). There were eleven in this research. More-
over, the Kappa coe cient is widely used in social and medical sciences and it has
thousands of citations to date (Umesh et al. 1989). In the medical domain, it has
been presented as a measure of agreement in reliability studies (Gordis 1996). A
variant of Kappa called weighted Kappa (Cohen 1968) was also considered, but it
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is most useful for non-nominal scales and when the relative costs of agreement can
be quanti ed. This does not apply to my work.

The analysis of these three options led me to use Cohen's Kappa (McHugh 2012)
because it is a robust and useful statistic tool for inter-rater reliability testing.

3.3.3 Interpretation of Cohen's Kappa

Existing literature suggests that a value of Cohen Kappa less than 0.45 indicates
inadequate agreement. However, values over 0.62 indicate good agreement and
values above 0.78 indicate excellent agreement (El Emam 1998). Altman's Kappa
Benchmark suggests the range between 0.61 to 0.80 is good (Altman 1990) in the
classi cation of recommendations between raters. Moreover, in software engineer-
ing it is extremely dicult to get a good agreement (EI Emam and Wieczorek
1998). Some examples of studies in software engineering relying on lower Kappa
values include (Lindvall and Sandahl 1998, Ahmed 2012 and Mantyla et al. 2017).
While Kappa values below 0 are possible, Cohen noted that they are unlikely in
practice. Cohen himself suggested that the Kappa result be interpreted as fol-
lows: values less than or equal to O as indicating no agreement and 0.01 to 0.20
as none to slight; 0.21 to 0.40 as fair; 0.41 to 0.60 as moderate; 0.61 to 0.80 as
substantial; and 0.81 to 1.00 as almost perfect agreement on page 279 of (McHugh
2012). Therefore, | set the threshold for Cohen's Kappa J to be over 0.61 for
this research.

3.4 Research Phases

The four key phases of this research process are shown in Figure 3.1. The input
of each phase was data, extracted by di erent methods, and the output was an
evaluated version of recommendations. Inter-rater reliability was employed for
the purpose of evaluation. Each phase fed into the next, thereby extending the
recommendations. After completion of the three phases, the recommendations
were transformed into a set of design patterns during Phase 4.
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Figure 3.1: Research Process

3.4.1 Phase 1 - Literature Reviews

In order to gain a broad understanding of any domain, a literature review is neces-
sary. This review provides a balanced and objective summary of existing research
about a particular topic (Brereton et al. 2007). | identi ed and reviewed the rel-
evant studies in the literature primarily using a snowballing approach. There are
other methods available (Keele et al. 2007), but | used guidelines of (Wohlin 2014)
because these help reduce noise/redundancy and lower the chance of missing a
relevant paper as opposed to using string-based searches in electronic databases.
Moreover, as this area falls in an interdisciplinary category, there was a potential
chance of missing an important study if | only looked at computer science and
software engineering sources. However, for identi cation of start set of papers,
search strings were applied on electronic databases.

Two literature reviews were done, each supplementing the other. The initial lit-
erature review was domain speci ¢, where social networking applications for OAs
were identi ed. To increase the scope, another literature review was conducted
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regarding recommendations for smartphone applications for OAs in general. A
cumulative sum of 56 primary studies was included in these reviews. The protocol
is reported in Appendix A. The steps taken during Phase 1 - Literature Reviews,
are depicted in Figure 3.2. For both literature reviews the primary studies or
documents were read to extract the information to answer the research questions.

3.4.1.1 Domain Specic Literature Review

A literature review on SNSs for the OAs (Coelho and Duarte 2016) led to a start
set of seven papers, to perform forward and backward snowballing. Inspecting
references (217) and citations (370) of the start set, left 594 studies to be inves-
tigated. 51 primary studies were selected matching the inclusion and exclusion
criteria to achieve the objectives.

N

To identify the problems and needs of OAs for new social networking applica-
tions.

To understand the characteristics of social networking applications used by OA,
and, by implication, extract recommendations for developing social networking
applications for the OA.

3.4.1.2 General Review of Literature

Another literature review was conducted to study the recommendations for the de-
velopment of usable and accessible smartphone applications in general. A recently
published study (Nurgalieva et al. 2017) in the Conference on Human Factors
in Computing Systems (CHI'171) was selected as a base paper for forward and
backward snowballing. This paper focused on recommendations for developing
touchscreen devices for older adults. Two iterations of snowballing led to satu-
ration. The primary criterion for a study to be included for analysis was that

it focused on recommendations for the development of smartphone applications
only. Five studies that matched this inclusion criterion were then read. These
studies were also referred to in a recent study as reporting recommendations for
smartphone application development for older adults (Nurgalieva et al. 2019).

1https://chi2017.acm.0rg/
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