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Abstract

The purpose of this thesis was to find out and describe what factors in mobile applications indicated accessi-
bility of mobile applications. The aim of the thesis was to gather this information for the client of this thesis,
Kela, and to provide it in a compiled manner for the development process of accessible mobile applications.

The research method of the thesis was the methods of the narrative literature review. The narrative litera-
ture review is used in studies aimed at creating the widest possible overview of the topic under investiga-
tion. The literature review data consisted of nine studies(n=9) and the data was collected from the following
databases; Pubmed, EBSCOhost / Cinahl complete, ScienceDirect and Scholar Google. The dataset was lim-
ited to 2015-2021 and used search terms were accessibility, mhealth, mobile health, mobile phone, smart-
phone, mobile application, app, usability, user needs and self-management. The data was analyzed by the-
matic analysis method.

The results of the research showed that accessibility is reflected in mobile applications as technical features
and cognitive properties. Technical accessibility is related, for example, to the mobile application user inter-
face, which must be clear and logical and available using assistive technology if necessary. Proven features
also include applications predictability and mobile intuitiveness. An accessible mobile applivation can provide
tips and instructions when needed. Cognitive accessibility, on the other hand, describes the clarity of the
content and information of the mobile application. All user group benefits from the accessible services.
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1 INTRODUCTION

Accessibility is intended to promote equality. In the digital world, accessibility means that every
user, regardless of their characteristics, is able to use a digital service or application. Accessibility
can be seen as a model in which the starting point is to pay attention to people’s diversity and dif-
ferent ways of acting and perceiving information. Accessibility is a broad concept. What is achieva-
ble for me can be completely unaccessible for another person. It is estimated that 20% of Finns

need accessible services in order to be able to operate in a digital environment (Selovuo 2019, 15).

According to the digital services act (306/2019), mobile application provided by a public authority or
other comparable operator must be accessible from 23 June 2021. The mobile application must be
such that each user, regardless of physical or cognitive limitations, is able to use it or, if necessary,
is assisted by assistive technology. Accessibility is an important factor in considering the digital ser-
vices of the future in social and health care. Mobile healthcare solutions (Mhealth) can be one factor

in responding to more equitable access to healthcare.

The client organisation of this thesis is Finnish Social Insurance Institution, Kela. The purpose of the
thesis is to find out in the form of a literature review what factors affect accessibility from the user's
point of view. This information can be utilized by the client in the development work of the Kanta
mobile application. In this thesis, accessibility is assessed on the basis of WCAG (Web Content Ac-
cessibility Guidelines) guidelines and criteria. The WCAG guidelines consist of four different factors,
which are perceivable, understandable, operable and robust. WCAG criteria provides a good basis
for assessing digital accessibility. The criteria do not provide direct answers to all accessibility chal-

lenges, but they do serve as a good guide for application design and development.

This thesis does not provide direct technical guidance on how to build an accessible mobile applica-
tion. The literature review gathers information on the accessibility of mobile applications and this
information can be applied to other development work. The results can also be used and applied in

other digital service design work.
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DESCRIPTION OF THE BACKGROUND ORGANIZATION OF THE THESIS

The following section introduces the background organization of the thesis. The presentation is
made for the reader of this thesis to understands in more detail the context in which the thesis is

placed. The section briefly describes the operations of Kela and Kanta services.

The Social Insurance Institution of Finland and strategic objectives

The Social Insurance Institution of Finland, Kela, established in 1937, provides social security cover-
age for Finnish residents and Finns who are living abroad. Kela provides basic economic security in a
situation when a person can't providet it for self. Examples of social security coverage offered by
Kela can be basic social assistance, rehabilitation, family assistance, health insurance, basic pensions
and finance aid for students. (Kela 2021.)

Kela provides customer services in many ways and a customer can choose the option which suits
the best. Services are available online, by phone or e-mail and in local customer service locations.
Online and Interner services are fast way to handle Kela matters. Via online services customer can
for example apply most Kela benefits and see application and payment details. Strong identification
is needen when accessing to online services. Phone service is provided in Finnish, Swedish and Eng-
lish and the service is devided into different life situations. Customer service location are open at
weekdays between 9.00 to 16.00. Customers can also get service at a citizen service checkpoint

where where application and online service is also provided. (Kela 2020.)

Our vision: We are a service innovator that creates
wellbeing and helps people manage their lives better.

Improving
.
O u r St ra ‘te I C > o customer We will clarify our service
g I & experience offering and reduce

) unnecessary actions by

v : ' ‘ - customers. Streamlining
O J e C I Ve S customer journeys and our
own processes enable us to

allocate resources for those
in need

Reaching our strategic

objectives requires seamless Embracing trust N

cooperation and a culture of and cooperation

trust in relation to our Use of data We use data to benefit our
customers, our partners and and flow of customers, our partners and
each other. We will give our P information the sooety" at large. An

staff more autonomy both &: excellent customer experience
internally and in cross- and well-functioning digital
government collaboration. i services require greater

efficiency in exchanging and
combining data available from
various sources.

KelaIFpa Ihmista arvostava, osaava, yhteistydkykyinen, uudistuva

FIGURE 1. Strategic objectives of Kela (Kela 2021)

Figure 1. clarifies Kela s strategy. Kela "s strategic objectives are; embracing trust and cooperating,
improving customer experience and use of data and flow of information. Embracing trust and coop-
erating can be exist when trust inside one s organization and between partners increases. Customer
centricity and digitalization requires trust between customers, partners and each others. Improve-
ment of customer service exprecience can occure when Kela s staff have an experience of different

customer servicer segments and knowledge of how to provide service in different digital services.
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Use of data and flow of information means that Kela s data and information will be utilized at the
level of the individual and society. Developing the customer experience and promoting digitalisation

requires combining different sources of information. (Kela 2020.)

The results of my thesis can be utilized in the development of a customer-oriented mobile applica-
tion. Considering accessibility increases the customer’s ability to use the application and at the same
time reduces the need to contact with the authorities. Consideration of customers' experiences is a

significant part of Kela's strategy.

2.2 Kanta-services

Kanta produces digital social and health care services and it is maintained by Finnish Social Security
Institution, Kela. The users of Kanta services are Finnish citizens, public and private social and
health care services and pharmacies. Kanta servcies consists of my kanta-pages where a user can
browse own medical record, prescription and make an online repeat for prescription. All prescription
are issued electronically and dispensed via Kanta services. Kanta-services also include a medicine
database. It provides information on medicines and their prices, for example. Patient data reposi-
tory and client data archive for social welfare services allows centralized archive of electronic social
and health care storage. Kanta services includes also the ability to exchange health certificates as
well as the Kelain service, where a doctor can make an electronic prescription. Every Finnish citizen
benefits from the services. Patient information is always up to date and the patient receives the
right kind of care. In addition, the information stored in Kanta allows for better information manage-

ment and better decision-making. (Kanta 2021.)

The development of the mobile application for Kanta services is related to Kela's strategic objec-
tives. The aim is to develop customer experience and streamline customer processes with different
partners. The purpose of the mobile application is to make it easier to use Omakanta-service. This
will also enable the reform of social and health care processes. Mobile application will be more in-
teractive than the current Omakanta. Triggers have also been identified in almost all Kanta-ser-
vices, such as patient data repository and client data archive for social welfare services. The aim is
to improve the service and get more users to Omakanta, add a positive image of Kanta services and

increase the safe use of the service. (Nurmi 2021.)
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3 ACCESSIBILITY, USABILITY AND USER-CENTERED DESING IN MOBILE APPLICATIONS

The following section discusses the most important concepts of the thesis. The key concepts are
Ehealth and subcaterogy Mhealth. The concept of Ehealth is also referred to as telehealth and tele-
medicine, which are parallel terms. The term Mhealth is used in this thesis. In addition to this, the
concepts that support the thesis as a whole are user-centered design and, as the main theory of the
thesis, the theory of accessibility. This entity is finally intertwined with a theoretical description of

usability. A more detailed description of each concept can be found in its own paragraph.

3.1  Mhealth as an enabler of more equitable health care services

Digital health or Ehealth refers to the use of ICT technology in support of health. Mobile health,
mhealth, is a subset of ehealth and it can be defined as a use of wireless and mobile use of technol-
ogy for supporting health. (WHO 2019, 1.) Mhealth services are projected to improve the availability
of health services in the future. The applications are also estimated to improve health and well-be-
ing. Mhealt sees the easy access to its own health information as an advantage. The user can view
own health information wherever they are. (Holopainen 2015.) Mhealth means the use of mobile
and wireless technologies to contact, communicate and promote individuals health and well-being
(Musselwhite, Freeman & Marston 2017, 4).

mHealth ¥

U ¢ &

mobile devices Personal Digital smart watches & other body-wom devices
Assistant (PDA) or implants

With these devices It is possible

to collect big amounts of data such as

Y =¥ X

health monitoring Lifestyte daily activity

o patients can take control @'
with this data, your doctor of their health: G

will make a better diagnosis accessing thelr records or

& give the best treatment getting reminders about &y)

thelr medication

FIGURE 2. mHealth — what it covers (European commission 2020)
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Mobile health applications refer to medical and public health practices and this concept is explained
in more detail in Figure 2. These practices utilize, for example, mobile phones, laptops, and other
wireless devices. The concept of mhealth also includes various wellness applications as well as smart
watches. The concept also includes personalized reminders related to healthcare / wellness / medi-
cation via SMS and wireless applications in telemedicine. Healthcare mobile applications have a
great potential to impact people’s daily well-being through a variety of sensors and applications. Ap-
plications can enable the development of better evidence-based care practices. In addition, users

get their own health information faster through the applications. (European commission 2014, 3.)

Digital health services are estimated to improve and balance people’s health and lives. Mhealth ser-
vices works as a mobile link between healthcare practitiones and clients, provide information and
feedback how to improve own health related issues. At its best, mhealth can provide a lot of good
for people’s well-being in the future. However, there are still many open issues to be addressed,
such as security and privacy, reflection on how applications can increase health instead of well-be-
ing, and how an aging population can take advantage of healthcare technology. In the future, the
industry needs more research on standards and usability. (Musselwhite, Freeman & Marston 2017,
3.)

There already exist many mobile applications for mobile healthcare and wellbeing. Application users
are accustomed to use different applications. If the application does not work for user, the user will
will change to use another application. The application designer must therefore take user-oriented
design into account in the application development work. Mhealth applications are popular today
and the use is projected to grow a lot in the future. The information collected by devices and appli-
cations cannot yet be fully utilized. The wider use of this information gathered in the future will help

in the development of health care. (Holopainen 2015.)

Development and different innovations in ehealt field increases all the time. Pioneers in the field cer-
tainly could not predict how fast the sector would develop and what all ehalth could allow and that
ehealth services has become mainstream in many areas of healthcare. More advanced telecommuni-
cations infrastructure enables the development and utilization of higher-quality mobile digital ser-
vices. Computers and mobile devices are beginning to reach the level where high-quality e-health
services can be delivered. In the future, the distinction between a face-to-face meeting and a re-
mote consultation will slowly begin to disappear, and it will no longer matter as much how the as-

sessment of treatment takes place. (Nesbitt 2018, 11-12.)

3.2 User-centered design is collaboration between the users and the designers

In user-centered design, service users and designers interact with each other. Interaction is an on-
going process during which a service is developed, evaluated, and defined. It is important to con-
sider the different users of the service. User centered design consists of taking into account usability
requirements and accessibility requirements. Design for all meets this goal and is based on the idea
that every user should be able to use the services extensively without customizations or special de-

sign. User-centricity takes into account different functionalities that help the user to use the service
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as they wish. The service should be easy to learn, effective to use and, if necessary, provide feed-

back to the user on errors made by the user. (Voutilainen 2020, 103-104.)

The ICT sector is constantly evolving at a rapid pace and changes to technological solutions are of-
ten made. Users of technological solutions are not a unified group of people and often this group
has a great need for workable and usable digital solutions. The solution to this challenge can be
seen the design of user-centric services. The end user is closely involved in the process throughout
the product development. User centered approach is devided into three steps which are an analysis
and design phase, a development phase and a validation and evaluation phase. (Deuff & Coscuer
2013, 1.)

User centric design, accessibility and usability have much in common. Accessibility standards provide
a good starting point for accessible digital services but it may not produce ideal usability for the cus-
tomer. Understanding accessibility enables the development of a wide range of services. There is no
need to sacrifice good ideas in planning. Good and achievable result can be created from them. So-
ciety relies on digital services and all people who use these services benefit from the accessible ser-
vices. Accessibility standards are not equal and these standards should be applied as needed.
(Lazar, Goldstein & Taylor 2015, 75-76.)

User-centered design can improve accessibility. Service design and design for all -model helps to
understand the needs of end users. This enables the development of a clear, user-centered and ac-
cessible product. Accessibility is well advanced when the content of a website or application is in

order, the written text is clear and the service / product is easy to find. (Overmark 2018.)

3.3 Accessibility emphasizes diversity

Accessibility concept means that as many different people as possible can use the digital service as
easily as possible. The key theme is to take into account the needs and specificities of different us-
ers in the implementation of digital services and systems. By comparison, the accessibility of the
physical world means, for example, the ease of movement in a buildings. There is a social level for
taking accessibility into account; it guarantees equality between different users. Accessibility is also
customer centricity, in which case the planning of digital services must take into account the diverse
situations, physical and mental limitations and needs of different users. The design of the digital ser-
vices to be accessible must therefore take into account the technical implementation, ease of use
and clarity of the content. It is estimated that more than one million Finns need to use more acces-
sible online services. The need for more accessible content can be influenced by, for example, the
followings: visual impairments, hearing impairments, developmental impairments, learning difficul-
ties, mental health problems, poor language skills and limited experience in using digital services.
(Aluehallintovirasto 2021.)

Accessibility also means that the content of a website is accessible to all, the content is comprehen-
sible and accessible to all, and that equality between all people is achieved. Attention to accessibility
allows a wider user group to take advantage of a variety of features. At its simplest, the right choice
of colors, the clarity of images and text, and the layout of content on a website can help the user to

perceive the content better. There are many users in Finland who benefit from accessibility. 20% of
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people need accessible services. A large part of this group is people with cognitive barriers, such as
cerebrovascular disorders and memory disorders. In addition to this, accessible services are needed
by, for example, the visually impaired, the deaf, people with motor challenges, the elderly, children

and young people, and people with who have challenges wirh language. (Selovuo 2019, 13-15.)

Society's services are moving online. In short, this means digitalisation. The services emphasize in-
dependent information retrieval, self-service, and digital services must also be able to use and un-
derstand its operation. Digital services bring financial savings as well as the opportunity to use the
services regardless of time and place. Alongside digitalisation, the ability to use electronic services

will be emphasized in the future. Not all people are able to use services equally. (Selovuo 2019, 5.)

The Finnish Constitution law guarantees equal treatment of people. Accessibility is the realization of
equality and it seeks to take into account in advance and guarantee the possibility for people with
disabilities to use, for example, digital services and access to various buildings and facilities. Accessi-
bility is one of the principles of the UN Convention on the rights of persons with disabilities. Accord-
ing to the agreement, the disabled person should have the right to access to the physical environ-
ment, transportation and information and communication technologies and systems. In addition, the
European Parliament's directive on the accessibility of public sector websites and mobile applications
(2016/2012 Accessibility Directive) entered into force on 22 December 2016. The aim of the di-
rective is to promote accessibility of digital services for people with disabilities. (Voutilainen 2020,
108-109.)

3.4 The WCAG criteria are the basis for accessibility requirements

The digital service act (306/2019) obligates public authorities to comply with accessibility require-
ments. Law includes three mendatory requirements; the service and content must meet accessibility
requirements (306/2019, 7 §), accessibility and its condition must be assessed in the accessibility
report (306/2019, 9 §) and the service should include a feedback channel for submitting accessibility
feedback (306/2019, 10 §). The law does not guarantee fully accessible content, but it allows ser-
vices to be used on a variety of devices and technologies. The law applies extensively to the content
and functionality of various websites and mobile applications. Public sector mobile applications must
comply with the regulations from June 23 2021. (Aluehallintovirasto 2021.)
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Equality
N
Accessibility
Understandable Operable Robust

Perceivable

FIGURE 3. WCAG Accessibility factors (Voutilainen 2020, 110)

The Web Content Accessibility Guideline(WCAG) is a standard and core for accessible digital ser-
vices. The WCAG standard is the result of many stakeholders and the instructions are quite clear to
follow. Standard consists of four factors (Lazar 2015, 78). Digital accessibility includes four compo-

nents, as shown in figure 3.

Perceivable means that parts of the digital service interface are made visible to the user. To meet
the criterion, a textual equivalent for non-textual content should always be provided. Also, multime-
dia content should always be provided with subtitles or some other alternative. Content should be
able to present in a variety of ways using assistive technologies without losing its relevance. Content
should be easy to see and hear. Visibility refers to, for example, the clear use of colors, considera-
tion of contrast, adequate text size, placement of text sections, and blank space on the site. For this
criterion, alternative ways of presenting content should also be considered. For example, a blind
user benefits from receiving subtitled information about what the image contains. Understandable
means that the content information and the users interface must be logical and understandable.
The text and information must be clear, comprehensible and informative. The functional use of the
site or application must be logical, smooth, and predictable. Users should also be assisted to avoid
error situations. All content should also be predictable and and all information should be presented
in a manner that it is accessible to all users. Operable interface takes into account the controllabil-
ity of the user interface component and navigation. All functionality must be available on the key-
board or other assistive tehcnologies. The content should be such that it does not cause seizures or
physical reactions. Ease of content and navigation are also part of meeting this criterion. Robust

digital service is able to utilize different kind of assistive technology. This factor takes into account
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that the content of an application or website is technically accessible with various assistive technolo-
gies, excluding obsolete and unused technologies. (Voutilainen 2020, 108-109; Selovuo 2019, 69-
91.)

User experience/UX and user interface/UI has a strong connection and the difference between is
low. The user experience is more about the feeling that the product evokes. The feeling can be af-
fected fox example by the product's visuality, clarity, ease of use. The user interface, on the other
hand, refers t what the site or application looks like on a computer or on mobile phone screen.
(Contrast 2016).

3.5 Different perspectives of usability and accessibility

International Organization of Standardization has defined usability as follows. * The extent to which
a product can be used by specified users to achieve specified goals with effectiveness, efficiency,
and satisfaction, in a specified context of use” (Geisen & Bergstréom 2017, 3). Usability and accessi-
bility share a lot in common and some sources sees accessibility as a subtype for usability and other
sources sees usability as a subtype for accessibility. Both concepts has the idea of solving the same
problem, but from a different perspective. For example, mobile application which is usable for nor-
mal user may not be accessible to a blind user. Product planning is not about making products just
for people with disabilities. However, taking into account the needs of people with disabilities helps
to design more accessible services. (Kjellberg 2019, 27.) Usability can be measured by different
methods, but it is also ultimately a subjective experience. The experience is influenced, for example,
by the characteristics of the user and the situation in which the use takes place. (Allanwood & Beare
2019, 54.)

FIGURE 4. Usability factors (modified from Nielsen 2012)
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The usability of a mobile application is an important factor when thinking about product quality. In
figure 4. usability is defined how easy a product is to use, how effective it is, how easy it is to learn
to use, how error-free the product is, and how it satisfies the needs of users. In short, usability can
be thought of as the functional sides of a product (Ye 2017). The usability of the product can be
assessed by using the product in a real situation. If users complete the task quickly and effortlessly,
the product can be classified as good. If the user does not know how to use the product, the fault is
not in the user but in the usability of the product. Usability is an attribute that can be used to meas-
ure how easy a product is to use (Papunet 2020). Taking usability into account in digital services is
an important factor. For example, if a company’s website is bad or doesn't work, people will no
longer use the pages. The same applies if a person cannot find what they want on a page or ser-
vice. (Nielsen 2012.)

User-centered
design

Accessibility

Usability

FIGURE 5. Adaptation of user centered design, accessibility and usability (modified from Nilsen
2012; Overmark 2018)

Adaptation of user-centered design, accessibility, and usability could be applied in a manner similar
to Figure 5. Usability forms the outermost layer of the circle. In terms of usability, the user can con-
sider, whether the application is functional and efficient, whether it is desired to be reused or
whether it meets the user's needs. The next layer consists of the concept of accessibility. At this
point, the user can consider whether the user is able to use the application despite limitations or
whether there are barriers to use in the application. User-centered design can be summed up in the
idea that services should be designed according to the design for all - model and it serves as a good
basis for accessible and usable services.
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The line between usability and accessibility is sometimes small. However, these concepts are closely
intertwined. Usability answers the question of whether a service is efficient and effective, while ac-

cessibility answers the question of whether a service can be used on an equitable basis by everyone.
(Koskela 2017.)
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4 PURPOSE AND AIM OF THE THESIS

The client of this thesis is Finnish social security instituntion, Kela. Kela's organization and activities
are described in more detail in section 2.1 of the thesis. The aim of this thesis is to produce infor-
mation about the factors indicating the accessibility of mobile applications. The purpose is to get
acquainted with the studies that have investigated the accessibility of mobile applications and to

highlight the research results from these studies.

The research results can be utilized in the development of the Kanta-service mobile application.
Kanta services are developing a mobile application. Accessibility of the mobile application is im-
portant for every citizen to be able to use the application independently and smoothly. Research

questions in this thesis are:

- What factors in mobile applications increases accessibility for the user?
- What factors, according to the literature review, are related to the perceivable, understandable,

operable and robust sides of mobile application?
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5 METHODOLOGY AND ANALYSIS OF THE THESIS

The chapter introduces the study method, descripition of the literature search and data analysis.
The chapter describes the process of literature seach process and a theory of thematic content anal-

ysis. Finally, the last section introduces the information about data search.

5.1 Narrative literature review

At the beginning of each study, the researcher should conduct a literature search related to previous
studies. The literature review has a strong foundation in the research context. Literature review re-
search method is based on process-like method. The study should be reproducible and based on
current studies. The aim of the literature review is to develop a theoretical understanding of one's
own field and to assess the validity of the theory. The method makes it possible to form an overall

picture of a specific topic area. (Suhonen, Axelin & Stolt 2016, 7.)

Literature review includes different types of reviews. The review can be, for example, narrative liter-
ature review, systematic review or meta-analysis. The purpose of the narrative review is to describe
and summarize the information related to the topic, its scope, amount and depth. The literature re-
view reviews scientific articles. The process should be described and include information on the ac-
quisition of the material and the synthesis of the material in tabular form. The literature review may
have methodological shortcomings, for example, it does not take a position on the reliability of the
material. Literature reviews assess the quality of original studies. However, evaluation often does

not lead to the rejection of studies from the review. (Suhonen et al 2016, 8-9.)

Literature review begins with identifying a research problem. This gives direction to the whole study.
It is a good idea to be clear and precise enough about the research question so that the researcher
can process all the material he or she finds. After that the researcher performs a literature search
and material selection. The level of the material selection process depends on the type of literature
review, but the narrative review is a less systematic method. The purpose is to search for all studies
that matches the research question. (Niela-Vilén & Hamari 2016, 23-30.)

Narrative literature review is flexible in its form of implementation. In addition, precise methods and
rules do not define the implementation of the review and the material used can be extensive. The
research questions also guides research much more flexibly than in more specific meta-analysis ap-
proach. (Salminen 2011, 6.)

This thesis utilized the methods of narrative literature review because it allows a broader description
of the phenomeno. The work began with brainstorming a research question. After that, I did a data
search in different databases to be able to create an image of how much information already exists
on the topic. After compiling the material, I moved on to compile and describe the research results.
For a narrative literature review, I gathered and searched different databases for the most recent
and diverse information possible. The literature review's material was selected on the basis of its
availability and suitability. In the procurement of the material, the entry and exclusion criteria also

set their own conditions for the selected material.
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The purpose of the literature review is to show the amount and quality of existing information on

the topic. There are a lot of guidelines for making a literature review. The key is to make an accu-

rate plan for information retrieval and document the information retrieval process. The purpose of

this is to find all relevant information on the topic. In order to determine more specific criteria, the

researcher should define inclusion and exclusion criteria for the studies. (Valkeapaa 2016, 56.) Table

1 expresses the inclusion and exclusion criterias of the literature research.

TABLE 1. Inclusion and exclusion criterias for data collection of the thesis

Inclusion criterias

A study or article discusses the acces-

sibility of mobile health application

The study or article has been pub-
lished between 2015-2021

Finnish or English literature
Free literature

The study or article addresses the

user’s perspective on accessibility

The title or abstract contains at least
one of the following keywords: acces-
sibility, mhealth, mobile health, maobile

phone, smart-phone, mobile applica-

tion, app, usability, user needs, self-

management, self-care

Exclusion criterias
A study or article does not discuss the accessibility of
mobile health applications

The study or article was published before 2015

Non-Finnish or English literature
Paid literature

The study or article does not address the user’s per-

spective on accessibility

The title or abstract does not include any of the fol-
lowing keywords: accessibility, mhealth, mobile
health, mobile phone, smart-phone, mobile applica-
tion, app, usability, user needs, self-management,

self-care

The material for this literature review was collected from Pubmed, Sciencedirect, EBSCOhost(CI-

NAHL complete) and Scholar Google databases. Access to these international databases was ob-

tained through a license from Savonia University of Applied Sciences. These databases could be re-

motely accessed by logging into the Savonia University of Applied Sciences network with my own

user IDs. During spring 2021, Savonia university of applied sciences informaticist provided guidance

on the selection of the right databases and the use of databases. The informaticist guided the use of

the right keywords. The keywords used were accessibility, mobile application, mobile app, mhealth,

mobile health, mobile phone, smart phone, self-management, self-care, usability, user need and

plural forms of words. All other digital accessibility material was rejected.
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The material was selected from years between 2015-2021. The aim of the review was to use the
latest researched data and therefore this was the limitation. The material or research text had to be
fully available and free of charge. The language of the material had to be either Finnish or English.
No other language options were accepted for the study. The studies had to address different factors
of accessibility of mobile applications. The accessibility perspective had to be the user perspective
and which features from the user perspective create or reduce the accessibility of mobile applica-
tions. Primarily, studies related to the accessibility of mobile applications used in healthcare were
selected for the review, but studies on mobile applications in other fields were also accepted if the
study dealt with the accessibility of the application from the users point of view. No other re-
strictions were made between the application user group. Kela offers services to everyone, in which

case accessibility must be taken into account extensively without highlighting any specific user
group. The publication also had to be a scientific study or an article.

TABLE 2. Study and article selection process

Included by title Included by full
Database: Results with limiters:

and abstract: text:
Pubmed 88 5 3
EBSCOhost / Ci-

38 3 2

nahl complete
Scholar Google 48 5 3
ScienceDirect 62 3 1

The last search of the Pubmed database was made on May 26, 2021. The keywords accessibility,
mobile health, mhealth and app were used as keywords. The search was targeted to the title and
abstract(Accessibility AND “mobile health” OR mhealth AND app). The search returned a total of 88
results at that time. Five results were taken for review on the basis of title and abstract, of which
three results were accepted.

The last search of the EBSCOhost / Cinahl complete database was performed on May 26, 2021. The
keywords accessibility, mobile health, mhealth and app were used as keywords. The search was tar-
geted to the title and abstract ( Accessibility AND (mhealth OR "mobile health") and app*). The
search returned a total of 38 results at that time. Based on the title and abstract, 3 results were in-

cluded in the review, of which 2 results were accepted.

The last search of the Scholar Google database was made on May 3, 2021. The terms accessibility
and mobile applications were used as keywords. The search was targeted to the title (allintitle: Ac-
cessibility "mobile applications"). The search returned a total of 48 results at that time. Based on the

title and abstract, 5 results were included in the review, of which 3 results were accepted.

The latest search of the ScienceDirect database was performed on June 1, 2021. The terms accessi-
bility and mobile applications were used as keywords. The search was focused on the title and the

abstract ("Accessibility" AND "mobile application"). The search returned a total of 62 results at that
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time. Based on the title and abstract, 3 results were included in the review, of which 1 result was

accepted.Nine articles were finally selected for the literature review. All articles were in English. No

Finnish-language research or articles were found in the literature review.

Nine studies( N=9) were selected for the literature review. Results are presented in Table 3. Of the

selected studies, five addressed the accessibility of mhealth applications. One study related to the

mobile applications used in Brazil, and their accessibility, used in the banking, security, economy,

and tourism industries. One study related to accessibility of mobile applications in the fields of social

media, education, entertainment and the economy, and one study addressed at the accessibility of a

mobile application used in education. One research was a literature review of mobile accessibility

criterias. Studies that did not directly address the accessibility of mobile applications were excluded

from this literature review.

The majority of the selected studies were reflecting healthcare mobile applications. Studies related

to the accessibility of mobile applications in other industries have also been carefully considered.

Mobile applications from other selected industries represent different industries and also provide in-

sights from non-healthcare industries. Overall, it can be estimated that the mobile applications in

the selected industries represent the entities that process people's private and confidential infor-

mation. In addition, industries represent entities that may typically be represented in people’s daily

lives, such as industries related to banking, finance, or education.

TABLE 3. Characterictics of the selected researches(n=9)

Writer(s) | Article/research | Research method | Objective of the study Results
and year
Application devel-
A Pilot Evalua- opers need to be
tion of Mhealth Develop and test a pro- | aware of accessibil-
. app Accessibility totype app accessibility | ity criteria. Devel-
Radcliffe . .
for Three Top- - testing protocol and in- | opers need tech-
et al. . Validity study . . .
2021 Rated Weight form recommendations | nical guidance on
Management for how to resolve com- | how to ensure the
Apps by People mon accessibility issues. | application’s inter-
with Disabilities face and design ac-
cessibility.
Making Self- After adding the
Management desired accessibil-
Mobile Health ity features, the
Zhou et Apps Acce55|.ble Qualitative Single- To |den'f|fy an approach | performance of t.he
Al 2020 to People With Subiect Stud how to improve acces- | users of the appli-

' Disabilities: ) y sibility of Mhealth apps. | cation improved.
Qualitative Sin- Users liked that the
gle-Subject application could
Study be customized.

A Roadmap To- . . - The study provides
. Literature review, | To propose guidelines .
. wards Mobile . guidance for de-
Correia . observation- for development of mo- | " .
Applications . . . signing more acces-
et al. with Accessibil- based analysis bile application to en- sible mobile apoli-
2019 and user-centered | sure accessibility with PP

ity for Visually
Impaired users:

evaluation

usability.

cations. The type of
impairment causes
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Guideline and its
Evaluation

different needs in
order for the mo-
bile application to
be accessible.

An Mhealth App
for Users with

To increase the usabil-

After redesigning
the application,

Daihua et Dexterity Im- Usability study itv by increasing the fewer touches
al. 2019 . Y method y ,y . g were needed to
pairments: Ac- app’s accessibility .
- complete the given
cessibility Study
task.
Application devel-
opers should be
Study of Acces- . . tr.a.ined on. accessi-
Ballan- s . . To provide a view of the | bility reguirements.
sibility guide- Systematic litera- . N
tyne et . . . current state of mobile | Many applications
lines of Mobile ture review - .
al. 2018 . accessibility are accessible at
Applications
the system level
but not at the us-
age level.
According to the
study, the accessi-
Accessibility in To characterize mobile | bility of mobile ap-
livei Mobile Applica- licati lop- licati
Oliveira ‘ obile Applica Systematic map- app |c§t|on develop ‘ plications r.1eeds tco
et al. tions for Elderly in ment issues concerning | be further investi-
2018 Users: a System- ping accessibility for elderly | gated. There are
atic Mapping people still few guidelines
for accessible mo-
bile applications.
Accessibility of Personalizing the
Daihua et mHealth Self- __ To explore the accessi- application to meet
Care Apps Descriptive study . . the needs of the
al. 2015 . bility of iMHere app
for Individuals user can solve ac-
with Spina Bifida cessibility barriers.
Accessibility The needs of the
Needs and Chal- users of the appli-
Daihua et lenges of a Descriptive and To explore and identify | cation differ. Per-
A1 2015 Mhealth System | observational the accessibility needs sonalized applica-

' for Patients with | study and preferences tion can increase
Dexterity Impair- the accessibility of
ments the application.

The study empha-
sizes the im-
portance of further
Accessibility To discuss the method- | research into the
Serra et Evaluation of E- ological adaptations of | accessibility of mo-
Al 2015 Government Case study WCAG 2.0 for the con- bile applications as

' Mobile Applica- text of mobile applica- | well as the im-

tions in Brazil tion portance of more

detailed mobile ap-
plication accessibil-
ity guidelines.
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5.3 Thematic data analysis

The material of this literature review was analyzed by thematic analysis. Thematic analysis is well
suited for qualitative research. The aim is to extract from the material the most important topics and
concepts for the research question. (Eskola & Suoranta 1998.) Different themes can be formed the-
oretically or content-based. In this thesis, the themes were based on theory. The analysis of the
material was guided by my research questions as well as the WCAG standard and principles of ac-
cessibility. A more detailed description of the standard can be found in Chapter 3. My research ques-

tions in this thesis were as follows:
- What factors in mobile applications increase accessibility for user?

- What factors, according to the literature review, are related to the perceivable, understandable,

operable and robust in mobile application?

After obtaining the research material, the material was carefully reviewed. The material was care-
fully read to obtain the widest possible overall picture. The analysis of the research material was
based on four different principles of accessibility of the WCAG criteria. The main categories were
found directly in the WCAG principles, which are: perceivable, understandable, operable and robust.

The material was analyzed and themed according to four principles

The material was reviewed in such a way that, under each principle, the elements emphasizing ac-
cessibility that emerged from the literature were searched. I systematically grouped the emerging

expressions and elements under each principle. Table 4 shows an example of the main categories

and the results of the data.

TABLE 4. An example of the thematic data analysis

Perceivable Operable Understandable Robust

Often the reading order of | Make sure that all | Clear and understanda- | The visual elements of the

the text content is also the buttons and ble text. (Daihau, Par- application must be correctly
based on a visually sensi- | navigational fea- manto, Dicianno & Pra- | labelled in the application
ble order. Users of assis- | tures of the appli- | mana 2015) code. (Correia et al 2019)
tive devices may have cation are acces-

challenges in understand- | sible. (Radcliffe,
ing the information and Lippincott, Ander-
texts. ( Serra et al 2015) | son & Jones
2021)
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Different color combina-
tions and poor contrast
make it difficult for the
visually impaired to read
the text. This should also
be taken into account in
situations where the mo-
bile application is used in
different lighting condi-
tions. (Serra et al 2015)

Possible to enter
values manually
using the key-
board or voice in-
put. (Radcliffe et
al 2021)

Most of the errors are
related to running the
application. For exam-
ple, the user may forget
to save the information
they have entered. The
brief instructions pro-
vided by the application
can help the user to op-
erate the application
correctly. (Daihau et al
2015)

Images and graphics should
include alt text so that users
using the screen reader and
assistive technology can use
the application smoothly.
(Radcliffe et al 2021)

Poorly labelled images
should not be used as
links or buttons. (Serra et
al 2015)

The clearly
marked "next"
and "back" but-
tons should be lo-
cated in each in-
put field and sub-
page. (Radcliffe
et al 2021)

Avoid technical expres-
sions and favor the us-
er's native language.
(Correia et al 2019)

Take advantage of describing
images and figures in alt text
so that users of the screen
reader can understand
them.(Correia et al 2019)
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6 RESULTS OF THE LITERATURE RESEARCH

This section reviews the research findings of the literature review and provides answers to research
questions. The research questions were as follows: What factors in mobile applications increases
accessibility for user and what factors, according to the literature review, are related to the perceiv-

able, understandable, operable and robust mobile application?

The data has been analyzed by using thematic analysis. The research results have been presented
applying WCAG principles. The theory has been applied loosely to the presentation of research re-
sults. This solution was reached because the accessibility guidelines do not take a position on all the
research results presented. Furthermore, the research results have not been forcibly placed under

any accessibility component, but the analysis has been tried to utilize using the accessibility model.

6.1 Text size, images, and colors in perceivable mobile applications

According to the review, there are several factors that indicates the perceivability of the mobile ap-
plication. Five of the studies selected for review highlight the impact of mobile application text size
and style on perceivability. Studies show that the ability for a user to change the text size of an ap-
plication increases the perceivability of the mobile application (Oliveira, Fioravanti, Fortes & Barbosa
2018). Resizing the text and font in the application to better suit for the user increases the usability
and accessibility of the application (Zhou, Septono, Setiawan & Parmanto 2020; Ballantyne, Jha, Ja-
cobsen, Hawker & El-Glaly 2018). The user of the mobile application should have ability to choose
the most comfortable text size that seems appropriate for the user(Daihua, Parmanto & Dicianno
2019). The color and contrast of the text used in the application must be considered. Light colors
combined with a light background color should be avoided. Contrast between text and background
can increase the user experience of better readability of text. (Daihau, Parmanto, Dicianno & Pra-
mana 2015.)

Six studies highlighted the effect of colors and contrast used in the application on the accessibility of
the application. It is recommended to use high-contrast colors in the application (Correia, Penha,
Macedo, Siebra & Anjos 2019; Oliveira et al 2018). Low contrast makes reading difficult, especially
for users with low visioin. Good contrast also increases the perceivability of the application, for ex-
ample in different lighting conditions. (Serra, Carvalho, Ferreira, Vaz & Freire 2015.) Consistent and
thematic use of colors is perceived as a useful and accessible factor (Daihau et al. 2015). When de-
signing an application, it is good to remember that the use of colors must not affect the use of the
application (Correia et all 2019). For example, color-blind users may have challenges using the ap-
plication. White background and dark text color is a good option (Zhou et al 2020). Users ability to
personalize and customize the content (text and background color and text size) can increase acces-
sibility (Daihua et al 2019 & 2015).

The perceivability of the application is reduced by content what is placed too tightly on the screen
(Oliveira et al 2020). Text that is too narrow and buttons that are too close together are unwanted

features. Perceivability is enhanced by the user's ability to adjust the application's subtitle spacing as
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well as button size (Zhou et al 2020). Keeping the page as clear as possible can increase accessibil-
ity. Keeping the functions to a minimum helps the user to better understand what to do next in the
application (Daihua et al 2015). All images, figures and graphics must include consistent alt-text and
the text must be readable by a screen reader (Correia et al 2019). Alt text allows a user using a
screen reader to read and interact, as well as obtain the necessary information from images if
needed (Radcliffe et al 2021). All images used should be label correctly and images should not be
used as links or buttons(Serra 2015). A feature that increased perceivability was vertical and hori-

zontal detection of the position of the screen (Oliveira et al 2018).

The order of the text and its content has a great influence on the correct understanding of the con-
text, especially when using a screen reader (Serra et al 2015). Illogically arranged text and text ele-
ments reduce the perceivability of the application. A person using the screen reader is completely
dependent on the screen reader program being able to read the text elements in the correct and

logical order. Otherwise, application is not accessible. (Ballantyne et al 2018.)

Increased operability with functional navigation

According to three selected studies, application navigation affects on application operability (Zhou et
al 2020; Serra et al 2015; Radcliffe et al 2021). Application buttons as well as navigational elements
should be made accessible (Radcliffe et al 2021). Several challenges related to application naviga-
tion are related problems with navigation. Page navigation should be structured so that content is
accessible in different ways (Serra et al 2015). The unclear implementation of menus and submenus
also affects the realization of accessibility (Oliveira et al 2018). Operability is increased by the search
feature in the application (Correia et al 2019). The ability for the user to create and customize

shortcuts for site navigation is important (Daihua et al 2019).

Unrecognizable and unclear buttons may confuse the user. Buttons should always be named so that
the user understands the purpose of the button. (Ballantyne et al 2018.) Application links should be
named in a way that the description clearly tells the user the purpose of the link (Serra et al 2015)

and consistently located and named “back” and “next” buttons provides better navigation (Radcliffe
et al 2021). The "Back" button is part of the universal design pattern and it should be placed in the
upper left corner of the application or page. The “back” button should always return the user to the

previous page (Correia et al 2019).

The small size of the buttons and icons makes it difficult for different user groups to use the applica-
tion. In an application, large icons and buttons increase accessibility. (Daihua et al 2015.) Customiz-
ing the buttons and icons to meet the needs of the user’s fingertip could be a good option. The ap-
plication could specify the minimum size of buttons and icons used in the application according to
the size of the user's fingertip (Dauhua et all 2019). The ambiguity of icons and symbols and small
clicking space reduces accessibility (Oliveira et all 2018). The size of the object or button to be
reached should correspond to the minimum contact size (Correia et al 2019). Keyboard customiza-
tion with larger key sizes as well as preconfigurated characters reduced the number of phone screen
touches (Daihua et al 2019). Placing the buttons in the center of the application or screen can cause

challenges for the user. Placing buttons on the edges of an application can make it easier to use the
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application. Vertical placement of buttons on the screen and ability to choose handedness of buttons
is desirable. (Zhou et al 2020.)

6.3 Clear content and predictable logic in understandable mobile application

According to research, an understandable application takes into account the language used in the
application and its clarity. Unclear text and complexly expressed language are an obstacle to the
realization of accessibility. (Oliveira et al 2018.) The word choices used in the application should be
appropriate and clear (Daihua et al 2015) and the terminology used should be clear, avoid technical

vocabulary, and be expressed in the user's own language (Correia et al 2019).

The intuitiveness of the mobile application and user guidance emerged in several studies. The user
of the application may have challenges typing on the phone keypad. It is easier for the user that the
application itself offers different options instead of the user having to write the answer. (Zhou et al
2020.) Application features such as autocorrect provides good user assistance and it also speed up
text typing. The application could recognize the long breaks and to provide guidance as needed. If
necessary, a separate pop-up window could ask if the user needs help or guidance to continue.
(Correia et al 2019.) The application’s instructive guidance, such as a short reminder or guidance as
needed, helps the user to function properly in the application. Guided pop-up notifications can also
make it easier for the user to work properly in the application. (Daihua et al 2015; Daihua et al
2019.) It should also be possible to hide and, if necessary, to show the login credentials of the appli-

cation without having to shut down and restart the page or application (Radcliffe et al 2021).

Most of the mistakes a user makes are related to how the user should act in the application and
how the actions should proceed. For example, the user may forget to save the required information.
A short user-guided reminder speeds up operation and makes it easier for the user to operate in the
application. (Daihua et al 2015.) Clarity of the guidance infomation provided is important (Oliveira et
al. 2018). A scroll bar at the edge of the page notifies the user that the page continues. If the page
has a lot of information, it may be a good idea to split the page into several separate pages. In this
context, clear information using the up, down, right, and left arrows to divide information into sev-
eral different pages is important indicator to make application more understandable. (Zhou et al
2020.)

A consistent and logical application interface is an important factor in increasing the comprehensibil-
ity of an mobile application. The logical progression of operations is important. Site navigation
should be consistent and page-to-page navigation should take place as expected. (Correia et al
2019.) The elements used should remain the same on each page of the application. The incon-
sistent interface causes a lot of confusion for users. Consistency is important in terms of images,
words, and layout. (Daihua et al 2015; Radcliffe et al 2021.) The application should be designed to
be as consistent as possible in terms of themes, functions, and processes (Radcliffe 2021). It is not
recommended to add any elements to the application just for aesthetic purposes. Elements should
be directly related to the functions of the application. A page with different size elements and com-

ponents is not recommended. (Correia et al 2019.)
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6.4 Technical elements in robust mobile application

According to literature research, the most significant indicator of robustness is that the site or appli-
cation is technically implemented so that the assistive technology is able to read and interpret the
site or application correctly. Text and images should be described in such a way that the screen
reader is able to interpret the element. (Correia et al 2019.) Developers should technically design
implementations that allow the user to leverage a variety of assistive technologies that allow inter-
action with the application (Radcliffe et al. 2021).

All elements must be properly lebelled in the implementation of code (Correia et all 2019). All texts
and button labels must be accessible by a screen reader. Unlabeled buttons cause confusion for the
user if a screen reader does not recognize the button label. All types of users benefit from the ability
to use the screen reader. For example, a user with a reading disability benefits from the ability to
use a screen reader to read text aloud. If the application is implemented in a way that the screen

reader is unable to interpret the texts, the application is inaccessible. (Ballantyne 2018.)



28 (38)

7 DISCUSSION

7.1 Reflection on the results

The purpose of this thesis was to find out in the form of a literature review which factors from the
user's point of view affect the accessibility in mobile applications. This collected information can be
used in the development of a mobile application designed by the thesis client organization, Kela. As
a research method, the literature review worked well and through the method it was possible get
answers to the research questions. The selected research method provided answers to the research
problem. The material was comprehensive, but the research method could have also been different.
For example, through a thematic interview, more user-oriented description of the topic could have

been obtained.

Through digitalisation, society's services are becoming more digital. As Selovuo (2019, 13) states,
digital services will change more in the future in a way where the customer himself has to take more
responsibility. The services are more of a characteristic in that the customer himself searches for the
required service and takes action there by itself. In this case, the customer is responsible for ensur-
ing that the necessary action is taken correctly. A well-designed, customer-oriented and accessible-

services supports the realization of this principle.

This literature review brought together the various factors of accessibility. The areas of accessibility
were related to technical accessibility as well as cognitive accessibility. At its simplest, technical ac-
cessibility means that users can use an application using technical aids. Cognitive accessibility
means, in a simplified way, a service or application that is fully understood. This involves, for exam-
ple, the texts or the presentation of information in the form of an image or video. In order to clarify
the results of the literature review, I will now summarize the most common factors that should be
taken into account when designing the mobile applications. The summary of main results according
to the literature review and Selovuo(2019) is presented in table 5. Table 5 also provides an answer

to the research questions of the thesis.

TABLE 5. Factors to consider when evaluating application accessibility

Remember these features Avoid these features

Sufficient font size and style Avoid too bright and low contrast colors

_ ] Content and text placed too tightly on the
Customizable font size
screen

Elements and buttons that are too close to-
Use clear colors that stands out from each other -
gether

The contrast between colors is sufficient Do not use the image as a link or button

L ) o _ Avoid decentralized placement of text and
Minimization and clarity of application functions ) o
content in the application
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Include consistent alt-text in images, figures and | Avoid placing different elements, links, or

graphics objects too close together

All links and buttons are informative and predict- ) -
. Buttons in the center of the application
able

Vertical and horizontal screen position detection Unclear text and complex language

Text and content are consistently placed in the Do not use unnecessary elements, images

application and visual effects

Provide structured and accessible page naviga-

tion with search function

Name the buttons and links clearly( “back” and

“next” buttons)

Prefer large icons, buttons, and other elements

Allow the user to personalize the application

Place buttons on the edge of the application

Intuitivines of the application(autocorrect,

ready-made answer options)

Instructive application guidance and pop-up no-

tifications

Consistent and logical application interface( site
navigation, logial progress of operations, im-

ages, word, layout)

Assistive technology is compatible with the ap-

plication.

All elements must be properly lebelled in the im-

plementation of code

Based on the literature review, table 5 provides some good examples that are good to consider
when designing an accessible mobile application. Based on the literature review, noteworthy fea-
tures emerged. However, the review did not always provide a detailed example of how each detail
in use should be technically implemented. Kari Selovuo's Saavutettavuusopas(2019) publication has

been used to support this literature conclusion

The adequate size, style and ability to change the size of the text used to suit the application
emerged in the literature review (Oliveira et al 2018; Zhou et al 2020; Ballantyne et al 2018; Dai-
hua et all 2019). According to Zhou et al(2020) the text should be as large as possible and bold as
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needed. According to Selovuo, visually impaired people in particular benefit from the large size of
the text and letters. Visually impaired people also benefit from other features, such as images, sym-
bols, and sensibly located elements. The guide does not comment on the text size of the mobile ap-
plication. However, the guidance is that the size of the text should never be reduced unnecessarily
(Selovuo 2019, 110). The user's ability to change the text size to suit itself was highlighted in the

literature review. In a web browser, this possibility exists, but not typically in all mobile applications.

The contrast of the text and the use of colors in the application emerged in the review. Factors re-
lated to color usage and contrast should be considered in the application because some users will
not be able to detect colors at all or the color vision will be different in some other way. Problems
related to color vision are common (Selovuo 2019, 106). The colors used should be clearly distin-
guishable, the contrast between the colors is good and the significance of any matter has not been
indicated by color. Contrast and color choices have an effect on the perceivability of the application
and its attention increases the accessibility of the application, for example, under different lighting
conditions, according to Serra et al(2015). According to Daihua(2015), personalizing the application
can solve many accessibility challenges. In this case, the user of the application has the opportunity

to influence the content, colors or size of the text.

Cognitive difficulties reduces a person's ability to learn new things. This group greatly benefits from
consideration of accessibility and therefore content should always be designed clearly. A single clear
guideline cannot be developed because cognitive limitations are often different and each user bene-
fits from different things (Selovuo 2019,116). In general, the content of the application should be
clear and its functions simple. This will help the user to figure out what to do next in the applica-
tion(Daihua et al 2015). Buttons and links should always be hamed descriptively and their operation
should be predictable (Ballantyne et al 2018). In addition, buttons should be placed at the edges of
the application (Daihua et al 2019). According to Selovuo (2019, 116), clear and concise content,
supporting the text with images and grouping the text sections into logical entities make it easier to
understand the content. Logically designed application interface and site navigation support the ac-
cessibility of the application (Correia et a 12019). A mobile application that works logically and pre-
dictably facilitates the activities of users with cognitive difficulties. A logically functioning application

is sure to please all users.

In addition to color, images also play a huge role in communication. Visually impaired users cannot
see images. Images can be subtitled, allowing a screen reader to tell you what's in the image. Im-
ages without alt text tell the blind user nothing. The alt text should be a short and clear description
of what the image contains. The more information the image contains, the more important is the
description. The decorative image does not need to be subtitled, bu then the image must contain an
empty alt attribute. (Selovuo 2019, 35.) The description in alt text description should be sufficient
for the user to be able to imagine the image. Too long description, on the other hand, is not desira-
ble. (Correia et al 2019.) A visually impaired user operates the application with a screen reader. All

content must be such that it can be interpreted, if necessary, by assistive technologies.

The user may have a disability that restricts the use of the application. For example, tremors, invol-

untary movements, a missing limb, or challenges in precision tasks can cause challenges. In this
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case, there may be challenges in using the application. (Selovuo 2019, 114.) Too small touch targer
size can complicate application use (Correia et al 2019). Buttons and icons that change according to
the size of your fingertip could also make the application easier to use (Daihua et al 2019). Accord-
ing to Selovuo (2019,114), the operation of the touch screen must be taken into account in the de-

sign of the application, so that different elements can be easily touched with a finger.

The hints, tips, and action examples provided by the application support the user's actions. The user
can sometimes end up in a dead end or the operating is otherwise slow. Selovuo (2019) provides a
suggestion that the user could be provided with images or tips in the application if necessary. The
same theme also emerges in the literature review. Assisting the user in writing, for example, various
instructions and pop-up tips can certainly speed up and facilitate the user's action. For example, the
user's activity could be facilitated by the application providing ready-made response options, if pos-
sible. This is also supported by the research of Zhou(2020) and partners. The application could also
monitor the user and, if necessary, assist the user in adding the necessary information. Intuition

certainly has its place and can support the smoother operation of the user.

The client of this thesis is Kela. The purpose of the thesis was to highlight the factors influencing
accessibility in mobile application, which should be taken into account in the development work of
the Kanta mobile application. The development work of the accessible mobile application has a clear
connection with Kela's strategic goals, which are presented in more detail in Figure 1. User-centered
and accessible services support the goal of developing the customer experience. Accessible mobile
application allows each customer and user to check with the Kanta mobile application smoothly
whether, for example, the necessary healthcare texts or records are available. In addition, the strat-
egy highlights the development of digital services. Kela's customers are all Finnish citizens. This
group is made up of people with very different qualities and skills. The big challenge is how to cre-
ate digital services accessible to all willing users. In the development of an accessible application or
service, more customer or user focus should be taken into account. It is also good to keep a wide

range of experts in different fields involved in the planning and implementation process.

Usability, accessibility and user-centered design have a lot in common and more precisely these con-
cepts are opened in the theoretical part of the thesis in chapter 3. The design of user-centric ser-
vices should be the basis for all design and development work now and in the future. When services
are digitized, technology must not be the one that directly determinates what a service is made of.
Users' experiences should be able to be used more widely in all development work. Alongside cus-
tomer-centricity, accessibility must be taken into account. Without consideration for accessibility, a
large proportion of users will not benefit from the services made possible by digitalisation. When a
service is accessible, every user will be better able to benefit from a well-designed and usable digital

service.
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Validity and ethics of the study

For the completion of the thesis, it is good to draw up a precise schedule, according to which it is
possible to proceed precisely. Changes may occur along the way, and the work will not proceed as
planned. However, it is not worth rushing to ruin a good job. Staying on schedule and making
choices based on what the schedule allows is, I think, essential to getting the job done. Doing this
thesis started with getting a topic idea for my work place. The topic of the thesis was specified and
a supervisor was appointed for the work. We had discussions with my supervisor about the goals set

for the work. In this way, we created a common view that the thesis also meets the client's needs.

As the topic and research questions became clearer, I booked an appointment with informaticist at
the Savonia University of Applied Sciences, who knew how to guide me in using different databases.
Using databases is a demanding step and that is why I feel that personal guidance was important.
When searching for information, each database works a little differently. Relevant material may not
be found in the review if the author does not know how to use the database correctly. This phase of
the thesis was personally challenging for myself. Searching for material is often a long process. The
right keywords can sometimes take a long time to come up with. The search strategy should be well
planned and you should not immediately disappoint if the first database searches do not yield the
desired results. (Lehtié & Johansson 2016, 36.)

In this literature review, the data search was carried out in several databases. This made it possible
to collect the widest possible material on the subject under investigation. The number of search re-
sults was quite high, and search had to be limited so that the search terms can be found in both the
title and the abstract. This may have had an impact on the fact that relevant information on the re-
search may have been excluded from the literature review. The correct selection of search terms
and keywords may have influenced the outcome of the data search. Terms and keywords were
specified in the early stages together with the Savonia UAS informaticist. The literature review data
consisted of studies published between 2015 and 2021. The aim was to include the most recent
studies in the thesis, in which case previous relevant information is not included in this thesis. The
data search produced a total of 9 studies. The humber of results was moderate. The studies dealt
with the accessibility of mobile applications and revealed factors highlighting accessibility from the
user's point of view. The data search process produced relevant, although unfortunately minor, re-

sults for my literature review.

The literature review consisted of original studies. The selected material was written in English.
There were some professional terms and concepts in the material that were unfamiliar to myself.
The material was carefully studied to avoid misunderstandings. In some parts the English-language
material has been challenging to understand. This is a good point to take into account when inter-
preting the results of the thesis. I tried my best to deal with the English-language material. I did this
thesis as an individual project. Doing a thesis alone gave me more freedom in terms of schedules.
Another student would have been a good addition to this thesis. With another student, I could have
reflected on the material more broadly and had discussions in situations where my own understand-

ing is not always enough.
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For this literature review, I did not need to ask for research permission. Permissions are usually re-
lated to situations where sensitive material is handled in some way. My own material is based on
studies that have already been completed. Ethics for this thesis means how closely I have followed
the literature review process, also marking the citations correctly is a base for good ethics. Copy-
right must be respected as it is part of a good research tradition. In my thesis, I have followed the
ethical guidelines of the research and cited in accordance with the reporting guidelines of Savonia

University of Applied Sciences, if the information was researched by another author.

Professionally, doing this thesis has taught me a lot. I consider next this topic based on the generic
competences of masters degree in digital health. Generic competences are: learning competence,
ethical competence, working communisty competence, innovation competence and in-
ternational competence. Doing this thesis has been a huge learning experience. My own profes-
sionalism has grown and I have gainednew knowledge of the digitalisation of healthcare. For the
purpose of my thesis, I have become acquainted with the making of a literature review, which is a
working method of compiling the researched information. Through this process, my learning com-
petences have strengthened a lot. Ethical competencies are reflected, for example, in the re-
search part of the thesis, so that I have tried my best to act throughout the process in accordance
with the ethical principles of the research. My working community competences have also
evolved. This process has arisen in collaboration with the thesis client organization and the supervi-
sors of the thesis. The process has required a goal-oriented study approach and it has a strong link
to innovation competencies. The thesis strengthened my research skills. Although there were
several uncertain moments along the way, I received a lot of support and guidance from my instruc-
tors throughout the process. My thesis is work-oriented and emphasizes user-orientation. Interna-
tional competences have been strengthened because during the process I delved into interna-
tional articles and through this I have gained the confidence to work and produce text in English as

well. This will give me the courage to work in international contexts the future.
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8 CONCLUSIONS

The purpose of this thesis was to gather information in the form of a literature review on what fac-
tors influence the user experience of the accessibility of a mobile application. For the review, I was
able to collect a sufficiently large amount of material, and on the basis of the material, I was able to
answer my research questions moderately well. A broader view of the user experience could have
been gained by interviewing users. In addition to this, the views of application developers on acces-
sibility could have brought a more different perspective to this thesis. Accessibility is a topical issue
at the moment. Mobile applications has to be accessible from June 23, 2021. The thesis is topical
and hopefully gives even a small direction to what should be taken into account in the application.
The limitation of my thesis is that it does not fully correspond to how each factor should be imple-

mented in the application.

This literature review pointed that, in the case of mobile applications, accessibility means elements
related to the application's interface, content, and cognitive accessibility. The fact that the user in-
terface of the application works technically smoothly does not guarantee that the user will get all
the information he or she needs about the application. Attention should also be paid to linguistic and
cognitive accessibility, such as how things are expressed in text format or what font and style is
used in the text. The review showed that accessibility also consists in part of very clear factors that
need to be taken into account. The logical order of the content, the use of atl texts, the ability to
use a screen reader in application, and the consideration of colors and fonts make the application

much more accessible.

Accessibility can seem difficult to comprehend if you don't need support or help in everyday life.
However, considering accessibility can have a positive impact on the daily lives of many people. It
enables the individual to function equally in society. In this case, anyone has the opportunity to
manage their own affairs electronically. User centricity emphasizes where and how the application is
used and what kind of user groups the application can have. In this case, good ideas do not have to
be wasted. Accessibility should not be understood as an obstacle, but as an enabler of equality.
Some of the accessibility criteria are easy to assess and the fulfillment of the criteria can be as-
sessed objectively. Such a criterion may be, for example, the use of atl texts. However, criteria that
affect subjective experience may be more challenging to implement. For example, users can inter-
pret the information and text used in an application in many different ways. In the accessibility of

applications, both technical and cognitive accessibility are important issues to consider.

The accessibility of mobile applications is still a little researched topic. There are still much to be ex-
plored and clarified on this subject, and I believe that if this literature review had been taken place
in a few years' time, the results could have been more precise and detailed. There are lot to be ex-
plore in this area. In my opinion, a good topic for further research in mobile accessibility is still re-
lated to considering the user's perspectives. Older people benefit from the accessible services. A
large number of services are changing digitally at an accelerating pace and if these services are not
designed to be used by older people, a large number of people will be completely excluded from

these services. The same idea also strongly applies to other user groups.
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