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Abstract

With the rise of portable devices, the interest in health and medical applications
(mhealth applications) has risen, and the importance of evaluating these applications
is critical. The application stores on portable devices only require a good application
quality and not the content. The content of the medical health applications could be

harmful and need to be evaluated to decrease the potential health risks.

In this report, a new mobile health application named POSITIVE gets evaluated with
the help of interviewed questionnaires and user-personas. The POSITIVE application
target is the older population with their aim to maintain and improve the intrinsic
capacity involving primary care and caregivers. POSITIVE application content is
monitored by customized exercise programs with medical tests with associated help

devices.

The evaluation was done by creating user personas that give a user overview. User
personas were designed with the help of data obtained through a interview protocol.
The interview protocol was design for this specific
evaluation with the help of researched questionnaire tools. Questionnaire tools used
for creating the interview protocol were the system usability scale(SUS), service user
technology acceptability questionnaire(SUTAQ), patient activation measure(PAM),
elderly information technology ability tool(EITAT), and mobile health app usability
questionnaire(MAUQ)

The results show that participants with a higher level of health problems had a lower
exercise activity in the application. Participants with lower health problems have

a higher exercise activity. Both participants’ groups liked the application’s design
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and felt it motivated them. Critiques towards the application were to have better-

customized exercises.

Keywords

mhealth applications, Questionnaire, User Persona, SUS, SUTAQ, MAUQ, PAM,
EITAT
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Sammanfattning

Med smarta mobila enheter vixande tillgdng har interesset for hilso och medicinska
applikationer o©6kat dar vikten att wutvidrdera dessa applikationer ar
mycket viktigt. Applikationsbutiker pa mobila enheter har endast krav pa bra kvalitet
pa funktioner men inte innehallet av applikationerna. Innehall av medicinska eller
halsoapplikationer kan vara skadliga och behover darfor genomga en utvardering for

att minska potentiella hilsorisker.

I denna rapport kommer en ny hilsoapplikation kallad POSITIVE att presenteras samt
evalueras med hjilp av intervju protokoll och user personas. POSITIVEs malgrupp
ar den aldre populationen dar deras mal ar att forebygga skorhet bland dldre genom
att involvera narstdende, patienten samt primarvarden. Applikationen innehaller
ett anpassat och overvakat traningsprogram med medicinska tester som gors med

tillhorande utrustning.

Evaluering utfors genom att skapa en “user persona” som ger en oOverblick
over anviandarna. User personan utformas med hjalp av data som erhalls
genom intervju protokoll. Intervjuprotokollet ar utformat med hjilp av forskade
frageformularsverktyg. Frageformularsverktyg som anvénts till utformningen ar
system usability scale(SUS), service user
technology acceptability questionnaire(SUTAQ), patient activation measure(PAM),
eldery information technology ability tool(EITAT) och mobile health app usability
questionnaire(MAUQ).

Resultatet visar

att deltagare med fler halsoproblem har mindre aktivitet i applikationen. Deltagare
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med mindre hilsoproblem har hogre aktivitet i applikationen. Bada grupperna gillade
designen pa applikationen som 6kade deras motivation. Kritik mot applikationen ar

att det borde funnits battre anpassad traningsprogram.

Nyckelord

Halsoapplikationer, fraigeformularsverktyg, User Persona, SUS, SUTAQ, MAUQ, PAM,
EITAT
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Glossary

Cronbach Alpha
Cronbach Alpha is a tool to measure the internal consistency(reliability) of
questionnaires and surveys. Cronbach Alpha is expressed as a number going

from o to 1. Highest reliability when value is 1[28].

Floor Effect
When many participants answer towards the lower limit of a questionnaire.

“Everyone have low salary.”[10].
Ceiling Effect
The opposite of the floor effect, when many participants answer towards the

higher limit of a questionnaire. "Everyone have high salary.”[10].

User Persona

An hypothetical archetype of actual users of a product[16].
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Chapter 1

Introduction

This chapter covers the importance of evaluating mobile health applications/tools and

a short description of a health application evaluated in the thesis. The application is

regarding health improvement and distance primary care for older adults.

In the recent ten years, the interest in providing different mobile health services has
increased. It is due to the development of smartphones which are evolving each
year. It has given people with programming skills the opportunity to develop different
mobile health services for these devices. Today, there are more than one million
mobile health service applications available for Android and Apple devices[3]. The
applications available promise to improve health in various ways for the user, which
sounds promising. It can, for example, be applications for fitness, addictions, medicine

reminder, motivation, and many more.

The users of smartphones tend to get attracted to these promises and nice-looking
applications. However, most of today’s health applications only get used once[23].
Mobile health applications often fail to reach a long-term engagement with the users,
and therefore promises for successful health interventions never get achieved. For
getting long-term user engagement, it is essential to understand conditions and causes
for motivation to use applications. It is impossible to find all the factors as there
could be personal aspects. However, some apparent factors could contribute to the

problems[22][11].



CHAPTER 1. INTRODUCTION

1.1 Mobile health applications: State-of-the-art

Introduction to the importance of evaluation, limited application store policies, the
POSITIVE project evaluated, and the aim of the study.

1.1.1 Limited knowledge in health applications

Apple and Google have their marketplaces where they offer developers to publish
their mobile applications. It gives anyone with some degree of programming skills to
develop and publish applications. That gives the freedom for anyone to be creative and
create applications even with a lower level of programming skills. The marketplace has
policies; however, they focus on the quality of the software and not the quality of the

content[12].

The limited policies could result in developing mobile health applications based on a
limited understanding of the effectiveness of these interventions for improved health
and well-being among the public. Apart from that, it could contribute to the loss of
interest for the users; in the best scenarios it could be ineffective, and in the worst

case, harmful to the user. [12].

Knowledge of limited policies in the marketplace means understanding the importance
of evaluation. The marketplace aims to distribute applications and not review
the content; therefore, evaluating is essential to increase the number of practical

applications.

1.1.2 Lack of evaluation

To prevent mobile health services from being used once, it is essential to use evidence-
based methods. One critical practice is to evaluate the application before released to
the public. Avoiding evaluation could design an application for the developers and not
the end-users. A method to understand users is to use User persona/profiling. User
persona/profiling gives an overview of the mobile health service users. It provides the
ability to see user difference and their views of the mobile health service with various

evidence-based questionnaire tools.
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1.2 Evaluation of mobile health service

applications

In this section the POSITIVE project is briefly introduced, the application studied in
this thesis, and then the aim of study is stated.

1.2.1 POSITIVE - EIT health project application

A project called POSITIVE got started, led by Sermas. With the help of partners such
as Atos, Karolinska Institutet, Kungliga Tekniska Hogskolan, Medical University of
Lodz, and Madrid’s technical university, this project was possible[9]. The project is
about making older people more motivated to start training and, at the same time,
get primary care in their own homes. It is a system where the patients access an
application on a tablet. The application’s idea is that the patient has a training program
to follow and, apart from that, get different questionnaires about how they are doing
in daily life[9]. There are also three devices connected to the application and the
tablet where the patients can do medical tests to measure their changes over time.
The sensors used in this step of the project are walking sensors measuring how fast
a patient usually walks, knee sensors measuring how often the patient can stand up
and sit down in under 30 seconds, and a weight scale measuring the weight. The
information from the application gets stored and shared with both the patient itself,
relatives, and a nurse. Through their POSITIVE application or web page, the nurse
can see progress, how the patient feels, and whether they are doing their workout.
If the nurse sees abnormalities, they can contact the patient through the application
with the help message function. With regular updates, the nurses can catch up with
the exceptions as soon as possible and try to combat them. The POSITIVE project

combines a training application and training device.

This project’s impact will be a tighter connection to the patients where even relatives
could participate. Close contact with primary care could motivate and push patients
to do their workouts. The application makes it possible to reduce the 10 percent cost
related to emergency and hospitalization because of the improved health from training
and monitoring. The annual hospital visits will reduce by a total of 3 percent for the

patients annually[9].



CHAPTER 1. INTRODUCTION

1.2.2 Aim of study

The study aims to evaluate a new medical health project called POSITIVE. POSITIVE is
a new training application with three devices for testing the process of the application’s
users. The application and devices are designed for older adults to keep them more
active and, at the same time, monitor them with the help of primary care. Twenty-four
participants will be part of the study to understand who the users are with the help
of a user persona. User personas give an overview of product users to avoid creating

products based on stereotypes.

The evaluation will identify User Experience tools suitable for POSITIVE project,
showing a high consistency. The User Experiences gives the ability to create a
questionnaire. With the help of the questionnaires, the study participants will be
interviewed. The data from the interviews will be collected, and patterns will be
found with the help of algorithms to create the user persona and understand who the

participants are.

The designed questionnaire and User persona created in this study are for the
POSITIVE project, and the users are elderly.



Chapter 2

Background

This chapter will cover the importance of evaluating health mobile applications.

Details about how evaluations of applications are possible with the help of user

personas/profiling techniques.

The interest in developing mobile health care services has been on the rise since the
development of smart mobile phones and tablets[26]. The constant development of
these portable technical devices has given the devices the ability to run more advanced
applications and communicate with higher internet speeds. These devices’ powerful
functions have provided researchers and app developers the ability to offer health care
services on mobile phones and tablets. Examples of usages of smartphones/tablets
for medical health care services are medical records, doctor meetings, weight loss
management, mental disorder management, quitting smoking management, and

many more.

The increased number of smartphone and tablets users worldwide has created an
enormous market for mobile health applications. There are more than one million
health application available for mobile devices[3]. The apps are available either for
free or have a monthly fee where they promise different types of help, for example,
weight loss and stopping smoking. However, studies have shown that these apps tend
to have users active the first time or just some tiny interactions. 25% of the health
applications available in today’s market are only used one time after their installation.
One-quarter of the users lose interest early after installation, and the different promises

about weight loss, stopping smoking, and more were not achieved[23].
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2.1 User engagement

In this section, how to affect an applications’ engagement is described. Where User

engagement means how much the users interact with the application.

21.1 User engagement in mobile health applications

Two application stores dominate the market: App Store from APPLE INC and Play
Store from GOOGLE INC. Creating and uploading applications to Google Play/App
Store requires a subscription to the store service and programming knowledge. In the
case of Health Applications, there are no requirements to follow evidence-based facts,
quality, effectiveness, and safety for medical devices. It is just in some instances that
health applications have to follow the same rules as medical devices[12]. Apple App
Store is the only store that reviews the applications before publication. Unfortunately,
the reviews only look at the quality of the application’s software and not the quality of
the content. Anyone without health knowledge can build an application in a couple
of days. Health Applications that promise different health improvements can get

uploaded to the Application Stores without medical regulation[12].

Developing a health application that keeps users on the applications for more than
72 hours is hard. Keeping users interested gets even more complicated when the
developer does not know health applications. Different factors could result in loss
of interest, such as human beings’ motivation, knowledge of their existing health

conditions, individual differences, ease of use in applications[22][11].

To keep the users’ interest in the applications it is essential to take the help of scientific
evidence-based techniques during development. Today, there is a low amount of data
showing that applications use scientific evidence-based facts and techniques during
development. Not taking the evidence-based techniques and facts into consideration
leads to a missing understanding of the end-users and makes them less motivated
to use the applications. Apart from the applications being less usable, it could, in
the worst case, be harmful to the user[8]. An example could be a health application
promising to show vital parameters where these parameters show incorrect values and

put the patient at risk.

Health applications could keep their promises to a higher degree and decrease health

risks if, apart from evidence-based facts, health application practitioners took the help

6
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to participate in the development. Knowing the users creates a better understanding

of the end-users and their expectations of a mobile health application[8].

2.1.2 Evaluating user engagement: User profiling

Depending on the type of Health Application, one essential evidence-based technique
that most health applications should take into consideration is the technique called
the based-behaviour change technique(BCT)[4]. Based-behaviour change technique
is about designing techniques to change behaviours. An example could be giving users
tasks to do, which influences the user to smoke fewer cigarettes per day. Rewarding
functions, which make the user pleased and more motivated to use applications, are a
part of the BCT [6].

As mentioned in section 2.1.1, it is essential to know about the users of Health
Applications and let them be part of the development. Understanding the users is part
of the evaluation of the applications. It is essential to collect data from users to measure
if the results are near the purpose of getting an application used regularly. Several users
must test the applications to draw analysis with their honest feedback and answers to
gather relevant data. The data make it possible to understand the people who use the

applications and how they interact with them.

A way to understand these applications’ users is to use User Personas/ User profiling.
User Personas / User profiling is a technique that has been around since the 80s, as the
concept illustrated by Alan Cooper[16]. User Profiling is about creating hypothetical
archetypes of actual users of a product. User persona describes the users with different
parameters where these parameters will be other depending on the product used. For
example, the user persona could describe the user as age, sex, location, interest, habits,

technical skills, and more[16].

The user profiling goal is to understand the user’s behaviours and their typical
behaviour and usage of the specific product. It is also about getting to know what the
users want for the product type, and this information comes from little quantitative
research. This knowledge about user personas is essential to understanding how to

keep users from using an effect [16].

User profiling provides an equal understanding of who the users are, not dependent

on stereotypes. Understanding which type of users the product is designed towards

7
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Johanna

Student | 22 Years old
Female

Interests & Hobby:

S (i

"My dream is to be a
successful engineer
developing new medical
health instruments. "

Socialize Boxing excerices Reading books
Skills
Knowledge in Android Devices
C T 3
Knowledge in i0OS Devices
C ] J

Skills in using Windows Operating Systems
C A J

Skills in using MacOS Operating Systems

C L] ]

Daily used

Webbrowser: Google Chrome

Operatingsystem: Ubuntu

Mobile Operatingsystem: Android

Figure 2.1.1: Illustration of a User-profiling example. The user is called Johanna,
showing her skills, interest and what type of tools she uses daily.[19].
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and not the thoughts about who the potential users could be. Further, by not having
a user profiling, development goes towards what the product owners think the users
want—resulting in designing a product that is more towards the product owners than

the end-users[16].

User profiling is done with the help of User Experience research short-term UX
to get insights of users. There are two different ways to perform data collection:
qualitative and quantitative. Qualitative data gives insights which could be collecting
information through user interviews and doing usability tests. Quantitative research
is about getting validation which could be done with user surveys and data logs from
an application (showing user activity). Several different tools are available, making it

possible to collect data to create user persona analysis.

The users in the user persona study should be anonymous, where the data should be
marked as a code or ID to distinguish the users. The name or personal information is

not used in the user persona study.

2.1.3 Find patterns of data for designing user persona

A method for finding patterns in participant data is using a K-means clustering

algorithm.

What is K-means clustering Algorithm?

K-means clustering is a technique used to find similarities and differences in unlabeled
data. K-means clustering tries to find structures and patterns from raw unlabeled and
unclassified data and put them into groups/clusters. It is a perfect use for identifying

existing groups from complex data[14].

The number of groups/clusters is determined by the K value. The K-means clustering
algorithm starts with taking the number of K values randomly from the data set. These
randomly selected K values are known as centroids of cluster means. The data is then
calculated with the help of euclidian distance to find the closest to the centroid/cluster
mean. Finding cluster mean gives each data a specified cluster. The clustering is done

when data has been compared to the K number of random values from the dataset[14].

Determine value of K

Two methods are used to determine the correct value of the number of K clusters called

9
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Elbow Cluster 3

Figure 2.1.2: Illustration of a elbow method plot. The values of distortion is on the
Y-axis and the number of clusters on X-axis.

the Elbow method and Silhouette scoring. Itis crucial to find a good number of clusters.
When the number of K clusters increases, the distortion will decrease. The goal is to

find a K value suitable for the data, giving the lowest distortion.

1. Elbow Method The elbow method calculates the cost for distortion with the help of
the sum of squared distance. The values from the sum of squared distance get

plotted[7].

n

D (Xi-X)

=0

X, is the i-th item in the dataset and X is the mean value of all item in dataset

The K value on the plot should be the value where the sum of squared distance
starts to flatten out. On the plot, it creates an elbow shape and therefore has the
name Elbow method. The value of K should be where the elbow occurs on the
plot. Unfortunately, the elbow method sometimes is hard to use as it does not

always create an elbow shape[30].

2. Silhouette Score

Silhouette scoring is a scoring system measuring how good a cluster is. The

10
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Cohesion measuring
average distance
between one
data(star) with other
datas(stars) in same
the cluster

Cluster 1

Seperation measuring
average distance
between one
data(purple star) in
one cluster with

datas(blue stars) in
Dl{SepV other cluster

Cluster 2

Figure 2.1.3: Example of two small clustering where the distances is measured with
Cohesion and Separation.

scoring values of silhouette go from -1 to 1[24].

1- Definition of a good cluster where everything is well separated, and

the different clusters can easily be distinguished from each-other

0 - Neither good nor bad cluster because the clusters are indifferent.

The differences between the clusters are not obvious
-1 - Bad cluster the clusters are badly assigned

How the Silhouette is calculated

Silhouette uses cohesion and separation for being able to find the best cluster.
The Cohesion part calculates the average distance of one data point to other data
points in the same cluster. The separation part calculates the average distance of

one data point in one cluster to another cluster’s data points[24].

Silhouette score = ((Separation Average Distance Value) - (Cohesion Average
Distance Value)) / Max(Separation Average Distance Value, Cohesion Average

Distance Value)

11
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2.2 User experience tools

User Experience Tools used in this study have been covered with their advantages and

disadvantages.

2.2.1 System usability scale (SUS)

A system usability scale is a reliable quantitative questionnaire tool designed in 1986
by John Brooke. The questionnaire measures usability and contains of ten questions
with five response alternatives. The response alternatives go from Strongly disagreeing
to Strongly agreeing. The SUS tool is used for various products such as applications,

websites, technical developments, hardware, and software[15].
Advantages with the system usability scale

It has widespread usage because of the tool’s validity, where it has a high
Cronbach’s Alpha. The Cronbach Alpha is a statistical measurement that

”» ”»

measures the consistency of a test. The Cronbach Alpha has a value from "0
to ”1,” where the test’s reliability is as highest if the value is 1[28]. According to a
study done in 2011 by Sauro, the Cronbach Alpha score of SUS was 0.92[25]. SUS
is reliable even in smaller data sample sizes. According to studies done in 2004,
twelve participants will lead to similar results as bigger sample sizes in 90% of

the cases[31].

« The SUS tool is versatile and applied in different products, technologies, and
applications. It consists of ten questions that are similar regardless of what
product it is used for[15]. SUS makes it possible to compare different products

to each other. The tool makes it possible to compare unrelated products.
« A highly accessible tool that is available for free.
Disadvantages with the system usability scale

 Could measure perceived usability, human beings could be biased when rating
how they felt they experienced a product after they have used it. There could be a
difference in how people think they performed a task on a product and how they
performed. Depending on the person, the difference could be either more or less

significant[5].

12
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o It should be used in combination with other tools and not alone. The reason is

that the tool only tests one part of the users’ usability experience [5].

2.2.2 Service user technology acceptability questionnaire
(SUTAQ)

Service User Technology Acceptability Questionnaire (SUTAQ) is a questionnaire tool
to measure patients’ perception and acceptability of Telehealth products. The tool was
developed for the Whole System Demonstration study in the United Kingdom to find
characteristics of people who would reject telehealth services. Measuring the patients’
perception and acceptability makes it possible to find patients who reject Technical
health products or services[29]. The tool makes it possible to know the difference in
patients for a user persona and determine what could encourage more patients to use

Technical health products.

The questionnaire tool consists of 22 questions with six responsive alternatives going
from 1(Strongly disagree) to 6(Strongly agree). The questionnaire consists of five

different subscales, each of which has three to nine questions[29].

Advantages with SUTAQ

« It has a high Cronbach alpha value, a value of consistency in a test. The Cronbach
Alpha is high[13], where different studies set the Cronbach Alpha value around
0.851-0.852 for the SUTAQ[13][29].

« Minimal risk of getting a floor effect from the participants shows a study done
on a small number of participants[29][10]. The floor effect is when most of the

participants’ answers go toward the lowest limit(1 Strongly Disagree)[29].

« Avast number of data has shown that the questionnaire is functional for the older

population with an average age of 70.9 years[13].
Disadvantages with SUTAQ

» According to a study done on a few participants, there is a risk of getting a
ceiling effect(opposite of floor effect) from patients’ answers. Many patients

chose similar values towards the highest(6 Strongly Agree)[29].

« Not many studies have used a significant number of data showing the effects of

13
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SUTAQ[29].

2.2.3 Patient activation measure

A Patient Activation Measure tool is a way to measure how well the patient knows about
their health and well-being and how confident they are in taking care of their health. It
is a quantitative tool for validation; it consists of thirteen questions and four responsive
alternatives. The alternatives go from strongly disagree to strongly agreeing. The result
of activation shows a range from 0 to 100 for the patients. A higher value means the

patient has a higher knowledge about their health condition[17].

Patients who have a higher knowledge of their health condition usually take more
positive steps to improve their health[11]. That could mean that patients with higher
activation measure values are more motivated to use medical products than those with

lower values.

Advantages of Patient Activation Measure

« It is a reliable tool for measuring the activation of the patient. It was tested in
different cases with a lot of data. The studies show high reliability with minimal

Ceiling and floor effect from the results[11], [17].

« Indicate the health of patients and the quality of their healthcare they are being
offered. It is not restricted to a specific patient type and could be used in several

healthcare aspects[20].
Disadvantages of patient activation measure

« Living standards and healthcare providers have an impact on activation
measurement. That means a patient who is either economically or socially
disadvantaged will get a lower PAM score. However, there is not always a

correlation between these two[20].

2.2.4 Mobile health app usability questionnaire(MAUQ)

Mobile Health App Usability Questionnaire (MAUQ) is a new tool for measuring
usability. MAUQ, like SUS, measures usability; however, the MAUQ has the advantage
of being explicitly designed to be used for Medical Health Applications. The MAUQ

14
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is a newly designed questionnaire in 2019 by Pittsburg University and Udanya
University[35]. The MAUQ consists of a total of 21 questions where these questions

are divided into three different subsections.
1. Section one, eight questions regarding ease of use and satisfaction.
2. Section two, six questions regarding System information arrangement.
3. Section three, seven questions regarding Usefulness[35].

MAUQ has been studied on 128 participants to determine the effectiveness of the
usability tool. The majority of the study participants were white female students and

had an age ranging from 18 to 65 years old[35].

Advantages with mobile health app usability questionnaire (MAUQ)

« According to a study, MAUQ has a high Cronbach alpha of 0.932 for all the
subsections. The different subsections separately also have a high Cronbach

Alpha MAUQ-E (Ease of use and satisfaction) 0.895, MAUQ-S 0.829, MAUQ-
U 0.9[35].

« A new type of usability tool designed especially for Mobile Health
Applications[35].

Disadvantages with mobile health app wusability questionnaire
(MAUQ)

» Not many studies have been done with MAUQ the study done mainly cover
younger person underage 50. The difference between the study participants is

unequal; most of them are females and of white ethnicity.

2.2.5 Telehealth usability questionnaire(TUQ)

Telehealth Usability Questionnaire is a tool for measuring usability in Telehealth. It is
a tool developed for more modern technology as the other telehealth tools concentrated
on older equipment and technology[18]. Those tools were formed in the early 2000s
until 2009 when telehealth technology mainly was videoconferencing. Telehealth
today is divided into different sections such as computer software, mobile software and
more. TUQ was a newly developed tool in 2016 for both patients and clinicians for all

types of telehealth equipment. The questionnaire consists of six subsections covering
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ease of use, learnability, interface quality, interaction quality, reliability, satisfaction,

and future use[18].

Advantages with telehealth usability questionnaire (TUQ)
« A new type of Usability tool designed for all kinds of Telehealth technology.

- Has an overall high Cronbach alpha with some differences depending on
subsection. Usefulness 0.83, Ease of Use 0.92, Effectiveness 0.86, Reliability

0.79, and Satisfaction on 0.91[18].
Disadvantages with telehealth usability questionnaire (TUQ)

+ A limited number of studies were done mainly on the white population.

2.2.6 Elderly information technology ability tool

The elderly Information Technology ability tool developed in 2014 is a tool for
measuring the ability of Information Technology usage. A study at National Cheng
Kung University created the EITAT tool that primarily targeted Taiwanese older adults.
The tool consists of a total of 13 items with three subsections "reliable”, "valid”, and
“useful”. The tool has study consisted of 396 participants with an average age of 71.6,

where the majority were male[34].
Advantages
« Tool for the older population, making it a suitable tool for especially older adults.

« High Cronbach alpha values between 0.94 and 0.96 show an good consistency in
the test[34]

Disadvantages

A relatively new tool with a low number of studies done. The study is primarily
done on older adults of Taiwanese heritage. The effect of the tool could therefore

differ if translated and used in other regions.
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2.3 Usability test for elderly people

Usability towards older adults is essential for improving the users’ performance and
making them more involved in technology. Usability tests make it easier to avoid
stereotypes and understand the differences between older adults. Usability tests for
older adults have some methodological challenges; however, these challenges can be
solved by design changes to the tests. The goal is to, in a reliable way, measure to ease
of use and learn-ability(Ease of learning) of new technology[2]. Usability tests make it
possible to find problems early in development and significantly improve older adults’
performance. Increased performance in technology is crucial as it influences older
adults’ views and attitudes towards new technology. This could lead to an interest in

new technology willing to adapt in a higher range[2].

Apart from improving performance, the usability test could, in the case of medical
technology, help reduce medical errors. Poorly designed applications and technology
for older adults could create errors and put patients at risk. The medical errors and
risks could lead to fear of new technology, especially medical applications and tools.
This creates a problem for future medical applications/tools as older adults could have

fear or be sceptical from older experience[21].

Usability, as mentioned, comes with challenges where it could have
a counterproductive effect. Usability tests can make older adults feel excluded from
new technology[21]. The usability test even made some older adults choose to drop
out of the studies. Another aspect is that usability problems could lead to frustration
which is common during development. The frustration from the users during usability

testing of applications could lead to a dropout from the study[21].

It is essential to understand the difference between older adults and that they all do
not have the same view on technology. Older adults are in different age groups as
older-younger adults ranging from 65 to 80 and then oldest-old 80+. It is essential
to understand that age does not determine technology skills. Studies show that
the oldest-old adults(80+) could have the same knowledge and motivation to learn
new technology as the younger adults and, in some cases, even better knowledge of
technology. It is essential to consider that older adult who signs up and participates in

new technology has some technical skills from before. Therefore, the usability tests and
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Figure 2.3.1: Difference between data collection methods

questionnaires could be a little biased. When the product gets released to the public,
the older adults with less technical skills can encounter other problems which the test

group did not[2].

Interviews and usability tests are done for older adults; it is preferable to perform them
at the older adult’s place. There could be some trade-offs doing it at other places as
the patient can have some mobility problems and have a hard time going to another

place[2].

The different data collection methods such as user interviews, usability testing, user
surveys, and log files from applications are compared in figure 2.3.1. Figure 2.3.1 shows

what is obtained from the different data collection methods.
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Case study

The case study covers the details from the data collection.

3.1 POSITIVE project

The POSITIVE project aims to maintain and improve intrinsic capacity by involving
primary care and caregivers. The POSITIVE Project measures the older population’s
health by their functions instead of their diseases. The goal is that the project will
maintain the older population’s functionality as high as possible. Maintaining the

older population’s functionality will give them a higher degree of autonomy in their

life[27][33].

As humans age, they have a higher risk of developing frailty. The frailty puts humans
at different health risks, such as disabilities, hospitalization, and even death due to
falls.

Studies have shown that the risk of frailty decreases by introducing exercise in the older
population’s life. By introducing exercise, there is an improvement in gait, balance,
and fall risk decrease. Exercise must be adapted to each person to create a sufficient

stimulus to decrease the frailty[1].

The POSITIVE Project offers six different exercise programs for older people 70 years
and above. The patient gets a specific exercise program depending on their current
strength. The training program comes in a tablet application where three associated

devices are included to record the participants’ functions over time.
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The tablet they get offered has a POSITIVE application installed with their specific
exercise program. In the application, there are daily exercises that follow an exercise
schedule. The patient is responsible for doing their exercises and mark in the
application when they have done each exercise. Apart from the training program, there
is information regarding health and a daily questionnaire regarding their health, for
example, how tired they feel each day. The associated devices are weight scale, gait
speed, and knee-sensor devices. The weight scale measures the patient’s weight, the
gait speed device measures the patients walking speed, and the knee-sensor measures
the number of times the patient can stand up and sit down from a chair for under
30 seconds. The application sends notifications when the tests are available. All
the exercise and test activities on the application go to a nurse who can see the
results in graphs. The patients also can communicate with the nurse through the

application.

With the help of the application, the idea is to monitor patients to improve or
maintain their functions to be as independent as possible. The monitoring allows for
changing exercise programs and catching changes in the participant’s results as soon

as possible.

There are six different training schedules for the patients, where each patient gets a
schedule depending on their strength. The schedule goes from A to Schedule D (A, B,
B+, C, C+, D). Where A is the schedule for the patients with limitations or disabilities

and D is for the most robust patients[32].

Vivifrail Schedule A is for patients who have some kind of disability or

limitations

Vivifrail Schedule B is for patients with fragility and B+ for patients with fragility

and has a risk of falls.

Vivifrail Schedule C with pre-frailty and the C+ is for patients with pre-facility and
has a risk of falls.

Vivifrail Schedule D is for robust patients.

The POSITIVE Project program in Sweden consisted of a total of 24 participants. The
participants involved in the project were all from Haisselby in the western part of
Stockholm, Sweden. Participants got introduced to the program and the devices in

different timelines. The first participants started in November 2020, whereas most
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participants started in January and February 2021. The project was six months long
for all the participants, and the last joined participant ended the project in September

2021.
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User profiling

This chapter will cover methods to answer the research question and how data is

collected to create user profiling. Details of chosen methods and why those specific

methods have been chosen.

4.1 Data collection method

The goal is to create an overview of the health application users with the help of user
profiling. To create reliable and valuable user profiling is essential to find scientific
models that have been researched. The different models will then be reformulated to

the specific application to collect the relevant data.

A pre-study was done to understand the user profiling and the different experience
tools examined to have a high degree of reliability and accuracy. The experience tools
that have been pre-studied are mainly for health applications. Apart from doing a pre-
study on experience tools for health applications, a pre-study has been done on tools
for understanding the users’ technical skills. The experience tool for technical skills is

mainly for older adults using health applications.

Search tools such as google scholar, diva, science direct, elsevier, and researchgate
have been used for finding pre-study material. The keywords for searching for
different scientific reports were mainly: User profiling, user experience tools,
health care questionnaires, medical technology questionnaires, mobile health

application usability, mobile health application questionnaires, elderly technical
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ability questionnaire tools, usability, evaluation, elderly, medical technology device

questionnaires.

When the data is collected, it is time to identify the available tools. It is crucial to
find the right tools that are most suitable for the specific study and the target group.
The first step is to identify the differences between the tools and their advantages
and disadvantages. To eliminate tools unsuitable for the specific study by using user
experience tools that have high consistency and have been researched on in larger scale.

With the help of suitable user experience tools, a questionnaire is designed.

4.1.1 Data collection

The method for data collection is to use the specific questionnaire created for
interviewing the patients. The interviews are done with the participants who have
ended the program or are dropouts. The participants choose to have the interview
through mail, phone, or in person. The interviews were done on the phone or in-
person and will be recorded through mobile phone with the participant’s knowledge.

The recording is an addition to notes being done to be able to cover all content.

The records and notes will be written in text to be able to collect all the data in an excel
sheet. The participants’ answers were organized to understand each patient’s answer
to each question. The questionnaire in the excel sheet is divided into four different

sections.

4.1.2 Data evaluation

As mentioned in Section 3.2.8, the data is translated to text on an excel sheet. In the
first stage, all the data is written in excel with colouring to distinguish the answers. The
data in the first stage is specific, where the patient’s answers are copied into the excel
sheets. The specific answers are hard to differentiate. The specific answers could make
two similar answers look different from each other. Therefore, it is essential to make

the data more generic before analysing it.

The data goes through three different steps to make it shorter and more generic. The
first step is to shorten the answers to see similarities. The second step is to shorten
it down one more step, and then the third step is to get the answers to a yes/no

answer.
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Stage 1 - Collect all the specific data and differentiate them with the help of

colouring and their categories

Stage 2 - First step of making the specific answers shorter and more

generic

Stage 3 - Second step of making the Stage 2 data more generic and

shorter

Stage 4 - Third step of making the Stage 3 data more generic and shorter

in the form of yes/no answers

When the answers have gone through the steps to make the answers short and simple
tounderstand, it is then going through another step, making the answers into numbers.
The short answers get converted from text to numbers starting from zero and up. The
reason for converting text to numbers is to use the K-means clustering algorithm. K-
means clustering algorithm makes it possible to find similarities between the patients
and divide them into a group of clusters. The group of clusters is a step forward to

finding the User profiles of the participants.

4.1.3 Code for determine number of clusters

Python coding takes all the numeric data from the excel file and then determines the
number of clusters. The Elbow method and Silhouette scoring are done with python
to make it easier to determine a good "K” value. The Excel file with all data is called
PART-A-D.csv, which the code reads.

from sklearn.cluster import KMeans
import pandas as pd

import numpy as np

print ("PART A to D")
DATA = pd.read_csv('PART2A-D.csv', sep=';') #Reading the excel CSV data
print (DATA) # Printing the data

#Elbow Method calculating distortion with K values going from 1 up to 9
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dis
K:

for

tortions = []

range(1,10)

k in K:

kmeanModel = KMeans(n_ clusters=k)

#Including all the columns of the CSV Ezcel (Including all the data)

kmeanModel .fit (DATA[['EHBP', 'RFE',

'HEIITSE', 'PTTIOIG', 'RLC', 'HC'

,'RHP','KAM' , 'SOH', 'WLTHCWOOA', 'LUIP',
'"TILNT', 'UOIEANSM', 'DTPUDES', 'LTEWNT','HTTNT' ,'TTTLNT',
'"DYHSTGHF', 'ITHYGINEWKOHDYUONITS']])

distortions.append(kmeanModel . inertia_)

# Plot showing the Elbow Method

plt
plt
plt
plt
plt
plt

.figure(figsize=(16,8))

.plot (K, distortions, 'bx-')

.xlabel('k")

.ylabel('Distortion')

.title('The Elbow Method showing the optimal k')
.show ()

The second part of the code takes the same "DATA” which is the CSV excel and runs it

through the silhouette scoring code.

#S17
imp
imp

#Te

for

Lhouette Method
ort sklearn.cluster as cluster

ort sklearn.metrics as metrics

sting K cluster values from 2 up to 9

i in range(2,10):
labels=cluster.KMeans(n_clusters=i,init="k-means++"
,random_state=200) .fit (DATA) .labels_

print("Silhouette score for k(clusters) = "+str(i)+" is "

+str(metrics.silhouette_score(DATA,labels,metric="euclidean",
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sample_size = 1000, random_state=200)))

26



Chapter 5

Result

5.1 Interview protocol POSITIVE project elderly

application

The interview protocol is designed with the help of the questionnaire tools
researched in the background. The interview protocol combines system usability
scale(SUS), service user technology acceptability questionnaire(SUTAQ), patient
activation measure(PAM), mobile health app usability questionnaire(MAUQ) and
elderly information technology ability tool(EITAT). The interview protocol is divided
into four parts PART A, PART B, PART C and PART D.

Interview protocol for Elderly Health Application

PART A) Consists of questions regarding the motivation for healthy ageing. The aim
is to understand the motivation for training and the reasoning. It gives an overview of

the patients’ training habits.

1. Can you tell us a little about your current training habits? What kind of physical
exercise do you usually do? How often why do you exercise and how long period

have you done a regular exercise?

2. What is the main reason for you to exercise? If you do not exercise regularly,

what is the main reason for not exercising?

3. When you have time and motivation to start exercising, is it easy to get started?

What is your choice of exercise? Would additional coaching facilitate your start?
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4.

5.

What kind of supporting do you need during exercise? Schedule/coaching?

Do you like to exercise individually or in small groups?

PART B) It consists of health questions inspired by the Patient Activation Measure

and questions about the experience of health applications.

1.

Are you interested in improving your health in general? Have you tried
other mobile health applications, such as for physical exercise or nutrition

applications?

Have you used other health/training applications? Do you still use them and if

not what was the cause that you stopped?

. Have you ever tried a change in lifestyle before? What kind of lifestyle change?

Do you monitor or check your health with health care professionals regularly?

Have you had any health problems recently? If so, do you know about your

different health problems and what causes them?

Do you have any prescribed medication? If yes, do you know what each of the

prescribed medication do?

How satisfied are you with your health in general? Do you feel that you could do
more to improve your own health and well-being? Are there certain areas in your

physical functioning that you are satisfied or dissatisfied with?

PART C) It consists of questions regarding the participants’ experience of Positive

elderly application

1.

What did you think about the application and its different functions in general?
Did the application work well? Which of the functions did work well and did not

work well?

How often did you use the Positive application? What made you open and use

the application? If you did not use the application that much why?

. What do you think could motivate you to use the Positive Application more

frequently?

How did the different functions work? Did they affect your motivation to use the

application? Did for example the winning cup and the green boxes motivate you
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10

to do more exercises? If not what kind of rewarding would motivate you? Did the
different devices (Speed gait, Stand gait, Weight Scale) affect your motivation to

use the application?

Do you think the support you mentioned in Section A (What kind of supporting
do you need during exercise) were implemented in Positive Application/Devices

would improve your motivation to use the application more often?

. After you started to use the application, did you notice any changes in your

motivation to exercise more? Have you started to exercise more after using the

application?

If you started to exercise more when using the app, what was the most important

app functions for this behavioral change?
If you did not start to exercise more when using the app, what was the reason?

Do you think different app functions such as rewards motivated you to exercise

more? Why, why not?

Would you prefer to communicate with a coach during your exercise or is it

enough to have some type of rewarding in the application?

. Would you prefer to communicate with other participants during the program

with the help of the application?

Thinking about the design and visual look of the app. Did you like how the app
was organized? Was it difficult/easy to navigate between pages? Did you like

about the color? Notifications?

. What was the most useful information that the app provided for your motivation

to exercise?

What was the least useful information?

PART D) It consists of questions regarding the technological abilities of the

participants

1.

We would like to hear more about your technology use and digital skills. Are
you interested in learning and acquiring new technologies and applications? Do
you think it is easy or difficult to learn how to use mobile applications? Do you

routinely use the internet to search for information health-related information?
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2. Do you use Internet to quickly mail attached files/pictures to friends/Family?
Other medias (Could be social media or messaging system through internet like
messenger/WhatsApp) to send picture/files to friends/family? Do you use any

social media? What kind of social media?

3. Doyou use word-processing (Microsoft Word for example) software in document

editing?

4. Are you a person which like to experiment with new technologies? What makes

you interested in acquiring new technologies and applications?
5. In general, are you hesitant to try out new technologies?

6. If you hear about new technologies, would you look for ways to experiment with

them?

7. If you have any technical problems with new technology (such as a device is not
working), do you have a person you can ask help from? Do you think you can
manage all technical problems on your own? Or do you think you would like
to have more support for learning new technologies or downloading software or

solving technical problems?

8. If you think you need more help with new technologies and applications, what

kind of support do you think would be useful for you?

5.2 Choice of number of clusters

The interviewed data have gone through the five stages mentioned in section 4.1.2. The
data from patients have been turned into numbers. These data have to be grouped with
the help of K-means clustering, where the first step is to choose the correct number
”K” value. The data is read by the python code, which reads the excel CSV.file and
then prints the content of the Excel. Then the data from the Excel file goes through the

elbow method and silhouette scoring and prints out the result.

Data Overview The data consists of 10 interviewed participants. The participants’
name is an ID name used during the project and not the participants’ real name. The
questions are short-named to give space to show all the data in one window. The

answered numbers have a specific meaning for each question.
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PART A to D Excel CSV Printed
Namn EHBP RFE HEIITSE PTTIOIG RLC HC RHP KAM SOH GQOAA \

0 P20020 0 0 0 0 0O O 0 0 0 O

1 P20010 1 0 1 0 0 1 1 0 0 O

2 P20000 1 1 0 0 0O O 1 1 1 1

3 P20002 1 1 1 0 0 1 1 0 0 O

4 P20023 2 0 1 0 1 1 1 0 0 1

5 P20006 2 1 0 0 0 1 2 1 1 1

6 P20024 2 2 1 0 0 1 3 0 0 1

7 P20018 3 0 0 0 o 2 1 0 1 0

& P20011 3 0 0 0 0 2 1 0 1 1

9 P20012 1 0 1 1 1 1 1 0 0 1

Namn HOWTAU HDTAAYM MIFTDF COMSS NTHCWC \

0 P20020 0 0 0 0 0

1 P20010 0 1 1 1 0

2 P20000 1 2 0 2 0

3 P20002 0 0 1 1 0

4 P20023 0 0 1 1 0

5 P20006 0 3 2 2 0

6 P20024 0 0 1 1 0

7 P20018 0 3 1 2 0

& P20011 0 3 1 1 0

9 P20012 0 0 1 1 1

WLTHCWOOA LUIP TIILNT UOIEANSM DTPUDES LTEWNT HTTNT TTTLNT DYHSTGHF \

0 0 0 0 0 0 0 0 0 0
1 1 1 1 0 0 1 0 0 1
2 0 0 0 0 1 1 0 0 1
3 0 0 2 1 1 1 0 0 1
4 0 1 1 0 1 1 0 0 1
5 0 2 1 2 0 2 0 1 1
6 0 1 1 2 1 2 1 1 1
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7 0 1 1 0 1 2

8 0 0 2 1 1 2

9 1 1 0 1 0 2
ITHYGINEWKOHDYUONITS

0 0

1 1

2 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

[10 rows x 26 columns]

The short-name stands for:

EHBP = Exercise Habits Before Program

RFE = Reason for exercising

HEIITSE = How easy it is to start exercising
PTTIOIG = Preefers to train Individually or in group?
RLC = Recent lifestyle changes

HC = Health Checkups

RHP = Recent Health Problems

KAM = Knowledge about Medication

SOH = Satisfaction of health

GOAA = General Opinion about application
HOWTAU = How often was the application used?

HDTAAYM = How did the application affect your motivation?
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MIFTDF = Motivational impact from the different functions
COMSS = Change on motivation since start

NTHCWC = Need to have contact with coach?

WLTHCWOOA = Would like to have contact with other older adults?
LUIP = Least usable information provided

IILNT = Interest in learning new technology?

UOIEANSM = Usage of internet, email and social media
DTPUDES = Does the participant use document editing softwares?
LTWENT = Like to experiment with new technology

HTTNT = Hesitant to try new technology?

TTTLNT = Take time to learn new technology?

DYHSTHF = Do you have someone to get help from?

ITHYGINEWKOHDYUONITS = If the help you get is not enough, what kind of help

do you use or need in those scenarios?

When the code reads the data, it goes through the elbow method code section. It counts

the distortion of K values from 1 to 9 and then gives a plot.

In The Elbow Method plot, the elbow is hard to see and makes it hard to choose a K
clusters value. The elbow method does not give a specific K value. The value should be

where the graph shows somewhere between 3 and 4 clusters.

The same data goes through Silhouette scoring to confirm the K-value from the Elbow
method.

Silhouette score for k(clusters) = 2 is 0.28572962173143546
Silhouette score for k(clusters) = 3 is 0.25614159170203005
Silhouette score for k(clusters) = 4 is 0.16914981953460093
Silhouette score for k(clusters) = 5 is 0.17947747460450328
Silhouette score for k(clusters) = 6 is 0.17650662853980076
Silhouette score for k(clusters) = 7 is 0.11683457461507558
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The Elbow Method showing the optimal k

Distortion

20

1 2 3 4 5 6 7 B 9
k

Figure 5.2.1: The plotted elbow method from input data.

Silhouette score for k(clusters) 8 is 0.08398407819149258

Silhouette score for k(clusters) 9 is 0.07752551286084111

The Silhouette score shows that the most suitable cluster should be 2 or 3, where it

gives the highest values.

The chosen K value is three. According to the Silhouette and Elbow methods
calculations, Kvalue three is a fair number of the cluster. The limited data is considered
in the choice of K-value, where it only has 10 participants. Too many clusters will create
two little groups, and too few clusters will not show anything significant that could be

used for evaluation.

5.2.1 Presentation of DATA Collected including clustering

Namn EHBP RFE HEIITSE PTTIOIG RLC HC RHP KAM SOH GOAA \

0 P20020 0 0 0 0 0O O 0 0 0 O
1 P20010 1 0 1 0 0 1 1 0 0 O
2 P20000 1 1 0 0 0O O 1 1 1 1
3 P20002 1 1 1 0 0 1 1 0 0 O
4 P20023 2 0 1 0 1 1 1 0 0 1
5 P20006 2 1 0 0 0 1 2 1 1 1
6 P20024 2 2 1 0 0 1 3 0 0 1
7 P20018 3 0 0 0 0o 2 1 0 1 0
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& P20011 3 0 0 0 0o 2 1 0 1 1
9 P20012 1 0 1 1 1 1 1 0 0 1

Namn HOWTAU HDTAAYM MIFTDF COMSS NTHCWC \

0 P20020 0 0 0 0 0
1 P20010 0 1 1 1 0
2 P20000 1 2 0 2 0
3 P20002 0 0 1 1 0
4 P20023 0 0 1 1 0
5 P20006 0 3 2 2 0
6 P20024 0 0 1 1 0
7 P20018 0 3 1 2 0
8 P20011 0 3 1 1 0
9 P20012 0 0 1 1 1

WLTHCWOOA LUIP IILNT UOIEANSM DTPUDES LTEWNT HTTNT TTTLNT DYHSTGHF \
0 0 0 0 0 0 0 0 0 0
1 1 1 1 0 0 1 0 0 1
2 0 0 0 0 1 1 0 0 1
3 0 0 2 1 1 1 0 0 1
4 0 1 1 0 1 1 0 0 1
5 0 2 1 2 0 2 0 1 1
6 0 1 1 2 1 2 1 1 1
7 0 1 1 0 1 2 1 2 1
8 0 0 2 1 1 2 1 1 1
9 1 1 0 1 0 2 0 0 1

ITHYGINEWKOHDYUONITS Cluster
0 0 0
1 1 0
2 0 0
3 0 0
4 0 0
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© 00 N O O
SO O O O o
S NN =

[10 rows x 27 columns]

5.3 Analysis of the created clusters

From the presentation of data collected(5.0.3), the code has created 3 clusters added
in the last column. The cluster goes from 0 to 2. Cluster 0 has six participants, cluster 1
has two participants, and cluster 2 has two participants. The analysis is done part-wise
to find differences and analyze the data. The questionnaire has been divided into four

parts, and the analysis is done in the same parts individually.

5.3.1 PART A questionnaire analysis - Exercise Habits

Analysis of the first PART A of Questionnaire where the questions is mainly about the

participants exercise habits and what their main reason for exercising is.

Two of the three clusters were usable for creating a user-persona analysis in part A.
Cluster 1 was the cluster that was not a good candidate for drawing analysis due to its
limited data of two participants. Participants in Cluster 1 answered differently on each

question, making it impossible to find patterns and draw good conclusions.

The answer pattern in cluster 0 shows that the group had an intermediate activity level
before starting the program. Their goal with the program was to maintain their good
health or decrease their illness symptoms. Most of the participants had no difficulty

starting to exercise and would prefer to exercise individually.

Cluster o0 is OK, where it creates a pattern where most of the participants have answered
similarly. It made it possible to draw an overall picture of the exercise habits the
participants in the cluster had. The cluster, as mentioned, had 6 participants where
at least on each question, four of them answered similarly, making this an OK cluster

to use for analyzing and using in this thesis. Due to the findings and that the cluster
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is usable, the short description of Cluster 0 Part A is "Activity for maintaining good
health.”

Name of the Cluster 0 in PART A - Activity for maintaining good health

Findings from the answer pattern in Cluster 2 show that the group had low activity
levels due to recent illness. Their main goal has been to maintain good health with

medium difficulty start exercising. They prefer to exercise individually.

Cluster 2 is OK where it creates a pattern where all the participants have answered
similarly. It is possible to draw an overall picture of the cluster group. The group
consists of just two participants; due to their similar answer patterns, it is a valuable
cluster from which conclusions can be drawn. It is not the most extraordinary cluster
due to its limited data(participants) but helpful for this project. From the findings
in this cluster, the short description of Cluster 2 Part A is "Low Activity due to

ilness.”

Name of the Cluster 2 in Part A - Low Activity due to Illness

5.3.2 PART B analysis - Motivational of behaviour changes

Analysis of the second PART B of the questionnaire where the questions is mainly

about the participants current health status and lifestyle.

Two of the three clusters were usable for creating a user-persona analysis in part A.
Cluster 1 was the cluster that was not a good candidate for drawing analysis due to
its limited data of two participants, which answered reasonably differently, and the
considerable difference between the participants where one of them had a severe health

problem.

The answer pattern in cluster 0 shows that the group has not made any lifestyle
changes; if there are any changes, they are minor. The participants do the annual
health checkups or do the available at the health center. They have a mild level of
health problems and highly know their medication levels. They are overall satisfied

with their health.

The cluster 0 is OK where it creates a pattern where most of the participants’ have
answered similarly. The pattern made it possible to draw an overall picture of the

participant’s current health status and lifestyle. Cluster o had 6 participants where
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at least four answered similarly on each question. The similar answers and number of
participants make it a good cluster for analysis. Due to the findings and that the cluster
is usable, the short description of the Cluster o Part B is "Intermediate knowledge of

health motivational Of behavior changes.”

Name of Cluster 0 in PART B - Intermediate(Knowledge of health)
Motvational Of Behaviour Changes

Findings from the answers in cluster 2 show that the group has not made any lifestyle
changes, does not do health tests, and has a mild level of health problems. The cluster 2
participants have high knowledge of their medication intake and are not satisfied with

their overall health.

Cluster 2 is OK where it creates a pattern where all the participants have answered
similarly. It is possible to draw an overall picture of the cluster 2 group. The group
consists of just two participants; due to their similar answer patterns, it is a helpful
cluster from which conclusions can be drawn. It is not the most extraordinary cluster
due to its limited data(Participants) but helpful for this project. From the findings
in this cluster, the short description of Cluster 2 Part B is "Lower interest of their

health.”

Name of Cluster 2 in PART B - Lower interest of their health

5.3.3 PART C analysis - Usage of POSITIVE health application

Analysis of the third PART C of the questionnaire where the questions is mainly about

the participants usage and opinions on the Positive Health Application.

Two of the three clusters were usable for creating a user-persona analysis in part A.
Cluster 1 was the cluster that was not a good candidate for drawing analysis due to its

limited data of two participants, which answered reasonably differently.

The answer pattern in clusters 0 and 2 shows that the participants think the application
works well or needs minor improvements. The participants used the application five
times a week, did not feel the application affected their motivation, thinks the boxes
and symbol icons made it more motivational to exercise. The participants think their
motivation has been better since they started; they do not need a coach or contact

with other older adults. Some in the cluster think that the exercises should be more
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customized than they are now.

Cluster o0 and 2 are OK; it creates a pattern where most participants have answered
similarly. The similar answer pattern made it possible to draw an overall picture of
the participant’s current health status and lifestyle. Cluster o0 had 6 participants where
at least four answered similarly on each question. The similar answers and number
of participants make it a good cluster for analysis. Cluster 2 had fewer participants
but created valuable patterns similar to cluster 0. Due to the findings and that the
cluster is usable, the short description of clusters 0 and 2 in Part C is "Active users

more motivated than before want more customized exercises/schedules.”

Name of Cluster 0 and 2 PART C - Active users more motivated than before

want more customized exercises/schedules

5.3.4 PART D analysis - Digital skills

Analysis of the third PART D of the questionnaire where the questions is mainly about

the participants knowledge and interest of daily technological equipment.

One of the three clusters was usable for creating a user-persona analysis in part
A. Clusters 1 and 2 were the clusters that were not a good candidate for drawing
analysis due to their limited data of two participants, which answered reasonably

differently.

The answer pattern cluster 0 shows that the group is interested in learning new
technology, which some think is challenging. Most of them use email or social media.
Some of them use document editing software. Most participants like to experiment
with new technology, not hesitant to try new technology. They have someone to get

help from and do not need further help than that.

Cluster o is OK; it creates a pattern where most participants have answered similarly.
The similar answers pattern made it possible to draw an overall picture of the
participants’ technological knowledge and interest. Cluster 0 has 6 participants,
and at least four have answered similarly to all the questions. Similiar answers
and the number of participants(data) make it an OK cluster to use for analyzing.
The short description of the Cluster 0 PART C is "Higher knowledge and interest in
Technology.”

Name of cluster 0 in PART D - Higher knowledge and interest in
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Technology

5.4 User profiles and choice of relevant clusters

From the analysis done in section 5.3, choosing the suitable clusters to create user
profiles is relevant. The analysis of the clusters is like a list of information that is not
easy to follow. The relevant data from clusters will be turned into User Profiles to get
a more straightforward overview of the participants. The usable clusters were 0 and 2
in PART A to C and Cluster 0 in part D.

Data relevant for creating User profile

When designing the user profile, the analysis in section 5.3 will contribute to creating
an overall picture. Apart from the cluster analysis, information like the average age,
average activity data, and imaginary information regarding house type, interests, and
hobbies illustrate the participant. The average activity data was included for comparing

them to the participants’ answers during the interview.

Cluster o - Average age

20020(76 Years) - Radhus , 20010(74 Years) - Villa, 20000(78 Years) - Ligenhet,
20002(85 Years) - Liagenhet , 20023 (75 Years) - Villa, 20012(78 Years) - Villa
(76+74+78+85+75+78)/6 = (466/6) = 77,6 year old

Cluster o - Average Activity Data
Exercise  Activity: 20020(66,66667), 20010(87,82609), 20000(12,5)
20002(60,83333), 20023(68,88889), 20012(90) = 64,419 Percent

Gait Speed = 20020(0,857143), 20010(1) + 20000(0) + 20002(0,125) + 20023(0) +
20012(0,708333)= 0,44841267 44,841 Percent

Chair Stand = 20020(0,857142857) + 20010(1) + 20000(0,416666667) +
20002(0,25) + 20023(1) + 20012(1) = 0,75396825 75,397 Percent

Weight = 20020(0,857142857) + 20010(1) + 20000(0,416666667) + 20002(0,25) +
20023(1) + 20012(1) = 0,75396825 75,397 Percent

Cluster 2 - Average age

72 Years old + 88 years old = 72+88/2 = 80Years old

Cluster 2 - Average Activity Data
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Exercise: 20018(46,25) + 20011(23,47826087) = 34,8641304 Percent Gait Speed:
20018(0) + 20011(0) = 0 oPercent Chair Stand: 20018(1) + 20011(0) = 0,5 50Percent

Weight: 20018(1) + 20011(0) = 0,5 50Percent

5.4.1 User profile - Kim
User Profile Kim was designed with the help of Cluster o from PART A to D.

User Profile Kim had an intermediate level of exercise before starting Positive Project.

Their goal is to maintain their health in their older days.

From the perspective of health, they have not made drastic lifestyle changes lately.
The health problems are mild, and they have high knowledge about their medication
intake. The health checkups offered are done annually. They are satisfied with their
health.

The perspective of the application overall works well where it needs minor
improvements. The users claim to use the application every day, but their motivation
has been unaffected. Although they claim their motivation was unaffected, they feel
that their motivation to exercise has increased. Opinion about icons and symbols is that
they make them more motivated. The minor change they want is a more customized

exercise.

The participants in this cluster have an interest in learning new technology. Most of
them have experience with multiple social media or use email. There is no hesitation in
trying new technology and experimenting with new technology. This group, therefore,

has a higher level of technical knowledge.

Summary of Kim

Kim

77 Years Old

Hasselby in a row house.

Pensioner

Kim has been a pensioner for 12 years. Kim likes to read books and enjoy time with
her family, especially grandchildren, in her spare time. When Kim has time, kim goes

to her country house and takes care of it, especially during the summers.
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Kim
Pensioner | 77 Years Old
Hasselby - Row House

"My goal is to change
my lifestyle by
exercising more often. |
want to maintain my
health for now and for
the future.”

Interests & Hobby

—

Reading books

- o
Enjoying time with
family

Taking care of the
country house

Health Status

Health Problems(Diseases)

- L]

Knowledge about mediation taken

—

Health Satisfaction

—

—
L
[ —

Do health checkups annually: w\\f}

Positive Application

Perspective of application

- [ ] —

Application use

—

Application Activity

Exercise Activity:

Did you feel the application affected your motivation? 3¢

Has the motivation to exercise increased since starting using the '\a,_ﬁ

Did the symbols & icons in the application made you more motivated to -\{?

Application Critics:

customized schedule for my individual needs.

| would like to have more customized exercises in my schedule. | sometimes felt
that some exercises were too easy and others too hard. | would like a more

Technological Skills

Interest in learning new technology

- [ ] — lication?
64 419% o
Gait Speed: exercise?
— [ ] —
44 841%

Chair Stand:

-
75,397%

Weight Scale:

-
T5.397%

c—

Experience with Social Media/Emailing

c—

Hesitant to try new technology

Figure 5.4.1: User persona Kim

42



CHAPTER 5. RESULT

Goals
Change her lifestyle a bit by increasing the level of exercise to maintain her health now

and future.

Health

Health problems(Diseases): Intermediate
Do health checkups annually: Yes
Knowledge about medication intake: High
Satisfaction of health: OK

Application

Perspective of application: Good

Application use: Daily

Did you feel the application affected your motivation?: No
Has the motivation to exercise increased since the start?: Yes

Does the symbols icons in the application made you more motivated?: Yes

Critiqus: More customized exercises; Kim sometimes felt some exercises were too easy
for her and others hard to do. Kim would like a more customized schedule for her

individual needs.

Technology Skills: Interest in learning new tecnology: High
Experience with Social Media/Emailing: Pretty High
Hesitant to try new technology: Low

Overall knowledge in Technology: High

5.4.2 User profile - Alex

User Profile Alex was designed with the help of Cluster 2 from PART A to C.
Unfortunately to the limited data of cluster 2, it was not possible to draw any relevant

conclusions from PART D, the technological interest and knowledge part.

User Profile Alex has Low activity group due to their recent illness. Their goal is

to maintain their health in their older days. No recent lifestyle changes have been
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done recently. No health tests are done annually, and the health problems are mild.
User Profile Alex is Not satisfied with their health but has high knowledge about their

medication intake.

Alex Summary

Alex

80 Years old

Hasselby in apartment

Pensioner

Alex has been a pensioner for 15 years. Alex likes to read books, work on his art projects,

and collect historic and vintage objects.

Goals
Change his lifestyle by exercising more often to improve his overall health and decrease

the symptoms of his health problems.

Health
Alex has higher-level health problems, low satisfaction with his health, and does not

do annual health checkups.

Application

Good perspective of the application claims to have used the application five times a
week. Alex feels that the application did not affect his motivation but that his exercise
motivation overall has improved since alex started this program. Alex thinks the

symbols boxes help motivate him to exercise more often.

Critics: Alex would like to have more customized exercise schedules; sometimes, the

exercises could be too hard or easy.
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Alex

Pensioner | 80 Years Old
Hésselby - Appartment

Interests & Hobby

_—

Reading books

Art History

Health Status

Health Problems(Diseases)

c—

Knowledge about mediation taken

c—

Health Satisfaction

| E———

Do health checkups annually: 2

"My goal is to change my
lifestyle by exercising more
often. | want to improve my
health and decrease the
symptoms of my disease"”

Application Activity

Exercise Actmty:

34.8641%

Gait Speed:

0%

Chair Stand:

Positive Application

Perspective of application

c—

Application use

—

Did you feel the application affected your motivation? 3

Has the motivation to exercise increased since starting using the '\»J_?

application?

Did the symbols & icons in the application made you more motivated to -%(?

exercise?

- L]

50%

Weight Scale:

- L]

50%

Application Critics:

| would like to have more customized exercises in my schedule. | sometimes felt

that some exercises were too easy and others toe hard. | would like a more
customized schedule for my individual needs.

Figure 5.4.2: User persona Alex
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Discussion

Creating three clusters showed that only two clusters were usable for analysis. One of
the three clusters consisted of two participants where answers did not create a pattern.
One reason for this could be that the participants had different conditions; one had
mild health issues, and the other had cancer. The differences make it hard to create a

proper analysis from the cluster.

One cluster showed similar answer patterns and made it possible to create an analysis
of all the parts. Unfortunately, it was impossible to withdraw a good analysis on the
last part of one of the clusters. Part D about the participants’ technological knowledge
on one of the clusters did not have a similar answer pattern and only consisted of two
participants. That means that there is one entirely usable cluster and one cluster which

consists of all parts apart from part D.

Aspects that can have affected the interview results are the common problems that
occurred for the participants. One of the most common problems with the tested
products was a "Gait Speed Sensor” device. The Gait Speed Sensor was a device for
measuring the patients walking speed. The device consisted of two sensors where the
patient walked past these sensors, and the device could measure the average walking
speed of the participant. The aim was to do this one or two times a week to measure
the participants’ walking speed changes. Unfortunately, the device did not work as
intended at all times, and the reason for it is still unknown in some cases. This device
never worked for some patients, and they never had to use it; however, some patients
had much trouble with it. The device could not measure their walking speed, so they

had to redo it multiple times where it sometimes worked and sometimes it did not
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work. Most of the participants who had a problem with the device stopped using it. The
frustration from the device not working can have impacted the interview results at the

end of the project. The lower usage of Gait speed is seen on both User Personas.

It is essential to consider that the user personas created for this evaluation are made on
limited data. Therefore, it is impossible to draw any conclusions on why certain habits
have been shown. For example, there is not enough data to show how the difference
in gender or technological skills could impact the participants’ experience. It would be
valuable conclusions, but unfortunately, due to the limited data of 10 participants, it is

not possible to draw similar conclusions.

By the two user personas created, the difference that could be seen between the
participants was that their activity levels on the application differed. The group with
fewer health problems and higher-level health satisfaction, and an overall higher health
score had an activity level of around 64 percent. The device usage was high, around 76
percent apart from the gait speed, which was likely due to the patients who had issues

with the device.

The group which had a higher number of health problems, lower level of health
satisfaction, and overall lower score in health had a lower exercise activity on
34percent. The device usage was 50 percent apart from gait speed due to issues
with the device. Both participant groups claim that they have used the application
approximately every day. However, the data say something different, especially
for patients with lower health scoring. The reason could be that the participants
wanted to show their best side during the interview and could have exaggerated their

answers.

The similarities from both user personas were their perspective of the application,
where both were POSITIVE. Both groups felt motivated by the application’s design
with the symbols and icons. The application critics were similar in that both groups felt
that they wanted a more customized exercise schedule. The users felt that the already
customized exercise schedule was not customized enough. Some exercises were too
easy and some too hard for them to do; they would like to have the alternative of adding

and removing exercises for their individual needs.

One interesting aspect of both user personas is that both groups felt that the application
did not affect their motivation to exercise. Although they felt that the motivation to

exercise increased since they started to use the application.
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Conclusion

Application used for medical purposes are significantly increasing on the market,
hence there is a need to establish evaluations of health applications used in order
to ensure high quality services for patients and reducing the risk of causing harm to

patients.

The aim of this report is to evaluate the application POSITIVE. POSITIVE is an
application used for the older fragile population, with the aim to help patients maintain
their physical health by providing training schedule based on health status and vital
parameters. The evaluation of the application is based on the creation of user personas
from clustered data, enabling evaluation on how the application is used and what the

user requirements are in order to maintain user interest.

An evaluation has been done of POSITIVE project with the help of participants going
through a 6 months test period. The participants got to use the application with
associated devices. The users’ activity was recorded, and interviews were done with
the users. The interview questions have got designed with the help of four scientifically
proven questionnaire tools. The questionnaires cover four different areas to get a better
background understanding of the participants. The interviews got done at the end of
the 6 months test period. The interview data, collected then, has gone through a K-
means clustering to create cluster groups of the users. With the help of the clusters,
similar answer patterns were founded. The similar patterns make it possible to create
a user persona to give a simplified picture of the participants that have used the
application during the test period. With the help of the user personas, it is easier to

get to know the participants and their issues with the applications.
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Totally in the project, 24 participants chose to participate. Three of the participants
never started, and eleven participants chose to drop out during the project. Totally
eleven participants did fulfill the whole 6months period of the project. At the end of
the 6months period, ten of the participants did participate in the interview. Most of
the participants took the interview face to face or through the phone. The interview
questions are constructed with the help of four different researched questionnaire
tools. The questionnaire system tools used are system usability scale, service user
technology acceptability questionnaire, Patient Activation Measure, Mobile Health

App Usability Questionnaire, and Elderly Information Technology Ability tool.

Two user personas were formed with the help of the answers from the interviewed
participants. The answer patterns was created with help of K-means clustering
algorithm. The evaluation on the user persona showed that participants with more
serve health issues had lower activity in the application. Less prominent health issues

among participants resulted in higher activity in the application.

The design of the application was appreciated by both user groups, starting it had an
motivating effect. The emphasised criticism, the user requirements, was to have better

customised exercises.

The POSITIVE project show great promised based on the evaluation. It showed that
there is some small critques to the schedule-program but overall satisfaction. Since
the evaluation and creation of User personas was conducted on a limited amount of
participants, future work include corresponding evaluation but on a larger group of
participants and do validation of the user personas. This would ensure the application

quality, and higher accuracy in results.

7.1 Future work

Future work on the evaluation would be to identify the validity of the user personas.
With the work done in this thesis to identify user personas, however, there is no
validation on how accurate the user personas are. A way to measure the validity
of the user personas would be for others involved in the project to point out which
participants correspond to the different user personas. It is possible to obtain validity

by measuring their accuracy compared to the participants in each user persona.
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