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Abstract 

CareLigo is a medical technology company that supplies heart failure patients with a 
home-based care solution called OPTILOGG. OPTILOGG helps patients to keep track of 
their symptoms, provides medication instructions and educates them about their ill-
ness. CareLigo requested an expansion of OPTILOGG which would allow patients to 
talk to care providers via video communication. 

This thesis describes the creation of this video communication solution and how this 
can be done in the best way for both patients and caregivers. Based on literature stud-
ies on human-computer interaction, user interface (UI) and user experience (UX) de-
sign, a standalone Android application was developed for care providers as well as an 
extension in OPTILOGG taking into account that the users of OPTILOGG are often el-
derly with multimorbidity. Three accessibility aids were added to the extension of the 
OPTILOGG Android application in addition to the video solution. The first helping ad-
dition was a touch area expansion for buttons. The second aid was a screen reader 
feature that vocally describes objects the user clicks on. The third tool was a speech 
recognition feature that allowed patients to navigate in OPTILOGG with voice. The 
video communication between the standalone care provider application and OP-
TILOGG was based on WebRTC and was developed using a software development kit 
from a cloud communications provider called Sinch. 

Keywords 
WebRTC, Video, User Experience (UX), User Interface (UI), Heuristic Evaluation, Ac-
cessibility 

   



 
 
 
 
 

  



Sammanfattning 

CareLigo är ett medicintekniskt företag som tillhandahåller hjärtsviktspatienter med 
en hembaserad vårdlösning kallad OPTILOGG. OPTILOGG hjälper patienter att hålla 
koll på deras symptom, ger medicineringsanvisningar och utbildar dem om sin sjuk-
dom. CareLigo eftersökte en utökning av OPTILOGG vilket skulle ge patienterna möj-
lighet att prata med vårdgivare via videokommunikation. 

Detta examensarbete beskriver skapandet av denna videokommunikationslösning och 
hur detta kan göras på bästa sätt för både patienter och vårdgivare. Utifrån litteratur-
studier gällande människa-dator-interaktion samt användargränssnitts (UI)- och in-
teraktionsdesign (UX) utvecklades en fristående Androidapplikation för vårdgivare 
och en utökning i OPTILOGG med hänsyn tagen till att användarna av OPTILOGG ofta 
är multisjuka och äldre. Tre tillgänglighetshjälpmedel tillades i utökningen av OPTI-
LOGG. Det första hjälpmedlet var en förstoring av klickareor runt knappar. Den andra 
tillgänglighetsåtgärden var en skärmläsarfunktion som beskriver objekt som använ-
daren klickar på. Det tredje verktyget var en funktion för taligenkänning som gjorde 
det möjligt för patienter att navigera i OPTILOGG med röst. Videokommunikationen 
mellan den fristående vårdgivarapplikationen och OPTILOGG baserades på WebRTC 
och utvecklades med hjälp av ett utvecklingsverktyg från en molnkommunikationsle-
verantör som heter Sinch. 

Nyckelord 
WebRTC, Video, Interaktionsdesign (UX), Gränssnittsdesign (UI), Heuristisk Utvärde-
ring, Tillgänglighet 
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1  |  INTRODUCTION 

1 Introduction 

The following chapters deal with the foundations of the work, goals, and sub-goals 
that have been set up to be able to solve the needs and problems that exist. A few de-
limitations have been set for the work to not be too large and end up outside set time 
frame. 

1.1 Problem 
CareLigo is a medical technology company with a goal of helping patients with heart 
failure across the Nordic countries. Their vision is to provide all elderly who are 
chronically ill with equal access to the best, individual-oriented care possible. CareLi-
go provides a product called OPTILOGG. OPTILOGG is a medical tool, which at the time 
of this thesis, consists of an Android tablet and a weight scale. The Android tablet is 
connected to the weight scale via Bluetooth. The pair of devices work together to help 
the patient with medication instructions, keeping track of symptoms, information 
about their illness and suchlike [1, 2, 3]. 

In the process of providing the best possible care for heart failure patients, CareLigo 
was looking to expand OPTILOGG with the possibility for patients to meet with care 
providers remotely. The requested solution for this was a video communication im-
plementation that would be integrated into OPTILOGG. The video communication 
would also be integrated into a standalone Android application for the caregivers. The 
communication topology would look similar to what is presented in figure 1.1. The 
server would handle the initialization of communication to then let the patient and 
caregiver communicate peer-to-peer.  The extension of OPTILOGG, as well as the 
standalone application, would be developed concerning user interface design. The 
extension of OPTILOGG was to be developed taking into account that the users often 
belong to the group of elderly people with multiple illnesses and possible hearing 
and/or eyesight difficulties. 

Figure 1.1. Communication topology. 
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1.2 Goals 
The goal defined for this thesis is to make an expansion in OPTILOGGs Android appli-
cation and to develop a standalone Android application for caregivers. From this point 
forward, when OPTILOGG is mentioned it is referred to OPTILOGGs Android applica-
tion. The expansion of OPTILOGG and the new standalone application would be devel-
oped in order for patients (OPTILOGG) and caregivers (new standalone Android ap-
plication) to communicate via video and be able to transfer data between them. The 
video communication and data transfer should be developed using WebRTC. 

The newly created standalone Android application for the caregivers should be devel-
oped based studies regarding user interface (UI) and user experience (UX) design. 
While expanding OPTILOGG, the development should take into consideration that the 
user group is elderly with multimorbidity. Therefore, accessibility aids should be add-
ed to OPTILOGG. 

The thesis project is divided into three phases: the pilot study phase, the development 
phase, and the analysis phase. Details about each phase can be found in sections 1.2.1, 
1.2.2 and 1.2.3. 

1.2.1 Pilot study 
The pilot study phase should be initiated by studying OPTILOGG application. Thereaf-
ter, WebRTC and its possibilities and potential shortcomings will be studied. After-
ward, studies on UI and UX design, and heuristic evaluation will be done to find out 
what is needed to conduct good graphical user interfaces and how to evaluate these 
after creation. As stated under heading 1.2, the expansion of OPTILOGG should be con-
structed in a manner beneficial for the multimorbid elderly. Thus, studies will lastly 
move toward identifying ways to make the expansion as accessible as possible to the 
stated user group. 

1.2.2 Development 
The development phase starts with creating sketches for interfaces for the caregiver 
standalone application. These sketches will then be used as guides for developing pro-
totypes of the application. The sketches and prototypes will be created with the UI and 
UX design findings from the pilot study in mind. After the establishment of layout pro-
totypes, these layouts will be evaluated according to principles from the pilot study 
that were found studying heuristic evaluation. Lastly, a final interface for the caregiver 
application will be produced, this with the help of results from the evaluation and in 
discussion with CareLigo. 

Following the prototype development and evaluations, video communication devel-
opment will begin. Approaches to developing this video solution will be decided upon 
findings in the pilot study. The video calling technology is then added to the caregiver 
application and in OPTILOGG. The development phase is finalized by utilizing found 
features from the pilot study linked to accessibility and adding these to OPTILOGG, 
hopefully making the expansion of OPTILOGG as accessible to the mentioned user 
group as possible. 
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1.2.3 Analysis 
The analysis phase consists of reviewing results from evaluations, the video commu-
nication solution and the expansion of OPTILOGG in relation to the objectives that 
were set in the beginning. 

1.3 Delimitations 
The thesis project had the following delimitations: 

• The video solution was only developed for Android devices. 

• The applications were only developed to handle one-to-one communica-

tion. 

• No self-implemented solutions for secure communication were developed, 

the security precautions of chosen technologies were deemed to be suffi-

cient. 

• The prototype applications were only tested on CareLigo’s main device 

type, a Pretech W706. 
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2 Theory and background 

This chapter starts by presenting the background to the problem, followed by relevant 
theory connected to UX and UI design, WebRTC and video communication, heuristic 
evaluation and possible accessibility additions in mobile applications. 

2.1 Background 
Health care is an important part of society and it places many demands on its accessi-
bility. When asked how many patients can get a doctors-visit within 48 hours, only 
four out of ten primary care doctors answer that almost all of their patients will get an 
appointment during that time. According to (Sveriges Kommuner och Landsting) [4], 
about 88 percent receives telephone contact with primary care within one day and 
about 79 percent receives a medical assessment within three days. 

CareLigo is a medical technology company with a goal of helping patients with heart 
failure across the Nordic countries. Their vision is to provide all elderly who are 
chronically ill with equal access to the best, individual-oriented care possible. The 
company was started in 2012 by Fredrik Westman and Andreas Blomqvist, and to-
gether they have more than 20 years of experience from the med-tech industry in 
general, and the development of therapy and diagnostics for heart failure patients in 
particular [1, 5]. 

CareLigo provides a product called OPTILOGG which is a medical tool consisting of a 
tablet and a scale that helps the patient in their homes by providing daily advice and 
exercises that lead to easier treatments and lower costs [2, 3]. A more detailed expla-
nation of OPTILOGG will be reviewed in section 2.2. 

There is an ongoing collaboration project with some health centres in northern Stock-
holm, where the aim is to determine whether OPTILOGG can be modified to be cost-
effective even for primary care and not just inpatient care. As part of this adaptation, a 
video calling solution will be developed and implemented in order for the patient and 
the healthcare provider to be able to meet remotely. 

2.2 OPTILOGG 
CareLigo provides a digital home-based care solution for elderly with multimorbidity 
called OPTILOGG. OPTILOGG consists of a 7-inch Android tablet which is locked to a 
specially developed application. At the moment, the application is wirelessly connect-
ed to a weight scale using Bluetooth. OPTILOGG is used by elderly people with heart 
failure and helps them to take care of themselves better, partly through increasing the 
understanding of their illness using an education module, partly through adjusting 
medication and finally through the ability to monitor their symptoms [6]. 

2.3 WebRTC 
WebRTC is an open framework, developed by Google, that allows real-time communi-
cation in browsers and on iOS or Android which lets users to stream video, audio, text, 
and files directly to each other [7, 8]. 
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2.3.1 WebRTC APIs 
To allow real-time communication WebRTC relies on three different APIs, getUserMe-
dia, RTCPeerConnection, and RTCDataChannel, see figure 2.1. The latter two allows 
the use of peer-to-peer communication. 

2.3.1.1 RTCPeerConnection 
RTCPeerConnection is responsible for establishing, maintaining and closing connec-
tions to a peer [9]. In order to set up communication, RTCPeerConnection uses a type 
of message exchange known as signaling [10]. Signaling will be discussed in more de-
tail in section 2.3.2. 

2.3.1.2 RTCDataChannel 
RTCDataChannel is used as the main channel to transfer data directly between peers. 
It creates a peer-to-peer bidirectional channel with the help of the createDataChan-
nel() method in RTCPeerConnection [11].  

Figure 2.1. WebRTC Protocol Stack [12]. 

2.3.2 Signaling 
Even though WebRTC allows peer-to-peer communication, it does not change the fact 
that a server is required. The servers help clients to exchange data to set up the com-
munication, this procedure is called signaling and is not defined by WebRTC and must 
be handled by the application itself [13]. SIP (Session Initiation Protocol), Jingle and 
RSVP (Resource Reservation Protocol) are examples of signaling protocols to mention 
a few. To start this signaling process, the caller creates an offer message containing an 
SDP description and the same goes for the receiver but in this case, it's called an an-
swer message [14]. 

2.3.2.1 SDP 
SDP (Session Description Protocol) is one of the main mechanisms in setting up 
WebRTC sessions. SDP is not responsible for delivering the content (video and audio) 
but is used to negotiate the session’s parameters such as multimedia type, media ca-
pability, transport addresses, and metadata. When the SDP descriptions are ex-
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changed, the two peers know what types of parameters and codec to use during the 
call but still not how to send the media [14]. This is where the second main mecha-
nism, called ICE, comes in. ICE is described in section 2.3.2.2. 

2.3.2.2 ICE, STUN & TURN 
Many devices are behind NATs and even in the case when both peers are using NATs, 
we can still traverse this [15]. WebRTC takes advantage of some NAT-traversal tech-
nologies called ICE (Interactive Connectivity Establishment) [16], STUN (Session Tra-
versal Utilities for NAT) [17] and TURN (Traversal Using Relays around NAT) [18]. 
The relation between all the different servers is shown in figure 2.2. 

ICE is a standard method used to find a way for peers to talk directly to each other. 
This technique is most commonly used in interactive applications when you don't 
want to use a server for relaying the communication between peers [16]. The protocol 
uses so-called agents in its implementation of the RTCPeerConnection [9]. With the 
use of UDP or TCP connection, ICE tries to make contact directly between the peers. In 
this case, ICE starts by collecting all available ICE candidates with the help of STUN [9, 
17, 19]. This is usually the only use of a STUN server, once the connection is estab-
lished, clients can talk directly with each other. The ICE candidates are pairs of IP-
addresses and ports and are collected with the help of STUN requests and once a can-
didate has been gathered from themselves and their peers’ ICE can continue with a 
connectivity check to see which one of the candidates to use. If a candidate passes the 
check, we can establish a connection between the clients and start sending media [9, 
16, 17]. The peers send an ICE candidate in the form of an SDP string. Even if the peers 
agree on ICE candidates to use during the call, they will proceed to the rest of the 
available candidates in hope of finding a better one [14]. 

In the scenario that direct peer-to-peer communication with the use of STUN fails due 
to that one the peers are behind a firewall that blocks NAT traversal, for example, ICE 
can seek help from TURN [14, 18]. A TURN server finds an address with a STUN re-
quest and uses this address to relay the media [16].  

 

 

 

 

 

 

 

Figure 2.2. ICE Flowcharts. 
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2.3.3 WebRTC video chat APIs 
Developing a production friendly video communications solution using WebRTC’s 
own APIs better suits VoIP experts who need full control of the system and have both 
time and money for the initial and ongoing work required. For developers working on 
an Android application, for example, this might not be the desired approach. In this 
case, there are services built using WebRTC that provide APIs to developers. Three 
different services like this are briefly described in sections 2.3.3.1, 2.3.3.2 and 2.3.3.3. 

2.3.3.1 Sinch 
A company born in Stockholm in 2008, Sinch, previously known as CLX communica-
tions, is a cloud communications platform. During video calls, Sinch focuses primarily 
on voice to keep the communication between parties flowing. Sinch supports devel-
opment on iOS, Android and also with Javascript [20]. 

Starting the Sinch service in an Android environment is described in figure 2.3. An 
“applicationKey” and an “applicationSecret” is retrieved from the account registered 
at Sinch. The “environmentHost” is either “sandbox.sinch.com” or “clienta-
pi.sinch.com”, where the prior is the one used during development and the latter for 
production. The most important detail to establish a call is the “userId”, this is the cli-
ent’s identification when placing and receiving calls. 

// Instantiate a SinchClient using the SinchClientBuilder. 

android.content.Context context = this.getApplicationContext(); 

SinchClient sinchClient = Sinch.getSinchClientBuilder().context(context) 

                         .applicationKey("<application key>") 

                         .applicationSecret("<application secret>") 

                         .environmentHost("sandbox.sinch.com") 

                         .userId("<user id>") 

                         .build(); 

Figure 2.3. Sinch - Starting SinchClient (Java) [21]. 

After succeeding to start the SinchClient, a call can be instantiated with the code pre-
sented in figure 2.4. Calls are placed through a CallClient that can be retrieved from 
the SinchClient. When starting a voice call, “callUser(“<remote user id>”)” is used, and 
when starting a video call, “callUserVideo(“<remote user id>”)” is used. Call listeners 
can then be added to the call in order for the application to react in desired ways 
when the call is “progressing”, “established”, “ended” and other likewise events. 

CallClient callClient = sinchClient.getCallClient(); 

Call call = callClient.callUser("<remote user id>"); 

// Or for video call: Call call = callClient.callUserVideo("<remote user id>"); 

call.addCallListener(...); 

Figure 2.4. Sinch - Starting video call (Java) [21]. 

2.3.3.2 OpenTok 
In San Francisco, California, TokBox was founded in 2007. TokBox operates OpenTok, 
which also is a cloud communications platform. OpenTok supports development on 
iOS, Android, Windows and also with Javascript [22]. 

Similar to Sinch’s application key and application secret, the “API key” is retrieved 
from the registered account. “Session IDs” and “tokens” are generated by an applica-
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tion back end server created by the user. With OpenTok, contrary to Sinch, you can’t 
place or receive calls. What you instead do is to connect to the same “session”. A ses-
sion can be thought of as a room. Clients send a request to the application’s back end 
server with the desired room name, the server then returns a generated session ID 
and a token based on the room name. The session ID is equal for any user using the 
same “room name”, but the tokens are unique [23]. Java code for connecting to a ses-
sion is presented in figure 2.5. 

private static String API_KEY = ""; 

private static String SESSION_ID = ""; 

private static String TOKEN = ""; 

... 

private Session mSession; 

... 

mSession = new Session.Builder(this, API_KEY, SESSION_ID).build(); 

mSession.setSessionListener(this); 

mSession.connect(TOKEN); 

Figure 2.5. OpenTok - Initiating required variables and connecting to a session (Java) [24]. 

After the client has connected to the session, audio and video is published to the ses-
sion for others to subscribe to. The publishing and subscribing code are presented in 
figure 2.6 and 2.7 respectively. 

private Publisher mPublisher; 

... 

mPublisher = new Publisher.Builder(this).build(); 

mPublisher.setPublisherListener(this); 

mPublisherViewContainer.addView(mPublisher.getView()); 

mSession.publish(mPublisher); 

Figure 2.6. OpenTok - Publishing audio and video to session and adding to XML layout (Java) 
[24]. 

private Subscriber mSubscriber; 

... 

if (mSubscriber == null) { 

    mSubscriber = new Subscriber.Builder(this, stream).build(); 

    mSession. Subscribe(mSubscriber); 

    mSubscriberViewContainer.addView(mSubscriber.getView()); 

} 

Figure 2.7. OpenTok - Subscribing to audio and video from session and adding to XML layout 
(Java) [24]. 

2.3.3.3 QuickBlox 
The third cloud communications platform covered is one founded in London in 2009. 
QuickBlox supports development on iOS, Android, BlackBerry and also with Javascript 
[20]. 

static final String APP_ID = "961"; 

static final String AUTH_KEY = "PBZxXW3WgGZtFZv"; 

static final String AUTH_SECRET = "vvHjRbVFF6mmeyJ"; 

static final String ACCOUNT_KEY = "961"; 

// 

QBSettings.getInstance().init(getApplicationContext(), APP_ID, AUTH_KEY, 

AUTH_SECRET); 

QBSettings.getInstance().setAccountKey(ACCOUNT_KEY); 

Figure 2.8. QuickBlox - Instantiating QuickBlox settings (Java) [25]. 
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As seen in figure 2.8, QuickBlox initiates settings for video calling similar to both Sinch 
and OpenTok. QuickBlox offers listeners to monitor the call in a detailed manner. Like 
Sinch’s API, QuickBlox’s API also allow placing and receiving call, contrary to OpenTok 
[25]. 

2.4 User interface and user experience design 
Two of the most crucial parts when it comes to designing a system or product 
are user interface (UI) and user experience (UX) design. But what separates 
these two from one another and how do they work together? The layout and 
design of the interface are one of the main aspects when creating an applica-
tion. The interface needs to be designed so that the user can complete tasks 
with ease. It does not matter how powerful a system is, if the UI is hard to un-
derstand, the full capacity will never be used [26, 27]. But just because the UI is 
easy to understand, it does not make the full experience pleasing. Jakob Nielsen 
and Don Norman describe UI in relation to UX as following: 

“..., consider a website with movie reviews. Even if the UI for finding a 
film is perfect, the UX will be poor for a user who wants information 
about a small independent release if the underlying database only con-
tains movies from the major studios” [28]. 

In other words, giving the user, a fancy interface will not be enough to make 
them satisfied. To really exceed the users' expectations, the UX and UI should 
be equally good. But what exactly does UX design mean? The definition of UX 
described by Nielsen and Norman are the following: 

“User experience encompasses all aspects of the end user's interaction 
with the company, its services, and its products” [28]. 

2.4.1 Human-computer interaction 
Human-computer interaction (HCI) is an area that attracts more and more attention 
and is one of the main contributors when working with UI design. In its core, HCI is 
the study of humans' interaction with computers and how successful we can use the 
systems available but also human factors and that these can differ from person to per-
son [29, 30]. 

2.4.2 Eight golden rules of user interface 
With an interface that guides the user towards the objective, the need for logical think-
ing decreases. One of the most famous collections of guidelines when designing a UI is 
The Eight Golden Rules of User Interface written by Ben Shneiderman [31]. 

Strive for consistency 
This implies that the UI should have some sort of consistency. With consistency 
and a pattern that keeps coming back, the user can predict what will happen 
when an action is performed. 
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Cater to universal usability 
Design the system to work for different kinds of users. It should be easy to 
learn for a first-time user but at the same time designed to be efficient in the 
hands of an expert. 
 
Offer informative feedback 
The interface should give some feedback or reaction to any given action. With 
the help of feedback, users can more easily know if they have done right or 
achieved their goal without guessing. 
 
Design dialogs to yield closure 
Give the users tasks and achievements to help track their progress. This kind of 
design is known as Gamification and will be discussed further in section 2.4.3. 
 
Prevent errors 
Prevent errors from occurring by making it impossible for the users to make 
mistakes. 
 
Permit easy reversal of actions 
The UI should be designed so the users are able to backtrack all their actions. 
This makes the thought of failure not so scary as the users know they can al-
ways go back to a previous step. 
 
Support internal locus of control 
Internal locus is when the user is in control or in charge of their actions. This 
means that questions like “how did that happened?” or “what is this page?” 
should never have to occur. The user should always be able to link an action to 
an event. 
 
Reduce short-term memory load 
The final rule comes down to our capacity to handle new information. If you 
have information on many different places in your app, don’t expect the user to 
remember more than the essentials. Don’t expect the user to remember some-
thing from an earlier page to complete a task on a later one, as rule 5 says, pre-
vent errors.  

These rules are useful when designing a UI even though they sometimes conflict with 
each other [26, 31]. 

2.4.3 Gamification 
When integrating with something new, whether it is using a new product or trying to 
learn a new language, it can be tough to understand everything. Humans have easier 
to learn something new if they are motivated and thus comes the term Gamification 
[32]. The idea is that you should apply the same mechanics used in a game but to a 
different environment to give the learning process a sense of fun. When designing an 
app, you should try to remove the need for logical thinking. It is not meant to make the 
app into a game, but to implement the same aspects such as daily goals and achieve-
ments, anything that makes the app fun to use and easy to understand [33]. 
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2.4.4 Cognitive psychology applied on GUI design 
The UI should not be hard to understand. The user should only need one look and 
know directly what to do to complete their task. Therefore, when designing a UI, to 
minimize the cognitive load on the user three aspects should be considered. These are 
human memory limitation, perception, and attention [34, 35]. This section addresses 
how to apply cognitive psychology in designing the UI. 

2.4.4.1 Images and text 
There are many different ways to show and display information. Due to the structure 
of the human brain, images and text will be processed differently depending on the 
position. The left hemisphere is associated with linguistic and analytic processing 
which controls the right eye and the right hemisphere is associated with perceptual 
and spatial processing which controls the left eye [36]. As a result of this, words are 
identified quicker if they are placed in the right visual field and images identified 
quicker in the left visual field [37]. So, with the help of positioning images to the left in 
the UI and text to the right, the cognitive load can be reduced [36]. The minimum text 
size for text to be readable is somewhere between 14 and 24 pixels depending on the 
contrast of the text against its background colour. If the text size is 14 px, the contrast 
ratio between text and background needs to be at least 3:1 [38]. How to calculate the 
contrast will be further discussed in 2.4.4.3. 

2.4.4.2 Colours, attention and feeling 
In most cultures, the colour red represents danger or warning; and the colour green 
represents safety or notifications. But what about other colours? A colour that is par-
ticularly interesting when designing is the colour blue. The human eye has so-called 
cones in the retina which are used to distinguish colours. The outer cones on the reti-
na are the most sensitive ones and these are the ones that identify the colour blue 
[39]. This makes blue the perfect colour to use when you want to draw attention to 
something, especially in the periphery [37]. Also, the retina is not so sensitive to the 
colours green and red as they are to blue. Therefore, these colours should be left out 
when displaying something in the outer parts of the UI, especially if its small details 
[40]. The visual system isn’t built to focus on short-wavelength light and due to the 
wavelength of the colour blue, see figure 2.9, it should not be used in text or small de-
tails [40]. 
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Figure 2.9. Spectral sensitivities of the three classes of photoreceptors in the retina [41]. 

2.4.4.3 Colour combinations 
There are many different colours to use when designing a UI and some combinations 
are good while others are not so eye-friendly and can easily distract the user. Colour 
contrasts can be used in different ways to affect users' emotions. Strong contrasts can 
draw a user's attention while a softer contrast can induce a feeling of comfort. To min-
imize the cognitive load on the user, the number of colours put in the UI should be 
limited to 7+/-2. This is because the short-term memory of the human can only store 
this many different elements at once [36]. 

As shown in figure 2.9, blue, green and red have different wavelengths and the eye 
responds differently to these. In order to focus on the colour red, which has long-
wavelength, the lens in the eye has to become more convex and for the colour blue 
and green, which have a shorter wavelength, the eye has to become less convex [41]. 
This means that the eye needs to refocus depending on which colour it is looking at. In 
the case of frequently refocusing tiredness on the eye can occur[40]. Because of this, 
there is some combinations that should be avoided, especially when it comes to dis-
playing information in form of text, see figure 2.10, while other combinations are more 
eye-friendly, see figure 2.11. 

Figure 2.10. Example of bad colour combinations. Green on red background and red on blue 
background [42]. 
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Figure 2.11. Example of good colour combinations. Black on white background and yellow on 
blue background [42]. 

But these examples above are just a few of several different combinations that can be 
made. To calculate if the contrast between two colours is enough to distinguish from 
each other and to be considered eye friendly one can use (1). By subtracting the LR1 
value of the darker colour from the RL value of the lighter colour and then dividing 
with the lighter colour and finally multiplying with 100, we get a brightness differ-
ence2. If the value is lower than 70 percent, that colour combination should be avoided 
with text and background. 

{
𝐾1 − 𝐾2

𝐾1
} × 100 =  𝐻  (1) 

Another way to determine if the contrast is sufficient is to calculate with the colours 
RL3 value. This method says that the contrast between icons and the background 
needs to be 3:1 [43] and the contrast between text and background needs to be 7:1 
[44] unless the text is large and bold then the ratio only needs to be 3:1 [38]. The 
equation for this is shown in (2), where L1 is the RL of the lighter colour and L2 is the 
equivalent for the darker colour. 

𝐿1 + 0.05

𝐿2 + 0.05
= 𝐶𝑜𝑛𝑡𝑟𝑎𝑠𝑡 𝑅𝑎𝑡𝑖𝑜 (2) 

2.5 Accessibility 
According to World Bank4 15 percent of the world's population has some sort of disa-
bility [45]. This is a large number of people that would benefit from some sort of ac-
cessibility help in smartphones and tablets. The following sections describe the vari-
ous tools that can be implemented to help people with different disabilities. 

2.5.1 Read from screen 
In the case of impaired visual ability, most types of smartphones and tablets have the 
ability or option to read descriptions back about what a user has pressed. This gives 
the user a chance to navigate around the application without the need of seeing where 
to press. iPhones solution for this is called VoiceOver and Androids equivalent is 

 
1 A colour light reflection (LR) value measures the amount of light reflected from a 
surface. 
2 https://www.designworkplan.com/read/signage-and-color-contrast 
3 The relative luminance (RL) is an indicator of the contrast ratio. 
4 https://www.worldbank.org/ 
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called TalkBack. With a single press, the device reads back a description of the object 
that was pressed, and to activate or navigate the use of two taps is required. 

In addition to the TalkBack function, Android provides a function called BrailleBack. 
With the help of a braille display, users can read, write, and navigate using braille [46]. 

2.5.2 Speech recognition 
For individuals with reduced dexterity, voice control and speech commands can be 
used to navigate through applications. By using speech commands, the user can easily 
complete tasks that would be difficult to complete by using their hands. In addition to 
being able to navigate using speech commands, this can be used to convert voice to 
text. This means that the need for a keyboard is not needed to write notes, SMS, etc. 
[47]. 

2.5.3 Colour correction and contrasts 
Since people can have difficulties separating certain colours apart from each other, 
enhancing saturation and contrast can help these individuals with telling the particu-
lar colours apart. Regarding vision difficulties, a setting like Apple's colour filter can 
be used [48]. There are many different types of visual impairments and with this, one 
can make the colours change in strength, contrast and tint to make it easier to tickle 
icons and text that are displayed. It is important to think through the choice of colours. 
Use background colours that have the same feeling and use an accent colour that 
stands out from the rest to make it easy to spot the important information [49]. 

2.5.4 Touch target and pointers 
The size of the touch target, the area which registers touch events, should not be af-
fected by the size of the screen or the icon. When it comes to a touchscreen, the size 
recommended for Android is 48 x 48 px or dp (density-independent pixels), which is 
the measurements generally used by Google. If tools like mouse, trackpad or stylus are 
being used, then the size should be at least 24x24 px [50, 51, 52]. When calculating dp 
the following equation, see (3), is used: 

𝑑𝑝 =  (𝑤𝑖𝑑𝑡ℎ 𝑖𝑛 𝑝𝑖𝑥𝑒𝑙𝑠 ∗  160) / 𝑠𝑐𝑟𝑒𝑒𝑛 𝑑𝑒𝑛𝑠𝑖𝑡𝑦5  (3) 

The recommendations given by Apple are a little bit different since they measure in 
points (pt) which is a density-independent unit. This means that the number of pixels 
in a pt varies depending on the screen. Apple recommends at least 44 x 44 pt, this 
could be 44 pixels on one screen and 88 pixels on another depending on the device's 
screen resolution [50, 53]. 

2.6 Heuristic evaluation  
Heuristic evaluation is a method for discovering usability problems in a user interface 
design. The evaluation involves having a set of evaluators examine an interface and 
finding usability problems, the usability problems could then be attended in an itera-

 
5 https://material.io/design/layout/pixel-density.html#pixel-density-on-android 
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tive development process. The evaluators will judge the interface’s compliance with 
recognized usability principles, also known as the heuristics [54, 55]. 

2.6.1 Number of evaluators 
The process benefits from having multiple evaluators. One single individual will not 
ever be able to find all problems in an interface. Projects have shown that different 
people find different usability problems, therefore, the evaluation process will greatly 
benefit by having more than one pair of judging eyes [54, 55]. 

In 1993, Jakob Nielsen and Thomas K.Landauer created a prediction formula deter-
mining the number of usability problems found in a heuristic evaluation: 

𝑃𝑟𝑜𝑏𝑙𝑒𝑚𝑠 𝑓𝑜𝑢𝑛𝑑(𝑖) = 𝑁(1 − (1 − 𝑙)𝑖) (4) 

Problems found(i) indicates the number of unique usability problems found with the 
help of i independent evaluators. N is the number of problems in the interface. l indi-
cates the proportion of all problems found by a single evaluator. Six different case 
studies that Nielsen and Landauer conducted where the values of l ranged from 19 
percent to 51 percent and N ranged from 16 to 50 is presented in figure 2.12 [54, 56].  

Figure 2.12. Proportion of usability problems found for various number of evaluations [54]. 

2.6.2 Heuristic evaluation methods 
There are multiple heuristic evaluation methods available. The best-known heuristics 
are created by Jakob Nielsen, described in 2.6.2.1 [57, 58]. Another known method is 
Jill Gerhardt-Powals’ cognitive engineering principles, described in 2.6.2.2. 

2.6.2.1 Nielsen’s heuristics 
“The king of usability" and "the reigning guru of Web usability" are two of the things 
Jakob Nielsen has been called [59]. Nielsen co-developed a set of heuristics with Rolf 
Molich in 1990 which he refined in 1994 [57, 58]. Nielsen’s heuristics are one of the 
most used usability heuristics for interface development. The heuristics that he re-
fined in 1994 is still used today and consist of ten general principles for interaction 
design and can be shortly described as the following: 
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Visibility of system status 
The users should be informed through appropriate feedback within a reasona-
ble time. 
 
Match between system and the real world 
Real-world language should be used, using words, phrases, conventions, and 
concepts that are familiar to the user. Making information appear natural and 
logical. 
 
User control and freedom 
Providing a clearly marked “emergency exit” to leave an unwanted state in an 
easy manner if the users choose system function by mistake and want to abort. 
Support undo and redo. 
 
Consistency and standards 
Follow conventions to prevent users from wondering whether different words, 
situations or actions mean the same thing. 
 
Error prevention 
Good error messages are good. However, without errors, such dialogs don’t 
have to exist. Prevent errors from happening in the first place and present us-
ers with a confirmation option before committing to an action. 
 
Recognition rather than recall 
The user should not have to remember what information a prior screen pro-
vided. Make necessary information visible or easily retrievable whenever ap-
propriate. 
 
Flexibility and efficiency of use 
Let inexperienced and experienced users tailor their systems, this may often 
speed the interaction. 
 
Aesthetic and minimalist design 
Error messages should refrain from containing codes, errors should be shown 
in plain language. Precisely indicate what the problem is and provide a solu-
tion. 
 
Help users recognize, diagnose, and recover from errors 
Error messages should refrain from containing codes, errors should be shown 
in plain language. Precisely indicate what the problem is and provide a solu-
tion. 
 
Help and documentation 
A system is best when it doesn’t need to provide help and documentation, some 
systems, however, may be in need of this. If it is needed, make it focused on the 
user’s task and offer concrete steps. 
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2.6.2.2 Gerhardt-Powals’ cognitive engineering principles 
Nielsen’s heuristics are the most popular usability identifiers out there. However, Jill 
Gerhardt-Powals created ten cognitive engineering principles that take a more com-
prehensive approach toward evaluation [60]. The principles are: 

Automate unwanted workload 
Free up cognitive resources for high-level tasks by eliminating calculations, 
comparisons and other unnecessary thinking. 
 
Reduce uncertainty 
Reduce decision time by showing data clearly. 
 
Fuse data 
Combine lower- and higher-level data to reduce cognitive load. 
 
Present new information with meaningful aids to interpretation 
Information should be familiar to frameworks such as schemas, metaphors and 
everyday terms in order for it to be absorbed easier. 
 
Use names that are conceptually related to function 
Names and labels should be context-dependent, this will improve recognition. 
 
Group data in consistently meaningful ways 
Data should be logically and consistently grouped, decreasing information 
search time. 
 
Limit data-driven tasks 
Use graphics to reduce time spent understanding raw data. 
 
Include in the displays only that information needed by the user at a giv-
en time 
Information that is irrelevant to the task should be excluded so that the user 
can focus on what is relevant. 
 
Provide multiple coding of data when appropriate 
Provide data in a variety of formats to promote cognitive flexibility and satisfy 
user preferences. 
 
Practice judicious redundancy 
This principle has its purpose in resolving conflict between principles 6 and 8. 
To be consistent, it may be necessary to provide more information than need-
ed. 
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3 Methodology and results 

The following chapter is divided into three different sections. Each section will cover 
the methodology for the particular category and the subsequent results that expect-
antly meets the goals stated in section 1.2. Section 3.1 presents the building of UI pro-
totypes to evaluate the findings from the part of the literature study presented in sec-
tion 2.4. Section 3.2 presents a video communication solution. Section 3.3 covers the 
accessibility additions made in OPTILOGG; the additions were based on findings in 
section 2.5. 

3.1 Development of prototypes 
In the development of the final UI for the caregivers, four different prototypes were 
developed. These are described in 3.1.1 and were based on the pre-study from section 
2.4. When the various designs were completed, an evaluation of these was done with a 
group of test persons, see 3.1.2. The next step was to have a discussion with the prod-
uct owner and target users to get the desired look and feel of the UI. As a final step, a 
definitive UI was developed based on the feedback given from the evaluation and dis-
cussion with CareLigo. 

3.1.1 Approaches to development 
The first steps in the developing of the final UI was to design prototype versions based 
on the literature studies in the pilot study from chapter 2. When it comes down to 
functionality, the decisions about how the UI would respond to different actions were 
based on the rules from section 2.6.2. Every task that wasn't a navigation task would 
give some form of notification back to the user. As the fifth rule from section 2.6.2 says, 
rather than trying to handle errors the applications should be designed to prevent 
errors from occurring in the first place. With this in mind, the applications were de-
signed with minimum use of free text input. 

3.1.1.1 Caregiver application prototype 1 & 2 
The pilot study showed that icons are perceived more easily when they are in the left 
field of view and text more easily in the right, see section 2.4.4.1, therefore, buttons 
were placed to the left of the screen, see figure 3.1. This prototype used icons not only 
inside the button but overall had a larger focus on icons and images than on displaying 
information with text. The second prototype of the application was designed with a 
focus on text and that text is more easily displayed to the right, see figure 3.2. These 
two versions were created to see how much perception of a user interface differed 
depending on whether icons or text was used to display information. 
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Figure 3.1. Prototype 1 Caregiver application. 

Figure 3.2. Prototype 2 Caregiver application. 

3.1.1.2 Caregiver application prototype 3 & 4 
The development of prototype 3 and 4 was made partly to test if colours are of deci-
sive importance on how a user interface is perceived. A large part of the evaluation 
process regarding these interfaces was about investigating whether colours compli-
cate or simplify the user's ability to navigate. 
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In Prototype 3, which is presented in figure 3.3, multiple colours were used. The text 
colour of the buttons is completely white(#FFFFFF) and the backgrounds are different 
colours. Text and icons were used together to make it extra clear and that it would not 
be from this that navigational difficulties would arise. 

Prototype 4, presented in figure 3.4, stays consistent with colours and mainly uses 
white colour nuances along with a constant button colour. The constant colours of the 
buttons are a pink that is similar to the OPTILOGG logo, see figure 3.5. The buttons 
change in colour where the darkest colour is dark pink(#C3014A) and the brightest 
colour is a light pink (#DA8AA7). 

Figure 3.3. Prototype 3 - Healthcare Provider Application. 
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Figure 3.4. Prototype 4 - Healthcare Provider Application 

Figure 3.5. OPTILOGG logotype. 

3.1.2 Evaluation of prototypes 
As mentioned in 2.6.1, according to Nielsen, the number of evaluators should be 
somewhere between 5 to 15 people to find 75 - 95 percent of all the usability prob-
lems with a design. In order to determine if the UI is easy enough to understand, a to-
tal number of twelve people were asked to evaluate the different prototypes. The in-
dividuals who evaluated the prototypes were randomly selected and had different 
backgrounds where not all of them were caregivers. This was since not enough of the 
intended target group was available. Six individuals evaluated prototypes 1 and 3 and 
the remaining six individuals evaluated prototypes 2 and 4. This was done so that the 
similarity between the different prototypes would not affect the result in the execu-
tion of the tasks. First section 3.1.2.1 describes the result from the evaluation tasks 
and sections 3.1.2.2 shows the result of the user experience, e.g. how easy they 
thought the different prototypes were to use.  
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3.1.2.1 Evaluation tasks 
As a first step of evaluating the prototypes, the subject was given six different tasks to 
complete where the number of misclicks was registered. The process of this was that 
the person was given a tablet with one of the four different prototypes installed and 
asked to do one task with no help. The different tasks are described below, and the 
result is displayed in figure 3.6. 

Evaluation tasks 

1. Add a new patient and call them. 

2. Edit a patient’s information. 

3. Delete a patient. 

4. Go to calendar, add a new reservation and then delete it. 

5. Find a patient’s medicine list. 

6. Find contact information to tech support. 

Figure 3.6. Number of misclicks on average, for caregivers to complete different task for each 
different prototype. 

3.1.2.2 Evaluation questions 
In addition to the evaluation task from section 3.1.2.1, all participants answered sev-
eral questions formed as statements where each question had a scale from 1 to 7 
where 1 indicates that the evaluator thinks that the statement is incorrect, and 7 that 
the statement is correct. All questions were based on Nielsen's heuristics described in 
section 2.6.2.1 and Gerhardt-Powals principles from 2.6.2.2. All the questions are de-
scribed below, and the results are summarized in figure 3.7. 
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Evaluation questions 

1. I thought the tasks were easy to complete. 

2. I’m happy with the time it took to complete the tasks. 

3. It was easy to understand where to press to navigate. 

4. I thought the interface where consistent. 

5. The information that was shown was relevant in order to complete the 

tasks. 

6. The interface was aesthetically pleasing. 

7. I got good feedback on what I did. 

8. It was easy go back to previous step. 

Figure 3.7. Summary of the answers from the evaluation questions of the caregiver application 
prototypes. 

3.1.3 Final UI version 
During the evaluation covered in section 3.1.2, it was shown that the prototypes that 
used icons to display information gave better results than the ones that used text. The 
results also showed that consequent colours, unlike having multiple different colours, 
in a graphical user interface had a minor positive effect on the completion of various 
tasks. The only severe impact colour had was in the user's sense of the aesthetics re-
garding the interface, where the result from the evaluation questions showed that the 
prototype with fewer and more consequent colours received better ratings overall 
contrary to the one using a larger variety of colours. 

Many of the functions were executed by clicking on buttons that were displayed with 
either icons, text or both. A task that had a negative effect on user experience was try-
ing to delete either a patient or an event with the use of a long click. Prototypes 1 and 
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2 used a long click, while prototype 3 and 4 used buttons. As seen in figure 3.1, both 
prototype 1 and 2 accumulated more misclicks than prototype 3 and 4. 

With the feedback from the evaluation, a discussion began with CareLigo to develop a 
final design for the healthcare provider application. Everything then resulted in the 
design that can be seen in figure 3.8. The main edit that followed the discussions with 
CareLigo was to remove currently unnecessary features. This meant all features but 
the adding/deleting of patients and being able to select and call patients. 

Figure 3.8. Final design of the caregiver application. 

A complete set of screenshots from the final version of the caregiver application and 
the final version of OPTILOGG can be found in Appendix A and B respectively. 

3.2 Video communication 
The following describes the methodology and the selection of the chosen video solu-
tion, followed by a review of how connection and communication work in section 
3.2.1.1 and 3.2.1.2. 

3.2.1 Approaches to development 
Building a video communications solution ready for production with the WebRTC API 
was estimated to be too time-consuming for the project. Not only the time for the ini-
tial setup, but it will also require ongoing maintenance of the produced video applica-
tion. Therefore, video chat APIs based on WebRTC was determined as the best ap-
proach for this particular situation. Three video chat APIs were studied and are pre-
sented with brief descriptions under heading 2.3.3. The main criteria that determined 
the choice of video chat API were, firstly, that the API had features that allowed users 
to place and receive calls, and secondly, that it had a good balance between giving the 
developer power, i.e. a large variety of functions, listeners, etc. and also having fairly 
simplistic documentation, with the latter being a rather subjective criteria. Additional 
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thought was also placed in pricing and server locations, with the rather obvious aim 
for as low pricing as attainable and the possibility to keep sensitive data within pre-
ferred locations. 

Two of the APIs covered under heading 2.3.3 provided the capability to place and re-
ceive calls, these were Sinch and QuickBlox. After exploring the developer documenta-
tion of all three, but particularly the two mentioned, it was determined that Sinch’s 
API had the features needed, in combination with the subjective opinion that they 
provided relatively simplistic and easily understandable documentation. In addition to 
that, Sinch has its headquarters in Sweden and offers decent pricing with a “pay as you 
grow”-model. 

Whereafter a decision regarding the video chat API had been made, development with 
the Sinch Android SDK started. The process and results are presented under heading 
3.2.2. 

3.2.2 Creation of video call solution 
The following two sections addresses and describes how the SinchService is started 
and how the communication between patients and care providers works, and how the 
conversation between clients is initiated. 

3.2.2.1 Starting the SinchService 
All communication conducted with Sinch is based upon the SinchClient. As stated in 
section 2.3.3.1, the SinchClient is started using an application key, an application se-
cret, an environment host and a desired username. The username is the identifier for 
the particular device. For the application to make and receive calls, setSupportCall-
ing(true) and startListeningOnActiveConnection() is called, where the prior enables all 
calls, and the latter enables the receiving of calls. The implemented code is presented 
in figure 3.9.  

private SinchClient sinchClient; 

... 

sinchClient = 

Sinch.getSinchClientBuilder().context(getApplicationContext()).userId(username) 

        .applicationKey(APP_KEY) 

        .applicationSecret(APP_SECRET) 

        .environmentHost(ENVIRONMENT).build(); 

sinchClient.setSupportCalling(true); 

sinchClient.startListeningOnActiveConnection(); 

Figure 3.9. Starting SinchClient together with enabling calling functionality. 

The established POC was created in a manner that allowed many different OPTILOGG 
devices to establish calls between a single caregiver device. The caregiver device was 
assigned a set Sinch username that all OPTILOGG devices were programmed to con-
duct calls to. OPTILOGG devices have an identifier that CareLigo already uses in their 
practice, this identifier was utilized when starting the Sinch service on each of these 
devices. Figure 3.10 presents a sketch of the communications model. 
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Figure 3.10. Representation of communications model with set username for caregiver applica-
tion and different identifiers for different OPTILOGG devices. 

The Sinch client is started in an Android service, “SinchService”, that runs as long as 
the application is within the activities that are related to calling, i.e. receiving/placing 
calls or being in a video call. When starting the caregiver application, you arrive at an 
activity where you can log in. For this POC, the login consists of just a button that 
starts the SinchService, the activity layout is presented in figure 3.11. 

Figure 3.11. Caregiver application, login activity. 
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Starting the SinchService on OPTILOGG had to handle a bit differently. All OPTILOGG 
devices should be configured with identification before being used, they might for rea-
son not have it configured yet, or might need to be reconfigured. Figure 3.12 shows 
how the video button in OPTILOGG is blurred out and disabled if an ID is not yet con-
figured, and figure 3.13 shows the same when the ID has been set. 

Figure 3.12. OPTILOGG. Device ID not set, and video call button blurred out. 

Figure 3.13. OPTILOGG. Device ID set and video call button shown. 
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3.2.2.2 Establishing calls 
After logging in and starting the SinchService on the caregiver application like de-
scribed under heading 3.2.2.1, the activity will change to the one presented in figure 
3.14. In this activity, the user can select a patient and start a video call, add/delete pa-
tients and also returning to the login activity, i.e. stopping the SinchService. 

Figure 3.14. Caregiver application. List of patients, possibility to add, remove and call patients. 

When the activity starts, it binds itself to the previously started SinchService and uses 
an interface to communicate with the service to start a call for example. Sinch pro-
vides a set of listeners, the caregiver application and OPTILOGG uses three of these. 
The first is called a SinchClientListener and listens to events regarding the SinchCli-
ent(starting, stopping, errors, etc.). The second is called a CallClientListener and lis-
tens to and determines what happens when there is an incoming call. The third is 
called a CallListener and listens to events related to a started call(call is progressing, 
call being established, call ended, etc.). Skeleton code for the three implemented lis-
teners can be found in Appendix C. In the caregiver application, the CallClientListener 
is started when the application arrives at the activity shown in figure 3.14, and in OP-
TILOGG, the listener is started along with the application itself. The CallListener is 
started either when initiating a call or within the CallClientListener when there is an 
incoming call. When the CallListener detects that a call has been established, both par-
ties are forwarded to the video activity. The video activity is presented in figure 3.15. 
While in the video call activity, the user is presented with buttons to toggle micro-
phone and camera on and off, a volume bar to adjust volume and a button to hang up 
the call. 
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Figure 3.15. Video call activity. 

3.3 Accessibility additions in OPTILOGG 
The following chapter covers the different accessibility features that were added to 
OPTILOGG and how they work. The first addition described in section 3.3.2 explains 
the use of touch targets. Section 3.3.3 shows code examples and explains how screen 
reader methods are implemented. Finally, in 3.3.4, speech recognition and speech 
commands are covered. 

3.3.1 Approaches to development 
OPTILOGG is initially designed to be recognizable to the elderly, some buttons are for 
example designed to resemble paper tabs. Since the user group consists of elderly 
with multimorbidity, some would likely benefit from eased accessibility in the applica-
tion. 

In addition to the pilot study covering user interface and user experience design in 2.4, 
further investigation was conducted to find out what opportunities existed to facilitate 
application use for people with different types of difficulties. Therefore, section 2.5 
describes accessibility implementations which could potentially make application us-
age simpler. 

Out of the four accessibility implementations mentioned in 2.5, three were added to 
OPTILOGG in some manner. Section 3.3.2 covers implementations regarding touch 
targets. Section 3.3.3 covers Android TalkBack and how information on the screen was 
read to the user. Section 3.3.4 covers speech commands. Colour and contrasts were 
not handled because it was already implemented as part of the designs is based on the 
pilot study from 2.4, see heading 3.1. 
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3.3.2 Touch targets 
Under heading 2.5.4, it is described how touch targets should be at least 48 x 48 dp. 
These areas should also be placed at least 8 dp apart from another touch area. Figure 
3.16 presents a snippet from the video calling activity in OPTILOGG. The buttons pre-
sented in the image are larger than 48 x 48 dp, but the touch areas have still been ex-
panded with 20 dp to each side(blue area in the image). This has been done while still 
keeping a minimum of 8 dp between both interactable areas. This sort of expansion 
has been added to more buttons in the application. However, because OPTILOGG al-
ready is designed for the elderly, many buttons already had properties like this. 

Figure 3.16. Touch area expanded beyond button borders. 

3.3.3 Screen reader 
Read from screen functionality is described in the pilot study, see heading 2.5.1. An-
droids Talkback was implemented to help users with visual impairments to more easi-
ly navigate the application. When any layout on the screen is pressed, TalkBack checks 
the pressed layout object for content descriptions. Content description addition to 
layout objects is illustrated in figure 3.17, a portion of the strings used in OPTILOGG 
for various descriptions are presented in figure 3.18. The TalkBack feature is not ac-
tive by default, this is done in the device’s settings. 

<View 

    android:id="@+id/viewID" 

    android:contentDescription="@string/content_desc_string"/> 

Figure 3.17. Example of content description being added to an Android view object. 
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<resources> 

    ... 

    <string name="content_desc_today_tab">Fliken Idag</string> 

    <string name="content_desc_know_more_tab">Fliken Veta Mer</string> 

    <string name="content_desc_history_tab">Fliken Historik</string> 

    <string name="content_desc_contact_tab">Fliken Kontakt</string> 

    <string name="content_desc_my_treatments">Mina behandlingar</string> 

    <string name="content_desc_my_medications">Mina mediciner</string> 

    <string name="content_desc_charger_plugged_in">Laddare inkopplad</string> 

    <string name="content_desc_careligo_logo">Logotype CareLigo</string> 

    ... 

</resources> 

Figure 3.18. Eight out of several content descriptions strings from “strings.xml”. 

3.3.4 Speech recognitions 
Button-activated speech recognition was added to OPTILOGG to help those with re-
duced dexterity, for instance. The button was designed to activate the listening of 
speech recognition while pressed and held and to stop listening when the button was 
released. The button was set in the bottom right corner and is kept located there re-
gardless of what activity/fragment the application is in. Figure 3.19 shows OPTILOGG 
with the added button being inactive and figure 3.20 shows the button is active and a 
dialog windows indicator set visible during listening. 

Figure 3.19. OPTILOGG - Button for speech commands added in bottom right corner. 
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Figure 3.20. OPTILOGG - Button for speech commands held down, showing dialog to indicate 
that application is listening for speech commands. 

Speech recognition in OPTILOGG was handled with the “SpeechRecognizer” class. The 
setup included defining what language to listen for and adding a “RecognitionListen-
er” to the SpeechRecognizer. The RecognitionListener overrides a set of methods such 
as “onBeginningOfSpeech”, “onError” and “onResults”. The “onResults” method was 
used to forward recognized results to another method called “processResults” to ra-
ther obviously, process the results. The processing of speech results first checked if 
the results contained any of three different keywords, it then proceeded to check if the 
first keyword was followed by any of four other keywords. If both checks got passed, a 
video call was started, see figure 3.21. 
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private void initializeSpeechRecognizer() { 

    if(SpeechRecognizer.isRecognitionAvailable(this)){ 

        speechRecognizer = SpeechRecognizer.createSpeechRecognizer(this); 

        speechRecognizer.setRecognitionListener(new RecognitionListener() { 

        ... 

            @Override 

            public void onResults(Bundle bundle) { 

                List<String> results = 

                bundle.getStringArrayList(SpeechRecognizer.RESULTS_RECOGNITION); 

                processResult(results.get(0)); 

            } 

        ... 

        }); 

    ... 

    } 

} 

private void processResult(String keyword) { 

    keyword = keyword.toLowerCase(); 

    if(keyword.contains("videosamtal") || 

            keyword.contains("samtal") || 

            keyword.contains("ring")){ 

 

        if(keyword.contains("läkare") || 

                keyword.contains("vård") || 

                keyword.contains("vården") || 

                keyword.contains("doktor")){ 

            callCareGiver(); 

        } 

    } 

} 

Figure 3.21. Method to initialize RecognitionListener and set it to SpeechRecognizer. Forward-
ing results for processing that might result in video call initialization. 
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4 Analysis and discussion 

At the beginning of this thesis, several goals were set, some were met while others 
were not. The following chapters will analyse and discuss the results from Chapter 3 
in relation to the goals and address what could have been improved. 

4.1 Analysis of results 
This section will cover the analysis of the thesis results, the analysis will be divided 
into the four sections "Evaluation of the care provider application", "Video communi-
cation", "Expansion of OPTILOGG" and “General analysis”. 

4.1.1 Evaluation of the care provider application 
Results from the evaluation of the caregiver applications’ UI showed that buttons pre-
sented with icons were more popular than the ones presented with text, the proto-
types with icons gave an overall better result regarding misclicks produced. One of the 
reasons may be, as the pilot study showed, that icons are easier to spot and distin-
guish in comparison to text. Another reason that icons may be in favour, is that you 
don’t need to rely on linguistic knowledge that the use of text requires. 

As described in section 3.1.1.2. the choice of colours for prototype 3 was randomized 
in order to determine if the usage of colour made any difference to understanding the 
UI. Judging by the results from the evaluation, the choice of colours made no differ-
ence in the user’s understanding of the UI. However, as described in Chapter 3 and 
what could be seen in figure 3.2, the UI that used a fewer combination of colours got 
an overall higher rating. This might however not have been due to the sheer amount of 
colours, but the combination to each other and the contrasts that they produce in rela-
tion to the constant white icon colour. 

Moreover, the prototypes that used long clicks for deleting patients (task 3 from the 
evaluation) received, on average, more misclicks than the prototypes that used but-
tons to execute the task. This, however, was not transferred into task 4 where deleting 
an event in the calendar also was done by a long click. The reason might be that the 
user now knew about long clicks being related to deleting. The conclusion of this is 
that first-time users more easily understood buttons over long click for deletion, but 
after learning about long clicks, there was no difference in the outcome. 

4.1.2 Video communication 
The intended solution method for video communication was initially to use WebRTC's 
APIs for development. When the realization that this would take too long came, the 
focus was changed to possibly using other software development kits. This shift in 
focus was also strengthened by another insight, namely that if the solution that would 
be developed using WebRTC's APIs would also need well-developed STUN and TURN 
servers. 

To be able to put this solution into production, well-developed STUN and TURN serv-
ers would be required, together with a solid solution regarding the WebRTC code. The 
time to create all these parts in a sufficiently good way for production was not con-
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demned to exist. The choice was then made to proceed with the software development 
kit Sinch and thus create a production-friendly solution. 

The decision to proceed with another software development kit arrived quite late and 
affected the result in general. Better would have been an early realization of the quan-
tity of work that would be required to make all parts solid and instead take a different 
path. One of the possible negative aspects regarding the production setting of the cur-
rent solution where Sinch is used is that it is not free, although this probably also ap-
plies to other similar services. An additional negative aspect is that you do not have 
complete control over where data is transferred, this can be an important parameter if 
it is to be put into production, especially when it comes to healthcare. The fact that 
you do not have full control over servers and the data transfer can create room for 
arguments that say that the solution is not secure enough. One counterargument to 
this may be that now, a well-established service that guarantees security is used if the 
solution was made entirely on its own, there are greater risks that all parts would not 
achieve the same security levels. Since there are alternatives to Sinch that provide the 
same services, there are good opportunities to change service if security, requested 
data traffic routes or the like cannot be guaranteed. 

4.1.3 Expansion of OPTILOGG 
The expansion of OPTILOGG, in addition to the video communication, consisted of a 
microphone button to be able to use speech commands, a TalkBack function that reads 
out a description of the element pressed and edits of touch targets to have a larger 
response area. No quantitative tests were performed on these functions; therefore, its 
value cannot be completely ensured. The users of OPTILOGG are often elderly with 
multimorbidity, although these functions are added to benefit their usage, it is not 
quite certain that it will have positive impacts in all cases. 

Regarding the speech command function, one difficulty may be that you do not really 
know what commands the application wants to hear. It might be beneficial to get 
feedback on what you say. Further, it may also be recommended to inform the user of 
how to speak with the application, i.e. provide them with keywords to use. For the 
TalkBack function, there is a risk that the user does not understand how it works from 
the beginning. Swipe movements are performed, for example, with two fingers instead 
of one, touching an element just reads the description and real clicks are performed 
when double-touching. All this can be difficult to understand and requires learning 
before it can be utilized easily. Moreover, benefits from the enlargement of certain 
touch areas isn’t actually backed up by any literature found. The reason for this is that 
the touch areas that got expanded were already larger than 48 x 48 dp. The literature 
found linked to this stated that touch areas smaller than 48 x 48 dp should be expand-
ed to be at least this size. The expansion of touch areas to button already larger than 
this value can thus not be proven beneficiary. 

4.1.4 General analysis 
As mentioned in section 1.3 in the introduction, all implementations were only tested 
and evaluated with CareLigo’s main device. The hardware specifications of that par-
ticular device could have had effects on user experience, either improving or worsen-
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ing the experience. Using different devices in the testing process would have present-
ed an interesting aspect and possibly, differing results. 

4.2 Goals 
One of the main goals was to investigate and analyse what makes a good UI and UX 
design. With the literature study from the pilot study in Chapter 2 and the evaluation 
of the prototypes from Chapter 3, it was determined what factors of a UI that affect the 
UX and to what extent. Another goal that was met was to create video communication 
with the help of WebRTC between OPTILOGG and a standalone application. 

Due to lack of time, some of the goals that were set up at the beginning of the thesis 
wasn’t achieved. One of these goals was to implement a way to transfer files between 
the devices. This function wasn’t a top priority and got excluded when the video func-
tion took longer than expected to get working properly. 

4.3 Alternative methodology and solutions 
As mentioned in section 2.3.3, we researched three different video chat API providers. 
We only chose to develop a video solution with one of these, a different approach 
could have been to develop solutions that used each of the three and then evaluate 
how they differed in quality. 

Furthermore, the development of the different caregiver application prototypes all 
occurred simultaneously and then the prototypes were evaluated at the same time. An 
alternative would have been to instead have worked in stages, where you created one 
prototype and evaluated it before moving on to develop a second prototype. With this 
type of approach, each new prototype could have improved what the evaluation 
showed that its predecessor did not achieve. 

4.4 Social, economic and environmental aspects 
As already stated in section 2.1 the primary care is heavy loaded with waiting times 
and not all get an appointment with a doctor as fast as they would like. With the use of 
video communication, the need for physical meetings between patients and doctors 
decreases to be able to make a medical opinion. Using video, the caregivers can decide 
if a more thorough examination is required to determine a diagnosis. With a more effi-
cient way of dealing with patients, costs for treatment, but also travel expenses can be 
reduced. When the patients’ potential travel reduces, there is also a possibility that the 
use of environmental hazardous means of transportation will decrease. There is a 
possibility that patients, with this video communications solution, could feel “closer” 
to their caregiver, meaning that patients could get a face to face interaction with their 
caregiver faster and easier than without it. One potential downside to patients and 
caregivers communicating via video is connected to security. If the communication is 
not secure enough, this could compromise both the patients and the caregiver’s integ-
rity. 
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5 Conclusions 

A video calling solution using WebRTC has been implemented between the already 
existing platform OPTILOGG and a standalone Android application. The video calling 
was developed with Sinch’s Android SDK that uses WebRTC. The design of the user 
interface for the caregiver application and the implementations in OPTILOGG were 
based on literature studies and heuristic evaluations. To be able to achieve the best 
user interface (UI) and user experience (UX) design and make qualitative additions in 
OPTILOGG. One of the goals was to implement data transfer between OPTILOGG and 
the standalone application, this was not implemented. 

The UI and UX evaluation processes showed that colours do not affect the user’s un-
derstanding of an interface. Even though colours don’t affect navigation ability, ac-
cording to surveys, users prefer designs with the consequent colour distribution. In-
terfaces with scenarios where clickable items are either labelled with text or icons, 
icons are favourable. 

The expansion of OPTILOGG, apart from the video communication, consisted of three 
accessibility aids. The first helping addition was a touch area expansion for buttons. 
The second aid was a screen reader implementation that read information to the user 
when pressing various layout objects. The third addition was a speech recognition 
function that allowed users to initiate a call with the help of a speech command. 

5.1 Future work 
Although the three aids added to OPTILOGG have beneficiary potential, no quantita-
tive tests to ensure these benefits were made. Future work regarding these additions 
could be to have evaluators test the features and provide feedback for potential future 
changes. 

Another future addition that could benefit both caregivers and patients would be to 
implement an availability schedule. Meaning that caregivers could schedule their 
availability hours. These availability hours could either be hardcoded in both devices 
or shared in some way, a server for instance. Patients would not be able to initiate a 
call if outside set time frame. 

The current video communications solution does not allow for multiple caregivers to 
use the application simultaneously since the login screen only has one button that 
starts the Sinch service with a hard-coded username. In order for several caregivers to 
use the application, an authentication system could be set up. The caregiver would 
then log in and only handle certain patients. OPTILOGG would also need to be edited 
to not only place calls to the currently set username but to be set to call the caregiver 
of choice. 

One more potential improvement could be to further develop the speech command 
processing in OPTILOGG to answer the user with voice. This way, the user could get 
continual feedback on their interactions with the application and could also potential-
ly get information about the functionality to read to them from the start. 
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A final potential improvement could be to implement the data transfer that was de-
fined as one of the goals.  
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Appendix A – Final caregiver application 

Figure A.1. Caregiver application - Login activity. 

Figure A.2. Caregiver application - Main activity, no patient selected . 
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Figure A.3. Caregiver application - Add patient. 

Figure A.4. Caregiver application - Add patient(filled fields). 
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Figure A.5. Caregiver application - Main activity, patient selected. 

Figure A.6. Caregiver application - Incoming call dialog. 
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Figure A.7. Caregiver application - Progressing call dialog. 

Figure A.8. Caregiver application - Video call activity. 
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Appendix B - Final version of OPTILOGG 

Figure B.1. OPTILOGG - Contact page with video call button blurred out and disabled. 

Figure B.2. OPTILOGG - Contact page with video call button visible and enabled. 
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Figure B.3. OPTILOGG - Dialog telling the user that caregiver is available for call. 

Figure B.4. OPTILOGG - Progressing call dialog. 
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Figure B.5. OPTILOGG - Incoming call dialog. 

Figure B.6. OPTILOGG - Video call activity. 

  



 
 
 
 
54  |  APPENDIX B - FINAL VERSION OF OPTILOGG 

  



 
 
 
 

55  |  APPENDIX C – SINCH LISTENERS 

Appendix C – Sinch listeners 

class SinchClientListener implements com.sinch.android.rtc.SinchClientListener { 

    public void onClientStarted(SinchClient client) { ... } 

     

    public void onClientStopped(SinchClient client) { ... } 

     

    public void onClientFailed(SinchClient client, SinchError error) { ... } 

     

    public void onRegistrationCredentialsRequired(SinchClient client, 

                            Client Registration registrationCallback) { ... } 

     

    public void onLogMessage(int level, String area, String message) { ... } 

} 

Figure C.1. Sinch - SinchClientListener. 

 

class SinchCallListener implements VideoCallListener { 

    public void onVideoTrackAdded(Call call) { ... } 

 

    public void onVideoTrackPaused(Call call) { ... } 

 

    public void onVideoTrackResumed(Call call) { ... } 

 

    public void onCallProgressing(Call progressingCall) { ... } 

 

    public void onCallEstablished(Call establishedCall) { ... } 

 

    public void onCallEnded(Call endedCall) { ... } 

 

    public void onShouldSendPushNotification(Call call, 

                                             List<PushPair> list) { ... } 

} 

Figure C.2. Sinch - VideoCallListener. 

 

class SinchCallClientListener implements CallClientListener { 

    public void onIncomingCall(CallClient callClient, Call incomingCall) { ... } 

} 

Figure C.3. Sinch - CallClientListener. 
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