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(a) (b)

Figure 4.16: The list of frequently asked questions is shown in (a). (b) shows the answer to question one
after the plus sign has been pressed

4.1.10 Publication of the Prototype

For several reasons the prototype is not published at Google Play store. The prototype will only be
tested by a handful of people, thus a simple download from a computer to the device is sufficient.
Neither does the research group want any users to download the app and think that the app is
active. A third reason is that they do not want to let the competition know the progress of this
project. Therefore, the source code will only be attached to this report, see Appendix A. The final
version of the app will be published in Google Play Store, and App store if the app is made for both
Android and iOS. This will make it easy to access for many people, and possibly worldwide.

4.2 Prototype Testing

The prototype was tested by the client and a handful of other people. If there had been more
time it would have been tested on parents as well. The feedback from the two tests described in
Chapter 3.2 are presented in the following chapters. The comments are listed in tables along with
information on whether or not the prototype has been altered. The feedback from the client was the
most important feedback and is presented in a separate table. He summarizes the prototype’s user
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experience in these words:

“Clear and intuitive app. Seems thoroughly prepared and with professional and
high quality. Easy to follow the workflow.” (Lars Adde)

4.2.1 Usability Tests

The usability test was divided in two. The first part was with no guidance. The participants nav-
igated through the app and wrote down their first impression. In the second part, the participants
answered nine questions about the user interface of the prototype, such as text size, buttons, colours
and so on. See the usability test form in Appendix C. They were also asked to think of important or
less important improvements. The users did not have any objections to the current sizes or colours.

The two sub-tests resulted in some suggestions for improving the app. The comments from
the client and the other test persons are presented in table 4.1 and 4.2, respectively. Some of the
suggestions are further discussed in Chapter 5.4 or included in further development in Chapter 6.2.
Except from these comments, the users were pleased with the first impression.

Changes made Feedback
yes Include a dialogue box for user to confirm deletion of a child profile
yes The keyboard cannot be covering the text field where the user enters the

child’s username in “Edit child” page
yes The icon next to “New video” in the main menu should be changed from

a camera to a video icon
yes The project logo (the blue child in figure 4.2) should be included on the

first page of the app
no The pause function in the camera should possibly be removed in further

development of the app
no The NTNU logo (see figure 4.2) is not visible on all screen formats.

This should be fixed
no The font of the timer in camera should be bigger (see figure 4.11d)
no An explicit back button should be included in the app, in addition to the

back button on the device
no The solution for choosing a child and show menu in the app should be

re-evaluated in further development
no The file names in the list of recorded videos should perhaps include

number of weeks after term date the video was recorded

Table 4.1: Result of the usability test from the client

39



Chapter 4. Results

Changes made Feedback
yes Change name of “Next Video” in the app to “When can I record the

video?”
yes Change the order of the items in the main menu, prioritised by the im-

portance of the content
yes The user should not be able to change the status of the check boxes in

feedback
no The Feedback function in the main menu should be renamed. It may be

mistaken for a function where the user should give feedback about the
app

no The app should not log out the user automatically when closed. It
should remember the logged in user for a certain amount of time

no When pressing the back button in combination with the prototype being
forwarded to the existing camera app, the prototype may shut down or
place two frame layouts on top of each other.

Table 4.2: Result of the usability test from the other test persons

4.2.2 Technical Test

The functionality of the prototype was also tested, see the technical test form in Appendix B.
This form was used multiple times during the development to test the app module separately and
together. The notifications in the prototype was not implemented by the time the app was tested
by the client and others, but it was tested later on by me. Most actions in the technical test form
is working as planned in the final prototype. The marker indicating today’s date in the graphical
countdown and a notification to record a video a week in advance, are the exceptions. The client
was satisfied with the prototype and content with the progress of the project.

4.3 Parental Survey

The questionnaire described in Chapter 3.3 was answered by eight people. It was given to randomly
chosen parents with premature infants born at St. Olavs Hospital. The parents were invited to
answer separately to see if there were a difference between male and female, and to increase the
participant group. The reference group is too small to make a statistical conclusion, but the answers
were still evaluated.

As table 4.3 to 4.6 shows, there are no clear conclusions to whether the parents find this project
meaningful or not. Also, there are no coherence between age and opinion, or gender and opinion.
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Half of the participant group think this might be a good idea and the other half are sceptical or
unsure. A comment area was also included in the survey and three people left comments which
are very interesting. All three responded negatively to the idea and they explained why. They
were afraid the video recording at home would replace the physiotherapist visits and concerned
whether the video recording is as good as physical observation. It is important to emphasise that
these parents did not get any information about the project before they participated in the survey
and the information presented there was very limited. The result of this survey is discussed further
in Chapter 5.3.

Below 20 20 - 29 30 - 39 Above 40
0 5 3 0

Table 4.3: Parental survey, result of question 1: The age of the participants

Female Male
5 3

Table 4.4: Parental survey, result of question 2: The gender of the participants

Yes No
8 0

Table 4.5: Parental survey, result of question 3: The number of participants where at least one of the parents
have a smartphone

Don’t have
smartphone

Not
desirable

Not too
desirable

I don’t
know

Somewhat
desirable

Very
desirable

0 0 3 1 2 2

Table 4.6: Parental survey, result of question 4: The parents’ thoughts about the idea of recording the video
at home
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Chapter 5

Discussion

This chapter contains discussions regarding the technology development within health care, and the
ethical aspects of fully automated mobile diagnosis. It also contains discussions regarding the result
of the parental survey and the improvement suggestions that were a result of testing the prototype.

5.1 Health and Technology

Technology is becoming increasingly important in the health sector, especially in aids that will
make everyday life easier for people. There is already an app for “just about everything”. There
are diabetes diaries, sleep monitoring and assistance to quit smoking. Pregnant women can monitor
the growth of their child with the Symfyse-Fundus app, which is also developed at NTNU and St.
Olavs Hospital. There are also apps to help people remember to take medications and activity apps
for children with disabilities, where daily training is made into a game.

People with chronic diseases can do their own monitoring with simple measuring devices syn-
chronised with an app. This can lead to fewer visits to the doctor, more accurate medicating, and
the doctors have more accurate data to work from.

More and more information about diseases and symptoms is available on-line. When people get
sick these days, they often search on-line, before going to the doctor. If people diagnose them self
with information from the internet, the risk of misdiagnosis is very high. At worst, patients who is
in need of treatment postpone a visit to the doctor, and this can lead to serious health consequences.
Otherwise, self-diagnostics can lead to hysteria. If the symptoms are interpreted wrong, people
might think they are more ill than they are.

When it comes to diagnostic, it is difficult to assess the development. There are e.g. apps with
algorithms that can assess whether a mole may be malignant or not. In such cases it is important to
ask; can algorithms be better and more reliable than judgement? Software analysis of FMs, which
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may be used in this project, is a similar scenario. There is a lot of research and testing needed before
we can rely completely on such methods. It is fair to believe that people think the combination of
algorithms and physicians are the most reliable.

Another important aspect of health apps is: who owns the data in an app? Health information is
some of the most sensitive information we have. It is very important that they are treated confiden-
tially and according to applicable laws. Lately, we have heard in the news that sensitive information
from fitness apps are sold by the owner firm and that the apps were collecting data about the user
even when the app was inactive (Forbrukerrådet, 2016). This quote from Snowden makes people
think about the importance of privacy:

“Arguing that you don’t care about the right to privacy because you have nothing
to hide is no different than saying you don’t care about free speech because you have
nothing to say” (Edward Snowden, Reddit, May 21, 2015)

In Norway, there is a great deal of disagreement about whether the health apps must be approved
by the government or not and if so, how this should be done (Solli and Eriksen, 2015; Åse, 2015).
It would be unfortunate if an approved app turned out to be unsafe to use.

Several health care centres provide apps where patients can set up appointments with their
primary doctor and get prescriptions, etc. (HelseRespons, 2015). It is important that these apps
are safe to use and that the ownership of the data stored in the app belongs to the user and not the
developer firm. When you set up a doctor’s appointment, it is customary to say what it concerns
and this can be very private information. This information could be used by commercial companies
in targeted advertising or other unwanted events.

5.2 Mobile Diagnostics

In the future, fully automated mobile diagnosis of CP may be a possibility. This requires that the
app utilizes an algorithm to analyse the video on the user’s phone and provides a risk assessment
right there and then. This would be a simple and cheap solution, but the ethical aspect of this is
very difficult.

Say that the app can be downloaded throughout the world and all you need is a smartphone. In
2015, approximately 68 % of adults in advanced economies countries had a smartphone and 37 %
in developing countries, which is an increase of 16 % in 2 years (Poushter, 2016). This number
will probably increase. This means that many people will be able to conduct such an analysis,
without necessarily being offered medical assistance, kinds of treatment or follow-up programs.
All children are entitled to live adequate lives, even though they have disabilities. In developed
countries the opportunity for support will be greater.
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According to UNICEF, children with disabilities are almost 17 times more likely to be insti-
tutionalised compared to children who are not disabled (UNICEF, 2013). Although they have as
much right to stay with their family, many of the children live in institutions, nursing homes or
other residential institutions their whole life. Some countries even encourage parents to place their
children in institutional care immediately after birth or as soon as they are diagnosed (UNICEF,
2013).

To stay confined and be robbed of rights has a bad impact on these children’s lives and devel-
opment (UNICEF, 2013). It is easy to imagine what might happen if parents themselves could
diagnose their children by using an app, without knowing the children’s rights and without being
offered assistance. Therefore, such an app should be carefully controlled by the authorities in each
country and not offered without mandatory medical assistance.

5.3 Result of Parental Survey

Parents with new-borns, and especially when born preterm, are very vulnerable. They will naturally
be very protective of their children. Those who responded to this survey were in this position. They
had received little information about the CP project, and the little information on the form was not
enough to cover all the questions a parent might have about such a project. Therefore, it was
expected that many would be sceptical of the idea to film their child at home.

The idea for the project is not to replace meetings with a physiotherapist. By recording the
video at home, the physiotherapists will not have to spend the entire session trying to get a good
video recording of the child. The physiotherapist can instead spend time assessing the child.

Unfortunately, few people responded to the survey. Therefore, the answers cannot be used to
confirm or set aside that the parents welcome this idea. However, it is interesting to realize how
this idea may seem unpleasant for the parents. This can improve the preparations before initiating
the research project. It was the comments of those who were sceptical towards the idea that gave
the most informative results.

It might be a good idea to perform a bigger survey where the parents get more information to
possibly get a more representative feedback. It is important that the parents are well informed and
feel protected before executing this research project.

5.4 Result of Testing the Prototype

When the client tested the prototype for the first time, it was mostly clear and intuitive. However,
a couple of things were difficult to grasp in the beginning. One of the things that was difficult to
understand was that you had to register a child at first login before you got access to the main menu.
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This is implemented as planned in the preliminary project, but the question is whether there is a
better solution for this. The client said that this was fine after understanding the concept, but he
was confused by the layout when he first tried to locate the menu. When the project involves the
app developers, this should be discussed. One solution could be to enter the home page of the app
(see Figure 4.4a) after login and that a child must be chosen from a list when entering the pages;
“When can I record the video?”, “New video”, “My video” and “Feedback”. This again can be
very bothersome. It is important to find a good balance between simple and intuitive.

The client believes it will be an advantage for physiotherapists using the app if the number of
weeks after term date the video was recorded, was included in the file name or listed beside the
file name in “My Videos”. This may be convenient for a physiotherapist, but can be confusing for
parents who do not have any relation to these number of weeks. Maybe they will think it is the
child’s age and that there is something wrong with the app. This must be considered in further
development of the app. It is important that both groups of users are taken into account.

Another subject that came up during the testing was the pause function in the camera. The client
thinks that when the user is recording a video, it should not be possible to pause the recording. For
the clinical assessment this may be possible to handle, but for software analysis it will not. The
quality of the recording,however may not be good if the video is divided in 2-3 sequences. It
may imply that the child is disturbed during the recording, or restless, hungry or sleepy. This will
complicate the assessment regardless of the number of sequences in the video. Therefore, a video
in only one sequence might be a quality assurance to receive a good recording for the assessment.
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Chapter 6

Conclusions and Further Development

The main objective of this thesis was to develop an Android app for diagnosis of cerebral palsy.
This chapter presents a review of the requirement specifications from Chapter 1 to evaluate whether
or not the prototype fulfils its requirements. Suggestions for further development of the app and
further work for the project are also given. Finally, an overall conclusion regarding the process of
this master’s thesis is presented.

6.1 Prototype Requirements

Register a User Profile

The user is able to register new profiles and everything is working as planned. The username is
unique and the password must be re-entered to avoid misspelling. On login the password and user-
name are checked against the SQL Database where the information is stored. If a valid username
and password is entered, the user is logged in to the prototype.

Register a Child with a QR Code

The user is able to register a child by scanning a QR code and to enter a username and the child’s
term date. The QR-code contains a child ID, hospital code, country code and an API key. The
API key will only be used in the final app. The child’s details are saved in a SQL Database on the
device, and the information can be edited or deleted.

Record a Video in the Right Timeframe

The prototype calculates the correct dates for the user to record a video of the child from the term
date. Only if the user is within the timeframe for a recording, the option to record a video is visible.
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The prototype uses the existing camera app on the device, because there was not enough time to
implement a camera function within the app itself. This is sufficient for the prototype, but it is not
optimal. The default font of the count for the length of the video is too small on the screen for the
user to see from a distance, and the camera screen is lacking a frame to target the child.

Notifications on the Device

The prototype gives the user a notification when the user is within the timeframe for a recording
and every day at 12:00 until a video of the child is sent. There was not enough time to implement
a notification to notify the user a week in advance.

Send a Video

The prototype sends the video using an existing email app on the device, with the video as an
attachment. The size of the video is limited to 25 MB, which corresponds to about 10-15 seconds
of video on the test phone. This is not optimal, but this solution will be different when the video is
sent to the hospital server in the final app.

6.2 Further Development

This section consists of the improvements needed for the prototype, the suggestions for further
development of the final app and a recommendation for further work in the project.

6.2.1 Prototype

The prototype contains a few bugs that needs to be fixed. They are as follows:

• Scanning a QR code with a wrong JSON-format makes the prototype shut down. This bug
is odd because the action to interpret the QR code is in a Java try block. The Java try block
should throw an exception if unable to finish successfully, not cause the prototype to crash

• When pressing the back button in combination with the prototype being forwarded to the
existing camera app, the prototype may shut down or place two frame layouts on top of each
other. This problem will disappear when the camera is implemented in the app itself, but to
improve the prototype this must be fixed

• The NTNU logo (see figure 4.2) is not visible on all devices. This is odd, because the bug
does not seem to have anything to do with the screen format
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• An onActivityResult() method should be implemented in the “Send video” activity.
This will ensure that the video is only marked as submitted if the email action was success-
fully executed

6.2.2 The Final App

As discussed in Chapter 4.2.1 suggestions to improve the app were given. Some of them should be
discussed further with the professional app developers, others should be implemented to improve
the user experience or the functionality of the app.

These are the suggestions that should be implemented:

• An explicit back button should be included in the app, in addition to the back button on the
device

• The Feedback function in the main menu should be renamed. It may be mistaken for a
function where the user should give feedback about the app

• The app should not log out the user automatically when closed. It should remember the
logged in user for a certain amount of time

• The screen orientation in the prototype is only suitable for vertical screen orientation. Both
orientations should be adaptive

• The app should have its own camera function with the specified requirements implemented.
For instance there should be a frame on the screen and the font of the timer or countdown
should be bigger than default

These suggestions should be further discussed:

• There should perhaps be a profile manager to give users a password hint or a new password,
and a way to delete old profiles

• The file names in the list of recorded videos should perhaps include number of weeks after
term date the video was recorded

• The solution for choosing a child and show menu in the app should be re-evaluated in further
development

• The pause function in the camera should possibly be removed in further development of the
app
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6.2.3 Further Work

Testing of the Prototype

When the user information is written by experts, and the instruction video is designed by profes-
sionals, this should be implemented in the prototype. Then, the prototype should be tested on health
personnel and parents. This testing will give valuable insight into what should be included in the
final app.

Professional App Developers

The research group has initiated contact with professional app developers. The requirement spec-
ifications, along with a mock-up of the app developed in the preliminary project have been sent
to four different companies. The client is awaiting their response preferably before summer 2016.
When they respond, the suggestions for improvements mentioned in further development in Chap-
ter 6.2.2 should be discussed. They will probably have suggestions of their own. It is important
that the different solutions are tested on relevant users throughout the process to optimise the app.

Extended Parental Survey

An extended parental survey should be executed as soon as possible. Perhaps a wider selection
of parents should be involved, and the participants should get more information about the project
before answering the questionnaire. In that way, they can see how the app correlates with the
general follow-up program from the hospital. Because of the limited relevant test group, the survey
should be conducted for a longer period of time. It might also be a good idea to include parents at
collaborating hospitals to increase the participant group.

6.3 Final Conclusion

In this master’s thesis the requirement specifications for the app has been presented. They include
changes made after the preliminary report was completed, and decisions made in this project.

In the beginning of the project, the development platform was decided. The client did not
have any preferences other than the requirements concerning the camera function. A web app was
inadequate and native app was chosen over hybrid due to my experience with Android and Java
programming, and because of the improved user experience it provides.

The prototype was developed in Android Studio. This tool was appropriate because of the
simple user interface and the well equipped and documented Support Library. Java was the pro-
gramming language and the layouts were designed in XML.
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When the prototype was nearly finished, it was tested by the client and a handful of others. I
made two tests for them to conduct; a usability test and a technical test. The feedback from the
participants was positive, and the client was content with the result. The participants came up with
some suggestions for further development of the app. Some of the improvements were implemented
in the prototype, others are suggested as a part of further work. The notification feature on the
device was not completed by the time the prototype was tested, but I have implemented and tested
it later on.

The features in the app meets most of the requirement specifications. Some changes have been
made to the notifications, as described in Chapter 4.1.5 and the camera is not implemented as
planned. Instead, the prototype uses the existing camera app on the device. Also, the graphical
countdown to the video recording is lacking the active marker indicating today’s date.

The QR code feature is an important security aspect of the prototype. It makes sure that only
persons with a valid QR code can get access to the prototype. It also guarantees correctly registra-
tion of the children and ensures that the assessment results are linked to the right child. This quality
is essential for the safety of personal information.

A questionnaire was also made in this thesis. It involves evaluating the parent’s thoughts about
recording the video at home. Unfortunately, very few people responded to the survey, and no
statistical conclusion could be made. It did however give the research group valuable insight in the
parent’s vulnerability and information on how to approach the parents when initialising the research
project.

This thesis has confirmed that the idea behind the project is feasible and that this app can be
a helpful tool for diagnostics of children with CP. It can make the recordings less stressful for
the children, and will be a particularly useful tool for those who live far from hospitals. Health
personnel will also benefit by using the app, since this method is much easier than the equipment
package they use today.

The prototype and the report will be presented to the research group. The results of this project
will be used in the further work of assessing children’s risk of developing CP.
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