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Abstract
Issues relating to sleep are prevalent worldwide, but few successful attempts have been made
in designing and developing mobile applications for sleep assessment. This thesis introduces
the design and development of the SleepWell app, a digital sleep diary and sleep deprivation
measurement app. The thesis also introduces a mixed-method research study based on action
design research where 17 subjects were asked to compare a paper version of Consensus Sleep
Diary (CSD-E) to the SleepWell version of CSD-E over a period of two weeks. Also introduced is
a second, concurrent study that was performed where 15 subjects used only the digital version
for a week. Data was gathered through interviews, surveys, and analytics for app usage.

Overall the SleepWell app was regarded positively with almost all participants preferring the
digital sleep diary to paper sleep diaries. The app mostly met or exceeded expectations of user
experience. Some problems were found, and various improvements need to be made to the
app. From this study, five guidelines for designing self-reporting and self-monitoring apps were
derived. We propose that in the future, the SleepWell app, if clinically validated, replace paper
sleep diaries as a standard tool of sleep assessment.
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1. Introduction
Every day humanity collectively sleeps for over seven million years. Sleep is an activity that
occupies a third of our lives. However, it is not such smooth sailing for a staggering amount of
people. In the United States alone, more than thirty five percent of adults report less than seven
hours of sleep typically, which is less than the minimum requirement of sleep per day for adults
(Centers for Disease Control and Prevention (CDC), 2011). There are many possible factors
that could contribute to this lack of sleep, however a big cause for this sleep epidemic are sleep
disorders. A study conducted in 2008 found that the prevalence of sleep disorders in the United
States, Western Europe, and Japan was 56%, 31%, and 23% respectively, from a large pool of
individuals. The report concluded that sleep problems are reigning in all three areas but are
under-reported and under-treated (Leger et al., 2008).

There are multiple conditions that affect the quality of sleep, including insomnia, sleep apnea,
restless legs syndrome, and night terrors (Pevernagie et al., 2020). Insomnia is a difficulty in
initiating or maintaining sleep. Sleep apnea is characterized by a cessation or decrease of
ventilatory effort during sleep and is usually associated with a reduction in blood oxygen
saturation (American Sleep Disorders Association, 1997).

These sleep problems can lead to inadequate sleep which has detrimental effects on an
individual’s health, and can also lead to dangerous situations such as drowsy driving (Centers
for Disease Control and Prevention (CDC), 2011). Lack of sleep can result in microsleeps which
are episodes lasting up to 30 seconds during which external stimuli are not perceived
(American Sleep Disorders Association, 1997). Microsleeps are associated with excessive
sleepiness and automatic behavior. Drowsy driving leads to 1,550 deaths and 40,000 injuries
every year (Centers for Disease Control and Prevention (CDC), 2011).

1.1 Design and development of sleep deprivation assessment
tests for mobile phones
Although this is a serious issue, few successful attempts have been made in designing and
developing digital mobile applications, hereinafter called apps, to test alertness on a regular
basis over a longer period of time, to help patients realize when not to drive, and to follow
drowsiness over time.

The Psychomotor Vigilance Task (PVT) is a test that measures the speed with which subjects
respond to a visual stimulus. The test works in such a way that subjects are instructed to press
a response button as soon as a stimulus appears. The stimulus is a LED-digital counter and
shows the subject’s reaction time in milliseconds when the button is pressed (Dorrian et al.,
2005). This test has been shown to be highly sensitive to sleep deprivation and is therefore
useful to measure sleep deprivation in subjects (Dinges & Kribbs, 1991). The Stroop effect has
also been demonstrated to correlate with sleep deprivation. Stroop tasks test interference
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performance by presenting color-word combinations and having participants choose the color,
while ignoring the word. (Sagaspe et al., 2006)

We will design and develop an app that provides tests for PVT and Stroop. Usually these tests
are administered by experts, but an app will have to provide a clear and concise explanation on
its own, and it must also be completely autonomous with no simple way to cheat or break the
tests.

1.2 Detecting and diagnosing sleep disorders
Sleep problems are fairly common and can have very serious consequences, so a way to
reliably detect them is required. Today, a few different methods exist to diagnose these
conditions. Broadly they can be split into two categories, that being objective and subjective
assessment respectively.

Objective assessment methods include type 1-4 sleep studies, actigraphy, wearables and
non-wearables. Type 1 sleep studies are conducted in a laboratory environment using
polysomnography, whereas the other methods can be done at home (Arnardóttir et al., 2021).
Modern consumer devices such as wearables and non-wearables are becoming increasingly
common and although some work has been done to validate such devices (Mantua et al.,
2016), studies have not been able to conclusively prove that the effectiveness and accuracy of
such devices is comparable to the gold standard: a polysomnography (Arnardóttir et al., 2021).

Subjective methods include interviews, sleep questionnaires and sleep diaries. Gold standard
interviews are performed with a qualified sleep physician (or somnologist). Sleep questionnaires
are used as screening tools to identify patients at risk for sleep related problems. Interviews,
questionnaires, and sleep diaries are often used in conjunction with objective methods to get a
clearer look of the entire picture (Arnardóttir et al., 2021).

Finally, there are sleep diaries. Sleep diaries are one of the most common methods of
measuring sleep subjectively. They are most often used in conjunction with other methods such
as type 1-4 sleep studies or interviews. Sleep diaries are based on a method of patient reported
sleep measurement that gives a good subjective view of the patient’s sleep quality, duration,
and habits. They have been used to help measure and diagnose insomnia and other sleep
related conditions such as sleep apnea and circadian rhythm disturbances (Buysse et al., 2006).

1.3 Design and development of an electronic sleep diary
Traditionally, sleep diaries are mostly paper-based due to the simplicity and ubiquity of a pen
and paper. There are some disadvantages to the paper method, however. For example, the
“parking lot syndrome”, where patients are able to fill out entries in the diary for previous days in
one go and it can be impossible to detect if this happens (Tonetti et al., 2016). This can cause
inaccurate data because the patient may not remember precisely the details of that day. Another
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disadvantage is that the sleep diary is printed on paper, which has an environmental impact, if
only a slight one.

The main goal of this thesis is to analyze the process of developing a digital version of the
Consensus Sleep Diary (CSD) (Carney et al., 2012). There are potential advantages to digital
sleep diaries like being able to remind patients to fill out the sleep diary with notifications, the
user experience could potentially be improved, and the sleep diary could potentially be
customized to each person. Through rigorous usability and user experience testing using
industry methods such as the Google design sprint (Knapp et al., 2016), and other methods of
interaction design as described by Preece et al. (Preece et al., 2015) a design for the CSD
could be created that is quicker, simpler and has at least as much utility as the paper version.

When creating a digital sleep diary, we considered two ways to go about it. Either by developing
it as a website or as an app. Our team decided to develop an app for iOS and Android. An app
has some potential advantages over a website. For example, it is possible to fill out a sleep
diary when offline, mobile phones are more portable, and it is quicker to launch an app than
connect to a website. How can an app be designed and developed to support logging of
subjective sleep assessment? And how is the usability and user experience of a sleep diary as
an app? Answering these two research questions therefore outline the primary aim of this thesis
and this is done through action design research, which consists of a mix of qualitative and
quantitative data gathering methods. Furthermore, as a secondary aim, we investigate how the
app is in comparison with a paper version and this secondary aim will be addressed in a
qualitative manner in the results section.
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2. Related work

2.1 Consensus sleep diary
Before the year 2012, insomnia research methodologies had been limited due to a lack of
standardization of measurement tools. Many labs would produce their own unique version of a
sleep diary with little thought regarding consistency between them or cooperation towards a
gold standard. After many years of this “wild west” of sleep diaries, Carney et al. finally
produced the Consensus Sleep Diary (CSD) in 2012 (Carney et al., 2012). The CSD is intended
as a living document which still needs to be tested, refined, and validated. The CSD has been
used in multiple studies over the last few years, and has moved towards being the gold
standard in sleep diaries (Maich et al., 2018), although it is still very new. The idea was to unify
all the different sleep diaries with a set of common questions and answering formats. CSD was
put together by multiple experts unifying numerous different sleep diary versions. It was then
tested by focus groups and refined.

Even though the goal was unification, they had three separate versions of the sleep diary to use
for different purposes. The first version, core, included ten questions made to fit a single
standard-size sheet of paper meant to be taken during the morning. The second version,
CSD-M included an extended version of the core survey. The third version, CSD-E, has the core
questions to be filled in during morning, but takes the extra questions from CSD-M to be instead
filled in the evening. For our study we used the third version, which means that we require
patients to fill in the sleep diary both in the morning and evening. CSD-E contains a total of
fifteen questions, five of which have additional follow-up questions. Usually these sort of sleep
diaries are taken for about 7-14 days as part of a sleep study that may involve
polysomnography and/or other additional equipment (Carney et al., 2012).

Although the Consensus Sleep Diary has been tested extensively, the transition of sleep diaries
in general, and CSD in particular, into digital versions, is still under-researched (Arnardóttir et
al., 2021). It is important to test the digitalization of sleep diaries further since paper, as a
medium, poses a few problems. For example, it cannot provide information about when the
diary was filled out (parking lot syndrome), it cannot prevent patients from filling in information
outside the framework (e.g., unexpected comments, wrong type of response), and it can easily
be lost (Văcărețu et al., 2019).

2.2 Previous sleep measurement app efforts
A digital sleep diary has been created before at Eindhoven University of Technology in the
Netherlands by Vǎcǎretu et al. (2019). Their main goal was to create a digital version of a sleep
diary and study its usability and user experience. They based their digital sleep diary on an
analog sleep diary in use, at the time, at Kempenhaeghe Center for Sleep Medicine, which is
not based on the CSD. Their sleep diary consisted of rows of boxes where each row constituted
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one day. For each row, patients could draw in, for instance, when they went to bed, when they
got out of bed, and when the lights were turned off. This format allows patients to approximate
the timeline of these events instead of providing explicit timestamps like the CSD does.
However, it does not cover all the data requested by CSD.

Another digital sleep diary was created in 2016 by Tonetti et al. at University of Bologna, Italy
(Tonetti et al., 2016). Their sleep diary was based on Consensus Sleep Diary core and was
made for PDAs. In their study they found that their electronic sleep diary performed like a paper
sleep diary, although both give a significantly different result from an actigraph. Their study
shows promising results regarding the comparison between analog and digital sleep diaries, but
did not go into detail on the design of the app itself. One limitation of their study was that they
were only able to admit participants that had an iPad, because the app only supported that
platform.

PVT was digitized and evaluated by Kay et al. in 2013. In their study they attempted a few
different methods of input to translate PVT to a touchscreen. They found that users were most
comfortable with a touch down input method and that it was most comparable to a physical
button, but that a finger lift input method was potentially more accurate. Other input methods
were tested such as moving the finger from one half of the screen to the other half (goal
crossing) and a physical programmable button, but those are almost never present on modern
mobile devices (Kay et al., 2013). The Stroop effect test has been adapted for the Internet
(Linnman et al., 2006), however, little work has been done in this domain, especially for
adapting the Stroop test for mobile phones.

Transforming the paper version of the Consensus Sleep Diary into an app also changes the
entire context of use for the sleep diary. It will become portable and handheld, and so the
context of the data being put into the sleep diary may change as well. It can be problematic to
transform an analog practice into a digital artifact. The design will have to reflect this changed
environment and take advantage of potential actions like notifications, nudging, interactivity and
novel input methods such as sliders. Health apps and self-tracking then influences professional
practices, and so an app that focuses on sleep health can contribute positively to the sleep
health field in terms of patient awareness and participation (Hult et al., 2021).
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3. Methods
The SleepWell app is an effort to digitize the Consensus Sleep Diary (CSD). To be able to
measure how a digital version of CSD stacks up against the on-paper version we need to first
create this digital version.

Over the course of this project, the team used the Action Design Research (ADR) method. The
reason for this is that there were multiple stakeholders during the design and development
process for the SleepWell app and each aspect of the app had specific requirements. Regular
meetings with various practitioners, sleep specialists and psychologists, were held for this
reason. We, the researchers, produced an alpha version of the app in the form of a Figma
prototype which was verified and tested by the practitioners and end users. With the feedback
received, we were able to improve the prototype and later develop a beta version of the app,
this time as a more functional prototype with the Xamarin framework. This beta version was
again tested with practitioners but also end users distributed to both iOS and Android devices.
These tests allowed us to finish an artifact which consists of the SleepWell app and this thesis,
including generalizations and design guidelines for self-monitoring and self-reporting apps.

Figure 1: The Generic Schema for Organization-Dominant BIE (Building, Intervention &
Evaluation)

3.1 Developing the app
Development of the SleepWell app took place over a period of four and a half months. Starting
in mid-January of 2021, the app went through multiple stages of development before reaching a
beta version in the beginning of May. Throughout the development, meetings between the
developers, sleep researchers and specialists as well as psychologists were held regularly. This
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was done to ensure that all data produced by the app was as unbiased, complete, and as
clinically accurate as possible. The development of the app was conducted in an agile and
iterative manner, with two, six week long sprints and a third three week long sprint. At the end of
the first two sprints, a minimum viable product of the app was the deliverable, and two bouts of
user tests were conducted based on the Five-Act Interview (Knapp et al., 2016).

Figure 2: A screenshot from the SleepWell app.

Before any code was written, the team began by drawing up an initial design for the app’s
interface in the online collaborative drawing tool Figma. We focused our efforts mainly on
keeping the interface clean and the process of answering sleep diaries as simple and familiar as
possible. Therefore, we decided to have one main screen where users could access both
diaries, with a tab system that would be familiar to mobile users to access detailed data and
settings. Additionally, having a dark color theme was important to us since the app is expected
to be used early in the morning or late in the evening when the user’s eyes might be tired. Filling
out a bright evening diary right before bed might affect your sleep negatively due to the blue
light the phone or tablet screen emits (Wahl et al., 2019).

3.1.1 Technical environment of the development
We used the Xamarin framework to develop the SleepWell app. The framework is maintained by
Microsoft and allows developers to create, test and deploy an app on multiple platforms, such
as iOS and Android, with only one codebase. It also gives access to platform-specific
functionalities should that be required. Xamarin uses a design pattern called
Model-View-ViewModel (MVVM). MVVM works in such a way that views are responsible for
defining the layout of user-visible content, models encapsulate the app’s data and view models
are responsible for backend logic (Sorensen & Mikailesc, 2010). The SleepWell app was written
in C# and its code was the same for both iOS and Android since no platform-specific
functionality was needed. The app was written, built and published to Apple Testflight and
Google Play for testing through Visual Studio.
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Figure 3: Current SleepWell app distribution pipeline

To collect analytics data from the SleepWell app, we decided to make the app log various types
of user activity to the local database, such as navigating to a different page, changing settings,
submitting a sleep diary, etc. This meant we were unable to view analytics data from users
unless they shared their database with the team. Due to this limitation, we decided to set up the
Visual Studio App Center SDK in order to be able to view analytics data in real time.

Figure 4: Future SleepWell app distribution pipeline

At the time of writing, there are no extensive security measures programmed in the app since it
is almost completely offline. The app is isolated within the operating system, either iOS or
Android, such that other apps or processes are unable to read the app’s data. However, the
analytics collected in the app are not offline. We used Visual Studio App Center to collect the
analytics in real time. This communication uses HTTPS for secure transmission. Furthermore,
App Center provides access control to all data stored within the system.

To facilitate collaboration and version tracking the git tool was used and the repository was
hosted on GitHub. Through GitHub we can connect various services such as the CI/CD and
analytics service Visual Studio App Center. App Center provides an analytics system for
Xamarin that was implemented into the SleepWell app. With these analytics we are able to track
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how users use the app, like what platform they are on, what settings they use, how they
navigate through the app and how long it takes them to perform each of the tests.

The app is distributed to users on iOS and Android using Apple Testflight and Google Play
respectively. The app was released in a closed beta such that only users that had been invited,
or had the correct link were able to install the app. Those services require extensive reviews of
apps in order to be able to release apps publicly.

3.1.2 Designing for accessibility
Accessibility is an important factor when creating an app that is aimed at patients that may have
disabilities. There are many different disabilities to consider, and for each a set of design
guidelines must be followed. Dyslexia and other cognitive disabilities require simple and clear
language with a large, easily distinguishable and readable font. Big and reachable buttons are
important for physical disabilities, such as difficulty with hand manipulation. Red-green color
blindness is prevalent in about 1 in 12 men and 1 in 200 women (Birch, 2012), so it is important
to not be too reliant on color significance. Instead we tried to communicate through patterns, or
text with color only being an additional cosmetic aspect, with one notable exception: the
Alertness Test, as explained in chapter 3.3.

Sometimes the initially proposed design conflicts with our accessibility goals. For example,
when digitizing PVT (see chapter 3.3) we would like to follow as closely as possible to the tested
versions of PVT. That means that the input method of choice for a touch screen should be that
users tap on the screen when the stimulus appears. However, people that have difficulty with
fine motor control in their hand may have a hard time hovering their finger over the screen while
waiting for the stimuli for minutes on end. To mitigate this we added an option for a second
method of input where the participant can rest their hand on the screen, and when the stimulus
appears they must lift it. Some evidence suggests that tapping the screen results in different
results already (Honn et al., 2015), so we were not too concerned with the possibly different
results that this input method provides. The input method used for the Reaction Test is logged
after every test, so researchers will be able to differentiate between the two input methods if
needed.

Another example of this is the Alertness Test which is based on the Stroop effect (Stroop, 1935).
Designed around matching colors and words, it may not be suitable for people with
colorblindness. In the future, we may need to mitigate this by featuring an alternative test, one
that is less reliant on colors.

3.1.3 Internationalization and localization
The development of the SleepWell app is a part of the Sleep Revolution project, which is an
international, cross-European endeavour, meaning that multiple languages must be supported.
An internationalization system is included with Xamarin, and it is used within the app so that it
can be localized into any language. Currently, the app has been translated into English and
Icelandic. All strings within the app can be translated through a single file, and in the future that
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file could be translated into any, or all, of the EU languages. Ready-made translations of CSD
can be used, but will have to be modified to fit the mobile presentation in the app.

3.2 Digitizing the Consensus Sleep Diary
Once development of the app began, it was decided to base the app on the third and most
comprehensive version of the Consensus Sleep Diary (CSD-E) after a meeting held with a
clinical sleep specialist, sleep researcher and an expert in patient reported outcome. However,
during development, the diaries within the app ended up differing slightly from the ones in the
CSD-E due to paper and smartphone being two different mediums. These changes were
discussed with experts, and were iterated upon to create the smallest possible intrusion on
CSD-E, whilst retaining many advantages of the digital format. The inputs from the CSD were
translated to native iOS and Android inputs. In order to integrate the instructions page into the
digital sleep diary, we decided to position an info button in the top right corner of the screen. If
the button is clicked, then a message containing instructions for the current question is
presented. Additionally, users were not able to modify diary entries from previous days. Users
are notified by default at 9 AM in the morning and 9 PM in the evening to remind them to fill in
the respective sleep diaries at those times. The exact time of these notifications can be altered
by the user in the settings menu, or they can be disabled entirely.

Question CSD SleepWell

6d If yes, how much earlier? How much earlier?

12b What time was your last drink? What time was your last alcoholic drink?

13b
What time was your last drink? What time was your last caffeinated

drink?

14

Did you take any over-the-counter or
prescription medication(s) to help you
sleep? If so, list medication(s), dose,
and time taken

Did you take any over-the-counter or
prescription medication(s) to help you
sleep?

List medication(s), dose and time taken

Table 1: Differences between CSD and the diaries in the SleepWell app

The question “Was today a workday? (If not, then it was a freeday)” was added to the evening
sleep diary so that it is possible to calculate the difference between sleep hours when a patient
has to wake up for work, and when the patient is on their own time. From this you can find the
social jetlag of a person (Roenneberg et al., 2003). The question is asked so that we do not
have to assume that weekdays are workdays and that weekends are freedays. Not everyone
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works according to such a schedule. The last five questions added to the evening sleep diary
are: “How fatigued were you today?”, “How sleepy were you today?”, “How stressed were you
today?”, “How was your mood today?”, and “How much did you exercise?”. They are there for a
potential future study in which the relation between sleep and mood is explored, similarly to how
Abeler, K., Bergvik, S., Sand, T., & Friborg, O. explore the relation between sleep and pain
(Abeler et al., 2020). The questions were proposed by a sleep researcher within the Sleep
Revolution project.

A few of the questions in CSD-E contain follow-up questions that depend on the answer from
the original question. There are also some questions that may not be relevant to all users. For
example, in the Consensus Sleep Diary, patients are asked if they drank an alcoholic drink.
Many people do not drink alcoholic beverages at all, and so will therefore always answer no.
There is also a follow up to that question, as patients are asked at what time they drank their
last alcoholic drink. When on paper, patients will have to read those questions every day, but an
app can utilize a personalized app-pathway such that the question can be skipped entirely if it is
not relevant, and if they answer no to the first question then the follow up can be skipped. In the
onboarding process, we do some screening that can allow users to skip questions 12, 13 and
14 if the user never drinks caffeinated or alcoholic drinks or if they never take medicine to help
them sleep. Question 6d can be skipped if the person did not wake up too early so the wording
was changed.

The changes in questions 12b and 13b took place because the app only shows one question at
a time. This makes referring to previous answers more tedious since the user would need to
navigate to said question and back again. These small clarifications were added to decrease the
likelihood of the user needing to read past questions again. Finally, question 14 in the CSD-E
requests two separate inputs from the user, therefore it was deemed best to split that question
up into two parts.

3.3 Development and digitalization of the PVT and Stroop tests
The SleepWell app was required by the Sleep Revolution project to allow users to take two
psychological tests. The former one we named “Alertness Test” which, as mentioned before,
was based on the Stroop effect (Stroop, 1935). The latter test, called “Reaction Test”, was
based on the Psychomotor Vigilance Task (Dinges & Kribbs, 1991; Dorrian et al., 2004, 2005).
Both tests were added so the app could not only measure subjective sleep quality and quantity,
but also how awake and aware the user is, and if they are suffering from sleep deprivation.

The PVT and Stroop tests were supposed to be added to the app from the beginning. A big part
of the process of implementing them was figuring out all the small details of these tests and how
they should be digitized. How the two tests should work within the app was discussed heavily
with sleep specialists, psychology experts and other stakeholders. It was decided that the
Stroop test would have four different colors to choose from: red, yellow, green, and blue. The
test would also allow the user to choose from four different options, one for every color, where
only one of them was right. In every single iteration, the user would have to choose the correct
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color, and would have to finish 50 iterations to complete the session. Also, for every iteration
there is a random color chosen and there is a 50% chance that the color that is chosen is the
same as the word (congruent) and 50% chance that they are incongruent.

The PVT we implemented was based on the PVTTouch app (Kay et al., 2013). In every iteration
the user waits for a stimulus to appear on the screen and when it does, the user reacts to it.
There are two methods to do so which are called touch down and finger lift. When the first mode
is active, the user taps the screen to make the stimulus disappear and start the next iteration,
but the other mode allows the user to hold his/her finger on the screen and then let go when the
stimulus appears. The inter-stimulus waiting period is random, between two to ten seconds by
default, however, those bounds can be changed in the Settings page in the app. The team also
made some changes and improvements, like providing user feedback at the end of the test,
which was also implemented for the Stroop test.

3.4 Application workflow
The SleepWell app’s workflow is shown in the figure below. The SleepWell app has ten different
screens and each one is described briefly below.

Figure 5: Navigation diagram for the SleepWell app
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1. Onboarding screen is shown when a user opens the app for the first time. It welcomes
the user, asks for relevant permissions, and asks questions about the user. This
information can be used later to skip diary questions that are unnecessary.

2. Home screen allows the user to open both sleep diaries and the Alertness and Reaction
Tests.

3. Your Data screen allows the user to pick a type of data to view.
4. Date List screen shows clickable dates for the specific data type selected in Your Data.
5. Result screen shows a past result belonging to the specific data type selected in Your

Data and date selected in Date List.
6. Settings screen allows the user to change various settings in the app, for example,

notification settings, information about themselves, whether to show instructions for the
Reaction Test, and so on.

7. Morning Sleep Diary screen allows the user to fill out the morning sleep diary based on
the morning questions from CSD-E.

8. Evening Sleep Diary screen allows the user to fill out the evening sleep diary based on
the evening questions from CSD-E.

9. Alertness Test screen enables the user to take the Alertness Test.
10. Reaction Test screen gives the user an opportunity to take the Reaction Test.

3.5 Testing the app

3.5.1 User tests
In order to ensure that the app works as intended and provides a simple and usable interface to
users, we conducted two user test bouts while the app was still in development. The table below
shows the differences and similarities between them both:

User test First sprint Second sprint

Number of testers 5 (4 female) 5 (2 female)

Age range 22-45 14-87

Data gathering method Notes, SUS Notes, SUS

Stakeholder group End users End user

App version Alpha (non-functional
prototype)

Beta

Table 2: Comparison between both user test bouts

The first bout of user tests took place at the end of the first sprint, once the non-functional
prototype, or the alpha version, had been drawn up. The second bout of tests were conducted
once most of the app had been developed, which we called the beta version, at the end of the
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second sprint. The user tests were not recorded with audio or video, instead detailed notes were
taken. As mentioned before, in all tests, we followed each act in the Five-Act Interview as
described by Knapp et al (2016). First, we sat down with each participant, gave them a friendly
welcome and then proceeded to ask them some context questions about themselves. Then we
presented the prototype for the SleepWell app to each participant and instructed them to
complete a number of tasks within it, encouraging them to think out loud while doing so (Nielsen
et al., 2002). Time sensitive tasks were timed using a stopwatch, unbeknownst to the
participant. Below are the tasks given to each participant in the former bout of user tests:

1. Fill in and submit one sleep diary entry
2. Take the Alertness Test
3. Take the Reaction Test
4. Delete today’s sleep diary entry

The beta version of the app, presented in the second round of user tests, differed slightly from
its alpha version. This is partly due to improvements from the first user tests but also because of
changes and additions proposed by the team and practitioners. These changes affected the
task list for the second round of usability tests, which is listed below.

1. Walk through the onboarding pages and reach the home screen.
2. Finish the morning sleep diary
3. Take the Alertness Test
4. Take the Reaction Test
5. Delete today’s sleep diary entry.

Additionally, the team decided on a number of usability goals for each task, decomposed into
separate goals for effectiveness, usability and satisfaction, according to the definition of usability
by ISO 9241 (International Organization for Standardization, 2018). Appendix 5 shows the goals
used for both rounds of tests. The System Usability Scale (SUS), a quick, ten-item scale, was
used to assess the usability of the SleepWell app at the end of each user test. By adding up
numeric values derived from these ten scales, a usability score between zero and one hundred
can be acquired (Brooke, 1996). Since SUS is so widely used, it is possible to compare the SUS
score of the SleepWell app with scores from other systems. According to data collected from
446 studies and over 5000 individual SUS responses, the overall mean SUS score for the data
set was 68 with a standard deviation of 12.5 (Văcărețu et al., 2019).

After attempting to solve every task, the participants were asked a couple of debrief questions
such as “What did you like most about the app?”, “If you could change one thing about it, what
would it be?”, and further questions regarding tasks that seemed difficult or confusing to the
participant. The debrief interviews were semi-structured in order to allow different topics to be
explored, such as possible improvements, minor errors or bugs in the app, etc. To see the
interview guide used for both user tests (refer to Appendix 1 and 2).
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Due to the ongoing COVID-19 pandemic, the user tests were exclusively performed with testers
we were already in close contact with or that had already received a vaccine. This was done to
minimize the risk of an infection.

3.5.2 Indirect observation study
Once the app had been developed, it was distributed to 32 different testers. The app was
installed and used on the testers’ own phones. 17 testers were a group of students at Reykjavik
University testing the app as a part of a course they were in (primary group) and the rest were
extra participants willing to take part in the research (secondary group). The secondary group
mostly consisted of people close to the team. The primary group had, in the previous week,
filled out sleep diaries on paper and could therefore provide a comparison between on-paper
and digital sleep diaries whereas the secondary group had not. Figure 6 shows a graphical
depiction of the testing process.

Group Primary group Secondary group

Size 17 15

Age span 22-34 14-55

Mean age 26.8 36.5

Median age 26 37

Android users 3 2

iOS users 14 13

Sleeping problems No sleeping problems One with mild insomnia, another
with sleep apnea

Experience with
paper sleep diaries

All testers had prior experience
with filling out paper sleep
diaries.

One person with prior experience of
paper sleep diaries.

Table 3: Information on participants in the indirect observation study

We created a 30 minute scripted presentation to introduce the primary group to the study. It
explained what sleep diaries are and how they are expected to use the app. For the secondary
group we sent out an email with detailed instructions to the participants (see Appendix 3). Both
groups began by answering the AttrakDiff survey (Hassenzahl et al., 2003) in English,
explaining what their expectation for a digital sleep diary is. Afterwards, they downloaded the
app and used it for seven days, filling out a morning and evening sleep diary each day. Testers
were also encouraged to take the Reaction and Alertness Tests daily, about an hour after they
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woke up. Testers were able to submit feedback, either through Apple Testflight or email,
regarding technical details and other concerns while the test was ongoing.

Whenever any problems came up we tried to fix the issues and push an update as fast as
possible. Apple Testflight and internal testing in Google Play made it possible for the team to
easily update the SleepWell app and push the new version to the testers rapidly. Most of the
problems that came up were minor, and related to translation or were cosmetic errors. The
updates fixed several typos, fixed the positioning of elements so they were correctly aligned on
iPad, and fixed notifications for the sleep diaries showing up even if the user had already filled it
out that day.

Figure 6: Graphical depiction of the testing process

Once seven days had passed, testers filled out two surveys, the System Usability Scale and
another AttrakDiff survey in order to assess SleepWell’s usability and user experience,
respectively. They also shared with us the data that had been accumulated by the app over the
seven day test period by exporting their local database and sending it to us by email. The local
database also contained certain information about the user’s activities within the app, for
example, which pages they navigate to, when they cancel a sleep diary, and so on.

We took exit interviews with every participant in the primary group once the test was over. The
interview was semi-structured and we used an interview guide to keep the interviews on track
(see Appendix 4). Each interview lasted approximately fifteen minutes and was conducted
on-site at Reykjavik University. Due to the COVID-19 pandemic, some participants were only
able to attend virtually through a video call. Both on-site and online interviews were conducted
in a similar manner, with one participant, one primary interviewer and one observer who made
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notes in the room. We sent out an exit survey for the secondary group which served a similar
function, the survey asked the same questions as the interview, and had text responses. We
used a survey for that group due to limited time, as we were unable to do the extra 15
interviews.

At the start of the interview, participants were asked some open ended context questions to
collect basic relevant information to the study. During the course of the interview we tried to get
a comparison between the digital and paper versions of CSD-E, and understand the subjective
views of the participants regarding the app and how they used it. Participants were asked to
give examples of different aspects of the app that were good or bad and were also requested to
provide ideas for improvements. At the end of the interview they were reminded to fill in the
other surveys as described above. Participants then shared their analytics and sleep diary data
that had been collected over the week, and were thanked for participating.

Afterwards the interview data was reviewed, and scores from AttrakDiff and SUS were collected.
An email was sent out to the secondary tester group asking them for their sleep diary and
analytics data to be shared via email. This analytics data needed to be collected and unified into
a single database so that it could be reviewed and used. This data would show how the app
was used empirically.

17



4. Results

4.1 First round of user tests
In the first round of user tests performed on the app’s initial Figma prototype, we managed to
achieve 9 of 11 goals. The two failed ones were both efficiency goals, one for finishing the
Alertness Test and the other for deleting a sleep diary entry, both estimated to take less than
half a minute. We improved SleepWell’s design with this in mind, for example, by changing the
Alertness Test’s instruction page from being two paragraphs of text into one short sentence
accompanied by an explanatory picture.

As explained before, both rounds of user tests were concluded with the participants filling out
the System Usability Scale survey. In this first round, the app received a mean SUS score of 91,
a minimum score of 85 and a maximum of 100. It is important to note, however, that the SUS
survey was filled out by people close to the team, therefore some bias in our favor must be
accounted for.

4.2 Second round of user tests
The second round of user tests was performed on a more functional version of the prototype
developed with Xamarin. At this stage, the app had recently been fitted with an onboarding page
which resulted in the addition of one usability goal for effectiveness: reaching the home page.
The app managed to achieve all usability goals in the latter test round in large part due to the
various changes to the prototype applied after the previous user tests.

This second user test round resulted in an increase in the mean SUS score from 90 to 97.5. The
minimum SUS score was 90 and the maximum 100. This fact further shows that the app’s
usability had improved from the previous round of user tests.

4.3 Indirect observation study
The results from the indirect observations study were gathered from exit interviews with all
primary testers, exit surveys from 10 of the secondary group (others chose not to submit an
answer), the analytics data from the app of 32 users (17 primary, 15 secondary), and SUS and
AttrakDiff surveys. Primary testers also answered an independent survey comparing paper and
app sleep diaries, whose results were provided to the researchers and can be seen in figure 7.

4.3.1 Exit interview and exit survey results
The main goal of the exit interview was to gather qualitative data from testers that have both
tested the paper sleep diary version and SleepWell for a week. The exit survey had a similar
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function but was only used for the secondary group. The data from the interviews can be
categorized into three categories: pleasant, unpleasant, and improvements. Below we present
some of the points gathered through qualitative research.

Pleasant
The vast majority of the testers enjoyed using the app throughout the week and prefer the app
over the paper version. One comment that we heard from many of the participants was that the
app was simple to use and to learn. Generally, participants liked how the questionnaire was set
up and liked the different input methods the survey sported. The testers felt like they were
quicker to fill out the sleep diaries in SleepWell than they did on paper and overall liked the
Alertness and Reaction Tests. One feature that many testers commented positively on was the
notification system, almost every individual commented that the notifications really helped them
remember to fill out the sleep diaries and increased their motivation to do so. The portability and
convenience of the app allowed even those who had busy mornings to fill out the morning sleep
diary, as they could fill it out whenever some free time emerged.

Unpleasant
Many of the testers criticised some aspects of the app and raised good points regarding its
faults. The main source of critique for Android users was that some did not receive notifications,
while the notifications worked well for iOS users. The duration of the Reaction test was also
disliked by many of the testers since they felt it was too long and boring. This was to the point
that it affected how many times they took the Reaction test. Some participants had a much more
difficult time finishing the morning sleep diary than the evening one for various reasons. One
was because it was hard for them to estimate when they went to bed, when they tried to sleep
and so on. The evening questionnaire also sports questions that force the user to estimate
timing of events but they are fewer. The other reason is that some of the testers were confused
by the morning diary questions and the wording of them. It is clear that the majority of the
participants did not notice the information button present in both tests. This is a shame because
it would have helped many of them understand the questions better.

Improvements
One improvement suggested to the team was to show more clearly if a user has already
completed a sleep diary entry for today. This could be achieved by either not allowing the user
to fill in another entry, or display a checkmark over the sleep diary. There are also some quality
of life improvements that, if implemented, will most definitely increase the user experience of the
app. One of the different input methods for the sleep diaries is a slider, which some testers
found uncomfortable to use because they had to press on the thumb of the slider and drag it
around to set a new value. One improvement would be to allow the user to click anywhere on
the slider and the thumb would travel there, updating the slider’s value. Additionally, we could
increase the size of the thumb so the user does not have to be as precise to update the slider.
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4.3.2 Problems found during the study
Over the course of the study multiple bugs and problems were found and reported. Some were
reported manually by users and others were found during interviews. The problems are
classified into the three factors of usability (as defined in ISO-9241-11), as well as utility and
user experience (UX) in the table below. They were also given a severity score by the team
ranging from low to high severity.

Problem Classification Severity

Rare bug in the UI where users are unable to progress in sleep
diary

Effectiveness High

Evening sleep diary sometimes overwrites previous days when
submitted

Utility High

Presentation of sleep diary questions led to confusion as to what
the question meant, nobody noticed the info button

Effectiveness Medium

It was unclear to some users whether or not they had completed
their tests that day

Satisfaction Medium

Users wanted to be able to get better feedback and overview of
the data they put into the sleep diaries

Satisfaction Medium

Notifications did not appear for some Android users Utility Medium

The Reaction Test is not fun, resulting in people not wanting to
do it

UX Medium

Notification appeared even if the user had already filled out their
sleep diary for that day

UX Medium

Users did not set notification times for themselves, resulting in
inopportune notification times

UX Medium

Quality of life when filling out sleep diary can be improved Efficiency Low

Some users found it difficult to look at the pattern in the Reaction
Test

Satisfaction Low

Table 4: Problems detected during indirect observation study

4.3.3 Statistics and analysis from test metadata and surveys
32 participants submitted their data from the SleepWell app, and during the period of the study
we recorded: 213 morning sleep diaries submitted, 207 evening sleep diaries submitted, 69
Reaction Tests taken, 99 Alertness Tests taken and the app was started or resumed a total of
1314 times. The average participant started their app about 41 times over the week, filled out
their morning sleep diary 6.66 times and their evening sleep diary 6.47 times. They took the
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Reaction Test only 2.16 times (SD=1.71) and the Alertness Test 3.09 times (SD=1.84). Although
207 evening sleep diaries were submitted, we only received 153 from which averages were
calculated. This difference is due to a bug that overwrote past evening diary entries whenever it
was submitted around midnight.

Each of the 4 main activities in the app recorded the duration of time taken. The average
participant filled out the morning sleep diary in 397 sec (SD = 2449), with a median of 121 sec.
They filled out the evening sleep diary for an average of 75.4 sec (SD = 57.2), with a median of
61 sec. The average response time for the Reaction Test (PVT) for each stimulus was 424 ms
(SD=428), median of 350 ms. The Alertness Test was always taken with 50% congruence,
meaning that half of the trials in each test will have a color-word combination where the color
and word differ. The average response time for each word-color pair in the Alertness Test was
1224 ms (SD=407), median of 1108 ms and the average number of incorrect responses per test
out of the 50 stimuli was 2.172 (SD=5.864), median of 1.

There were several outliers in the morning sleep diary where participants opened the sleep
diary in the evening, then paused the app and filled it in the next morning causing the average
to go way up. We suggest using the median instead for a more realistic estimation of how long it
takes to fill out the morning sleep diary. We were unable to ask participants about this behavior
as most of the data was submitted after the interviews. In the Reaction Test, every participant
used the touch down input method and instant feedback was turned off. The average reaction
time in the Reaction Test results could be explained by the fact that the test is completely
unsupervised. It is not safe to assume that new users know how the test works and might
therefore be slower to begin with. We also see a big difference in the number of times
participants took the Reaction Test versus the Alertness test.

Comparison between analog and digital sleep diary
A survey of the primary group revealed that 92.3% preferred the app diary to paper, 7.7%
preferred the paper version, and 0% were neutral.

Figure 7: Preference for a digital or analog sleep diary in primary group
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AttrakDiff
The comparison between the SleepWell app’s user experience and participants’ expectations is
depicted in figures 8 and 9. It shows the mean values calculated for each of AttrakDiff’s four
scales, divided over the two test groups. Each factor is scored out of 100. All participants filled
out the first AttrakDiff survey whereas only 21 filled out the second, the rest chose not to
answer. We see that the lowest scoring factor is the hedonic quality for stimulation (HQ-S). This
means the app is not very stimulating to users. That makes sense because currently the app
features mostly clinical tools. SleepWell met the primary group’s expectations closely, this could
be explained by the fact that the primary group had prior experience of using a paper sleep
diary. SleepWell exceeded expectations in the secondary group across all scales. Their
expectations might have been lower than that of the primary group since almost all secondary
testers had never used a sleep diary before.

Figure 8: Diagram showing AttrakDiff results from primary group

Figure 9: Diagram showing AttrakDiff results from secondary group
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System Usability Scale
A total of 22 SUS responses were acquired from the participants, eleven responses being from
the primary group and eleven from the secondary group. The remaining participants chose not
to fill out the survey. These responses revealed a mean SUS score of 88.9 (SD = 9.0). The
responses from the primary group exclusively resulted in a mean score of 85.2 (SD = 9.6) while
the secondary group’s responses revealed a mean of 92.5 (SD = 8.4). It is difficult to explain the
difference between the two groups but one possible explanation is that the secondary group
consisted primarily of the team’s family members, meaning that their scores might have been
biased in our favor.

4.4 Limitations
We are aware of the fact that the participants recruited were on average younger than our
potential target demographic, highly educated and healthy. Being in a highly educated young
age segment of the population, it is more likely that they are digital natives, proficient with
tablets and smartphones, and quicker to learn how to use apps than digital immigrants (Colbert
et al., 2016). Additionally, the primary group may have been influenced by the bandwagon
effect. They are all students of the same class, who frequently discussed the app over the
course of the study. During exit interviews similar, specific, suggestions were brought up by the
testers which leads us to believe that this cognitive bias may have had an effect (Schmitt‐Beck,
2015).
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5. Discussion

5.1 Potential improvements of sleep apps over analog
counterparts
From our findings, there are many different potential improvements that sleep apps could bring
to sleep measurement. Digital sleep diaries could have the potential for gathering more
comprehensive data, as metadata can be collected and considered as well. They can measure,
for example, how long it took for the patient to fill out the sleep diary, at what time of day they
filled it out and how many times they changed it. This metadata can be used, for example, for
predictive assistance within the app, or as supplementary data for clinical use.

Digital sleep diaries have the potential to provide a better user experience, so that users will
both have an easier time understanding how to use the sleep diary and they will feel more
comfortable and motivated filling it out. In our interviews most participants stated that they had
filled out the digital sleep diaries more often than the paper ones. Furthermore, a sleep diary as
an app can be more portable than on paper, and can be filled out at any point during the day
whereas patients are more likely to keep the paper diary by their bedside.

An app that offers sleep diaries can be extended to also offer other sleep related tests such as
sleep questionnaires. Since digital sleep diaries offer interactivity, we are also able to extend the
app with interactive tests like psychomotor vigilance tests (PVT) and Stroop effect tests. The
SleepWell app includes Reaction (PVT) and Alertness Tests (Stroop). Further tests could be
added such as the emotional Stroop test, “perceptual test”, bell test, mazes, digit span, nasa
line orientation or others. The modular architecture, MVVM, is used by SleepWell and allows us
to add additional tests and content in a maintainable way (Sorensen & Mikailesc, 2010). A
modular architecture is recommended for developing sleep apps to allow such extensions.

One of the most important features that are generally available to app developers is the
notification system. Notifications enable developers to nudge users to complete tasks, or
change their behavior. Nudging through text message and mobile phone notifications has been
shown to help improve school grades (Sherr et al., 2019), and to help people make good health
choices to reduce cardiometabolic risk (Stuber et al., 2020). We can use this integral advantage
of mobile devices over paper to remind patients to fill in the sleep diary at the appropriate time
and give feedback. The SleepWell app uses notifications to remind users to fill in their sleep
diaries. But, currently the app offers very limited feedback on the data from the sleep diaries and
the other tests. As we saw in the exit interviews, the participants want the app to give them
more insight into their sleep habits and health. In the future it would be possible to deliver other
nudges to users such as advice on when to go to sleep, or with information on their sleep
health. Furthermore, the app could introduce preventative measures against drowsy driving. If
the app sees that the user has not slept much that day, or scores poorly on the Reaction and
Alertness Tests then it could inform them that they should not drive until they are better rested.
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A digital sleep diary can be distributed widely in an automated manner. People who are worried
about their sleep can simply download the app and go, with potentially no doctor required until
they submit the sleep diary. This makes a digital sleep diary more scalable than the traditional
counterpart, which will have to be manually printed out, distributed and turned back in. Another
problem to consider is the parking lot syndrome. In the SleepWell app, users cannot fill out
sleep diaries for any day other than the current date. This helps to ensure the integrity of the
data (Văcărețu et al., 2019).

Sleep diary apps can have the supplementary benefit of directly transferring data to a central
database making real-time data available to all (Tonetti et al., 2016). This data can then be fed
into mathematical models, or machine learning models to be analysed and potentially a
diagnosis could be made. Tonetti et al. mentions the possibility of creating a quantitative criteria
for the CSD to diagnose primary insomnia. Combining this with the digital sleep diary could
allow for screening participants for insomnia without needing intervention from a doctor.

5.2 Discussing and contextualizing some results
The results show that we mostly met or exceeded expectations for the app. The sleep diaries
were mostly simple and easy for people to understand, the only difficulties people had were with
the question structure of CSD-E itself, and less with the design of the app. Almost all users
preferred the app’s sleep diary to the paper version. Users quickly tired from the Reaction Test,
but liked the Alertness Test. They reported that the Reaction Test was boring. This translated
into the results, as most users described only having done the Reaction Test a few times, but
they did the Alertness Test almost daily. We see that verified by analytics as participants
completed 43% more Alertness Tests than Reaction Tests.

The results from the Reaction Test were very similar to the results of the PVTTouch study. The
median reaction time we calculated was 350 ms which is very similar to their median of about
360 ms (Kay et al., 2013). This suggests that we were successful in emulating their
implementation, and that there are no technical problems with our implementation such as with
lag, or delays.

5.2.1 Risks of sleep apps
Though many points have been made for digital sleep apps, there are still valid points against
them that should be discussed. First and foremost, when an expert is not present while a
participant is taking the Reaction or Alertness Test, that participant could cheat. For example, in
the Alertness Test it is easy to cover up most of the screen so that only the color is visible and
not the text, making it far easier. Furthermore, the inter-stimulus time of the Reaction Test can
be set by the user to be predictable, making the test far easier. Even though that individual
would gain nothing from it, it is unwise to assume every single user feels the same way, thus
counter-measures are required, to ensure the validity of data gathered from the app. Bugs and
errors are also a big part of software development, and sleep apps are no different, at least
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SleepWell was not. These bugs can prevent users from finishing their diary entries, remove
data, or corrupt it.

Another point is that setting up a digital sleep diary takes more time than setting up a
paper-style sleep diary, and of course requires a team of programmers to create as well. Lastly,
in the case of this study, when using the paper-style sleep diary, the user could see an overview
of all the questions, but the SleepWell app only shows one question at a time, due to the lack of
screen space. That limitation might be annoying for some, especially those that like to travel
between questions often.

5.2.2 Generalization
A part of ADR is to generalize the problem domain that your research is based in. The
SleepWell app is a digitalization of the Consensus Sleep Diary, but it also has additional sleep
assessment tests in the Reaction and Alertness Tests. The sleep diary is a method of
self-reporting, and the other tests are a method of self-monitoring. We propose that the general
problem domain being addressed is the digitalization of self-reporting and self-monitoring
methods.

The solution domain of our research is then self-reporting and self-monitoring health apps.
These apps require users to regularly input data about their own health and monitor it through
tests offered by the app. Although the tests in SleepWell are simple tasks, the tests can
measure anything from physical attributes to mental acuity.

5.3 Design guidelines for self-reporting and self-monitoring health
apps
From the discussion above, and generalization of problem and solution domain, we can compile
the following guidelines for designing and developing a self-reporting and self-monitoring health
app:

1. Utilize the environment as much as possible, but don’t compromise test validity. The
mobile environment offers features of interactivity, portability and intelligence. Self-monitoring
and self-reporting apps can use this to provide instant feedback, make nudges and to
streamline tests through personalized pathways. The SleepWell app uses regular notifications to
encourage patients to self-report and streamlines the CSD. Although we have the power to use
these features, we need to make sure that test validity and integrity is not compromised. If your
self-reporting or self-monitoring tests were originally created in a different environment such as
paper, then you must keep in mind that the context of the app is completely different, and if care
is not taken it may produce very different results (Hult et al., 2021).

2. Use recognizable inputs, novelty leads to a steeper learning curve. Most patients will
only be using your app for a limited amount of time, in the case of sleep diaries usually two
weeks or less. You want to make sure that they immediately understand what each and every
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input means, so that you don’t lose out on data (or worse - get bad data) whilst the patient is
familiarizing themselves with inputs. The best way to accomplish this is to use input types that
are already familiar to the patient. The SleepWell app focuses on using only standard native OS
input methods for the sleep diaries. During user testing the non-standard inputs: sliders were
the only input methods that people had some difficulty with. Avoid trying to emulate paper too
much as people today are mostly very familiar with standard digital inputs, although this may be
different for aging populations (Colbert et al., 2016). Novel input methods may be required, but
should be avoided if possible.

3. Do not ask users needless questions. When creating an app that expects patients to fill in
data very regularly, like daily or multiple times per day, it is important that they can do it quickly.
Try to make the smallest possible interruption in their daily lives. One of the simplest and most
important ways that this can be accomplished is to avoid asking redundant or irrelevant
questions. We call this creating a personalized pathway. A few of the questions in CSD-E
contain follow-up questions that depend on the answer from the original question. There are
also some questions that may not be relevant to all users. Patients are asked, for example, if
they drank an alcoholic drink today. Many people do not drink alcoholic beverages at all, and so
will therefore always answer no. There is also a follow up to that question, as patients are asked
at what time they drank their last alcoholic drink. When on paper, patients will have to read
those questions every day but in an app the question can be skipped entirely if they never drink
alcoholic drinks, and if they answer no to the first question, the follow up can be skipped. This
idea could be taken even further to introduce more personalized diaries tailored to each
individual.

4. Don’t just use the test results, use analytics too. For each piece of data that CSD-E
records there is also a plethora of metadata. For instance, how long it took to answer a
particular question, at what time of day the diary was filled in, if the participant filled in the sleep
diary because of a notification or if they did it on their own volition. Each of these and many
more meta-data points could be potentially significant in both understanding the state of mind of
the participant filling out the diary and whether or not the data is potentially incorrect, for
example, if they filled out the evening sleep diary many hours before going to bed. The
SleepWell app records all this metadata through an analytics service. Developers and
researchers are then able to view these analytics and query the data to analyse how the app is
being used, and if the data that we get from it can be considered valid. In the future, criteria
could be designed to grade the reliability of each sleep diary entry based on the analytics from
the app.

5. Good feedback is required. It may be possible to develop quantitative criteria for your
self-reporting and self-monitoring process to detect possible health conditions. If a participant
falls under these criteria the app could then for example let the participant know that the
condition is suspected and nudge them towards taking some helpful measures such as seeking
medical assistance from a doctor. In the case of the SleepWell app, if a participant has an
unusually large number of lapses in the Reaction Test, the app could let them know that they
are perhaps too tired to drive. Patients want to know that the data they are registering is
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important and can help. Try to show them results as soon as they are available. Without enough
feedback, patients may lose interest and stop self-monitoring, as may have been the case with
the Reaction Test.
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6. Conclusion
The artifact (the SleepWell app) produced for the purpose of this thesis is meant to contribute to
the field of digital sleep assessment, which is, as of now, under-researched. That artifact
consists of the SleepWell app and this thesis. The app allows the user to fill out sleep diaries
based on the CSD-E. The app also features PVT and Stroop tests for continuous
self-monitoring. In this thesis, our primary aim was to answer the following questions: How can
an app be designed and developed to support logging of subjective sleep assessment? And
how is the usability and user experience of a sleep diary as an app? Furthermore, as a
secondary aim, we investigated how the app is in comparison with a paper version.

After designing and developing the SleepWell app, and testing it on 32 individuals over a one
week period, the results gathered from exit interviews and surveys showed that the majority of
participants preferred a digital sleep diary over a paper sleep diary. Due to this fact as well as
the high rating of the app’s usability and user experience, it is evident that the design and
development has been a success so far. As a result of this success, five design guidelines for
creating self-monitoring and self-reporting health apps were identified: 1) Utilize the environment
as much as possible, but don’t compromise test validity, 2) Use recognizable inputs, novelty
leads to a steeper learning curve, 3) Do not ask users needless questions, 4) Don’t just use the
test results, use analytics too, and 5) Good feedback is required.

The next steps for the SleepWell app is to address the issues testers found, fixing bugs and
adding new features. The plan is to feature more psychological tests than the already
implemented PVT and Stroop tests. Another feature that can be added to the app is integrating
sleep measurements from wearables and non-wearables, so users can view more varied sleep
health data. Additionally, the team will connect the app to the Sleep Revolution backend, so all
data from SleepWell will be stored in one place. There are plans to utilize AI and machine
learning to process and analyze the data. The app presents great research potential, as it
allows, for example, AB testing on different tests and sleep diaries.

Considering the findings of this study, a digital sleep diary, compared to a paper sleep diary, has
the potential to be more enjoyable for users and give better results. The SleepWell app still has
a ways to go to be considered complete. But with future updates in mind, we propose that the
SleepWell app, if clinically validated, replaces paper sleep diaries as a standard tool of sleep
assessment.
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Appendix 1 - Script for the first bout of user tests

Introduction
- Introduce ourselves
- Thank the tester for willing to spend his time to contribute to our research.
- Talk lightly about the SleepWell app and the Sleep Revolution project, which is

conducted by Reykjavik University.

Informed Consent
“We are performing a user test as a part of a course in which we are creating an app for iOS
and Android devices. We will not store any personal data about you and you can stop this test
whenever you wish.”

Equipment
We will use our smartphones to display the prototype of the app, we will write down notes and
only store data that is not personally identifiable. We will use an app called Figma Mirror to run
the prototype on our smartphones for the users to test.

Interview
- How did you sleep yesterday?
- Are you currently suffering from any sleep disorders?
- Have you ever gone through a sleep examination before?
- Are you currently using an app for gathering sleep data?
- How good are your technical skills?
- Take time to explain the app a little bit
- What do you think about sleep diaries?
- Are you colorblind?
- Are you dyslexic?
- “The app that we are testing is a sleep diary which allows users to fill out information

regarding their sleep every day. Users can also take the PVT and Stroop tests. Usually
you have to wait for a few months to get into a sleep examination and the goal of this
app is to deliver data about your sleep more efficiently to healthcare professionals.”

Tasks
Fill in the usability goals document while the user solves the tasks.

- 1. Task: Finish a sleep diary
- 2. Task: Finish the Stroop test (Alertness Test)
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- 3. Task: Finish the PVT test (Reaction Test)
- 4. Task: Delete the sleep diary entry you just finished

Debrief
- What did you think was the best thing about the app?
- If you could magically change one thing in the app, what would you change?
- Ask probing questions regarding mishaps or other interesting events that happened

during testing
- Allow the tester to fill out the System Usability Scale

37



Appendix 2 - Script for the second bout of user tests

Introduction
- Introduce ourselves
- Thank the tester for willing to spend his time to contribute to our research.
- Talk lightly about the SleepWell app and the Sleep Revolution project, which is

conducted by Reykjavik University.

Informed Consent
“We are performing a user test as a part of a course in which we are creating an app for iOS
and Android devices. We will not store any personal data about you and you can stop this test
whenever you wish.”

Equipment
We will build the latest version of SleepWell in Visual Studio on our smartphones to display the
prototype of the app, we will write down notes and only store data that is not personally
identifiable.

Interview
- How did you sleep yesterday?
- Are you currently suffering from any sleep disorders?
- Have you ever gone through a sleep examination before?
- Are you currently using an app for gathering sleep data?
- How good are your technical skills?
- Take time to explain the app a little bit
- What do you think about sleep diaries?
- Are you colorblind?
- Are you dyslexic?
- “The app that we are testing is a sleep diary which allows users to fill out information

regarding their sleep every day. Users can also take the PVT and Stroop tests. Usually
you have to wait for a few months to get into a sleep examination and the goal of this
app is to deliver data about your sleep more efficiently to healthcare professionals.”

Tasks
Fill in the usability goals document while the user solves the tasks.

- 0. Task: Finish onboarding
- 1. Task: Finish a sleep diary
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- 2. Task: Finish the Stroop test (Alertness Test)
- 3. Task: Finish the PVT test (Reaction Test)
- 4. Task: Delete the sleep diary entry you just finished

Debrief
- What did you think was the best thing about the app?
- If you could magically change one thing in the app, what would you change?
- Ask probing questions regarding mishaps or other interesting events that happened

during testing
- Allow the tester to fill out the System Usability Scale
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Appendix 3 - Email sent to secondary group of
indirect observation study
Subject: Final project at RU - Research for the SleepWell app

Hello everyone,

We are a group working on our final project at Reykjavik University and are in the process of
getting people to test out an app that has been in development for the past months. It allows
users to keep track of various information regarding their sleep through sleep diaries which
can be submitted daily. The app also contains two additional tests (Reaction and Alertness
Test) which measure how awake the user is. The app can be installed on both Android and
iOS devices.

First off, we'd like to ask you to fill out a questionnaire (), instructions about it can be found
there. You should finish answering the questionnaire before you try out the app and you should
therefore answer it according to your own expectations towards the idea of a sleep diary app.
Once that is over, go ahead and download the app and test it out for 7 days where you submit a
morning sleep diary each morning and an evening sleep diary every evening. This test will take
place from the 4th of May up to, and including, the 10th (it's OK if you start a bit later, though).
After testing the app for 7 days we ask that you share with us the data the app has managed to
accumulate. It would also be great, but not mandatory, if you could take and submit a Reaction
and Alertness Test once a day.

Downloading the app on an iOS device
Start by opening the following link on your phone:
You need to first download an app from Apple called Testflight and then you can download the
SleepWell app.

Downloading the app on an Android device through Google Play
There are two ways to download the app on an Android device and this is the former one. Start
by sending us your GMail address to the following address: so we can add you to our testing
team on Google Play. The mail will then be replied to with a link to the app. Once you've
followed the instructions there (best to do it on your phone) then you can check out the app on
Google Play and download it from there.

Downloading the app on an Android device with an .apk file
Click on this link on your phone and select "download":

Here's a video that shows the process of downloading the app via an .apk file:
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Once you've downloaded the .apk file then you need to run it, allow the install, and then select
"install anyway". Note, however, that different Android phones can behave differently so your
process might be slightly different

To share your data with us (after final day of testing)
Open the SleepWell app and navigate to the Settings page. At the bottom of that page is a
button that says "Export Database" that allows you to send us a mail containing the app's data
as an attachment. Click on it, choose the mail service of your liking (GMail, outlook, apple mail,
etc.) and send it to the following address: .

Here's another video showing the process of sharing your data:

Your data
The data we receive from you will not be made public. They will only be used for our final report
and will therefore not be used further, and deleted, once the report has been completed and
submitted.

Contact us
If you have any questions along the way, need help with downloading or using the app, find
bugs/errors, then feel free to contact us by sending us a mail to , or our instructor, Anna Sigríður
Islind ().

Sincerely,
Ólafur Andri Davíðsson, Þór Breki Davíðsson & Guðni Natan Gunnarsson
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Appendix 4 - Interview guide for the exit interviews
with the primary group
Although these questions are fairly rigid and presented in a certain order, the interviews will be
only semi-structured, so try to keep a natural flow from question to question. Remember to ask
probing questions when relevant.

0. Start with a friendly greeting
Thank you so much for taking part in our research…

1. Context questions
● Age
● Gender
● Do you have any sleep related problems?
● Do you work night shifts / during the night?
● When did you start using the SleepWell app?
● When did you stop using the SleepWell app?
● Where did you keep your paper sleep diary? (the car, your room, etc.)

2. The SleepWell app
● Did you fill out the digital morning sleep diary every day?
● Did you fill out the digital evening sleep diary every day?
● How often did you take the Alertness Test (litapróf)?
● How often did you take the Reaction Test (viðbragðspróf)?
● Did you encounter any problems along the way?
● What language did you use in the app? Did you know it was available in

Icelandic/English?
● Did you have notifications enabled?

3. The Sleep Diaries
● How did you like filling out the morning/evening sleep diary?
● If you didn’t fill out some sleep diaries, then why?
● What did you like best about the digital sleep diaries
● If you could change one thing in the app, what would it be?
● Did notifications help you remember to fill out the sleep diaries?

4. The rest of the app
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● Did you use the settings page in the app?
● What did you think about the Alertness Test and Reaction Test? Is it clear what those

tests are testing?
● Did you notice any important problems with the app?
● If you had three wishes, how would you use them to change the app for the better?

5. Last Steps
● Notify the tester that he/she needs to fill out the SUS and AttrakDiff forms (once 7 days

are done).
● Allow the tester to export their database to you.

6. Comparison questions
● What’s your attitude towards sleep diaries in general?
● Did you fill out the paper diary every day?
● Which form of sleep diary do you prefer? Why?
● What was better about the paper sleep diary?
● What was better about the digital sleep diary?

7. Export the database and send to us

8. Very big thank you
Thank the tester for their willingness to devote their time to this research.
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Appendix 5 - Usability goals

● Effectiveness
○ 100% of users manage to finish fill out a sleep diary entry
○ 80% of users manage to finish the Stroop Test
○ 100% of users manage to finish the Reaction Test
○ 100% of users manage to delete their newest sleep diary entry for today

● Efficiency
○ Users manage to start filling out a sleep diary entry within 30 seconds.
○ Users manage to finish the Stroop test within 30 seconds.
○ Users manage to delete their newest sleep diary entry for today within 30

seconds.
● Satisfaction

○ Users rate the system’s ease-of-use at least 4 (on a scale 1-5)
○ Users rate the systems intuitiveness at least 4 (on a scale 1-5)
○ Users rate their satisfaction for using the system an average of at least 8.5 (on a

scale 1-10)
○ 100% of users will not experience any critical satisfaction problems
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