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Preface

The joint Student Conference in Interaction Technology and Design and Stu-

dent Conference in Electronics and Mechatronics is the annual grand finale of

the courses Current Topic in Interaction Technology and Design and Student

Conference in Electronics and Mechatronics at the Department of Applied

Physics and Electronics, Ume̊a University. The idea and objective of the two

courses are to give the students a forum, where they can actively participate

in scientific research and development through their own ideas and interests.

The course introduces students to independently finding and researching a

topic of interest for them, using a foreign language orally and in writing,

writing a scientific article, peer-reviewing and presenting their work at a

conference. The conference format was chosen to provide a realistic environ-

ment for the presentation of the results. The work has been reviewed both

by other participant on the course and members of the department. If the

reviews are favorable, the paper is accepted as a full paper at the conference

and included in the proceedings.
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Deceptive Design Patterns: Cookies and Involuntary Sharing of
Personal Data

Erik Frängsmyr
Department of Applied Physics and Electronics

Umeå University
Umeå, Sweden

erfr0017@ad.umu.se

Abstract—This study tries to find a how-to when it comes to
avoiding sharing of personal data from cookies, by analyzing 50
different home cooking recipe websites. This was done by first
distinguishing how many websites were approved according to
the General Data Protection Regulation (GDPR). Then out of
the approved websites, a closer look at the design was made
to discern any types of deceptive design patterns. Out of these
designs, an A/B test was created, combined with a survey, to
then be evaluated. What is the most commonly used deceptive
design patterns? How can the user avoid involuntary sharing of
personal data? The results show that to avoid involuntary sharing
of personal data, it does not matter if deceptive design patterns
are taken into consideration or not if the website is not abiding
by the GDPR.

Index Terms—Deceptive Design Patterns, Dark Design Pat-
terns, Cookies, Personal Data, GDPR

I. INTRODUCTION

How many times have you gone to a website, signed up
for a service that is supposedly “FREE the first 30 days”,
then been asked for your credit card information, thinking -
“Well, I’ll cancel before 30 days”. Time goes by, and the next
month, or the month after that you have then been charged
for something you forgot you even had. How many times
have you tried to unsubscribe to that spam email, where you
frantically search for a way to unsubscribe, and after a while
finding the unsubscribe link hidden within a bunch of nonsense
text? How many times have you tried to shake loose this
membership that you did not realize you were signed up for?
This phenomenon is an effect of Dark Pattern design [1],
a phenomenon that Harry Brignull coined in 2010. Brignull
describes Dark Patterns as “features of interface design crafted
to trick users into doing things they might not want to do, but
which benefit the business in question” [1].

After the launch of the General Data Protection Regulation
(GDPR) [2] in May 2018 internet services who utilize cookies
[3] to collect user data are obligated to inform the user of
what type of data is collected and how the service is using it.
To comply with the GDPR the Internet services appear to do
the following [4]: (1) A service refrains from using persistent
cookies at all. (2) Alternatively, EU users are banned from
using the service. (3) The service asks for explicit user consent
and only then sets the cookies, leaving the site usable without
consent. In practice, there is frequently a banner spanning over
a service’s pages asking for consent. The latter alternative sites

tend to use deceptive design patterns to have the user consent
to cookies by applying different types of Dark Patterns.

II. OBJECTIVE

The objective of this study is to investigate a comprehensive
suite of deceptive design patterns on internet services where
the users are expected to comply with the use of cookies.
Brignulls "Types of Dark Patterns" [1] will be used to analyze
the most commonly used deceptive design patterns, to then
identify the most effective way to detect and avoid involuntary
sharing of personal data, via cookies. To achieve the objective
the following research questions are answered:

• What is the most commonly used deceptive design pat-
terns?

• How can the user avoid involuntary sharing of personal
data?

A. Limitations

This report will specifically analyze sites based on Alexa
Top 500 [5] list on home cooking sites where the user is
expected to accept the website’s use of web cookies [3] for
the GDPR [2] compliance.

III. THEORY

To clarify and define used methods and terms in this
study, the following subsections will give an introduction to
important key components and theories.

A. Deceptive Design

Deception is according to the Cambridge Advanced Learn-
ers Dictionary [6] defined as "a statement or action that hides
the truth, or the act of hiding the truth", which is a way of
describing design choices that have the users unconsciously
share information which they normally would not do (e.g. [7]).
To have something to lean against, a design method known as
Dark Pattern Design [1] has been used to show different types
of deceptive design methods.

B. Dark Pattern Design

Dark Pattern design [1] is an umbrella term invented by
Harry Brignull. Brugnull expresses that “Dark Patterns are
essential features of interface design crafted to trick users into
doing things they might not want to do, but which benefit the
business in question” [1]. In a broader aspect, Dark Pattern
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Type of Dark Pattern Description

Misdirection The design purposefully focuses the attention on
one thing to distract the attention away from an-
other.

Sneak into Basket You attempt to purchase something, but some-
where in the purchasing journey, the site sneaks
an additional item into your basket, often through
the use of an opt-out radio button or checkbox on
a prior page.

Trick Questions While filling in a form you respond to a question
that tricks you into giving an answer you didn’t
intend. When glanced upon quickly the question
appears to ask one thing, but when reading care-
fully it asks another thing entirely.

Bait and Switch You set out to do one thing, but a different,
undesirable thing happens instead.

TABLE I
DARK PATTERN TYPES DEFINED BY BRIGNULL [1]

uses developers and designers’ knowledge of physiology [8]
and UX design to theoretically flip "good" design into "evil"
[9]. Just like Anakin training his whole life to become a Jedi,
but then turning into Darth Vader [10].

Brignull has come up with several different types of Dark
Patterns, which the most relevant for this study has been
presented in Table I.

C. GDPR Approved

To be able to define if a correct usage of cookies, GDPR.EU
[2] has an overlooking explanation of what cookies are and
how they should be implemented according to the GDPR.

1) Types of Cookies: There are four different types of
Cookie purposes; Strictly necessary cookies, Preferences cook-
ies, Statistics cookies, and Marketing cookies. For the sake
of simplification, we are only interested in looking at if the
websites are using Strictly necessary cookies or more, as
Strictly necessary cookies are the cookies that are essential
for the user to be able to use the website and its features in an
intended fashion. The other types of cookies are those which
the user has to confirm or be informed about for the website
to use to be able to use according to the GDPR.

2) Cookie Compliance: To satisfy the requirements to use
cookies a website must:

• Have the users’ consent before any cookies are in use,
except Strictly necessary cookies.

• Provide the necessary information about the cookie and
its collection of data before the consent.

• Save the consents from the user.
• Provide the user of accessing the service even if they do

not allow the use of certain cookies.
• Provide a way for the user to change their consent or

cookie settings.

IV. METHOD

A comprehensive analysis of 50 different home cooking
recipe websites was done by first distinguishing how many

websites were GDPR approved. Then out of the approved
websites, a closer look at the design was made to discern
any types of deceptive designs. From these designs, an A/B
test was created consisting of two websites (Test A and B)
combined with a survey, to then be evaluated.

A. Website analysis

By using Alexa top 500 ranking [5] the first 50 websites
were analyzed by comparing each website’s approach to using
cookies to the definition of a correct usage according to
GDPR.EU [2]. To see if the websites are using cookies correct
each website was launched into Google Chrome Incognito
mode, where the website was inspected with Developer tools
> Application > Cookies. Here all active cookies appeared,
which could be categorized from Strictly necessary cookies or
others.

1) Differentiate Deceptive Design Patterns: After distin-
guishing which websites were not GDPR approved, the rest
were evaluated to differentiate what types of Deceptive designs
were being used. This was made possible with Brignulls
"Types of Dark Patterns" [1] to analyze the most commonly
used deceptive design patterns, to then identify the most effec-
tive way to detect and avoid involuntary sharing of personal
data, via cookies.

B. Testing/Survey

An A/B-test was conducted with two websites created, to be
able to compare two different cookie prompt approaches. Test
A included a website with a cookie prompt made by using the
most common Dark Patterns found from the Website analysis,
and Test B’s cookie prompt was made without Dark Patterns.

The two different websites had three possible surveys, where
all survey had the same content and questions. The only
thing differentiating the tests was the fact that if a participant
Accepted or Declined the cookie prompt they would come
to the corresponding survey. If the participant remained Un-
decided they stayed on the current survey. To visualize this
more clearly a flowchart (Fig. 1) how a participant’s decisions
affected which survey was shown.

Fig. 1. Flowchart showing how participants decision on Accepting, Declining
or remaining Undecided affected which survey was shown.
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1) Test A (Small Cookie prompt): The Test A cookie prompt
(Fig. 2) was inspired by two defining Dark Pattern Methods;
Sneak in the Basket and Misdirection. The prompt was smaller
to have the user not to be too distracted from the website
content. The text on the prompt stated: "This site uses cookies
to provide you with a great user experience. By using this
site, you accept our use of cookies.", which corresponded to
the Sneak in the Basket method, as it informed the user that
if they did not make a decision they automatically accepted
the cookies when using the site. Note that there were no other
cookies used on the website than the Strictly necessary ones,
to be able to know if the participants Accepted or Declined
the cookie prompt. The Accept button was green and bright,
while the Decline button was gray an unattractive, which
corresponded with Misdirection. The text even had a hidden
link under "Use of Cookies", where it would explain what
types of cookies were being used. This was purposely hidden
to not draw attention away from a big green button.

Fig. 2. Screenshot of Test A.

2) Test B (Big Cookie prompt): Test B (Fig. 3) was made
much clearer and more informative than Test A.

3) Participants: The text was more informative and showed
the option to go to "Use of Cookies" more distinctly. The op-
tion to Decline or Accept cookies was made less hierarchically
than in Test B by having the buttons the same color and they
explained what each button was meant to do; Decline Cookies
and Allow Cookies.

40 people were tested, where 20 people did Test A and 20
people Test B. The participants were from Sweden and had an
age span between 20 and 65, where a majority were students
between 25 and 30 years old.

Each participant was sent a link to their corresponding test
website, where they could fill out the survey as they perceived
it.

Fig. 3. Screenshot of Test B.

V. RESULTS

The result from the Website analysis and the Testing is
shown with figures and explanatory texts, below.

A. Website analysis

Out of the 50 home cooking websites that were analyzed
only 22 turned out to be GDPR approved (Fig. 4). 28 websites
either did not give a choice of complying with the cookies, or
they asked the question for user compliance after the fact that
they already ran all the cookies. Even if the usage of cookies
was declined they were already in use, and the compliance did
not matter.

Fig. 4. Analyzed websites who resulted in being GDPR Approved/Not
Approved.

From the websites analyzed there were two clear Dark
Patterns used;

• Misdirection was used such that the design purposefully
focused the attention to accept all cookies by having
the user focus on the biggest green button that says
"Accept recommended setting". to distract the attention
from reading more about the other cookies used.
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• Sneak into Basket methods were used in such a way that
the user was prompted to comply with the website only
uses the Necessary Cookies [3] but it also adds third-
party cookies without full consent from the user, which
then manually have to be removed through the use of an
opt-out radio button or checkbox on a prior page.

Out of the 22 GDPR approved home cooking websites usage
of cookies, 11 websites had some kind of "Sneak into Basket"
design method approach, and 4 websites used the method of
"Misdirection" patterns (Fig. 5 ).

Fig. 5. Identified Dark Patterns.

B. Tests/Surveys

In Test A, where the user was shown the small cookie
prompt a majority made no decision on either accepting or
declining the cookies (Fig. 6).

Fig. 6. Test A - What decision all participants made between Accept, Decline
and No Decision.

In Test B (with big cookie prompt) all participants made a
decision, and a majority accepted the use of cookies (Fig. 7).

All the participant’s answered that they did not read the Use
of Cookies page.

VI. DISCUSSION

The task to present a how-to guide on how to avoid
involuntary sharing of data is a seemingly hard task. One could
think it would be as simple as being careful of not accepting
the Privacy Policies or specifically the Use of Cookies. Maybe

Fig. 7. Test B - What decision all participants made between Accept, Decline
and No Decision.

Fig. 8. Survey Question: "Did you notice the cookie prompt on this site?".

Fig. 9. Survey Question: "When visiting a website, do you usually read how
they handle your Personal Data from cookies?".

to go to the settings of every site and unchecked any unwanted
cookie, or do so the first time launching a site. But to give
this as convincing advice would give the false impression of
having the control of what is being shared and not. Sadly this
is not the case, which can be seen from the results of the
Website analyses.

Not a single participant read the Use of Cookies page. One
of the participants even expressed their concern about this
issue by commenting this in the survey:

"I usually get super annoyed when these prompts
appear... I always click "accept" because I have this

6

Proceedings of the 18th Student Conference in Interaction Technology and Design
and the 6th Student Conference in Electronics and Mechatronics

Ume̊a University January 2020



weird fear that I won’t be able to enter if I don’t
accept the cookies. I want to click "decline", but for
some reason I always accept."

In Test B, the results show that all of the participants made
a decision. Sure, as the user, it is a good thing to feel like
in control. But if you do not trust the website, does it really
matter?

Is it really necessary for websites to use Dark Patterns?
From the survey, in Test A a clear majority are not making
an active choice of whether they want to accept or decline
the cookie. However, when asked "Did you notice the cookie
prompt on this site?" both Tests resulted in the same answers,
as well as if the read the "Use of Cookies" page. Did the
participants really make a choice, or did they not care about
the cookie implications?

VII. CONCLUSION

To avoid involuntary sharing of personal data it does not
matter if deceptive design patterns are avoided or not if the
website is not abiding by the regulations. Even if websites
ask for user compliance there is no way of knowing how
they will be using the data. The GDPR is not followed by
a majority of websites, and therefore the attempt to avoid
sharing personal data, as a regular user, is next to impossible.
However, by reading the Privacy Policy or Use of cookie page
there is at least have a chance of finding out how serious the
website is about handling your data. If the website in question
seems to follow by the GDPR, the key to limiting sharing
of involuntary personal data seems to be (in incremental
order); 1) not trusting any websites, 2) become familiar with
Developer Tools or Cookie managements for the preferred web
browser and 3) make sure to look out for Dark Patterns.
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How colors affect our perception of web pages
Johanna Lindblad
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Umeå University, Sweden

joli0354@umu.se

Abstract—How much can go wrong when designing a web
page? A lot of thing if the designer is not carefully. One thing to
take into consideration is how a color perceived and how to take
advantages of that. This study investigates how the color blue,
green, pink and black affect the participants’ perception of two
types of web pages, a bank and a toy store. In the tests conducted
15 men and women within the age of 25-65 chose the preferable
color of the web pages. Blue and green were the preferable colors
for the web page of the bank. Pink and green were chosen for
the web page of the toy store. The study shows that colors can
affect our perception.

I. INTRODUCTION

On October 29th, 1969 Leonard Kleinrock and his team
succeed to get a UCLA computer to talk to a computer from
another research institute. That was a decisive step towards
what we today call the Internet [4]. In 2019, the population in
Sweden with access to the internet at home amounted to 98
percent [15].

Nowadays people use the Internet for many reasons and
for some people the first contact with a company can be
through their web page. For companies it is important their
web page reflect the messages they have in mind. Customers
can associate the web page design with the quality of the
company or product [13].

As a designer it is important to create an appealing design
and one of many things to consider is the importance of
choosing right colors. People make up their minds within 90
seconds of their initial interactions with people and products
and about 62-90 percent of the assessment is based on colors
alone [14]. Color stimulates our brain, and from ancient times
has proven to be a useful alternative psychotherapy [12].
Colors were used to heal, a process known as chromotherapy,
by the Egyptians and Chinese. For companies the use of
colors can not only contribute to differentiating products from
competitors, but also to influencing moods and feelings [14].

The study will test two types of web pages, a bank and a
toy store, two completely different areas. The bank wants to
be perceived as a serious business and the toy store can have
a more undemanding approach. Taken into consideration that
color affect us, can the study show that the user’s perception
of the two web pages change when only the colors of the web
page changes?

A. Objective

The objective for this research paper is to investigate
whether people perceive a web page differently depending on
the colors of the web page. Specifically, the purpose is to

investigate whether people perceive colors differently if it is a
web page for a bank or a web shop selling toys for children.

II. THEORY

Color psychology is the study of hues as a determinant of
human behavior [9]. There are different things affecting the
way we feel about a specific color. Some of the affecting
parameters are culture, age, gender and personal references [2],
[7], [17]. For example in China red means happiness and in the
United States it means danger. A study from 2004 showed that
green was the color that attained the most number of positive
emotions followed by yellow, blue and then red and purple.
Black had the least number of positive emotions along with
gray [10]. Colors can be a powerful communication tool as it
can be used to influence mood, signal action and physiological
reaction [5].

Research has shown it is not only humans that can be
affected by colors [11]. Minks were held behind pink and blue
colored plastic cages and in 30 days the minks behaviour in
the blue cages was changed. They became more friendlier and
could be handled with bare hands like house pets. The minks
in the pink cages became difficult to manage, aggressive and
in many cases actually vicious.

A. Classification of colors

Psychologists have classified colors as warm, cold and
neutral [14]. Warm colors like red, yellow, orange and different
shades of these are considered to be joyful, inviting and evoke
feelings of excitement, passion and sometimes aggression.
Cold colors like blue, green and purple, as well as shades
of these, can develop feelings of relaxation and can have a
calming effect [?]. The neutral colors are black, grey and
white. A study has shown that people are more attracted to
warm colors than to cool colors, but people also found cool
colors to be more positive and pleasant [3]. However, the
difference between warm and cool colors is relative because
when red and yellow are paired together, yellow is considered
warmer than red [14].

B. Association of the colors

Green is associated with nature and trees. The green color
also indicates the feelings of calmness, comfort, happiness,
hope, peace and excitement [10]. Green is often seen as an
opposite color to red where green means go and red means
stop [8]. Think about a traffic light or the colors of right and
wrong.
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Blue is also associated with happiness, peace, hope and
comfort. Blue can also be paired with knowledge, power, trust
and integrity. The negative emotions are sadness, depression,
and loneliness [10].

Pink is red and white mixed together and is usually de-
scribed as a feminine color. Pink can be seen as a childish
color as ”girls’ toys” often are pink or purple [6]. The color
also associates with joyfulness, creativity, love and romance.

Black is associated with sadness, depression, anger,
loneliness and fear. The positive aspects are wealth, power
and richness [1], [10].

C. Colors and web pages

For a bank it is important their customers feel safe and that
it reflects in the company’s web page. The four largest banks
in Sweden are Nordea Bank AB, Skandinaviska Enskilda
Banken (SEB), Svenska Handelsbanken and Swedbank [16].
All these banks have their own color linked to their brand.
Nordea, see Fig. 1, and Handelsbanken use blue, SEB uses
green and Swedbank uses orange.

Fig. 1. Example of the web page of Nordea.

For a web page selling toys for children there is more
accepted to be joyful and fun. The web page should evoke
feeling of happiness and playfulness. At the same time the web
page must feel serious and safe to shop from. One example
of a big online toy store in Sweden is Jollyroom.se and they
use pink as their color, see Fig. 2.

Fig. 2. Example of the web page of Jollyromm.se

III. METHOD

The study was carried out by creating two different types
of images. One image looking like a web page of a bank and
one image looking like a web page that sells children’s toys.
Both images were available in blue, green, pink and black,
see Fig. 3. These four colors where selected because blue and
green symbols trust and calmness, something typical needed
for banks. Pink is described as a childish and joyful color
which corresponds with a toy sore. Green and blue also stands
for happiness and can therefore also be a color used for a toy
store. The positive aspect of black stands for wealth, power and
richness and can be a good color for a bank. on the opposite
side black stands for sadness and fear which in both web pages
would not be to prefer.

Fig. 3. The four color used

A. The images

For best results the web page images for the bank and
the toy store will be presented in the same order. The color
variants of the web pages will be displayed two and two as
following:

Test 1: Blue and green. Pink and black.
Test 2: Pink and green. Blue and black.
Test 3: Pink and Blue. Green and black.

The images will be made form scratch so that the partic-
ipants don’t recognize something from web pages available
today. If the web page of the bank was like Nordea’s web
page, see Fig. 1, most participants would have known that it
is blue and therefore may answer that blue image would be
the one to prefer.

Example of the images can be seen in Fig. 4 to Fig. 11.

B. The test

The participants started the test by reading the instruction
and answers two questions about themselves. In the next step
the participant saw two color variants of the image of the
bank next to each other and selected the one they preferred.
The next two color variants were shown and once again
the participant selected the preferred image. At last the two
winning color variants are shown next to each other and the
participant chooses one of them as the favourite. The same
procedure was done for the images of the toy store web page.
When the participant has selected one image of the bank and
one image of the toy store nine questions will be answered
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Fig. 4. Bank with green color.

Fig. 5. Bank with blue color.

Fig. 6. Bank with pink color.

Fig. 7. Bank with black color.

Fig. 8. Toy store with green color.

Fig. 9. Toy store with blue color.

Fig. 10. Toy store with pink color.

Fig. 11. Toy store with black color.
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about how the images make them feel and why they prefer
this images.

C. Questions for the participants

In the beginning of the test the participants answer ques-
tions about gender and age. After choosing the images the
participants answer nine questions about their choice and how
the color made them feel. To evaluate if personal references
can affect the chosen color questions about favorite color and
which bank they have were asked.

D. Participants

The test was conducted on 15 people, both male and female,
between ages of 25 and 65. The participants were selected in
the city Örnsköldsvik, Sweden. The thought behind the choice
of target group was that the participants would be in an age
relevant to both web pages. Banks are directed to adults and
even if the other web page sells toys for children it is also
directed to adults because children cannot buy toys from the
internet without an adult. The first participant was given test
1, second participant test 2 and third participant test 3. Then
the fourth participant was given test 1 again and so one.

E. Material

The material for the test is eight images, a pen and question
forms. The images are made in Photoshop and printed out so
that the participants were not given the possibility to interact.
The idea of the test is that the user should only look at the
images and then answer the questions.

IV. RESULTS

Of the 15 participants nine were females and six were males.
Test 1, 2 and 3 were tested five times each. There were three
females and two males answering each of the tests. Most of
the participants were in the age group 25-35 years, see Fig 12.

Fig. 12. Age of the participants

The test showed that 12 of 15 had Swedbank as their
personal bank, see Fig 13, and only 4 of 15 had bought
toys online. The toy stores were lekmer.se, jollyroom.se and
leklust.se. Blue and green were selected as their personal

favorite color of four participants each. Other favorite colors
were red, black, grey and white, see Fig 14.

Fig. 13. Bank of the participants

Fig. 14. The participants favorite color

A. Result for the web page of a bank

Blue and green were chosen as the preferred color for the
bank’s web page, see Fig. 15.

Fig. 15. Colors the participants preferred for a bank
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The participants described blue as a color that felt safe and
made a calm impression among other things, see Fig. 16.
One participant also though that blue looked like the color
a bank should have even though her own bank was not blue.
The green was also described as a safe and calm color, see
Fig. 16. One participant thought that the web page looked
more environmentally friendly. For both green and blue one
participant each said that their bank had the same color and
that contributed to the choice of color.

Fig. 16. The participants thought about the color for a bank

B. Result for the web page of the toy store
For the toy store the participants preferred the color pink.

Green was second, then blue and just like the bank no one
preferred the black web page, see Fig. 17.

Fig. 17. Colors the participants preferred for a toy store

Pink was mostly described as a childish color suited for a
toy store, see Fig. 18. It also evoke happiness and some of
the participants said they felt that they wanted to shop at this
online store. The green color was perceived as environmentally
friendly and evoked interest for the web page. One participant
said green was a positive color and that the green buttons for
buying told him to press it. The participant that preferred the
color blue said it was because it felt safe and easy to look at.

C. Result for the least liked colors
For both the bank and the toy store black was the color the

participants liked the least, see Fig. 19. They described the

Fig. 18. The participants thought about the color for a toy store

black color as sad, boring, death, dark and cold. They also
thought the web page was not safe and they did not want to
have anything to do with it. One participant that did not like
the color green thought it was hard to look at. For the bank
web page pink was too childish. Another participant thought
that pink was a color that did not evoke interest and therefore
was not suitable to have on none of web pages.

Fig. 19. The colors the participants liked the least

V. DISCUSSION

The result for the study shows that the color has an
important role when designing a web page. Figure 20 shows
that blue was the most preferred color followed by green and
that pink and black were the least suitable color for a bank.
For a toy store pink was the most preferred followed by green
and then blue. No one thought a web page for a toy store
should be black.

Blue should give a sense of trust and green a sense of
calm according to literature [10]. The study can confirm that
many of the participants got that feeling from those colors.
According to the test, blue also gave a feeling of calmness
and green a sense of trust. Pink was a color many considered
joyful and suitable for a toy store, which also fits well with the
theory [6]. Black felt sad and boring along with other negative
things. One participant described that a web page would be
better suited as a funeral home. The positive aspects of black
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Fig. 20. The participants color preferred for the bank and the toy store

such as power and wealth were none that emerged in this the
survey [1], [10].

A. What color to use and not to use

Considering this and earlier studies blue or green are the
colors that should use designing a web page for a bank. Pink
or green are the colors most preferred for a toy store. Black
is a color connected to a lot of negative reactions and should
therefore be used with care when designing web pages.

B. The impact of culture and personal references

Personal references such as color recognition could be
assumed in two tests where the web page of the participant’s
bank was similar in color to the chosen image. For the other
tests it ware not possible to see any direct connection to the
choice of color and what the participant normally used for
banking or buying toys. Color can have different meaning
depending on culture [7]. The study did not take the culture
of the participants into account and therefore cannot answer
whether culture has any influence. It was possible to link the
favorite color to the selected color in one test. One participant
talked very much about nature and environment, and also
had green as the favorite color. Green became the color the
participant chose for both the bank and the toy store.

C. The shades and the amount of color

The study only tested one shade of the four different colors.
The result could have been different if using other shades of
the colors. A more light blue color could have had a better
response for the toy store since light blue can be associated
with children just like pink [2].

The images contained a lot of color. With less color the
result might have been different. For example the black web
page could have been perceived with more of the positive
aspects of black.

D. Affect of gender

Pink is often described as a girly color and blue as a boy
color (Source). According to the results it is not possible to
draw the conclusion gender has influenced the choice of color.

E. The number of participants

The study was only carried out on 15 persons and in order
to obtain a more quantitative result more participants would
be needed.

VI. CONCLUSIONS

Although there were few participants, the study shows color
has a significant role in designing a web page. It is important
as a designer to understand what feelings the color can give
the user. Blue and green were the colors the participants
considered trustworthy and calming - colors well fit for a
bank. Pink was the most popular color for a toy store and
was considered a happy color that fit well for the purpose.
Black was the color the participants liked the least and received
negative comments such as death, boring and sad. Therefore
it is not suitable to only use black when designing a web
page. To obtain an even more secure result the number of
participants need to be higher. However, based on the collected
data the study shows colors can affect our perception of a web
page.
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Abstract— The purpose of this study is to investigate if changing
a design system can give the user more control over the time
they spend in a social media smartphone application. The
reason for this study is that people use their smartphones
more and more, but do not get happier about it. The three
design systems that were compared with each other was: 1)
An indication bar over the amount of content a user has seen.
2) Removing the infinite scroll by making the user load more
content instead of automatically doing this action. 3) A popup
informing the user of the amount of content that has been seen.
Through a user test, it was determined that informing a user
with a popup gave the test person most control compared with
the other prototypes, but not by much, making the user loading
more content by pressing a button is also a design system that
could give the user more control.

Index Terms— Design system, Smartphone usage, Infinite
scrolling

I. INTRODUCTION

Smartphones have been a large part of our lives for a few
years now. The average person in the US spends 2 hours and
55 minutes on a smartphone, and 90% of that time is spent
within applications. So an average of 2 hours and 37 minutes
is spent in smartphone applications in one day in the US and
it has increased over the last years [1].

But is this time that we choose to spend in smartphone
applications, or is it time we rather spend on something else?
According to a study made by Center of Human Technology
in partnership with the app Moments, the users who spent
less time in an application were happier than the users that
spent more time in the same application [2].

In conclusion, if a user spends more time in a smartphone
application, the user gets less happy [2], although the trend
over the last couple of years is that people spend more time
every year on their smartphones [1]. Why do people spend
more time on their smartphones if they get less happy about
it? According to a survey conducted by Chauncey Neyman,
users are not aware that they spend more time, different
design strategies often make them spend more time than
intended [3].

The aim of this study is to examine what design strategies
can help the user being more in contoll over the time spent
in a social media smartphone application.

II. OBJECTIVE

The objective is to evaluate how different design strategies
can make the user more in controll over the time spent in
a smartphone social media application. The question that
this research will answer is: How can we make the user
in control over the time spent in a smartphone application
through design?

III. THEORETICAL FRAMEWORK

This section will present the theoretical framework. Seg-
ments that will be presented here are, studies on gambling,
addictive design in smartphone applications and the defini-
tion of design strategies.

A. Feedback to enhance responsible gambling

Gambling is according to the American Heritage dictionary
an activity which include stakes and betting with an uncertain
outcome [4].

Monaghan and Blaszczynski show in a study conducted
in 2009 that popup messages are more efficient than static
messages to change an online gamblers thoughts and be-
haviour [5].

These findings are supported by Auer and Griffiths study
on using personalized behaviour feedback for online gam-
blers in the form of popup messages. The participants
in the study were divided into two groups, one with the
personalized feedback and one without. The participants that
used the personalized feedback pop-ups spent significantly
less money and time gambling [6].

B. Addictive design in smartphone applications

According to a survey conducted by Chauncey Neyman,
smartphone applications have adapted a design that makes
the user more engaged in the application and encourages an
addictive behaviour. Variable rewards is a design strategy that
encourages the user to open the application more often than
intended. Social reciprocity and social investment are two
other strategies that binds the user to a specific application.
Infinite scrolling and The illusion of choice are design strate-
gies that makes the user spend more time in the application
than intended to when the application was opened. Because
Infinite scrolling and The illusion of choice affect the user
within the application, these two will be focused on [3].
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1) The illusion of choice: The Illusion of choice strategy
is based on the psychological phenomenon that a person is
more likely to act when given a fewer number of choices.
A person may be attracted by a large number of choices
but will not act on any of the choices if the amount is too
large [7].

This is used in smartphone applications by giving the user
just the right amount of personalized content. This results in
that the user is more likely to stay in the application [3].

2) Infinite scrolling: The infinite scrolling strategy is
based on a study called The bottomless bowl conducted by
Professor Brian Wansink. In this study, the participants ate
soup out of a bowl that refilled automatically. This resulted
in the participants eating more without recognizing it [8].

This strategy is used in many applications by loading new
content automatically when the user is scrolling and will
result in users consuming more content than intended [3].

C. Design strategy
How Olson et al. defined design strategy is in line with the
meaning in this study. What has been done by Olson et al is
studying the different definitions for design and strategy and
combined them. Olson et al. mentions that there are many
definitions of both design and strategies and have based their
definition on a few of them [9]. The definition is:

Design strategy is the effective allocation and
coordination of design resources and activities to
accompish a firm’s objectives [9].

Today Chauncey Neymans study claims that companies use
there design resourses and activites to make the users spend
more time in there applications [3].

IV. METHOD
The goal of the investigation was to see if a test person
could be more in control over how much time that was spent
in a smartphone application with design aids like indicators
and sectioning of content. Because it was not possible to
incorporate personalized content for the test persons this was
just a test of how design elements could prevent infinite
scrolling from being addictive [3]. Three different design
strategies were tested through prototypes. The target group
for this study was students at Umeå University and the
amount of test persons was 10.

The test person were given the task to like all the images
that the test person thought were nice in a prototype. What
images that the test person did like was not relevant, it was
just to keep them occupied with looking through the feed
in 60 seconds. When 60 seconds had passed, the test leader
interrupted the test person and test the two other prototypes
in the same way. The test person was never aware that the test
is interrupted because of a time limit. Different test person
tested the different prototypes in different order to not make
the order a factor.

After the test person had scrolled through all the proto-
types the leader lied and said that the person spent a different
amount of time in different prototypes. And the test person
was asked how much time they believed that they have spent
in each prototype.

A. Analysis of test results

The analysis of what prototype that aided the user most
in beeing in control over time spent in the prototype was
summed in two different ways:

1) User time guesses: This analysis investigated which
of the three prototypes that had the least difference of the
guessed time to 60 seconds for one test person. The prototype
that had the least difference to 60 seconds got one point. If
the difference to 60 seconds for two prototypes was the same,
both of the prototype got a half point each.

2) Average of time guesses difference: The result from
this analysis was the average difference between the time
guessed on a prototype and 60 seconds.

B. The prototypes

Three prototypes where created. All of the prototypes where
a simulation of a smartphone social media application feed,
much like the Instagram application on a smartphone [10],
with design aids added. The prototypes where a list of images
that was connected to a person that had posted the image.
The test person where also able to like the images in the list.

The images in each the prototype were the same every
time the test was performed, although the images between
the different prototypes where different.

1) The indication prototype: This prototype had an indi-
cation bar in the header over how much the user had scrolled,
as seen in Fig. 1. This prototype was a part of the test to
be able to determine if a design aid that indicated for the
user how much content the user has seen can help with how
much time the user has spent in the prototype.

Fig. 1. The prototype with an inidication bar at the top

2) The redesigned feed prototype: In this prototype, the
infinite scroll was removed and the test person was forced
to press a button to load more content. This prototype was
a part of the test to determine if the control over time spent
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in an application can be enhanced if the user forces to be
active in the loading of content. This design can be seen in
Fig. 2

Fig. 2. The prototype without the inifite scroll

3) The popup prototype: The design strategy that was
added to this prototype was a popup that appeared when the
test person had scrolled through 15 images that informed
the test person about this. This can be seen in Fig. 3. This
prototype was a part of the test because a popup was proven
to be effective with keeping in control when gambling [6]
and could be effective in gaining control over time spent in
a smartphone social media application.

Fig. 3. The prototype with indication popup

V. RESULT

This section will present the different results that were
introduced in the method.

A. User time guesses

This analysis shows the proportion of users which in there
guessing on time spent in the different prototypes guessed
closest to 60 seconds on a specific prototype. The proportion
of each prototype is presented in Table I

TABLE I
THE PROPORTION OF THE DIFFERENT PROTOTYPES

Prototype Proportioin (in %)
The indication prototype 20%
The redesigned feed prototype 30%
The popup prototype 50%

Proportion of users that guessed that the first prototype had
the longest time was 60%

B. Average of time guesses difference

This section presents the average difference to 60 seconds
from the guessed time on a specific prototype. The result of
this presented in Table II

TABLE II
AVARAGE DIFFERENCE TO 60 SECONDS

Prototype Avarage difference
The indication prototype 27,9 secounds
The redesigned feed prototype 20,7 secounds
The popup prototype 15,0 secounds

VI. DISCUSSION

The discussion will review the method, the result and what
the result tell us about the different design strategies and
how this affected the control over time spent in each of the
prototypes will be.

A. The result

The result of this study indicates that the popup prototype
has the design strategy that gives the test person most control
over the time spent in the prototypes. This is the case if you
look at both the User time guesses (Table I) and the Average
of time guesses difference (Table II). If we, however, take
a look at the difference between the different prototypes in
Average of time guesses (Table II), it is not that much more
time between The redesigned feed prototype and The popup
prototype. It is only 5 seconds average difference, could this
result change if the number of participants increased?

Other studies argue that both the redesigned feed and the
popup prototype could have effective design systems that
give the user more control. Monaghan and Blaszczynski
proved in there study that popups enhanced control over
gambling usage [5]. And the survey conducted by Chauncey
Neyman shows that the infinite scrolling make the user spend
more time than intended in a smartphone application [3].
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However, through this study, we are not able to say if these
design systems gave the user more control than a normal
social media application. But we can see a shift in control
and that indicates that the different design systems gave the
user more or less control over the time spent in different
prototypes.

B. The method

There are several weaknesses regarding the method that
should be though about when doing future work on this
subject.

One of the weaknesses in this study is the number of
participants. Even if the test results indicates that the popup
prototype gives the user most control over the time spent in
the prototype, this could change if the number of participants
was increased.

Another weakness is that the test was not conducted in
a real environment. The result indicates that the prototype
that the test person used first was the one that was felt
took the longest in most cases. This could be a result of
this being tested in a controlled environment and that the
three prototype tested after another. It would be interesting
to examine how a test persons control over the time spent in
a smartphone application changed in one of the prototypes.
Additionally to use an application that the test person already
uses and add the design elements would give interesting
insignt.

The last weakness is about the content of the prototypes.
According to Chauncey Neyman, another addictive design is
the Illusion of choice, that the user is presented with the right
amount of personalized content [3]. This is not tested in this
prototype and would have been valuable to add persinalized
content and see if the result would have been different.

VII. CONCLUSION
The result indicates that, of the tested prototypes, the

design strategy that includes a popup that informs the user
over how much content that has been seen is the most
effective. This is not however by much. Other studies support
both the popup and the redesigned feed.

One conclusion that could be made with certanty is that
an indicator is not more effective in giving that user more
control than the other two designs. The indicator has no
theories that have proven this to be effective, and the test
did not prove it effective.

To sum this up, the prototype that was provent to be most
effective in givning the user more control, and has proven to
worked in other situations is The popup protoype.
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Umeå University
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Abstract—A child suffering from long term illness is subjected
to several hardships. Aside from the physical implications the
disease cause them, they can suffer from isolation, interrupted
social and academic development as well as the psychological
distress of dealing with problems far above their maturity level.
This is shown to have negative effects long after the child’s
possible recovery from the disease.
This study aims to investigate and map the non-medical needs of
a child suffering from long term illness as well as researching the
field of artificial intelligence to find useful technology to satisfy
these needs and enhance their quality of life.
This is studied in three qualitative interviews with experts within
the fields of children’s needs, socially intelligent agents and
implementing technology. The interviews are analyzed using
Activity Theory and Thematic analysis to draw conclusions on
which are the needs, possibilities and challenges within this field
as well as the current direction of research.

Index Terms—artificial intelligence, AI, children, health, long-
term illness, socially intelligent agents

I. INTRODUCTION

A child suffering from long term illness is subjected to
several hardships. Aside from the physical implications the
disease cause them, they can suffer from isolation, interrupted
social and academic development as well as the psychological
distress of dealing with problems far above their maturity
level. This is shown to have negative effects long after the
child’s possible recovery from the disease [1].

At the same time artificial intelligence (AI) is being
successfully researched as Socially Intelligent Agents and
slowly integrated into our society in several ways. AI is
designed to decrease loneliness in patients [2]. It’s built to
help both young and old psychologically through instant
recommendations of actions for their mental health as well
as assisting their therapists in diagnosis [3]. Scientists even
use robots to help learn children with Autism how to interact
socially [4].

Could we also assist a child suffering from long-term
illness in coping with the various non-medical challenges of
their situation using artificial intelligence? This paper aims

to investigate the opportunities and challenges in using AI to
enhance the Quality of Life for a child with long term illness
by interviewing experts in both the field of children with long
term illness and the field of artificial intelligence.

II. OBJECTIVE

The objective of this study is to investigate and map the
non-medical needs of a child suffering from long term illness
as well as researching the field of artificial intelligence to find
useful technology to satisfy these needs.

III. BACKGROUND

In it’s constitution from 1947, the World Health
Organisation defines health as a state of complete physical,
mental and social well-being and not merely the absence of
disease or infirmity. The enjoyment of the highest attainable
standard of health is one of the fundamental rights of every
human being. [5] It is not enough for a child to be treated
only for the impact of disease on it’s body. We must also
look at their quality of life during and after the disease to
truly ensure a good health of the individual. This includes
treating the social and mental effects as well.

However, to measure quality of life as a score in an
individual is far from easy. In the case of a child with
long-term illness such as cancer there is yet no truly sufficient
index to use which is adapted to the specific situation of the
child [6]. Instead in many studies the more general Health
Related Quality of Life(HRQoL) is used while research is
made for future, better adapted, measurements.

A. The short-term effect of long-term illness in a child’s
quality of life

When a child is diagnosed with a long-term illness they and
their parents are in for a multitude of challenges. If we want
to enhance the child’s quality of life these are the issues we
need to tend to.
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1) Enduring painful and/or frightening treatments: When
asking children who had recovered from cancer what was bad
about being ill they especially mentioned scary and painful
treatments such as being pricked by syringes or taking tablets
as well as being put to sleep [7].

2) Existential problems: Among the existential problems
the child suffers from are the fear of dying and the fear
of relapse. Why did I get sick and not everyone else? The
child who falls ill does not yet have the understanding
that somethings does not happen for a reason, and can
misunderstand and think it was a punishment for misbehaving
or their parents not being able to protect them [8].

3) Losing their context: A big problem for the children
is being taken out of school, away from their social context.
They express a need to still have a coathanger at their
classroom and being called by the teacher.

4) Missing out on development: When falling ill the
children miss out not only on academic but also social
development, while being way ahead of their peers in some
respects such as dealing with hardships and tough questions
about death and life.

B. The effects of long-term illness after survival

The psychological effects of a long-term illness in
childhood can affect the individuals life even after recovery
and must therefore be taken into account.

1) Post-traumatic Stress Symptoms: Children surviving
cancer in has significantly higher risk of developing Post
traumatic Stress symptoms in life. [9]

2) The Damocles Syndrome: While children that has
survived illness is more prone to issues such as post-traumatic
distress disorders they can also experience a heightened
perceived quality of life and their experience of school and
life can be better than those who has no illness in childhood.

However to be returned the ”gift of life” could also
turn into something called the Damocles Syndrome. If the
child can not recover their sense of safety it lives in fear
of relapse which decreases their general quality of life.
The syndrome describes that one can not be truly happy
when living in constant fear and has been found in many
survivors of childhood cancer. The most effective treatments
to decrease the fear of relapse has been performed using
cognitive behaviour therapy [10].

C. Artificial Intelligence In Therapy

Artificial intelligence in the form of Social Agents is already
being studied today as therapy for especially children with
autism and children with Aspberger’s syndrome. In these

studies they have found that children interact with the social
agent, in this case a robot, as if it was a real person or an
animal. [4].

It could seem strange to propose artificial intelligence
as a part-solution of the psychological problems of a child
with long term illness. However, studies do suggest that
people have an easier time sharing their deeper thoughts and
questions to a machine than a person, as the machine is a
more neutral agent [3]. The use of artificial intelligence in
therapy with youth has been tested as an online interface
for young people with psychological issues. In this case the
application used artificial intelligence in the form of Natural
Language Processing, to analyze the sentiment and wording
when the patient described a problem. Doing this, it could
recommend actions and knowledge based on not only the
problem described but also the emotions expressed in the text
instantly to help the patient with their problems. Examples
of such actions are mindfulness exercises, insight in why the
problem occurs etc [3].

IV. THEORETICAL FRAMEWORK

This study will make use of Activity Theory [11] to analyse
the environment of the child. Activity Theory is a conceptual
framework used in psychology, analysing work environment
and also more recently in development of Human-Computer
Interfaces. The framework was developed from the work of
L.Vygotsky, S. Rubinshtein, A. Leontiev, and others during
the 19th century in the Soviet Union, where A. Leontiev was
the one who finalized the framework.

Activity Theory is based on the notion that human thinking
can only be understood in a context of meaningful, goal-
oriented, and socially determined interactions between
human beings and their material environment. It divides an
environment and it’s interactions into motive, goal, actions
and operations.

A. Motive

The motive of the situation is the main goal and the object
of a whole activity. It is the human need which motivates the
human’s activities. To find it one can work up from the sub
goals of the interaction until there is a goal which does not
have another goal above it in the hierarchy, this goal is the
motive.

B. Goals

Goals are the objects human activities are directed at. The
goals of the activity are often several and organised in an
hierarchy of goals and sub goals.

C. Actions

Actions are directed towards achieving the goals in the
hierarchy. The actions can be both external where the subject
takes action on the environment or internal, where the agents
takes action on itself.
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D. Operations

Operations do not have their own goals, but adjust actions
to the current situation and implement them.

V. METHODOLOGY

A. Study context and participants

In this study, three sets of qualitative interviews with experts
of different knowledge were made to gather real knowledge
on the topics of children’s need and what we could do with
AI today. The interviews were qualitative and lasted about one
hour each. They were recorded and transcripted.

B. Interview 1: Children’s needs

1) Participant: The expert of the first interview was the
manager of a housing for sick children. It is a temporary
home not only for the sick children but their families too,
and it is located right by the hospital. They house up to
15 families where the children has fallen seriously ill. The
families often live far from the hospital so by staying at
the housing they have an opportunity to live together in a
somewhat normal fashion close to medical care. The point
of the house is to make the period of illness as easy as
possible by providing a homey environment as well as fun
and activities both in and outside the home. The children are
in an age interval of infant to 18 years old.

2) Purpose: The main purpose of this interview was to
further investigate the needs of a child suffering from long
term illness by talking to people who work with them every-
day. To achieve this the questions were constructed around
the following problems from the research in the background
section of this paper.

1) Dealing with tough, scary and/or painful treatments.
2) Existential problems
3) Losing your context
4) Missing out on development
The interview also focused on what the personnel at the

housing is currently doing to help the children who live there,
as well as what they would like to do for the children but
which is not possible or hard to achieve today.

C. Socially intelligent agents

1) Participant: The second expert was a professor in
Computer Science, and scientist in Artificial Intelligence
with specialisation of how people interact with AI. She also
has expertise within the field of medicine and health as an
occupational therapist.

2) Purpose: The purpose of this interview was to inves-
tigate the opportunities and challenges in AI in general and
socially intelligent agents in particular today. The interview’s
aim is to map where AI is today and in what direction research
is heading as well as discussing the ethical aspects of building
AI that interacts with children.

D. Implementing new technology

1) Participant: The third expert was an employee of a
tech company with experience of implementing technology
in many different fields on a commercial level.

2) Purpose: The purpose of this interview is to discuss the
findings of previous research and interviews to further explore
what to consider when implementing new technology as well
as getting a market’s perspective on using AI in production
today.

E. Analysis

The analysis of the interview was done by using the Activity
Theory framework described in background. The motives,
goals, actions and operations from the interview was ordered
in a table, an example of this is pictured in Figure 1.

Motive
• All children are to get equal care
• Making the period of sickness as easy for the child

and the family as possible

Goals
• Focus on what is healthy in the child instead of

what is sick.
• Keep their sense of normality as best as possible.
• ...

Actions
• Reminding the child of what they can do rather

that what they cannot.
• Remind them that there is an end to the sickness,

and a life afterwards.
• Providing housing where families can live together

in a somewhat normal and homey place.
• ...

Operations
• Keeping activity rooms with activities such as TV,

climbing walls and ping pong where families can
meet and play.

• Arranging activities where anyone who wants to
can join, such as barbeque or games.

• ...

Fig. 1. Example of analysis using Activity Theory

After analysing the data using Activity Theory, a thematic
analysis was made to extract knowledge from the data and
produce comprehensive results.

VI. RESULTS

A. Enhancing the child’s quality of life

To enhance the quality of life for the child with long term
illness, the period of illness must be made as easy as possible.
There are a lot of things we can’t change, the child has to
go through treatments, they have to attend the hospital and
you can’t shield them form the severity of the situation. But
there’s a lot to be done to help them handle the situation and
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keep them motivated to keep fighting. Even when the child
is sick they still have the needs of stimulation, company and
stability that a healthy child has.

1) Focusing on what’s healthy: Focusing on what’s healthy
means to not always keep focus on the illness, what you
can’t do anymore and what bad things might happen. To
keep up motivation and quality of life you instead focus on
what the child can do and what’s good in life. Maybe the
child can still climb, maybe it can still call it’s friends etc.
This positive attitude is meant to keep the child as happy and
prone to fighting through it’s illness as possible.

Focusing on what’s healthy also means reminding the
child that there is an end to the illness, and that much of
what they might have left behind when going to the hospital
is still there after they’ve recovered. This is done not only
verbally, but by letting the child keep up it’s activities and
contact with their old context if possible. Attaining as high of
a degree of normalcy as possible helps the child from feeling
too overwhelmed by the many changes that come with long
term illness.

2) Motivation and support: For the child to take on the
many challenges of severe illness they need motivation. This
can come in many forms. One is to use compensation by
giving the child something to look forward to after completing
a hard treatment, for example ”when you get back we can
play this game”. It can also be providing an environment
that is as normal and fun as possible, away from the hospital
where the child can perform activities and participate in
events. Somewhere to come back to when the treatment is
done.

3) Taking control of the narrative: While staying positive
is good for motivation, like all people who go through
tough times, the child also needs the opportunity to process
emotions and thoughts. The child can feel attacked from
getting a disease for no reason whatsoever, vulnerable from
the fact their parents cant protect them from it or explain
what’s going on and confused from being ripped out of their
usual context.

To help them with all these questions and emotions
one can work to let the child take control of the narrative
and tell their own story. One of the examples on how to
do this that the house where the children stayed ”the house
of heroes”, making the child the hero of it’s story and not
the victim. This way you allow the child to have all of the
negative and positive feelings it may have, without letting it
bring them down.

It’s also important to realize that children often prefer
to process emotions not through direct discussion, but play
and activity. Therefore it’s good to take a more indirect
approach with the child when helping them to process than

you might with an adult. Rather than direct discussion, a
better option would be to initiate activities like painting,
playing etc might let the child process during these activities.
Children’s books and storytelling on the specific topics the
child deals with can also help to fill this need.

4) Staying together: To keep the family together is
important for the child as they will need the support of those
closest to them. But, to keep their context, staying in touch
with the activities they participated in before and the friends
and school they’ve had to leave behind is also important for
the child’s well being.

5) Networking with other’s in the same situation: It’s
beneficial not only for the child but for the whole family
to meet others in the same situation and maybe at different
stages of sickness. This way the parents can exchange their
personal knowledge and experiences of the process, and the
children can keep up their social development and build a
new social context by playing with the others.

6) Digital storytelling: What’s specifically mentioned as
what would help the children today is some sort of digital
tool to help the children take control of their situation by
writing their own story, process their thoughts and document
their period of sickness. This is in line with focusing on what
is healthy and what the child can do, taking control of the
narrative and processing through activity. The child could use
this tool as a diary and build a story on what their illness is
like, and if they could bring the data how with them it could
be a helpful memory and tool in continuing the process of
returning to normal life.

B. Socially Intelligent Agents

The overall motive of developing socially intelligent agents
is to enhance the quality of life of humans, to make us
overall happier and our lives better. To go from where we are
today, where we can keep entire factories of machines and
no humans, to a society where agents can operate in between
us, getting our pizza, cleaning our streets and even being our
companions, we need to enable machines to interact with us
socially. To enable machines to understand social ques, to
adapt to contexts and environments is no easy task, but a task
the science community is set on solving.

1) Current opportunities of socially intelligent agents:
The last 30 years scientists have been focused on many fields
within AI, such as machine learning, computer vision and
knowledge reasoning etc. The fields have been developed
separately and we now have useful algorithms and methods
within each of them. There are systems that successfully
recognise images, reasoning diagnosis systems and skillfully
walking robots. But to achieve socially intelligent agents
the different technologies must be used together. They can
be integrated today with an overhead multi-agent-system to
make them mimic a humans way of adapting to situations
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and learning from interactions, but only to a small extent.

The abilities developed today includes
• Gathering input through cameras, speech and text and

drawing some knowledge from the input.
• Interpreting human emotions on a low level.
• Keeping data on a person and adjusting to their prefer-

ences.
• Working in environments with a specific set of rules and

actors.
Artificial intelligence preforms well especially with repetition
and patient teaching. A digital teaching assistant will never
tire of a child’s questions and can give them all the time they
need to learn, where a human teacher has limited resources
in time and stamina. You can also add play in an AI to make
learning fun and interactive.

2) Current challenges of socially intelligent agents:
There are still challenges on all levels when building
socially intelligent agents, from the act of gripping a cup
lightly enough with a robotic hand to seeing and avoiding
hitting a person or furniture when moving around to
properly engaging in conversation with a human with all of
the context-switching and social ques that come with this task.

Today AI can interpret expressions of a human happiness,
distress etc to a certain degree. However, socially intelligent
agents today are limited in it’s capacity to meet and to respond
to these expressions in a satisfactory way. It cannot yet, like a
human, analyze the character, context and personality of the
person they meet and adapt their response to these parameters.

3) Ethical aspects: There are several ethical aspects of
building AI. One is the data gathered and kept by an AI when
interacting with and/or aiding a person. Sensitive information
like disabilities or mental disorders could be identified by the
AI and this data could be used against the person. Therefore
it’s important to define according to which agenda the AI
is working. Also, some of the knowledge gathering that is
possible today could lead to a control structure we didn’t
mean to implement in the first place.

4) Socially intelligent agents and children: When it comes
to children, there another ethical aspect to consider and that
is that the AI need to be built to give a truthful and accurate
representation of the world and the child’s social context.
This is important as children are learning about the world
through interacting with it’s physical environment including
the AI. One example would be if the child would hit the
robot it must enforce the social norm of not breaking things
or causing harm by letting the child know the action was not
okay.

At the same time it is also important that the child
knows that the AI is a thing, that there is a difference
between an AI, a dog and or a human. That when it breaks,

you don’t have to grieve it as you would a human.

When it comes to aiding a child with expressing themselves
and handling emotions. While the AI is not fit to handle a
child’s emotions like a human is, the AI could take virtually
any input and log it as an emotion and give some sort of
confirmation. It could also log the child’s emotions over time
if the child communicates it to the AI so the child and/or
parents can look back at it’s state through the times.

5) The future of socially intelligent agents: The following
problems of socially intelligent agents are problems the sci-
entist community is working on solving right now.

• Building trust with a human.
• Building companionship with a human.
• Handle different contexts, actors and environments in

a competent manner through adapting to and learning
from each interaction using knowledge from previous
interactions.

Solving these problems and more is the goal of scientist
who are working towards the goal of combining different AI
technologies into an truly socially intelligent agent. When
scientist have developed methods to solve these issues socially
intelligent agents could work among us, cooperate with us
and maybe even accompany us companions.

C. Implementing and producing AI-based products

Whole other problems emerge when actually trying to take
a concept from the science community and implementing
into something people can use on a larger scale. There is a
big interest in developing AI due to it’s huge potential within
many fields, but there is still some struggle in finding the
right applications and perfecting the technology.

1) AI on the market: While AI is a big topic in the
tech-industry today as many see it’s great potential, it’s
implementations are not yet as universally used. Just like in
science today, the tech on the market needs to develop to be
able to be packaged into more general products. Today AI
works very well in confined environments on specific task,
such as learning to recognize patterns and predict errors in
systems, but is less useful in recognising different contexts
and adapting to them.

2) Changing culture to incorporate new technology:
Another obstacle in putting AI-based products on the market
is actually having people incorporate them in their daily
private and work lives. For instance an employee might be
afraid that the product will make them unemployed as it does
some of their tasks, while what happens is that they get time
for other tasks they are more suited to, such as meeting and
interacting with people.

There will also have to be adaption in their work-process,
a process which they may have used for many years. To
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convince people to use new technology one must therefore
also assess the culture of the place where you want to
introduce the new technology.

VII. DISCUSSION

This study contained three separate interviews with three
subjects, each an expert within their field. This is of course
a very small study-group which makes the results a bit
unreliable. However each interview was quite extensive
as each subject was an expert within their field and each
interview lasted for around 90 minutes. This gave time to dig
into the questions quite deeply and a lot of information was
given every time.

Analysing the information of the interviews using Activity
Theory was very fitting especially for the first interview,
where the child’s environment was mapped. For the other
two the activity theory had to mixed with a more general
analysis of the current market to get information on how
developed the field of AI is today and what one can do with
the technology.

A. Interviews

The first interview with the manager of the housing for
sick children gave a lot of information on the children’s
situation. That the manager had firsthand experience with
these children was valuable, especially since it gave insight
not only into the struggles the children faced but also on the
techniques the personnel working there had developed to help
the children. There was a lot of thought put into the house
and their activities. The downside to that the manager was the
one interviewed is of course they did not have the first hand
experience a parent or a child would have on the struggles
of illness. Also, that the housing has a lot of experience and
resources to help the children is in a way a downside to the
study, as there can be needs that were unknowingly met in
the housing which a child who does not have the opportunity
to stay at the house could have. This is why a lot of the
research time was put into reading articles around a children
in different living conditions.

The interview with the professor gave a lot of insight
into the science around AI today. It was useful not only to
gain knowledge on what we can and cannot do with the
AI technology we have at hand today, but to see where
the science community is putting in it’s efforts and pushing
the technology. Several of the capabilities discussed in the
interview, such as the ability to build trust with a human,
respond to emotions and to motivate humans was confirmed
as abilities that are not possible today but are being currently
investigated and worked on. This is a good indicator that
there is more to investigate on this subject in the future as
well, it’s not a dead end.

The third interview mostly confirmed what the scientist
said when it came to what AI is capable of today. It added

on interesting perspective on the technology, the perspective
of the market. The market is very intent on trying out new
technology, but there is the ever present struggle of scaling
up into a product actually in the hands of end-users. Also
when building systems such as AI, that might do tasks that
is humans work today, there is the problem of people fearing
losing their jobs or not having the culture that could accept
this kind of technology yet. This indicates it’s important to
develop the technology in tight collaboration with society to
achieve actual societal improvement as well as to prepare and
let people in society in on the developments being made.

B. The results

The research into the needs of the children done prior to
the study to build the background backs the results since
the problems described in the various articles studied was
the same as the one’s perceived in the study. There was one
exception though, isolation. The isolation in being kept away
from friends and family in a hospital during illness occurred
in several articles during prior research. It is reasonable to
believe this is because this specific need is already met in
a collective-style of living where both children and parents
meet others in the same situation as themselves, where the
interview took place.

The results from the two interviews on AI had a lot of
insight into the issue from a whole other perspective. The
knowledge on the current state of the field and it’s direction
was confirmed by both the scientist and the tech company
employee, that AI is today seen as having great potential but
not quite there yet to be used among humans. This is at the
same time disheartening, that the technology has not come so
far as to socially interact with people and exciting as this is
the direction we are very much taking at this time.

C. Societal benefits

The societal benefits of this study was the investigation
of two fields in need of exploration. The quality of life of
severely ill children such as cancer has just in the recent
decades started to be investigated, due to the reason that more
and more children survive today than 20 years ago. The more
knowledge we have on their needs and problems and how to
meet them, the healthier and better lives they will have when
they’ve recovered and grown up, which benefits society as a
whole.

The societal benefits of AI today is automating mundane tasks
and recognizing patterns. It is also useful in tasks that take
time, patience and repetition. An AI is never tired or bored.
However our definition of a mundane task is ever evolving,
a few decades ago it would be screwing tops on toothpaste
tubes, today it’s driving our own cars everyday to work. The
more complex a task an AI can handle, the more of our time
is freed up to handle the things we cannot rely on machines
yet. Where this will end is a whole other discussion. Now
would it be societally beneficial for a socially intelligent agent
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to support children when dealing with illness? The children’s
biggest needs is of course warmth and support from humans,
but that doesn’t need to mean that they can’t benefit from
digital support in the form of explaining treatments, helping
in processing activities and nudging the child towards healthy
coping techniques.

VIII. CONCLUSIONS

When a child is affected by long term illness they are
subjected to several hardships. They lose their context when
being taken out of school and sometimes moved to another
city closer to the hospital. They struggle with questions about
life and death well above their maturity level and miss out on
social development. On top of this they have to endure tough
treatments and physical complications.

The possibility to build AI as truly intelligent social
companions is something that scientists are researching
heavily today. They are developing ways for an AI to gain the
ability to build relationships and trust, to be able to cooperate
dynamically with humans and to work independently and
freely in our society. Today the technology is limited to
confined environments and specific rules. AI can take in input
and draw knowledge from the input, but it can not produce
more than a moderately intelligent response. Therefore to
build an AI that would aid and support a child as a true
companion in the ways identified in the study isn’t yet
technologically possible.

On a smaller scale however, to build digital applications as
assistance to children facing illness is a concept with many
possibilities, whether they use AI or not. For instance, as
suggested by the manager of the children’s house, a digital
diary of some sort which can engage the child in documenting
it’s time of illness could serve as a way to process emotion
and for the child to keep as reference later in life. A digital
assistant could explain a treatment and it’s effects over and
over to a child without ever tiring. Technology can help the
child stay connected to it’s friends and back home when in
the hospital etc.

A. Limitations

This was a small study done with the purpose of laying
some ground work for larger studies. With small resources
of time and study participants, here are some limitations to
consider in the study.

1) Limited study group: The biggest limitation in this study
is of course the small study group. Only three interviews were
done, one in each of the fields; Children’s needs, Socially
intelligent agents, Implementing AI. To give a better picture
of the situation of the children more interviews needs to be
done, and preferably with several children and parents from
different situations.

2) A very large target group: To do a better evaluation
of the children’s situation one would also have to consider
different ages, backgrounds and personalities. To define
children as a group takes away a lot of nuance in their
situation.

3) A broad subject: To obtain more concrete and applicable
knowledge on this subject, it needs to be narrowed down. This
study assesses children’s needs and AI, both being huge and
complex fields of research. This study should be seen as an
overview and inspiration for further research of these particular
issues and not in any way a complete knowledge resource.

B. Future work

This is an interesting field of research that deserve further
investigation, as it’s clearly where research is heading today.
To get to a point where real value of an AI assisting a
human in the ways discussed is achieved there is a lot
more to explore. Not only does the technology need to
be developed into systems that can handle complex social
situations, the way humans interact with AI also needs to
be explored to find frameworks for how to build socially
intelligent agents. This could be done by building the kind
of AI we can build today and research how humans interact
with it to answer the question what are the simpler tasks the
AI actually can perform and how is it received by the humans?

Another aspect worthy of research today, highlighted in
the third interview, is how cultures are affected when AI
technology is introduced into them. Introducing a technology
as new and different as AI into a context is far from a simple
task, and the implications are poorly mapped. Studying what’s
important when doing this is therefore an aspect that needs to
be considered when developing this technology for production.

When it comes to the situation of children there is also
a lot more to research. While research has been put in to
investigate the problems a child has when facing illness,
more research needs to be done in what can actually help
the children. In this study their environment and situation
was mapped, but a deeper investigation into the psychology
of children with these problem could help to better pinpoint
what solutions might be suitable for a child.
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What are the effects of an artificial intelligent supervisor while learning
how to drive?
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Abstract— This study evaluates the effects of driving with
a artificial intelligent supervisor and how this is experienced
by the driver. The aim is the clarify if this is a concept that
can improve the experience of driving, and learning how to
drive. This was evaluated by letting the participants drive a
preprogrammed route. The route was created via google maps
to get as much amplitude and scenarios as possible to fit in
to the 15 minute drive. The route included scenarios such as
driving past schools, blind pedestrian crossing, entering major
roads, etc. After the tests the participants answered questions
about their experience of the driving experience and the AI.
The results showed that the majority of the participants thought
that the AI was helpful but not crucial. The AI improved
the understanding and attention while driving but became a
disruptive element at some occasions.

Index Terms— Artificial intelligence, AI supervisor, Driving,
Distraction, Navigation system, Smartphone

INTRODUCTION

Getting a drivers license in Sweden is something that
requires a lot of time and is usually quite expensive for
a person in their mid teens. The average price of getting
a drivers license in Sweden is about 15 000 kronor[1].
Today it is fairly common to use your parent’s car for
driving practice and having your parent’s as supervisors.
This creates somewhat of a problem though as the parent’s
in may cases took there drivers license 20 to 30 years ago.
Rules may have changed since then or the parents may not
remember all the rules as they were taught.

To improve the practice driving experience it could be con-
venient to have some kind of interactive tool, an application,
that functions as an extra supervisor while driving. The idea
is that a device, either handheld such as a smartphone, or
integrated to the vehicles infotainment system, could guide
the practice driver and the supervisor by giving advice and
feedback while driving. The application could set up routes
for the driver to follow via a navigation system, with the
help of their actual supervisor. While following the route
the application, an artificial intelligent supervisor, would give
feedback such as "in 200 meters there is a school. Remember
to follow the speed limit and to be extra cautious". Me,
and Martin Sjölund, have developed an early prototype of
such a concept, an application we call Körkortsportalen (The

Drivers License Portal). The concept idea is further described
in the theoretical section of this paper.

OBJECTIVE

The objective of this paper is to further investigate how
an AI supervisor affects the driver and the supervisor while
practicing to operate a vehicle in traffic. What is needed
from the technology to further improve the experience when
practicing? How should this technology be used to not
interfere with the attention on the road?

The goal of this paper is to clarify if this kind of
technology is something that can improve the experience
of learning how to operate a vehicle in traffic, which can
decide if this AI supervisor is necessary or not.

BACKGROUND

Introduction of the prototype

Körkortsportalen, The Drivers License Portal, is an
idea of an interactive tool in form of an application. The
application would be used to guide and help new drivers in
their learning when trying to get their drivers license. The
goal with this tool is to develop a new form of assisting
technology that is used while the user is practicing driving
and when learning traffic rules. As a student, the platform
should be able to build an individual curriculum that the
consumer can use for better learning. This curriculum
should be able to build planned routes for each driving
practice. This can help to make learning more motivating
and fun as you can achieve goals and achievements during
the learning process.

Virtual Tutor - During the actual practice of operating
a vehicle in traffic, the user should be able to decide which
planned practice route they would like to drive. When the
route is started, a virtual supervisor will assist the driver by
providing tips and feedback. For example "In 200m you will
come to a roundabout, remember to have extra attention on
the pedestrian crossing close to the roundabout". The idea
is that the virtual tutor assists the learner and the supervisor
in how to think and how to act when operating a vehicle
in traffic. By doing this, it can deliver active and updated
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learning during driving practice. Perhaps also increase the
safety for learners and supervisors as well as other road
users.

The interface of the application. There could be an
opportunity to develop this concept together with a company
such as Volvo and thus be able to implement the function
in the cars directly. Other solutions are available, such as
Apple Car Play, Android Auto, or simply having a mobile
in a mobile holder on the cars dashboard. However, an
integrated solution would be preferable.

The following three pictures shows some scenarios of the
applications interface. The first one showing the overview
of the learning process. The second picture, showing how
the application suggest a practicing route for the driver
depending on where the driver is in their learning phase.
The third picture shows the application in action while out
on the road practicing. The application shows where to
drive and gives tips and feedback along the way.

Fig. 1. Overview of the learning progress

Fig. 2. The application suggests a route for driving practice. This route is
based on where the learner is in the curriculum and what the learner need
to practice.

Fig. 3. While driving the application shows where to drive and gives
feedback along the way.

THEORETICAL FRAMEWORK

To understand the effects of this concept, it is necessary to
understand the consequences of distraction while operating
a vehicle in traffic. By doing so we achieve a greater
understanding of how this technology should act and
interact with the user to not interfere with the attention on
the road.

Operating a vehicle requires full attention of the driver.
20-30 % of all the traffic accidents are caused by driver
distractions. The formal description of a distraction is some-
thing that diverts the attention from operating the vehicle,
for example, using cell phones, eating, reading, texting,
lounging, entering data into a navigation system, etc. [2]

According to NHTSA (National Highway Traffic Safety
Association), there are three types of distraction while
driving.[3]
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• Visual — taking your eyes off the road
• Manual — taking you hands of the wheel
• Cognitive — taking your mind off what you’re doing

Inexperienced drivers at the ages of 16-24 years of age has
the highest risk of distraction-related fatal crashes. Younger
individuals are more likely to expose them self to distractions
such as cellphones for example.[4] Hand-free devices have
been said to be the more safer alternative to talking while
driving rather than holding the cellphone in one hand. But
even if hand-free devices are the better alternative they still
degrade the driver’s performance as they can distract the
driver from key visual and audio cues needed to operate the
vehicle safely. [5]

Navigation systems

Navigation systems has gone from being some psychical
device that you would have to install in your vehicle to
now being intergrated in almost every new car that is build
by todays standards. This has led to a massive increase in
usage of navigation systems. The increase in usage have also
become an issue where the navigation systems can steal the
attention from the actual driving.[6]

Studies have shown that programming your navigation
system while driving can be more dangerous than texting
while driving. Accident data shows that, despite knowing
the risks, many drivers still text and drive. While this is
certainly dangerous, using your navigation system while
driving is even more dangerous. The problem is that
navigation systems are meant to be programmed before the
driver starts to drive, but in many cases the driver chooses
to change the route or destination while driving, and this
is proven to be one of the most distracting activities while
driving. During the University of Utah study (conducted
for the American Automobile Association Foundation for
Traffic Safety), infotainment systems from 30 different
vehicles manufactured in 2017 was extensively tested. The
participants were asked to perform four different tasks while
driving.[7]

The tasks were:
• Make a phone call.
• Send a text message.
• Find a radio station.
• Program a navigation system.

The tasks were made by using touch screens, voice com-
mands and other interactive technologies. The study found
that some of the participants had their eyes, hands, and mind
of the road for as long as 24 seconds while performing some
of the tasks. This finding is very alarming since the NHTSA
has proven that taking your eyes of the road for more than
two seconds double the risk of a car collision.[3] The task
where the participants were asked to program the navigation
system in some cases took more than 40 seconds to finish.[7]
This shows how much of a distracting the navigation system
could be if not used as intended.

Smartphone

Much like the navigation systems the smartphone has
gained in popularity and has since then become an issue
for traffic safety. The Transport Research Laboratory made
a study were they tested the effects of smartphone use while
driving in a simulator. The results showed that smartphone
use led to participants missing the reaction time stimuli.
Reaction times were increased approximately 30&. It also
increased the number of unintentional lane departures as the
participants were unable to keep a central lane position.
They spent around 40% and 60% looking down at their
phone while driving compared to 10% when driving the same
sections of the control drive with no use of a smartphone.[8]

METHODOLOGY

With the objective of evaluating how an AI supervisor
affect people in their driving practice, a test have been
established where two people, one driver, and one supervisor,
drives following a preset route which they follow using a
navigation system. During the driving they received tips and
guidance from me, sitting in the backseat simulating the
application’s interactive supervisor. After the test, the test
users where asked questions about the experience and what
they thought of the concept.

Description of the tests Materials used to perform the
test.

• A car(manual).
• A smartphone with google maps.
• A script with tips for the driver during the driving.
• A script with interview questions.

For each tests two test users were selected. One driver
and one supervisor. All test users had to have a valid
drivers license to participate in the test. Due to safety
reasons and time limitations of this research there were
no participants that was in the process of actually learning
how to drive. When seated in the car the participants
were given the instructions of the test. In short, they were
instructed to follow the navigation system, the passenger
would tell the driver where to drive. They were told to listen
to the instructions from the AI(me) while following the
route. All tests had the same route, which the driver followed.

The route was created via google maps to get as much
amplitude and scenarios as possible to fit in to the 15 minute
drive. The route included scenarios such as driving past
schools, blind pedestrian crossing, entering major roads, etc.
The purpose was to gather as much knowledge and data
as possible of how this tool works and is experienced in
different scenarios.

While driving the driver and supervisor were given feed-
back and tips depending on where they were in the given
route. Google maps street view were used to "test drive"
the route to decide the different scenarios and where the
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Fig. 4. The route of the test drive

"AI" should give tips and feedback. Screenshots were taken
of every place where the "AI", in this case me, would
interact with the test users. Tips and feedback was added
to every scenario and picture to ensure every test would be
performed in the same manor. As I was seated in the backseat
I used these screenshots to give the driver and the supervisor
feedback during the drive. There were 22 pictures in total.
The passenger instructed the driver of where to drive via
google maps on a smartphone.

Fig. 5. One of the printscreens that was used to know where to say what
during the drive.

important to mention is that the driver never had to
be the one who interacted directly with the navigation
system. With the research that has been done it is clear
that interacting with the navigation system while driving
can steal a lot of attention from the road. Therefore, the
supervisor seated next to the driver was the one in charge
of telling the driver the directions. By doing so the driver

could focus on the driving and leave the navigation to the
supervisor.

After the drive was finished the driver answered
questions about the experience of the test and the "artificial
supervisor". The questions where the following:

• What was your general experience of driving with the
interactive supervisor?

• Were the instructions from the interactive supervisor
clear?

• Were there too much, too little, or a decent amount of
feedback from the interactive supervisor?

• Did you think the instructions were a disruptive element
at some point during the drive?

• Did you find that the directions stole attention from the
road?

• Was it clear where you were going when driving along
the planned route?

• Was it difficult to follow the route?
• In what way could the experience be better you think?
• Would you like to use this tool if you were practicing

driving with someone else?
• Do you feel that this tool is something that can make

you a better driver, something that gives you better
attention?

• Do you feel this is a necessary tool?

These questions were chosen to evaluate how this tool
affects the driver during the drive.

Ten different tests where made on ten different people
where each driver answered the follow up questions when
the driving was finished.

RESULT
The test went well and followed as planned. All the test

users understood the task and followed the instructions. The
general experience was good according to the majority of
the test users. One of the test users mentioned that on one
occasion during the test, the interactive supervisor became a
bit overwhelming when trying to follow the directions while
listening to the feedback. Overall the test users thought
the experience was helpful, receiving valuable feedback
from the AI. All of the test users thought that the majority
of the instructions that were given were clear and easy
to understand. Some of the instructions were harder to
understand. For example "This is a road where pedestrians
sometimes cross the road on other places than on the
pedestrian crossings, pay attention". Following the route
while receiving feedback from the AI was no problem most
of the time, but at occasions where the situation on the road
required more focus from the driver, the directions from the
supervisor stole some of the attention. Otherwise the test
drivers had no problem following the directions. Some of
the users thought that the feedback and instructions could
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be a bit more varying to eliminate repetitive feedback. The
instructions could also be triggered more precisely to better
understand what the AI was talking about. The AI could
say "in 200 meters this will happen" instead of just pointing
out that something will happen further ahead.

The majority of the test users thought that this device
enhanced the attention while driving and made them reflect
about scenarios they had not thought about. Even though
most of the users did not think that this concept is a necessary
tool, they could consider using this concept in the future as it
could be a good complement to the regular driving schools.

DISCUSSION

The results proved that the concept in many ways could
be used as a tool for better learning and understanding
while driving. Although the test users did not think the
concept was necessary, meaning that this is not a "must
have tool" to drive or to learn how to drive, they thought
that it could be a good compliment to the ordinary driving
experience that are we have today. The concept is meant to
be a more economical choice compared to regular driving
schools, and this concept and technology could possibly be
handy for a teenager on a budget, learning how to operate a
vehicle. The instructions would have to be more diversified
if this concept would be further developed to eliminate the
risk of repetitive feedback. The precision of when to give
the feedback would also have to be better to eliminate the
risk of exposing the driver to an overwhelmingly amount
of information at the same time. As some of the test users
mentioned, the instructions at times stole the attention of
the road as they tried to listen to the instructions and follow
the route and operate the vehicle at the same time.

To achieve a better evaluation of this concept the tests
could have been performed on people that were in the
process of learning how to drive. Due to the time limitations
of this study the test users had to be people with a valid
drivers license. The best case would have been to have a
private area where the test could be performed on people
without a drivers license, but that was not possible during
this study. The car that was driven could have reminded
the participants of a similar experience of when they first
learned how to drive. The car that was chosen has a clutch
that is a bit challenging to operate. The clutch is hard to
push down and very distinct. This lead to some drivers
stalling on different occasions while they were driving.
Some of the participants were noticeably stressed by the fact
that they did not feel comfortable with the clutch. This was
good as it created somewhat of a stressful/uncomfortable
situation that could be similar to a person driving for the
first time.

In best case the AI could take advantage of the vehicles
intergrated sensors. This would create an opportunity for the
AI to give feedback on how the driver is positioning the car
on the road.

CONCLUSIONS

The results show that this is a concept that could enhance
the learning and driving experience. The effects with using
this tool were proven to be enhanced attention and under-
standing of the traffic environment and better understanding
of unpredictable situations. In some cases where there were a
traffic situation where the driver had to have extra focus, the
instructions from the AI became somewhat of a disruptive
element. This needs to be considered if this concept is
further developed, since the risk of distraction is so high
when adding elements such as smartphones and navigation
systems. This concept can not be developed in such way
that the driver has to interact with it while driving more than
listening to the instructions and the instructions need to be
well timed and though out in order to eliminate the risk of
becoming a disruptive element.
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Abstract— Communicating over text has built up to be one
of the most common ways of interacting. To achieve the
correct perception when sending a message can be difficult.
The difficulty lies in the loss of natural body language and
facial expressions. This paper evaluates the use of add-ons to
text and how they are perceived. To do so two surveys were
conducted on 70 people in total. The first survey was about
Emojis and the second about GIFs. They were asked how they
interpreted the objects and were able to answer in text form.
The result indicated that the two add-ons were interpreted
fairly good. Emojis were perceived in a broader context, and
GIFs were interpreted more specific. The conclusion made from
investigating these add-ons was that GIFs are a more suitable
choice if a specific emotion needs to be delivered. Emojis, on
the other hand, is easier to use inside text and are therefore a
reliable way to add feelings to a message.

Index Terms— GIF, Emoticon, Emoji, Text-based communi-
cation

I. INTRODUCTION

The age of Social media is now, chatting and writing is be-
ing a huge part of what people do over the internet. Sending
texts over the internet started as early as 1971 when the first
email was sent from one computer to another via ARPANET
[1]. Later an unexpected breakthrough named SMS stunned
the phone industry and took the text-based communication
further. Users admired the function to communicate via text
instead of calling [2]. Nowadays 27 years after the first
SMS was sent, chatting over text is being a significant
component of our way to interact with each other. Social
media have been an important part of streamlining the way
we communicate. Although we may be able to communicate
more effectively, it has also led to the loss of important
elements regarding our original ways to communicate, such
as body language and tone [3]. This study aims to examine
various ways of adding emotions to text in form of GIFs and
Emojis and whether the level of incorrect interpretations can
distinguish whether they are used.

II. OBJECTIVE

The objective is to evaluate how emojis and GIFs can help
us understand each other over text-based interaction.

III. THEORY

This section will define the essential keywords used in this
paper.

A. Emoticons

Emoticons are the first step into adding emotions into
text messages. It shapes a facial expression or a gesture
with a series of text characters. Characters used to assemble
emoticons are often symbols or punctuation. Davis, M, and
Edberg, P [4] explains that emotions commonly are used as
input when implementing an emoji.

Fig. 1. An image of Emoticons

B. Emojis

Emojis are similar to Emoticons. Like Emoticons Emojis
are made to resemble facial expressions and gestures. Emojis
are concrete icons and not just symbols put in a specific
order. Many platforms enable the usage of emoticons to
input emoji. The reason, Emojis derived from Emoticons,
an example, :) is an input for the emoji secont to the right
down below.

Fig. 2. An image over common Emojis

C. Rendering

Emojis are used to add an expression to a sentence or
a massage. But they are rendered differently on different
platforms. This means that an emoji sent from an iPhone will
look differently on a android phone such as Samsung [5].

Fig. 3. An image of different renderings of an emoji
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Fig. 4. A scale of how diffident renderings are perceived

D. GIF

GIF is an abbreviation of "Graphic Interchange For-
mat" [6] and a file format used to make animated pictures.
In past years it has been a popular add-on to use when
communicating over text. Like a video, the structure of a
GIF is multiple images called frames. Frames are used do
create a short animated loop. The image below are used from
The Verge [7]

Fig. 5. An image of how GIFs are created

E. Sketch

Sketch is a tool kit for UX (user experience) and UI (user
interface) design. It is a vector graphics editor, developed by
a Dutch Company called Bohemian Coding. Sketch is only
available on mac OS. It is primarily used as a design tool to
create mobile apps and web pages [8].

F. Previous Work

In previous work Shatha Ali A Hakami has made it
obvious that emojis can have a huge impact on a message’s
intention. Below in Figures 6 and 7, a text composed of two
persons with different sets of emojis [9].

Fig. 6. Set of joyful emojis

The atmosphere in these two examples is diverse. There-
fore it is a great example of the importance of a good add-on
to text messages.

Fig. 7. Set of displeased emojis

IV. METHODOLOGY

The purpose of this paper is to get a clear view of how
attachments like emojis and Gifs are interpreted. Do they
contribute to less miscommunication in text-based communi-
cation? Or does the interpretations differ too much? To obtain
an understanding of how people can have diverse opinions
of what such attachment indicates, two surveys were created.
They ware created using google form and presented via
social media, like Facebook and Linked In. One concerning
Emojis and the other GIFs. The intention was to see how they
were interpreted and how much it differed between them.

A. Survey

Like said previously, the study was divided into two
different surveys. How Emojis and GIFs are interpreted were
asked. The survey about Emojis was built first which meant
that it had some faults that were corrected to the second
survey. Both surveys were divided into two, personal infor-
mation and the actual test. At the beginning of the surveys,
an information block notices the takers of the information
around the survey. See the explanation of the sections below.

1) Pilot test: Before sending out the surveys it needed
QA (quality assurance). A pilot test was used to ensure the
content was at the intended level. As a result of the pilot
test, gender was removed. Therefore age is the only personal
information asked. The number of GIFs and Emojis asked
was also reduced from ten to eight respective six. The reason,
the survey was time-consuming and it lost interest towards
the end. The personal section was also put in the end, to
erase any personal standards into the answers.

2) Personal information: This section handles the per-
sonal information which is interesting for the study. The
information gathered was age. The reason was to see if
perception correlates to age. All other personal information
was irrelevant to this research.

3) Test: The questionnaire was divided into sections. Each
section containing a question and an object. The question
regarding emojis were, "What is your interpretation of
this emoji?". Under the question, an emoji was shown. The
answer format was a short text of 1-2 sentences. The same
style was used when asking about GIFs. The question used
was, "When would you use this GIF?". After the questions,
a "Thank You" text appeared and the test was then submitted.

B. Participants

Picking the participants was made over social media, like
Facebook and Linked In. There was no regulation on who
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could answer the survey. A broadcast search was therefore
made. The language used in the surveys was Swedish. As a
result, only participants from Sweden could attended.

C. Procedure

The questionnaire was created using google form. All the
answers were then extracted to google sheet to be analyzed.
Sketch was used to create illustrating images.

V. RESULTS

A. Hypothesis

The hypothesis that was tested is, "If emojis are used to
express emotions the number of misunderstandings will be
higher than with GIFs."

B. Questionnaire

This section will show the result gathered from tests.

1) Age: As the tables show below the age span between
the two tests are similar. The slightly difference occurring
between the two tests leaves no impact to consider.

Fig. 8. A table over age span in the emoji survey

Fig. 9. A table over age span in the GIF survey

2) Answers: Down below will the result from the question
section be shown. The result shows that misconceptions for
both GIFs and Emojis are similar but are more frequently
for emojis. The surveys show that five out of eight(62.5%)
emojis had divergent answers which can result in misconcep-
tions. The six GIFs that were tested only one (16.7%) had

divergent answers. The answers followed a pattern between
the two add-ons, emojis had a more all-inclusive explanation.
One example will be shown below, the emoji is interpreted
as happy, reviled and laughter.

Fig. 10. Keywords from the Emoji "Face with tears of joy", with one
divergent answer

GIFs, on the other hand, have a more narrow explanation
and the answers were more alike. The image below shows
keywords from one of the GIFs. The interpretations were
described as Succeeding together and teamwork with a
nondivergent answer.

Fig. 11. Keywords from the GIF "Girls doing high five", with no divergent
answer

The age did not tent to impact the answers in this test.

VI. DISCUSSION

The goal of the questionnaires was to see if the
interpretation of a GIF or emoji can differ to separate
people and if there are any conclusions drawn from the
answers.

When only an add-on is visible for a person it is obvious
that it can indicate individual things to separate people. When
looking at Emojis it was a small span of what the emoji
could intend. But there were many different opinions about
what they could mean. In this test, the eight most common
emojis under 2019 were used. It may be a factor of how
good they are known and therefore better answers than on
average emoji. On this test, the same rendering was used on
all emojis and persons. But it would be interesting to do the
same test but give various renderings to the testers.

The survey regarding GIFs contained five GIFs with
humans and one with a cat. It was simple for the respondents
to give the interpretation to GIFs that included a person.
But when the cat was asked about, the answers differ more.
The obvious explanation is, that it is easier to read another
person’s body signs and facial expressions. And it is harder
to understand an animal or a created picture like an emoji.
But why is that, GIFs are not designed to give the reader
a new level of emotions like emojis are. Instead, they are
made to give the receiver a laugh. If google, Samsung or
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apple would create GIFs that were developed to help the
sender to mediate their feelings. Maybe social media would
be a greater place to be on.

To summarize the difference between the two add-ons,
GIFs are more useful if a particular feeling is essential to
illustrate. The most important is to use a GIF that includes
a real person otherwise the advantage that GIFs have is lost.
Emojis have shown that they are enough if a mood needs to
be put to the massage.

The surveys were built to not influence the result, therefore
the open text format was used. The difficulty was that it was
difficult to summarize the collected data in a non-partisan
way. In that way, the questionnaire could have been arranged
better.

VII. CONCLUSIONS

The result shows that there is a significant probability
for receivers to misapprehend the sender’s intention when
sending a text message. When seeing an Emoji or GIF there
is room for individual interpretations, but experience from
this study shows that GIFs whit an actual human is the
safest way of sending an emotion. Although it may not be
appropriate to send GIFs in every text message, therefor
Emojis may be better in most cases.
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Abstract—The objective of this study was to examine infor-
mative loading animations and their effect on users and their
expectation on loading times in mobile applications. A user test
was conducted on 11 people where they were to grade loading
times on a scale of 1 to 5. Two loading animations were tested,
one animation with explanatory text and the other without. The
results did not indicate a preferred animation alternative when
it comes to users grading load time, and modification to the
method and further testing needs to be done to be able to draw
any conclusions.

Index Terms—Loading animations, Loading time

I. INTRODUCTION

To have mobile applications and websites answer
immediately to user input is preferred because it is more
likely to keep the user engaged [1]. However, some operations
may demand more time to respond which will result in the
website or application to begin loading. This loading delay
can for a user be an unknown amount of time, and because
of this, the service needs to communicate to the user that it
is loading and has not stopped working. This can be done
using a loading animation, playing during the duration of the
load time.

One animation used today is the ”spinner”. However, there
are other animations such as ”progress bars” and ”skeleton
screens”, which all will be explained later in the paper. A
study by Persson (2019) [2] also indicates that the choice of
loading animation affect the users’ perceived waiting time.
The study examined the use of a quote during loading as
”entertainment and a distraction” during loading times. That
method got users to perceive a faster load time according to
some tests.

This study will instead explore the use of an informative
text during loading, explaining to the user why there is a
delay. This study will also not be using the method of direct
comparison, but instead, have the participants grade loading
time on a scale.

A. Objective
This study aims to examine informative loading animations

and their affect on users and their expectation on loading times
in mobile applications.

II. THEORETICAL FRAMEWORK

Google made a study [1] on how users behave when
loading times on mobile landing pages increases and found
out that bounce rates [3] increase by 32% when page load
times go from 1 to 3 seconds. It increases by 90% when
going from 1 to 5 seconds. This pointing to the demand of
high responsiveness on mobile web pages.

Nielsen (1993) [4] claims there are three time limits to
consider when optimising application performance.

• 0.1s: the user feels that the system is reacting instanta-
neously.

• 1.0s: The user notices the delay but their flow of thought
is not interrupted.

• 10s: Is about the amount of time users are able to keep
their attention on the site. However, if the delay is longer,
an indicator telling the user when the process is expected
to finish is important.

Nielsen is writing about the importance of continuous
feedback during the delay to communicate to the user that the
system still is operating and has not crashed. He states that
for a delay longer than 10 seconds a percentage indicator is
preferred, however, if it is not possible, the last resort should
be a less specific progress indicator such as a ”spinning ball”.

A. What are loading animations?

Loading animations’ purpose is to communicate to the
user that the application is processing or loading and are in
the best case lowering the mental waiting time [5]. There are
a couple of different loading animation methods to choose
from, three of them are:

Spinners - A simple animation often consisting of a circular
object rotating in some way.

Fig. 1. Spinner animation.
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Progress bars - An animation of a bar increasing in length
until the process is finished. Used when it is possible to define
the loading time.

Fig. 2. Progress bar animation.

Skeleton screens - A method of incremental loading of the
interface. Placeholders are shown instead of content, and text,
images and other content are loaded step-by-step [6].

Fig. 3. Skeleton screen animations (Srivastava, 2019) [7].

B. Previous work

The effect that different loading animations have on
perceived performance has been studied by Persson (2019) [2]
where five different loading animations and the use of no
animation were tested. The animations tested were the
spinner, progress bar, detailed animation, quotes and skeleton
screen. In the study, the participants were tasked to visit a
selection of sites on a smartphone application which would
make them see every loading animation. They were then
asked which animation was the fastest and which one was
the slowest. The one that was perceived the slowest and also
most frustrating was the use of no animation, and the second
slowest was the progress bar. The animations perceived
fastest were the use of a quote and the skeleton screen. With
those results, a conclusion could be drawn that the type of
animation used will affect perceived loading time.

In a study by Bååth (2018) [8], the effect of the spinner’s
rotation speed on perceived performance was tested. It was
discovered that the best rotation speed out of three tested
was the one that spun 360 degrees in 1 second. That was

also the fastest spinning spinner which could provide the
conclusion that faster loading animations are more likely to
give a perception of faster loading times.

III. METHOD

By creating two identical versions of an application where
only the loading animations are different, we can see how
participants may perceive loading times differently when faced
with any of the two.

A. Materials

• An android phone with a six inch display.
• Two android applications. One with a loading animation

with text, and the other without.
• One questionnaire.

B. Participants

The study was performed on 11 participants at Umeå
University, Sweden. The participants were both male and
female at the age of 20 to 30.

C. The application

The application is a cloud storage service where the user
uploads photos from the phone to virtual storage (the cloud).
The application is simple in its design, there are six pictures
the user can highlight and when one or more pictures are
highlighted an ”export to cloud”-button appears. When pressed
a loading animation starts for ten seconds, and based on which
application is running, the animation will have accompanying
text or not. When the ten seconds have passed, a text saying
”Finished!” will appear and the loading animation ends.

Fig. 4. First page of application.
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Fig. 5. Highlighted pictures.

Fig. 6. Loading animation without text.

Fig. 7. Loading animation with text.

Fig. 8. The animation has ended.

1) (: the Animation) The animation is an image of a cloud
with a spinning circle in the middle. The circle is divided into
two colours to make the spinning noticeable.

D. Procedure

Before the test the participant is informed that they are
about to test two similar versions of an ”cloud service”-
application. The participant is then asked to follow some
simple instructions and then wait for the application to finish
loading. The instructions are to highlight all pictures and
then press the ”export”-button on the bottom of the screen.
This will start the animation. When the animation is finished
the participant will be asked via a questionnaire their opinion
about the load time on a scale from 1 to 5, where 1 is
”very slow” and 5 is ”very fast”. A questionnaire is used to
minimise bias towards the test observer. There are also two
more questions to make it less obvious that the test is about
load times. The two additional questions are not taken into
consideration for the results, they are just questions about
the appearance of the application and not about the loading
animation nor loading time.

The user will then be given the other application to perform
the same task, but now with the other load animation. When
finished, the user will be given a questionnaire with three
new questions, including the question about load time.

The order of the animations is flipped for every participants,
eliminating any advantages for an animation by not having it
always first or always second.

IV. RESULTS

The four following charts are representations of the scores
given by the participants on their view of each animation’s
loading time.

Fig. 9. Chart of the loading time scores given by participants. Animation
without text.
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Fig. 10. Chart of the loading time scores given by participants. Animation
with text.

Fig. 11. Average opinion of loading time. Animation with text

Fig. 12. Average opinion of loading time. Animation without text

The following graph is determined by looking at each par-
ticipant’s experience on both loading animation and calculate
the mean difference of loading time score that is given. That is,
the sum of all loading scores with text subtracted by loading
scores without text, and then have it all divided by the number
of participants.

Fig. 13. Average difference of given loading time score.

V. DISCUSSION

The method successfully managed to avoid having
participants choosing the same loading time score for both
loading animation, only two participants gave the same
score to both animations. This points to participants feeling
differently about the load time for the separate animations,
just like in previous work. However, the distribution of
scores between participants leaves no pattern to draw any
conclusions benefiting any of the two animations. The slightly
higher score of animation with text is only within the margin
of error. One can wonder if this result is a reflection of reality
or if the test method is faulty. Some participants stated that
they felt like one of the two ”spinners” spun faster than
the other, even though they both spun at the same speed.
Perhaps, having the participants giving their opinion about
both loading times in such close succession is less effective
than having a couple of hours between testing the animations.
Although, even if that could give a better result, it should also
be mentioned that the order of the animations did not affect
the scores in these tests specifically. Given the irregularity of
the results.

Additionally, the score distribution of each animation is
an indicator of the suitability of the application type (cloud
service) and the chosen loading time for the test (10 seconds).
The scores do not point to the extremes of 1 or 5. However,
it would be interesting testing alternate application types to
see if the results would differ. The application tested also
seemed to be convincing to the participants while also being
intuitive for them to use, which resulted in the test flow being
effective. The method in whole was a good way of collecting
data.

One could also argue that with more participants the result
could be more telling of reality. Although, I believe the method
of the test needs to be modified if any correlations are to be
found. The method used in these tests is, according to me, just
going to produce the same irregular results.

VI. CONCLUSION

The objective of this study was to find out if having a
loading animation with text explaining why the application is
loading has a positive effect on user opinion of loading times.
However, from the results of the tests, no conclusion can be
drawn stating that any of the animations are preferred over the
other in the case of the users’ opinion about loading time.

VII. FUTURE WORK

Modifications to the method could have a positive effect
on the tests giving the study a more reliable result. The main
modification would be having an intermission between testing
the loading animations, giving participants time to forget
about the earlier animation. This would be an improvement
because the goal of the method is to eliminate the participant
comparing the animations directly.
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Also, even though the type of application used in these tests
appeared to be suitable, other types could also be tested, such
as games or fetching data from the internet.
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Abstract—Push-notifications can cause frustration for smart-
phone users if they are not relevant or delivered in an inap-
propriate time. The goal of the paper is to identify disruptive
notifications and analyze how people are managing notifications
in their daily life. In order to investigate this, a questionnaire
was designed and sent to 20 participants which had an overall
technical background. The results shows that most participants
had perceived notifications as disruptive, and many of them have
silenced their notifications completely by replacing the audio
signal/haptic alert with a visual cue. Further, the participants
were asked to classify the influence different features could have
on the perception of disruption when receiving a notification. The
results shows that all features mentioned in the questionnaire
(location, content, stress, mental health) could have an influence
on whether or not the notification were perceived as disruptive.
The conclusion is that it is hard to identify some distinct amount
of features that are fully responsible for the perceived disruption,
and that the design of a context-aware system would be complex,
since no feature are solely responsible.

Index Terms—smartphone, notifications, disruption, technos-
tress, context aware

I. INTRODUCTION

Smartphones enable users to have constant access to infor-
mation, entertainment and communication via internet. The
growth of smartphone users in the US have increased from
35% in 2011 to 77% in 2018 [1]. Mobile devices have become
so ubiquitous that anyone without access to one can not fully
participate in the global economy according to a study from
Deloitte [2].

Smartphones are equipped with apps (applications) for
services such as e-mail, messaging and social media. In recent
years, social activities online have transitioned from traditional
social media towards private groups and messaging apps [3].
This trend also applies on sharing information, where 70%
of the referrals are done outside the public domain [4]. In
order to stay up to date with events in this spheres users can
enable push-notifications, which will alert a user when some
event occurs in an app. These events can be things such as an
incoming message or a reminder that you have not visited the
app in some period of time.

Push-notifications are an efficient way for app-developers
to reach out and re-engage users when they are not using
the app. However, they can also be seen as interruptive and

cause frustration for users. A study of 15 smartphone users
concluded that 50% of the notifications were read within
minutes and in almost 50% of the cases they were perceived
as interruptive [5]. Opting out from notifications have shown
to increase users productivity and decreased distractions [6].
However, it can also lead to anxiousness since users feel fear
of missing out (FoMO) and that they are not able to answer
as fast as expected in communication-apps [6].

One proposed solution have been to send push-notifications
to the users in batches during the day, for some given interval.
This have been shown to reduce FoMO and increased the
productivity and well-being from the users [7]. However, this
solution still have the potential to send notifications with bad
timing, since the sent batches are based on intervals and not
the current context of the user.

Many studies mentions a context-aware notification system,
where the notifications will be sent at the most suitable time
for the users preferences. What kind of features that matters
for such a system is not yet identified.

II. OBJECTIVE

The objective of this paper is to identify which features that
can be used by a notification manager to display more relevant
notifications based on the users current situation. Research
questions to be answered are:

(a) How does users perceive notifications in general?
(b) What causes a notification to be perceived as distractive

(e.g timing, bursts, users location)?

III. THEORETICAL FRAMEWORK

The following subsections describes theories and concepts
that are relevant for this study.

A. Notifications

Iqbal et al. [8] define a notification as a visual cue, auditory
signal, or haptic alert that is sent from an application or service
that communicates with a user outside of their current focus
of attention. On smartphones, these alerts is usually delivered
instantly, e.g., when the user receives a message or a news
update.
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B. Fear of Missing Out

As communication technology has advanced and made
available to more people, the difference between offline and
online life has become increasingly indistinct. Social media
have made it possible for users to share and consume recent
information instantly. This has led to an up rise of the relatively
new phenomenon ’FoMO’ [9]. FoMO is a psychological trait
defined as a ”pervasive apprehension that others might be
having rewarding experiences from which one is absent”. The
feeling of FoMO can be characterized as ”a desire to stay
continually connected with what others are doing” [9].

C. Context awareness

Context awareness is used to describe computer systems
that are in a dynamic environment. This field have become
more relevant since computers are becoming smaller and is
outside the old static environment that big computers were.
Context aware systems are built to detect happenings in their
surroundings and to act accordingly to what the environment
suggests. That can be in a similar manner as humans who can
detect how people around them feel, or the weather they are
exposed to etc.

Anind et al. defines a context-aware system as following –
"A system is context-aware if it uses context to provide rele-
vant information and/or services to the user, where relevancy
depends on the user’s task." [10].

IV. RELATED WORKS

Fitz et al. monitored four subgroups with different settings
for their notifications, where they compared the well-being
of people that received notifications as usual, once an hour,
three times a day or disabling them completely. They found
that the group with three batches a day unlocked their phone
fewer times and felt more in control over their devices and
reported improved well-being [7]. Dispute the improvement
mentioned these participants experienced more FoMO than the
other groups [7]. This will be used as an argument for this
study to take the context in consideration as well, which is
also mentioned as an advancement in the referenced paper.

In the study "Push-notifying the end-user at the most ap-
propriate time" the author found that people that were opening
notifications within one minute were mostly low stressed [11],
which will be used in this study as a feature to be asking for
in the survey.

V. METHODOLOGY

The aim of this study was to evaluate which features that
should be taken into consideration when developing a context-
aware notification manager, and if there would be any demand
for such a system. In order to identify the features, a survey
was thought to be most suitable in order to collect information
about smartphone users and their habits and perceptions in
regards to notifications.

A. Participants

The participants of the study are people from the North
of Sweden with an age between 25-50 years old. Most of
them are highly technical users that are studying on Umeå
University.

B. Survey

The survey was conducted in Swedish during December
2019 and were answered by 20 people. The survey can bee
divided into two parts, first general questions about notification
management and follow upp questions about perception of
disruptive features.

1) Notifications in daily use: In order to identify how users
are managing notifications in their daily use, the survey asked
the users to categorize which type of applications they are
allowing to send notifications on their devices. The participants
were also asked to estimate how many notifications they were
receiving on a daily basis and how often they perceived them
as disruptive.

2) Perception: In order to identify how much influence
different features could have in regards to the perception of
the disruption of a notifications, the participants were asked
to rate the features on a linear scale between much influence
and none.

VI. RESULTS

Out of 20 participants, 65% used iPhone and 35% Android
as their daily devices. A majority of those (85%) have enabled
notifications on at least some of their applications. Out of
the ones that have enabled notifications, the majority uses
the visual cue (silent) as their main method of retrieving
notifications, which can be seen in figure 1.

Fig. 1. Distribution of answers on how the majority of notifications are
received on the participants devices. The most common answer was visual cue
(52.9%) followed by haptic alert (35.3%) and lastly auditory signal (11.8%).

In figure 2, we can see which kind categories of applica-
tions users have notifications enabled. The most frequent is
messaging applications, where 17 of the 20 participants had
them enabled. Notifications from social media was allowed on
15 peoples phones, and none of them had notifications enabled
on health/exercise-applications.
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Fig. 2. Distribution of answers on which categories of notifications are
allowed. The most common categories was messaging, followed by social
media and then mail. These three categories was by far the most popular
ones to use together with notifications.

Everyone that had notifications enabled perceived notifi-
cations as disruptive from time to time, were the frequency
was defined daily/weekly or monthly. The amount of partici-
pants that answered weekly and daily was equally distributed
(42.1%) according to figure 3.

Fig. 3. The participants were asked how often they received disruptive
notifications, with the possible answers of daily, weekly and monthly. The
distribution between weekly and monthly was equally big (42.1%) and
monthly was 15.8%.

The participants were asked if they had actively turned off
notifications for some app, and if so, to what reason (everyone
had done that at some point). It was a checkbox answer
were they could choose multiple reasons, the most common
were that the notifications were to frequent and perceived as
disruptive, which can be seen in figure 4.

A majority (55%) of the participants used features like "do
not disturb" to temporarily silence their notifications, where
45% of them used the feature daily, 36% used it weekly and
18% used it monthly. The ones that used the feature were asked
to describe a typical situation that causes them to activate it,
were most of the situation described were when they are going
to bed, in a meeting or when they are doing a task that requires
focus, where studying and work was given as an example.

In figure 5 we used a linear scale to determine how satisfied

Fig. 4. The participants were asked if they had disabled notifications for some
app, and if so, why. The possible answers were if the app notifications were
disruptive, too frequent or that the notifications had irrelevant content, where
the participants could choose multiple answers. The result show that the most
common reason were because of disruptive notifications.

the participants felt in general about their notifications, were
1 representing frustrated and 5 satisfied. None of the 20
participants felt totally satisfied, and 20% mostly frustrated.
The most common answer were in the middle (30%), between
frustrated and satisfied.

Fig. 5. The participants were asked to classify how they perceived their
notifications in general, where 1 represents frustrating and 5 satisfying. The
most common were something in between (3), with 6 participants. No one
answered fully "satisfied" and four answered "frustrating".

A. Disruptive features

The last five required questions treated different circum-
stances (location, content, mental health, stress-level, bursting
notifications) where the participants were asked to classify how
much influence they thought these had on how a notification
is perceived. The majority consider all of them to have a roll
in the perception of disruptive notifications. All answers are
merged into figure 6.

B. Participant comments

The last question in the survey were optional to make room
for any additional comments from the participants, where one
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Fig. 6. The X-axis describes a linear-scale where 5 represents much influence,
and 1 no influence at all. The Y-axis describes how many participants though
each circumstance had influence.

participant said they generally do not accept any proposals
for notifications. Another said that they were managing their
mail-notifications by unsubscribing to annoying news-letters
in order to limit the undesired notifications from that app.

VII. DISCUSSION

The idea of identifying which type of features that are
required to develop a context-aware system in order to deliver
notifications in an appropriate time seems like a seemingly
hard task. There are many factors that is needed to take
into account, which our study is to limited to tackle. We
could see that the participants thought every feature mentioned
in the survey (location, content, mental state, stress, burst)
could have impact on if the incoming notification would be
perceived as disruptive. And these features are not the solely
cause, they are probably the sum of many circumstances. For
example, we saw that the category that enabled most people to
activate notifications were messaging applications. As we’ve
mentioned in the introduction so are most of the social activity
online transitioning to private groups and messaging, which
leads to an increase of notifications in these categories. In order
to filter through which kind of notifications that are desired, the
notification manager would need to read these messages which
could be an privacy invasion that people do not want. Even if it
was accepted by the user, finding desired messages for specific
individuals would be an hard task. If we look at something
more simple, for example spam filters in today’s mail-clients,
some spams are still not classified correctly. However, this can
be a possible field to explore with machine learning, in order
to at least lower the amount of disruptive notifications.

From the survey, we could see that most of the participants
received notification as an visual cue, which don’t have the
same disruptive nature as an audio signal or an haptic alert.
The survey did not cover any questions regarding participants
experiencing FoMO since we did not expect the majority to
have silenced their phones, which could be an interesting topic
to research further. Previous studies on FoMO have mainly

researched people that silence their phones during a period,
and not as their main setting.

The distribution between visual visual cue/audio sig-
nal/haptic alert is probably not a good representation of the
general public, since the data collection was limited and the
participants were mainly tech-savvy users. However, it was
interesting to see that a majority managed their notifications
silently.

VIII. CONCLUSION

Notifications with audio signals and/or haptic alert are
disruptive by nature, since their purpose is to alert the user that
some event have occurred. This can be an desired thing since
people do want to stay connected and take part of information
without having to scan their applications for new content.
However, this study and other research shows that notifications
are often perceived as disruptive.

The results showed that the participants in general restrictive
in letting applications notifying them, but they were still not
fully satisfied with their notifications.

This study was too limited to identify all the features that
are necessary when designing a context-aware notification
system since no feature is solely responsible. We could see that
the feature people perceived as most disruptive was bursting
notifications, for example group chats were messages tend to
be received frequently.
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Abstract— Logging in, or filling out forms on the web has
seen an increase in methods that verify that users are "real"
users and not unwanted software agents. These verification
methods have become increasingly harder to deal with for
humans, since the the software agents have been equipped
with better artificial intelligence. To find how long time it
took before human users gave up and lost their patience,
an unsolvable verification challenge was engineered. 22 users
were tested, and the results showed that the average time
before giving up was 4:26 minutes. The users experienced
emotions such as irritation, frustration and impatience,
while confirming that websites in general have become
more secure in recent times. Finally, the users own estimation
of a reasonable time to spend on secure log in is about 1 minute.

Index Terms— Cyber security, image verification, artificial
intelligence, user frustration, login, form validation, usability
security trade off, emotion, user give up, test

I. INTRODUCTION

Security and usability are often seen as conflicting
goals when designing and developing web applications
[1]. The user wants a hassle free experience of logging
in. Web admins want forms that are sent in with real user
information. The problem is that when these tasks are too
easy to perform, software agents such as bots/programs
written with the explicit intent to pose as a human, can
spam the forms with inaccurate information, and unwanted
users (software or human) can log in to access personal
information.

This has been put to the test in recent years as the
capabilities of software agents equipped with artificial in-
telligence have become more and more intelligent [2]. To
protect user log in and forms, different methods of security
validation have been implemented, designed to weed out the
bots and welcome the real users. However, the increased
security is causing a lot of frustration, since it sometimes
also blocks the desired users from performing their tasks
[3]. This study takes a look at a form of image validation
called reCAPTCHA (Completely Automated Public Turing
test to tell Computers and Humans Apart), to find out when
secure is too secure.

A. Aim And Objective
The objective of the study is to investigate at what point

the user simply gives up when faced with an infinite loop
of security image validation. A few key questions that the
experiment aims to answer are:

• How long time spent of validation is the average
breaking point of giving up?

• Does it take a longer time before the user gives up,
compared to the average solving time of the first
generation text based CAPTCHA?

• How does it make the user feel about cyber security?

• What is the user’s own estimate of a suitable amount
of time to log into a secure system?

By following up with a questionnaire, the study also
aims to capitalize on the users frustration to perhaps learn
some insights on how users feel about the trade off between
security and ease of use/access.

II. THEORY

CAPTCHA is, as mentioned in the introduction, an
acronym for "Completely Automated Public Turing test to
tell Computers and Humans Apart". The test is a type of
challenge used in computing to determine if the user is
human - a surprising twist, since the original Turing test had
the human in the role of evaluating the computer and not
the way around [4]. This is why the test has been referred
to as a "reverse Turing test" [5]. CAPTCHA was developed
in 2003 as a method to distinguish a human agent from a
software agent by using problems that humans could solve
easily, but were hard for AI [6]. On average, the original
CAPTCHA validation that was text-based (not image based),
took 10 seconds to solve [7], and considerably longer if
users manipulated the browsers handling of cookies, since
cookies were (and still are) used by the CAPTCHA system
to help detect bots. Cookies are text files used by the
browser client to store user information, accessed sites or
settings.
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Fig. 1. Google’s reCAPTCHA version 1: Text

Google acquired it in 2009 and the system has evolved
into new versions and generations as the boundaries of what
is considered a "hard AI problem" also have been pushed
further and further. The AI and bots have evolved, and so has
thus the security measures to stop them. The system is now
known as reCAPTCHA, and an image of the first version
of reCAPTCHA can be seen in figure 1. A significant
difference compared to the original implementation is that
the "re" versions actually source the material from real
world images and texts. That in itself is an interesting ethical
topic, since critics have accused Google of using the system
as a form of "slave labour" to obtain translations and image
classifications for free with the end user doing the labour
untaxed, unpaid and unconsented and even unknowingly
[8].

The version used in the experiment is the second gener-
ation which uses image verification and an example of the
system can be seen in figure 2.

The new generation reCAPTCHA (from version 3 and on),
has also implemented a fair amount of client side evaluation
of mouse movements and other pattern recognition tools in
order to catch bots.

III. METHOD

A. Set Up

The technical side of the study set up was to create a
way to force fail the reCAPTCHA when validating the form
so that the loop of image verification would not finish. It
was important to make the test impossible to solve. In order
to make the verification algorithm loop in absurdum was
simply a matter of tricking the reCAPTCHA into seeing
the browser as a software agent. That was done by using
a Chrome browser, accessing the developer tools, settings,
and then devices. In the devices section, a custom device
was set up that had the field "user agent" filled out with
"Googlebot/2.1". The browser was then directed to open
Google’s online demo page for the reCAPTCHA. This is
merely a website from Google set up to demonstrate for
any user to test and see how the reCAPTCHA verification
works. The demo site was accessed with the browser set to
Device Mode, selecting to act as the custom Googlebot/2.1
device. This set up would make is impossible to pass the
reCAPTCHA challenge, regardless of how the form was
filled out since the browser would be detected as being a

Fig. 2. Google’s reCAPTCHA version 2: Image verification

bot (non-human software agent).

B. Data Gathering

To carry out the objective of the study, data was needed.
To avoid inherent bias that can come from relying on a
single method [9], a methodological triangulation of two
data collection techniques were adopted; questionnaire
and observation. By using two methods, the study was
set to gather both quantitative and qualitative data. The
observation was to check how many rounds of validation
and how long time passed before a participant simply gave
up. The questionnaire on the other hand, served to capture
the feelings of the user and was written to draw out insights
on what the user thought about cyber security vs. usability.
The quality and detail of the collected data was likely to
be quite high, since no intrusive collection method such as
video recording was used.

As far as participants, the preferred method would have
been to select them by using probability sampling in order
to apply mathematical statistics to generalize the results to
the whole population. Such a method does however require
a sufficient number of participants and is more cumbersome
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to plan and carry out. Due to the limited financial means
and time constraint of this study, the choice instead was to
opt for convenience sampling, which is when you choose
participants that are close at hand and easier to access.
Such a method is non-probabilistic and does not allow the
same kind of freedom to statistically apply the results to the
general society, but for the sake of the study, the method
was adequate.

To keep the data gathering professional, the participants
were informed before the experiment begun that their data
was going to be used anonymously in a study, and that they
could choose to withdraw at any time or not participate.
A common way to do this is to use some type of signed
form of consent, but for this smaller study, the conclusion
was made that it was sufficient with a short informational
presentation.

C. Pilot Study

To test the viability of the planned data gathering, a short
pilot study was performed with two participants (see results
section). The purpose of the pilot study was to ensure that
the testing method worked properly and that the participants
behaved somewhat in coherence with the expectations.

The questionnaire used in the pilot study had the following
questions.

• After how many rounds did you notice your feelings or
mood start to get affected?

• What feeling or emotion did you notice?

• Did you give up immediately when you noticed the
feeling?

• If not, why did you decide to continue? What was
going through your mind at that point?

• When logging in to a secure system, how long time is
it reasonable to spend on the procedure?

• How many rounds of image validation should be the
maximum?

• How many rounds of image validation should be the
minimum?

• Is your general feeling that websites have become more
or less easy to use during the last 3-5 years?

• Is your general feeling that websites have become more
or less secure during the last 3-5 years?

The pilot study proved to be a wise decision, since it
revealed a weakness in the technical part of the set up that
made the reCAPTCHA solvable and could have completely

ruined the "real" testing. Once the error had been addressed,
the plan could continue unimpeded. Results from the pilot
test and following "real" test will be presented under the
results section. Once the real testes were made, a brief
pre-processing of data was done clean up spelling and
errors, and make sure that none of the participants had
misunderstood questions or answered incorrectly.

The planning and execution of data collection was done
with help from the book Interaction Design - Beyond human-
computer interaction by J. Preece, Y. Rogers and H. sharp.

IV. RESULTS

The total number of two pilot tests were made. The
first one revealed a technical part of the set up which
had to be corrected in order to make the reCAPTCHA
unsolvable. Another useful finding revealed by the pilot test
was that the two questions about maximum and minimum
amount of rounds of image validation were irrelevant. Both
users displayed confusion of what constituted a round of
validation. Was it when the user clicked a single picture,
or was it when they clicked the verify button? It also
became apparent that none of the users counted their rounds
validation. The questions were removed, as they were found
to not provide any useful or relevant information. The first
question was also rephrased slightly in order to help the
user. The updated list of questions can be viewed below.

• After approximately how many verification rounds did
you notice your feelings or mood start to get affected?

• What feeling or emotion did you notice?

• Did you give up immediately when you noticed the
feeling?

• If not, why did you decide to continue? What was
going through your mind at that point?

• When logging in to a secure system, how long time is
it reasonable to spend on the procedure?

• Is your general feeling that websites have become more
or less easy to use during the last 3-5 years?

• Is your general feeling that websites have become more
or less secure during the last 3-5 years?

A. Pilot Study Results

Two participants performed the test and questionnaire. The
first participant managed to solve the reCAPTCHA after
34 seconds due to an error in the set up settings. After
some troubleshooting, the error was found and corrected. The
second participant gave up after 4 minutes and 22 seconds.
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B. Main test results

22 participants took the test. Figure 3 below shows a
histogram over all the users time spent on the test before
giving up. Times varied between 00:53 and 13:43 minutes.

Fig. 3. Histogram displaying the results of main testing

The average time of giving up (after removing the
extreme values of highest and lowest user) was 4 minutes
and 26 seconds. Looking at deviating values can often
reveal interesting things, and those findings are discussed
further under the coming section that analyzes the results of
the study.

Table 1 below shows the various feelings/emotions
experienced by the users during the test. These results
were gathered by examining the questionnaires and
doing a count. In the cases where the user didn’t specify
a clear feeling, it was added to the category of "unspecified".

Emotion Count Percentage
Determination 1 5.5
Frustration 5 22.7
Stress 2 9
Irritation 7 31.8
Impatience 4 18.2
Tired 1 5.5
Unspecified 3 13.6

TABLE I
PERCENTAGE DISTRIBUTION OF USER EMOTIONS

A further result from the study shows that 95.5% (21/22)
users did not give up when they first experienced a shift in
feeling/emotion.

The reasonable time to spend logging in to a secure
system (as suggested by users) was on average 1 minute
39 seconds. Suggested times ranged from 15 seconds to 5
minutes, as displayed in figure 4. If the data is adjusted to
remove the two extreme values of 5 minutes, the average
suggested time drops to 1 minute.

Fig. 4. Scatter plot of the suggested log in times for a secure system

81.8% of users thought that websites have become more
easy to use in the last 3-5 years.

77.3% of users considered websites in general to have
become more secure in the last 3-5 years.

See the following section for an analysis of the studies
results.

V. DISCUSSION

So what do these results say? Well, as the report
previously mentions, the users we not selected through
probability sampling and the results are therefore not able
to be directly inferred to the general population. In this
case, the users were all university students (approximately
between age 21 and 30), so at least some assumptions can
be made that the results would be similar for the parts of
the population that share many of those attributes.

When taking a look at the time it took for a user to give
up, one can draw the conclusion that almost all the data
falls in the domain of standard deviation. There are really
only two extreme values (where the low one arguably isn’t
that extreme). The user who took 13:43 minutes before
giving up also revealed an interesting comment regarding
perceived website security:

"I think there is more security now, but I trust websites a
lot less"

It’s an interesting comment, since it concurs with a study
from Nissenbaum et. al. that says that a high level of
security in itself doesn’t mean that the user will trust the
system [10]. It takes more, as several studies show that user
trust can depend highly on factors like website design [11].
Another interesting correlation seen in the results is that the
users who had a higher suggested suitable time to log in
securely also in general had a higher tolerance of patience
before giving up.
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The data shows that only 1 of the 22 users gave up
immediately when noticing a change in emotion. It tells us
that a high percentage of users that fit the characteristics of
this population will probably try to persevere for a bit, even
if they run into a challenge or problem online. The adjusted
average time suggested as a reasonable log in time was
about 1/4 of the adjusted average time before giving up,
which indicates that the theoretical limit of a users patience
could be about 4 times longer than what they initially think
they will spend on solving a similar task.

Lastly, 6 different emotions were expressed by the
users, which was somewhat more than first expected. I had
an expectation that frustration would be a clear winner
(maybe slightly biased from my own inability to select
crosswalks correctly), but we can here see that irritation
is the most frequently expressed emotion. Thirty one
percent of users expressed irritation, and one user even
went for determination - must have been a competitive spirit.

The study points to many interesting topics that could be
researched further. Questions that come to mind are; Would
the results differ if the same test was made on solving a
text based generation 1 reCAPTCHA? The average time to
solve the first generation was 10 seconds, but as far as I
know, no study has examined the users patience with it.
Another interesting thing to further look in to is if there is
any difference in patience and attitude in validating a form
field with some less sensitive information (such as email),
compared to logging into a bank or social network where
an intruder possibly could do more harm. My speculation
is that the users are much more inclined to be patient with
important or sensitive cases - it would be very interesting to
test that proposition. Finally, it would also be worth looking
at the general population and seeing what factors are the
most important for the breaking point of giving up. Age?
Gender? Educational level?

VI. CONCLUSION

• The testing concludes that it takes the user on average
4:26 minutes before giving up. This is considerably
longer than the average solving time for the version 1
reCAPTACHA (which was 10 seconds).

• 77.3% of users judge websites to have become more
secure in the last 3-5 years. When unable to solve the
security challenge, users expressed emotion such as
irritation, frustration, and impatience.

• The users own estimation for a reasonable time to log
into a secure system was on average approximately one
minute, but they kept trying for more than 4 times that
amount in their attempts.
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Abstract— Using a mouse for computer interaction has been
done for decades and users have become accustomed and
naturally efficient with this method. Eye-tracking is mostly used
as analyzing tool and hasn’t really found it’s place in everyday
interaction in a typical desktop-environment.

To compare these two methods of interaction, a test envi-
ronment was created, where each participant had 30 seconds
of "shooting" targets one by one, spread evenly through the
screen. By comparing the performance with interaction by
mouse to three different interaction methods of eye-tracking,
specifically how clicking is achieved, the issues and benefits of
the latter was evaluated.

When it came to efficiency, in this case how many targets that
were destroyed within the time-frame, the tracker performed
almost on par with the control. However when it came to
accuracy, the different methods of interaction with the tracker
performed worse than the control.

Due to the inherent precision problem with the tracker, based
on the results and the equipment used, the conclusion was that it
is not a satisfactory way of interacting. Though it was noted that
if the technology improves, eye-tracking would surely surpass
the mouse as an interaction tool.

I. INTRODUCTION
Eye-tracking has been used for years as an analyzing tool,

but as of today, the technology is mostly used for demonstra-
tion purposes and haven’t really found a place in games or
work environments. Through experience, users have become
accurate and efficient with mouses as a navigation tool.
Results from previous tests[4] show that eye-tracking is faster
then using a mouse when selecting the correct image from a
set, but selecting a picture is very different from navigating
completely mouse-free. The eye is faster than the hand, but
it’s not enough to just look, the user has to be able to
interact with whatever they are focusing on. Clicking in eye-
tracking is fraught with issues and there are three methods
most commonly used: blink, focus and switch, with the latter
meaning a button to press, similar to a mouse. How will these
methods and the trackers accuracy compare to an experienced
user with a mouse?

II. OBJECTIVE
The objective of this paper is to evaluate the performance

of eye-tracking in a rudimentary interaction environment,
specifically focusing on the different ways to click and the
accuracy of the tracker. The data gathered will be used to
evaluate efficiency and accuracy and come to a conclusion
to be used for future reference.

III. THEORETICAL FRAMEWORK
There are several different techniques to detect and track

the movements of the eyes. However, when it comes to
non-intrusive (not wearing a device) eye tracking the most
commonly used technique is pupil centre corneal reflection
(PCCR)[3]. When exposed to a light source, such as a screen,
the eye causes visible reflections. Cameras placed at the
bottom of the screen detects these reflections on the cornea
and the pupils, which makes it possible to determine a gaze
direction by calculating a vector based on the angle between
the two.

A. Gaze-point
Using Unity and the Tobii SDK, the positional data

from the tracker is returned as a "GazePoint.Screen", which
consists of an X and Y value, representing a pixel on the
screen. The tracker is not exact enough to detect a focuspoint
down to a single pixel[5]. The recorded point is somewhere
close by and tend to fluctuate a lot. To combat this, a
smoothing algorithm with a smoothing-factor is commonly
used to calculate an average over small time intervals. A
visual representation of this average is commonly seen as
"bubble" in videos or images of eye tracking. The "bubble"
is much more stable with a higher smoothing-factor, but it
also makes it slower to follow the users gaze.

Fig. 1. Visual representation of the gaze bubble commonly used in eye-
tracking software.

B. Clicking
The different methods of clicking are achieved in various

ways:
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• Blink-click is registered when the tracker doesn’t re-
ceive any gaze information, meaning the user has their
eyes closed or are looking away, for a set amount of
time.

• Focus-click is registered when the gaze data points are
clustered in a set radius for a set amount of time.

• Switch-click is registered when the user presses a but-
ton.

IV. METHOD

As eye-tracking is based completely of where the focus
of the participant lies, it would be problematic to perform
tests in a normal interaction environment (such as a normal
Windows-environment), since there would be a lot of dis-
tractions to muddy the data. Therefore a test-"game" was
created which spawns a target that the participant has to
click on, which leads to the target disappearing and a new
one appearing. The test is designed to evaluate efficiency
(number of targets destroyed), accuracy (on-target hits) and
complete misses (to evaluate missclicks).

A. Material

• Tobii EyeX Controller (Development kit)
• PC (standard performance)
• 13.3" screen
• Standard Computer Optical Mouse
• Eye-tracker Tester (test-game made in Unity)

B. Participants

Tests were performed on 25 participants, mostly consisting
of engineering students. Participants were around 23 years
of age and all of them considered themselves to be very
experienced with handling a mouse. None of them had any
previous experience of using eye-tracking.

C. Participant setup

Each participant created a profile via the Tobii Eyetracker
setup program and was then allowed to change the mouse
sensitivity to their liking. Between each test, a "bubble"
visualization is shown, to make sure the participant remains
in an optimal position for the tracker.

D. Test-Environment

Participants were tested in a calm environment, free from
outside disturbances. After configuring their settings via
the Tobii profile setup, each participant was given a short
introduction about their task. They were instructed to try and
have their head as still as possible and not use the mouse for
anything other than the control-test. All interactions between
the tests were done by the test-administrator.

E. Test-game

The game is created in Unity and consists of a dark screen
with targets spawning randomly (see section below). The
aim of each test is to destroy as many targets as possible
inside the time limit, while also trying to be as accurate as
possible. The targets are standard "bulls-eye targets", with an
increasing score from outside to the center. Scoring divided

into five different tiers: 2, 4, 6, 8 and 10. Destroying a
target instantly removes it and spawns a new one. Misses
are recorded when a click is performed outside of a target
and awards 0 points. On-hit accuracy is calculated by adding
up all points and then dividing the sum with the number of
targets destroyed times ten.

Fig. 2. Target from the test-environment, with each ring representing an
accuracy score from 2 to 10.

Each participant performs four different tests in the test-
game. Each test is 30 seconds long and the order of tests is
cycled between three different orders, with exception of the
control which is always first. The control is performed with a
mouse, to set the baseline for each participants performance.
The different cycles are evenly spread among the participants
and are as follows:

• Blink, Focus, Switch.
• Focus, Switch, Blink.
• Switch, Blink, Focus.

F. Test-game parameters

The gaze point used to register clicking positions, is the
raw unfiltered point. The "bubble" is only used between tests
to verify optimal position. Click-parameters used in the test:

• During blink testing, the interval is set to 150 ms.
• During focus testing, the focus area is a circle with a 20

pixel radius around a central point. If the gaze is within
that area for a duration of 400 ms, a click is registered.

G. Reducing random factor

Having a completely randomized spawn-location for each
target would allow for "lucky streaks", i.e. when new targets
spawn very close to each other multiple times in a row. This
would skew the data, since the number of participants are
not that high. To combat this, the screen is divided into four
different sections, with ten spawn-points each. A target can
never spawn in the same section as the previous target, so
a new section is chosen randomly. The spawn-point inside
each section is chosen randomly.
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Fig. 3. Representation of spawning-sections and spawn-points.

H. Interview

After each test, each participant answers a few questions
that is answered by a rating of 1-5, disagree to agree.

• Was this a comfortable way of clicking?
• Would you say you were accurate?
• Would you say that you hit targets that never was

registered?

V. RESULT

Average values of all participants.
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Fig. 4. Average number of targets destroyed for each different clicking
method.
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Fig. 5. Average percentage of on-hit accuracy for each different clicking
method.
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Fig. 6. Average values of misses or miss-clicks for each clicking method.

A. Answers to post-test questions

Results based on the questions after each test, where 5
represents "Totally agree" and 1 represents "Do not agree".

• Was this a comfortable way of clicking?
• Would you say you were accurate?
• Would you say that you hit targets that never was

registered?
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Fig. 7. Results based on the questions after each test, where 5 represents
"Totally agree" and 1 represents "Do not agree".

B. Sequential results

During testing, each participant performed the three tests
after the control in different sequences. These results are
based on the following three different sequences:

• Blink, Focus, Switch (BFS).
• Focus, Switch, Blink (FSB).
• Switch, Blink, Focus (SBF).
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Fig. 8. Sequential data for targets destroyed compared to overall average.
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Fig. 9. Sequential data for accuracy compared to overall average.
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Fig. 10. Sequential data for number of misses compared to overall average.

VI. DISCUSSION
A. Flaws in testing-procedure

During testing, some flaws in the procedure and equipment
was noted.

1) Highly experienced users: As all participants had a
high previous experience of mouse interaction, it would
have been very beneficial to test on participants with limited
experience, based on the assumption that eye-tracking would
be more beneficial for this category of potential users.

2) Tracking speed: During development of the test it
was apparent that the eye-tracking gaze points had trouble
keeping up with rapid eye movements, especially covering
large distances. This had an effect on results, which is
covered in the "Misses" section below.

3) Varying gaze accuracy: Some of the participants
had a very stable gaze recognition, which resulted in a
much higher accuracy. The setup for these participants were
exactly the same as the rest, leading to an assumption that the
tracker simply works better or worse on a case-by-case basis.

B. Analysis of results

Breakdown of the data gathered in terms of efficiency,
accuracy and misses.

1) Sequential difference: There were no noticeable
difference between the different sequences.

2) Efficiency: The switch method was just as efficient
as the control, with observations during these tests that the
participant often clicked the button too fast for the tracker to
adjust to the gaze position. The equipment used is intended
as a consumer product and is not on the high-end scale,
meaning that newer models or premium products most
likely would be faster at "catching up" to the changes in
gaze. The delay appeared to be very minor, thus, a small
increase in performance would lead to much better efficiency.

Both blink and focus was less efficient, but that is
contributed mostly to the built in mechanisms for clicking
that incorporates a natural delay.

3) Accuracy: As seen in the results of the questions
asked, most participants believed themselves to be accurate,
as from their point of view they focus on the inner circle of
the target. The low numbers are attributed to the inherent
precision problem of the trackers[5].

4) Misses: Continuing on the result of the accuracy
question, not many participants believed they missed their
targets entirely, but many reported that they were focused
on the target, but the click did not register or was registered
outside of their gaze. The overall accuracy and size of targets
meant that almost all complete misses were due to technical
or methodical issues:

• Blink misses are in general "real misses", due to the fact
that blinking for a longer period of time than normal is
slightly disorienting and affects the focus point.
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• Focus misses are somewhat misrepresentative, due to
unintentional double-clicking while the participant is
focused on the target. In theory, focus misses should
only occur when the participant is focused on a position
that does not contain a target. In reality there were
recorded misses between targets, which is attributed to
a poorly implemented focus algorithm.

• Many switch misses are due to the above mentioned
issue with the speed of the tracker. Many participants
reported a high number of "unregistered" hits which
most of the time came from the fact that they were to
fast for the tracker, i.e. clicking before the tracker had
acquired the correct position of their gaze.

VII. CONCLUSION

Given the fact these tests were performed with one of
the most affordable eye-trackers on the market, that the
efficiency is almost on par with an experienced users normal
efficiency is encouraging for the technology in the future. At
this point, based on these tests, the accuracy is too poor to
be used as a sole mean of interaction. Navigating through a
Windows-environment with an up-to-date resolution would
result in a massive amount of missclicks and frustration.
When it comes to comfort, clicking via blinking is not
recommended as most participants felt it was very disruptive
and even caused slight headaches. However most participants
responded favorably when it came to focus and switch.

A. Recommendations for similar testing

To get more accurate and differentiated data, different
models of trackers and computer setups is recommended.
Additionally, testing for different parameters for blink and
focus clicking would be useful as it is unclear if the values
used in this paper are the optimal ones.
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Abstract— This study investigates the effect leaderboards
in fitness applications have on users’ motivation to perform
physical activity. A questionnaire was sent out to both people
that are using these applications and users that are not to get a
broad picture of the effects. The respondents in this study tend
to differ in their attitude towards leaderboards. Users that are
on top of leaderboards tend to become more motivated, while
users that are on the bottom, or with lower self-efficacy tend
to become less motivated. The conclusion is that leaderboards
can have a positive effect on users’ motivation to perform
physical activity, although it is highly individual.

Index Terms— Fitness application, motivation, leaderboards,
competition

I. INTRODUCTION

After the smartphone was introduced to the public it has
become a very popular device. Today most of us carry
a phone with us almost all day long. This has lead to
people using their phones while they are working out,
which has lead to fitness applications being a normal thing.
Like many other mobile applications, fitness applications
have evolved and now include a social aspect. Today it is
possible to connect with friends and compare recent runs, or
even compare with people not known to us [1]. To spark
social involvement, companies provide different types of
leaderboards where users can compare their results to others.
In some applications, only friends can compare, while in
others it is possible to compare with everyone that has ever
run on a specific route with an application before. It can be
argued that this will boost competition and make the user
perform more physical activities than if the social aspects of
these apps would not exist [2]. The findings of this paper will
focus on how users are affected by leaderboards in form of
performed physical activity. In other words, do users become
more motivated to perform physical activity from comparing
their results to others online?

In a study made in 2015, Dutch students were asked about
which features were of significance in a fitness application
ranking. Rewards among friends were one key aspect, as
long as the reward system was transparent [3].

The objective of this study is to evaluate how social
leaderboards in fitness applications are influencing people’s
motivation. The study will be performed by gathering data
from fitness application users about their feelings and expe-
riences from using the applications.

II. THEORY

The following subsections will give an introduction to
the key components and theories used in this paper such
as fitness application, segments and motivation.

A. Fitness application

There are a lot of fitness applications available on the
market today. In these applications the users can track their
workouts, such as running, cycling, cross country skiing,
etc. The workouts are tracked with different sensors in a
smartphone or wearable device, such as an Apple Watch.
These sensors include GPS, accelerometer, gyroscope and
heart rate monitor. One of the popular fitness applications
are Strava [1].

B. Segments

On Strava, users can create what is called segments.
Segments mark popular stretches of road or trail and create
a leaderboard of times set by every Strava athlete who has
been there before. Anyone can create a segment outside their
house where others afterward can compare their results [1].

C. Leaderboard

A leaderboard in this sense is a board where results on
different segments are displayed. Once a Strava athlete runs
a segment, he or she is automatically put up on a leaderboard
and their time is compared to everyone else that has run
there before. See figure 1 for an example of a leaderboard
from Strava [1]. Leaderboards are a common feature in more
fitness applications than Strava.

D. Motivation

Graham and Weiner define motivation as the study of
why people think and behave as they do. They talk about
motivation as a temporal sequence that is started, sustained,
directed and finally terminated. This sequence consists of
how long it takes for an individual to perform the activity;
the latency of behavior; how hard the person works at the
activity, or the intensity of the behavior [4]. In relation to
this paper, a person’s motivation would be in regards to how
hard a person works out, how intense the workout is, and
how long it takes before the person performs the activity.
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Fig. 1. Example of a leaderboard from Strava

III. RELATED WORKS

Gui et al. find that by sharing fitness data with pre-existing
social networks, people become more motivated to continue
to track their workouts [5]. It will be used to compare how
different aspects of an application can affect motivation. Wu
et al. have made a theoretical investigation of what effect
leaderboards can have on motivation, and their work is an
ongoing process. They find that users with lower self-efficacy
are potentially less motivated by leaderboards [6]. Since they
used a different method to investigate the same topic, it will
be useful to compare the results. Higgins writes about the
health benefits fitness applications can provide, how they
can be a motivator for being more healthy. One of the
key features in such an application is the social networking
aspect [7]. According to a study performed by Jia et al.,
people tend to rate perceived motivation and enjoyment based
on their position on a leaderboard, i.e. they rate it high if
their name is on top, and low if it is on the bottom. If
the domain is not taken into consideration, people reported
significantly higher preference of a leaderboard when their
names appeared in the top, compared to if they were found
in the bottom. In fitness applications, people had a positive
perception of the leaderboard, regardless of where their name
was found [8].

IV. METHOD

This study aimed to investigate what effects leaderboards
in fitness applications have on people’s willingness to per-
form physical activity. To investigate this a questionnaire was
used.

A. Questionnaire

A questionnaire is a research method that consists of a
set of questions that aims to collect information from a
respondent. When designing a questionnaire the questions
must be easy to understand [9]. The questionnaire was
conducted in English in November 2019 through an online

survey. The questions concerned whether or not the partic-
ipants had previous experience using fitness applications.
The questions were formulated as open-ended to get a
better understanding of how the user is affected by the
leaderboards. The questionnaire was short and only consisted
of a few questions concerning how the participant either is
affected, was affected or would be affected by comparing
their results with other people’s results. The participants
were asked how they perceive their own physical condition
compared to others, to see differences in motivation between
different types of users.

Before the questionnaire was sent out it was tested on four
potential respondents. After gaining some feedback regarding
formulations on specific questions the questionnaire was
updated to make sure it was easy to understand and to avoid
misunderstandings for the respondents.

B. Participants

The participants in this study have not been chosen based
on some form of demographics. This decision was made
to be able to get as much data as possible. The survey
has been shared through social media to retrieve data from
respondents. The questionnaire has been answered by 42
people.

C. Materials

The material used in this study consisted of an online
survey using Google Forms. The survey was handed out
to participants via Facebook, LinkedIn and via personal
contacts.

D. Analysis

The data collected in the survey were analyzed to under-
stand how different users choose or not chooses to compare
results with others, and how it affects them. The data was
split up into three groups related to the user’s application
usage. From that, an analysis could be made where users’
attitudes towards leaderboards could be mapped towards
their perceived physical activity. The answers provided from
the respondents were analyzed in regard to how positive
they were towards motivation. Some respondents provided
insights on how their self-efficacy was effected, which was
taken into consideration in the analysis.

V. RESULTS
The results of the questionnaire will be presented in the

subsections below.
The respondents in this survey did not provide a clear

result. Some users become more motivated by comparing
results, and others do not. Users that rate their physi-
cal condition as average or higher tend to become more
motivated by comparing results than users that rate their
condition as average or lower. Some mention that they like
comparing because they are competitive as persons, while
others bring up a lack of personal connections, unrelated
results, a broad range of physical condition and the effect on
one’s self-efficacy as reasons to not become motivated from
leaderboards.
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A. Users that are using a fitness application

The majority of the respondents that are using a fitness ap-
plication become more motivated by comparing results. The
respondents did not provide a thorough explanation regarding
their motivation other than that they become more motivated
by comparing. These people rate their physical condition
either as average or above average. Some respondents of the
survey who are using a fitness application tend to become
less motivated by leaderboards, claiming that it gives them
destructive training habits and/or low self-efficacy.

B. Users that previously have been using a fitness applica-
tion

The respondents that previously have used a fitness ap-
plication provided similar results. They mentioned that the
leaderboard made them less motivated if they had a low
standing, or if the people they compared themselves with
ran more than they did or were better than themselves. All
respondents in this group rated their physical condition as
average or above average.

C. Users that are not using a fitness application

The respondents that are not using a fitness application
differ in their feelings about comparing results. Some think
the idea is fun and interesting, while others do not think
it would be suitable for them because they do not like to
compare themselves with others. The users that do not like
to compare with others mention that it would affect their
self-efficacy negatively and that it might lead to destructive
training habits.

D. Respondent data

In figure 2 the respondent’s usage of fitness applications
is presented. The majority of the participants in the study do
not or have not used a fitness application to track workouts.
In figure 3 the respondents perceived physical condition is
presented. The vast majority of the respondents either rate
their physical condition as average or above average. In
table I it is presented which applications that are used by
the respondents that are using a fitness application. The two
most popular applications in the study are Runkeeper and
Garmin Connect.

TABLE I
FITNESS APPLICATIONS USED BY RESPONDENTS

Runkeeper 31.58%
Garmin Connect 15.9%

Strava 10.53%
Apple Watch health App 5.26%

StrongLifts 5.26%
TomTom MySports 5.26%

Health Mate 5.26%
Samsung Health 5.26%

Mized 5.26%
Record 5.26%

Using

45.24%

Not using

35.71%

Have used

19.01%

Fig. 2. Fitness application usage

Average

59.4%

Above average

34.38%

Below average
6.25%

Fig. 3. Perceived physical condition

VI. DISCUSSION AND FUTURE WORK

As can be seen in figure 2 the majority of the respondents
in the study do not use a fitness application to track their
workouts. This leads to some issues when drawing conclu-
sions and trying to see clear results from this group. These
individuals provide quite different answers to the question:
What would you feel like comparing your workouts to other
peoples workouts in an app? This is most likely because
some of them has not thought of the concept of leaderboards
before, and therefore do not have a clear view of what it is
and how it would affect them. Others might have made an
active choice to not use this kind of application because they
do not find it suitable for them.

The participants in this study where found via social media
and personal contacts. Since the majority of the respondents
do not use a fitness application it would be interesting to find
a forum where more data could be collected from people that
are using an application to track their workouts. An extensive
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interview with the respondents about their motivation related
to leaderboards would also be interesting to achieve a more
clear result. This would lead to the opportunity to follow
up on specific areas that make users become either more
or less motivated. From that better conclusions could be
drawn regarding how leaderboards are affecting users. Many
respondents have provided short answers, only telling that
they become either more or less motivated, not why that is.
The form sent out could have been designed in a way where
the questions were formulated so that they could spark a
more elaborate answer. This could e.g. have been done by
emphasizing the need to properly motivate one’s response to
the questions.

The users that are using a fitness application in this study
uses a wide range of applications to do so, see table I. To
better understand the results and the user’s attitude towards
comparing their results on leaderboards it would be preferred
if the majority was spread out on a maximum of two or
three applications. This would probably lead to the data
received to be a bit more clear and directed towards the same
area. From that, better conclusions could be drawn since the
study is primarily based on the experience found in Strava or
Runkeeper. In this study, more respondents would be needed
to be able to draw well-motivated conclusions.

In this study, the participants have not been asked about
their age or life situation, because it did not seem reasonable
or needed at the time of the study to do so. In future work, it
would be interesting to investigate if one’s attitude towards
comparing results differ between age groups. Wu et al.
finds that people with lower self-efficacy, which refers to an
individual’s belief in his or her capacity to execute behaviors
necessary to produce specific performance attainments [10],
becomes less motivated by leaderboards [6]. Could the same
kind of conclusions be drawn from different age groups
and their attitudes towards motivation? This data could
also be retrieved by conducting follow-up interviews with
respondents.

A clear conclusion could not be made regarding users
place on a leaderboard. In the study, it was not asked and
therefore enough data was not collected. However, some
respondents mentioned that they become more motivated if
their name is on top of the leaderboard, and less motivated
if it is found in the bottom. This is supported by the work
Jia et al. has made [8].

VII. CONCLUSIONS

The results differ depending on if the respondent has
previous experience with a fitness application or not. The
majority of the respondents either previously have used or are
currently using a fitness application. It can be seen from this
data that the users that are using a fitness application to track
workouts are more prone to become motivated by comparing
their results on a leaderboard while the respondents that are
not using an application tend to become less motivated by
using a fitness application.

The respondents in this study tend to reason similar to
the respondents in the study performed by Wu et al., where

they find the result that users with lower self-efficacy tend to
become less motivated by comparing results with others [6].

It is clear that leaderboards can have a positive effect on
people’s motivation to perform physical activity. However,
it is clear that this effect is highly individual. Creators of
fitness applications can implement leaderboards or different
comparison tools to boost motivation and activity, but it
needs to be taken into consideration that it might not be
for every user.
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Abstract— In previous studies the use of keyboard command
have been proven to be more efficient for specific programs. This
study investigates the correlation between time and navigational
commands in a developer setting. Tests were preformed where
the participants were asked to answer some questions in a
text-editor using the internet. The participants key presses were
recorded during the test. The conclusion was that the use of the
navigational command Alt+Tab were more efficient. This argues
with the priority of learning these navigational commands over
program specific commands.

I. INTRODUCTION

The ENIAC (Electronic Numerical Integrator and Com-
puter) [1] was the first electric general-purpose computer,
created in 1945. A machine which you could program to
do not just one, two or three things but almost an infinite
amount of calculations. This computer was programmed with
the help of punch cards that carried instructions on what you
wanted to calculate. The ENIAC was by today’s standers
just a giant calculator that needed a physical punch card
to do a set of operations. This machine needed constant
supervision to tend to broken parts. If we fast forward to
today’s technology the hardware of computers can run for
years before needing a repair. Computers can also run a lot
more of programs at the same time without the need on
physical input. These programs, a collection of data that tells
the computer how to work, often referred to as "software".
Software has grown to become a multibillion dollar industry
with companies like Alphabet/Google [2, 3], Microsoft [4]
and IBM [5]. Just these three companies had a revenue of
$357 Billion in the twelve months to 30 september 2019.
The more efficient developers the faster the products can
be finished and the faster the companies can create better
products which in turn saves money for the companies.
Creating great software takes time, first researching the
problem that the developer is trying to solve and second to
enter the commands to create the code. In this study we will
look on how the time between these two sections can be the
most efficient.

Multiple studies [6, 7, 8, 9] have shown that users are
more efficient to enter data and select a command faster
using a simple key sequence then using the mouse in specific
program, such as Word or Eclipse. This study will focus more
on the efficiency with keyboard commands that are general

for the operating system and for a specific program.
The hypothesis for the study is that users that use the

keyboard for navigating around in the operating system is
more efficient than other ways of navigating (mouse or
trackpad).

Therefore the objective of this study is to identify if the use
of keyboard navigational commands is more efficient when
searching information on the internet in a software developer
setting.

II. BACKGROUND

In this study some terms and tools can be unfamiliar. To
get a good understanding and the ability to replicate it the
terms and tools used to make the study possible is explained
below.

A. Software Developer Setting

A software developer setting in this study is referred to the
virtual setting of a computer for a software developer, which
usually consists of a text editor for writing/editing code and
a browser for searching information.

B. Browser

A browser, or web browser, is a program that interacts
with the internet. The user can access the information of a
web page by asking the browser to retrieve it with an URL.
The browser that will be used in this study is Firefox [10].

C. Navigational Commands

There are many ways to navigate around in the developer
setting. This can mostly or entirely be done with only the
keyboard in the most used computer operating systems,
MacOS, Windows and Linux. A navigational command is
a command that moves the focus from one thing to another.
For example when issuing the command alt+tab (Win-
dows/Linux) or command+tab (MacOS) focus is switched
to another application window. Often this results in moving
the new application window to the front and hiding the other
window.

Navigational commands in this study also refers to moving
the focus inside current application. An example of this is
switching focus between tabs in a browser (see section:
II-B). This is done with the command control+tab (Win-
dows/Linux/MacOS).
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There are very simple navigational commands also such
as the arrow keys.

D. keylogger

A keylogger is a program that observe what keys is
pressed on the keyboard. This information can be used to
observe users for both good or bad reasons. Keyloggers
have been and are still in some matter a security problem.
Everything the user types is recorded and therefore there are
no differences between writing in an URL or a password
to your bank. In this study the keylogger will be used only
when the subject is doing the test. The subject will also have
a chance to control and dismiss/approve the content in the
text file produced by the keylogger. The keylogger used in
this study was logkeys [11].

E. Questionnaire

A questionnaire [12] is a research instrument that consists
a set of questions or other types of prompts that aims to
collect information from a respondent. The questionnaire can
be both qualitative as well as quantitative in nature. In this
study the questionnaire will be of a quantitative type. The
questionnaire used in this study can be found in the Appendix
VII.

F. Text Editor

A text editor is a program that allows users to view, write
and edit text. One of the most known text editors is Microsoft
Word. Text editors is also used to view, write and edit code.
The more common ones are Sublime Text and Atom. In this
study the text editor that will be used is Visual Studio Code
[13].

G. Screen-recorder

A screen-recorder is a program that, as the name implies,
records the content on the screen. The screen-recorder in
this study saves the recording as a .mp4-file for reviewing
after each test. The screen-recorder used in this study was
SimpleScreenRecorder [14].

III. METHOD

The aim of this study is to examine the difference in
efficiency between users that uses the keyboard more than the
mouse for navigating in a development environment. When
programming a lot of the information is retrieved from the
internet so the test is done with a simple environment with
a text editor and a browser. The goal for the subject were to
find answers to questions in the text editor and write them
down.

A. Material

The tests was conducted on a Dell XPS13 9350 from 2015
running Ubuntu 18.04.3 LTS [15]. The mouse used was a
Logitech MX master 2s [16]. A simple stopwatch together
with SimpleScreenRecorder [14] was used to determine the
time of the test.

B. Participants

The test is situated in a developer setting (section: II-
A). To get the most real example of the people the could
be affected by this study the participants that was chosen
to take part of the test had to have good experience with
computers and with writing code. To fulfill this requirement
15 participants that study Interaction and Design at the
University of Umeå was chosen. The student that was chosen
had studied at the University for at least three and a half
years.

C. Test-environment

The environment for the tests were be calm and quiet.
The virtual environment that were used were Visual Studio
code 1.39.0 (section: II-F) and Firefox 70.0 (section: II-
B) running on Ubuntu 18.04.3 LTS [15]. For monitoring
the keypresses from the subject logkeys 0.2.0 were used
and SimpelScreenRecorder 0.3.8-3 were used to record what
was happening on the screen. Before the test started three
application windows was open.

1) Browser - Two tabs open, one with 10fastfingers.com
and the other with the questionnaire.

2) Browser - One tab with no content.
3) Visual Studio Code - Text file containing the test

questions open.

D. Tests

Every test subject answered an online questionnaire before
the tests to ensure that the test subject was in the wanted
demographic. The questions in the questionnaire can be
found in the appendix (section: VII).

To get some understanding on how fast the test subject
types, which is essential in answering the test questions
fast, they took two one minute typing tests. The typing test
consists on writing random lower case words for a minute.
The first typing test was used to get the subject familiar with
the setting of the test and how it worked. Only the second
typing tests score were recorded. This test does not emulate
real typing perfectly but it offers a base line between subjects.
This test was provided by 10fastfingers[17].

When the questionnaire and the typing tests were com-
pleted the keylogger and the screen-recorder was started by
the test-administrator. The subject starts with the text editor
on the screen with the following instruction:

When the subject switched over to the "test.txt" -file the
test-administrator started the stopwatch.

The questions in the text-file can be found in the appendix
VII.

When the subject had answered all the questions the timer
was stopped. The navigational commands, as described in
II-C, where counted and put in a table together with the
subjects test time and typing test time. The results from the
experiment where then extracted from said table.
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Participants Time (Seconds) Alt+Tab Arrow Keys Total Keys pressed WPM
1 147 18 5 170 58
2 77 14 0 121 62
3 130 16 0 214 72
4 161 20 11 301 62
5 161 17 18 223 34
6 165 18 5 168 34
7 151 10 14 212 22
8 163 0 11 149 44
9 196 11 6 186 44
10 118 12 6 124 37
11 138 20 17 219 41
12 205 15 3 195 39
13 304 0 0 205 26
14 164 16 30 257 61
15 94 12 3 174 80

TABLE I
OVERVIEW OF HOW MUCH TIME PARTICIPANTS SPENT PREFORMING THE

TEST AND WHAT COMMANDS WERE USED.

E. Pilot Tests

To ensure the validity of the test three pilot tests where
preformed. The results from theses pilot test prompted ques-
tions on how the test should be done. The questions form the
subjects resulted in adding a question to the questionnaire of
what the participants usual operating system were. Changes
where also made so that there would not be any information
in the browser before the test started. When there was
information on another tab some of the participants did not
notice the tab. This was removed because if one participants
observed the tab with information and another did not the
time of there test would be skewed because of their attention
to detail rather than their use of keyboard commands.

IV. RESULTS

The participants were between the age of 22 and 38 and
had between 5 to 28 years of experience with computers.
The participants spent on average seven and a half hours
working with a computer per day. The majority used MacOS
as their operating system. The result form this test was
unreliable. There is some correlations between efficiency and
the different commands but saying that this is an accurate
portrait of reality would be false. We would think that upping
the amount of participants would make the results more
reliable and would we would be very intrigued to take part
of that data. Just because the data is unreliable there is still
somethings to take out of it.

In table I the performance of the participants is shown.
From observation the majority of the participants were using
the mouse as a tool for marking text to copied, selecting
links and to navigate to cursor to the answer-row in the text
editor.

In figure 1 time and the command Alt+Tab are shown.
The relationship between the two can be shown by the
linear regression equation [18]. Which have a negative slope
coefficient of about -6.25% which indicates that the more
Alt+Tab:s were used the faster the test was finished. To be
taken in mind the results shown in figure 2, where the last test
result is removed, probably shows a better representation of
reality sense the result is 99 seconds slower then the slowest
time.
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Fig. 1. Plot of the test showing the time and the amount of the command
Alt+Tab used
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Fig. 2. Plot of the test showing the time and the amount of the command
Alt+Tab used with the withdrawal of the last test result

In figure 2 we can see that now we have a negative
regression line with only -2.26% which due to the small
amount of participants is not enough to claim a correlation
exclusively on this data.

The most interesting data that come from these tests are
in relation to time. As shown with figure 1 and 2 there was
one test that took almost 100 seconds longer than the rest.
Since there was such a big gap between this result and the
rest the plots below will be shown with and without this test
result.

In figure 3 a graph of time and Arrow Keys are shown.
The regression line is quite flat which would suggest that
the amount of Arrow Key-presses have no correlation with
the time. But figure 4 show a more steeper positive incline
which suggest more Arrow Key-presses increases the time of
the test.

From this data we can also see if the two commands
are combined (figure 5 and 6) there is a not so unexpected
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similarity with figure 3 and 4. This suggest that the time
gained from used in the Alt+Tab is still in vein if used with
a lot of Arrow Keys.

As expected the amount of key presses had a big roll in
how long time the test would take. In figure 7 we can see
that the ratio of time and key presses have a regression with
positive slope which means that the less key presses the faster
the test. The more exciting part is that the ratio of Alt+Tab
presses and key presses and time shows a regression with
negative slope (figure 10)
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Fig. 3. Plot of the test showing the time and the amount of the command
Arrow keys used
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Fig. 4. Plot of the test showing the time and the amount of the command
Arrow keys used with the withdrawal of the last test result.
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Fig. 5. Plot of the time to complete the test and the amount of Alt+Tab
and Arrow Keys presses used.
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Fig. 6. Plot of the time to complete the test and the amount of Alt+Tab
and Arrow Keys presses used with the withdrawal of the last test result.
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Fig. 7. Plot of the test showing the time and the amount of keypresses
used
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Fig. 8. Plot of the test showing the time and the amount of keypresses
used with the withdrawal of the last test result.
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Fig. 9. Plot of the test showing the time and the percentage of Alt+Tab
used in all key presses

V. DISCUSSION

The results from the test showed that the hypothesis of the
study were incorrect. More use of all navigational commands
does not tend to make workflow more efficient in a developer
setting. The command Alt+Tab does however tend to make
the workflow more efficient. Most of the participants that
took part of the study also used MacOS as their primary
operating system. This was not considered a problem due
to the nature of most navigational commands are used
with a combination of the Alt-key on Windows/Linux and
Command-key on MacOS. These keys sits on the same
place on the keyboard. There were some cases that the
participant wanted to use a non-navigational command like
Ctrl/Command+c(copy) were problems araised. The control
key and command key are reached with a different finger,
little finger for control and thumb for command, which
disturbs the learned muscle memory. To combat this the test
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Fig. 10. Plot of the test showing the time and the percentage of Alt+Tab
used in all key presses with the withdrawal of the last test result

should have been done on every participants own computers,
where they feel comfortable. This was never done due to the
security risks with keyloggers (section II-D).

The only navigational commands that where used were
the Alt+Tab command and the arrow keys. Therefore these
two commands are the only ones that can be analyzed.

The results for the test shows validity but it is some what
unreliable as the number of participants are quite low. There
is however results that are interesting to discuss.

Card et al. [19] showed that the time spent on pressing a
key on a computer is about 0.2 seconds. This is a motor skill
and not a cognitive one while Cockburn et al. [20] showed
that the cognitive time it takes to categorize an item (where
to go next) is about 0.8 seconds. With this information the
cognitive time to understand that the participant had to move
from the text-editor to the browser is about the same for
every participant. Further more the data from this study, that
the more key presses results in more time spent (figure 3,
is therefore consistent with the data from the studies from
Cockburn et al. and Card et al.

From observation of the tests the participants with the
fastest times took their time to read the question and had
purpose with most key presses. Participants that were more
stressed used more unnecessary key presses. This had no
correlation to how much experience working with computers
they had. This relates to the problem that Murphy-Hill
et al. [21] where trying to solve with different ways to
recommend short-commands. Murphy-Hill saw a tendency
that experienced developers only used a small number of
commands and had trouble finding new ones.

The results from these tests does not have a good enough
reliability to be used in the real world. We would suggest
that this study could be a sort of pilot study for a bigger
study with more participants and a more controllable test.
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VI. CONCLUSIONS

As shown in previous studies the use of keyboard com-
mands is a clear winner for efficiency but the draw back is
often a higher cognitive load. These studies also focuses only
at one or two specific programs [9, 21]. Often programs have
a lot of different commands which opens up the possibility
on becoming more efficient for the user. This can become
overwhelming especially for those who need many different
programs to get their work done. Emerson et al. [21] also
mention this in their study that developers tends to only use
a small number of commands and plateau very quickly in
learning new ones. This study complements Emersons et al.
study that there tends to be, though with not great reliability,
a correlation between navigational keyboard commands and
efficiency. This means that if the developer is not spending
his or her time in only one or two programs but more the
chance of getting a more efficient workflow is to learn the
navigational commands over the program specific ones. This
does not mean that short commands for a specific program
is unnecessary to learn but if the developer is fluent in
navigational commands much time will be saved.
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VII. APPENDIX

A. Introduction for Test

Before the participants began the test they were greeted
with an introduction text presented in figure 11.

Fig. 11. Image of how the introduction were presented for the participants

B. Questions for Test

The questions that subjects were asked to answer in the
test is presented in figure 12 below.

Fig. 12. The questions that the participant answered by searching the
internet

C. Questionnaire

The questions that were asked in the questionnaire is
presented in figure 13.

Fig. 13.
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Abstract— In this paper the potential effect of a minimizing
animation is measured. The study compares two versions of
a simple application, one which has the said animation and
one that does not, and compares the time it takes for users
to complete a task. The result of the study was that the
presence of the animation has a positive effect on the users
performance, as the users that used the application with the
animation on average performed faster. The reason behind the
positive effect of the animation is discussed, mainly looking into
the animations ability to reduce cognitive load and show the
spatial relationship between components on the screen. It is
concluded that the main reason for the increased performance
is due to reduced cognitive load for the user.

I. INTRODUCTION

Today animations are widely used in mobile applications.
The animations can have different purposes, such as getting
the users focus, showing that a something on the screen
changed, provide the user feedback, or show a navigation
transition. According to Googles Material Design, a set of
design principles for designing Android applications, the
main principles of animations is to be focused, expressive,
and informative. [1]

These uses for animation are very common. But are
animations something used just to make applications more
aesthetically pleasing or do they provide something more
for the user? Such as increasing the users understanding and
performance in the context.

Animation is defined as "[...] a dynamic visual statement,
form and structure evolving through movement over time."
[2]. This definition implies any kind of change over time. The
type of animation used in this study was specifically focused
on change in form and position. As colors can effect users
interpretation of the user interface these are intentionally not
changed in the animation.

Many aspects of animation have been previously re-
searched. Such as the speed, the frame rate, the amount
of change over time (easing), and the way the attributes of
the animated object change, i.g., color or shape. However
Chalbi mentions in her paper "Understanding and designing
animations in the user interfaces" that although animations
are much researched, we are yet to know when and how they
should be used most efficiently, as they might have different
effects in different environments [3].

A. Objective

The objective of this study is to see if a commonly
used animation in mobile applications affects the users
performance, measured in time. By comparing users who use
almost identical applications with the only difference being
the presence of said animation.

II. THEORY

The word animatiaon is quite a big term that encapsulates
many concepts. Animations come in very many different
styles and the causes behind their use might vary. Here we
will try to specify how and why animation is used in different
scenarios.

A. What are animations?

Chalbi covers some ways that animations have changed
over time in her paper [3]. She writes that the some of the
first uses of animation was simple spinning disks with an
image on each side. And that it has evolved to what is
closely associated with animation today, such as cartoons
and computer generated images. What all of these uses
of animation have in common is that it is the illusion of
movement that is being projected. The object of the spinning
disc, the cartoon or the CGI is not actually moving, it is
simply changing state between each "frame", and if this state
is changed in quick enough succession the object appears to
be moving.

B. Optimizing animation in a mobile environment

It was previously mentioned that the rate of the frames is
important for the animation. In order for the animation to
convincingly be perceived as moving, the frame rate needs
to be above 10-12 frames per second [4]. This is due to the
brain being able to process that many frames per second,
and if the frame rate is higher the brain cant keep up and
believes the object to be moving. As the frame rate increases
above that point the animation is perceived as smoother as
it changes state more times in the same distance.

Additionally the speed of the animation is an important
aspect when thinking of how it will be perceived. The speed
of course differ depending on what the designer wishes to
achieve with the animation. But when focusing on animations
in a mobile environment, animations that are there to assist
the user and improve the users experience, then the time for
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the animations should be within certain limits. According
to Nielsen in his book Usability Engineering there are 3
important upper time limits for humans perception [5].

• 0.1 seconds - The user perceives things happening in
this time window to happen instantly.

• 1.0 second - "[...] is about the limit for the user’s flow
of thought to stay uninterrupted, even though the user
will notice the delay."

• 10 seconds - the max time to keep the users attention,
without any sort of feedback or additional information
to the user.

C. Benefits of animation

It it established that animations can have many positive
effects on the user when used correctly. Head writes in
her book Designing Interface Animation that some of the
potential effects with animations are [6]:

• Reducing cognitive load. - Meaning it takes less (men-
tal) effort for the user to keep track of things in the
consumed media.

• Help the user keep track of the spatial relationship of
components on the screen. - When things on the screen
change shape or move, it can be confusing if the change
is instant as the user might miss how and why a change
has occured. Animations can improve this experience
for the user.

• Attracts attention from the user. Head mentions that es-
pecially motion easily grabs the users attention. Some-
thing that animation can do.

These are just some of the benefits that animations can
have according to Head, but these are the ones most relevant
to this study. Later we will go into how these effects may
be play into and may affect to result of this specific paper.

III. METHOD

In order to test the effect of the animation, two simple
mobile user interface were created. The interfaces were the
same but one had the animation while the other did not. Users
were then tasked to use the application with said interfaces
and the time it took for them to complete the task was taken.

A. The Animation

The type of animation that was tested was a closing
animation of a modal, modal meaning a smaller window
on top of a main window. When the user closed the modal
the animation minimized the pop-up into an icon. By mini-
mizing, the animation showed the interpolation of the modal
between being fully shown and being hidden in the icon. The
duration of the animation was 400 milliseconds. The time of
the animation was intentionally between 0.1 and 1 second
as not to perceived as instant and not to be obstructing the
users train of thought, as explained above.

The interpolation means that during the animation the
difference between the two states of the modal, it being
minimized and it being open, is rendered in steps. So the
modal appears to be shrinking or growing between the states
instead of simply appearing or disappearing.

The thought behind this type of animation is that the
minimizing should show the user where the modals origin is
and show the user how to find back to it.

B. The Interface

The function of the interface is arbitrary as the point is to
test how the user reacts to the presence of the animation. It
is however important that the interface distracts the user and
can be navigated away from the screen with the modal. So
the effect of the animation can be taken into account, and its
potential effect measured. We chose to create an interface to
show a score. Where the modal with the animation showed
the total score.

A simple interface was created consisting of two screens.
At the bottom of the screens is a tab bar that the user can
use to navigate between the screens.

The first screen had four icons in the center. One of these
icons opens the modal, the others are there to prevent the
opening of the modal to be obvious, and does not do anything
when pushed. The second screen has the option to add score.

Fig. 1. The first screen with the modal open, showing the points.

Fig. 2. The first screen with the modal closed, showing the four buttons,
where one of them opens the modal.

C. The Tests

To test the potential effect of the animation, two different
tests were conducted. One on the interface with the animation
and one on the on without.

The people doing the tests were students on Umeå Uni-
versity in the ages 18-30. The tests were performed in a
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Fig. 3. The second screen, with the button that adds points.

controlled environment and the users were tested one by one.
The users were handed the interface with the modal opened,
so the first action the users took was to close the modal
and trigger the animation. The users were then tasked with
adding score to the total and then see what the total was, by
opening the modal again.

The time it took from that the user closes the modal and
that the task is completed was measured.

IV. RESULTS

In total 12 people tested the different applications. Where
6 of them used the application with the animation and 6 used
the one without. See table 1.

TABLE I
THE TIMES IT TOOK, IN SECONDS, FOR THE TEST USERS USING THE

DIFFERENT APPLICATIONS.

With animation Without animation

Times

6.0 7.9
7.3 14.0
9.4 15.7

11.0 23.9
12.1 40.3
15.3 51.3

Mean 10.2 25.5
Median 10.2 19.8

Additionally the users that uses the application with the
animation generally pressed the wrong icon before opening
the modal, where all the users with the application without
the animation pressed the wrong icon first. Many users that
used the application with the animation mentioned that they
did not explicitly think of the animation and therefore pressed
the wrong icons. A majority of users using the application
without the animation thought that an animation would be
helpful in completing the task.

V. DISCUSSION

The time it took for the users that used the application
without the animation was on average longer than the time
it took for the users that used the application with the
animation. It appears that the presence of the animation had a
positive effect on the users performance. We will now further
investigate why.

A. Awareness of Spatial Relationships

Let us begin with the most obvious positive effect the
animation can contribute with, increasing the users awareness
of the spatial relationship between the components. As Head
puts it [6]: "Animation can help make it clear which items
have moved off-screen and where they can be found again."
If the users are given a hint of where the modal can be found
again after it being closed, the users should be able to locate
it faster.
The users that used the application with the animation was
on average faster, but they still often pressed the wrong
icon when trying to open the modal. This indicates that the
animation did not have that great of an effect in showing the
user how to relocate the modal. Hence the animation did not
contribute to the users awareness of the spatial relationship
between the components. To change this, the animation could
have been of greater duration so the users would notice it
more easily and see the origin of the modal, as many users
noted that they did not think of the animation. However as
the duration of the animation is increased, it could help the
users understanding but harm the user experience. As to long
of a duration of the animation could distrupt the users flow
of thought [5].

B. Cognitive Load

1) The User Interface: The interface was designed to
be as easy to use as possible so the users understanding
of it would not interfere with the effect of the animation.
However it was proven that some users had different ease
of understanding it, given the same circumstances. If the
user has trouble understanding the interface the time it takes
to complete the task increases greatly, this is due to the
cognitive load the users experience.

2) The Animation: As the presence of the animation made
the test users perform better it did have a positive effect on
their performance. As mentioned above the animation did
not help with the spatial relationship. But what it did help
with was reducing the cognitive load of the users. As Head
mentions, the presence of animations can reduce cognitive
load for the user. The animation not being present causes
the modal to instantly close and might confuse the user as
no clue is given of the source of the modal. Many users that
used the application without the animation was observed to
be confused when they closed the modal, as the impression
of the icons was suddenly presented.

VI. CONCLUSION

Although animation in a mobile environment can have
many positive effects, the result of this study shows that
in this specific scenario the main reason the users of the
application with the animation performed faster than the
users that used the one without, is due to reduced cognitive
load. To further increase the effect of the animation, it can
be slower to more clearly indicate it’s purpuse.
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Abstract— This study evaluates where to put the most
common interaction for application depending on phone size
and reach with one hand. The screen size on smartphones
continuous to get larger for almost every new model launched,
therefore the size difference between smaller screens and bigger
screens keep growing as well. This study looks at 2 common
phone size and does a reach test, where participants think its
most intuitive to put interactions and come up with a solution
about where the best area is to put common interactions in.
The result showing that it is not just phone size who needs to
be considerate but also if the user is left or right-handed.

I. INTRODUCTION

Mobile use is an everyday thing for most of the world’s
population in 2018 had 2,9 billion people a smartphone. [6]
The average time we spend on mobile phones increasing
dramatically every year. 2019 the average mobile phone
usage was 3 hours and 15 minutes each day [8]. 20 percent
of the awake time we spend with our phone. To have mobile-
friendly applications becomes more and more important. But
how good is the UX designer keeping up with the various
sizes of nowadays phones? Does it matter if the user is left
or right-handed? has big or small hands? the phone size
is 4 inches or 7 inches? In U.S 2015 had 63 percent of
phone owners a screen size bigger than 4.7 inches. In 2018
had that number increased to 85 percent. [3]. Screen size
varies from phone to phone and most users are using their
phones with one hand [7]. The range of reach for one hand
is limited and if phone size increases and the applications do
not adjust, we may have a problem with interactive outside
that range of reach. Today is the most design for mobile
phone independent of phone screen size.

A. OBJECTIVE

This study aims to determine which area on a mobile
phone is the most user-friendly section to put the most
common interaction in. The test will be a reach test that
determines how big the reach area for the thumb a user has.
Focus lay on iPhone usage. The test will be based on two
different phone sizes and the main questions the test aims
for are fallowing.

• Is all area on phone reachable with one hand?
• Is the user left or right-handed?
• Is the easiest area to reach also the best area to put

common interactions?

*Use the \thanks command to put information here

II. THEORY

Nowadays UX design is very important, to have different
designs for computers, tablets, mobile, etc. But different
screen size is not considerate when designing. To understand
if the classic menu in top corners or putting buttons indepen-
dent if you are left or right-handed is not the optimal design.
With this in mind, the expected output from user tests and
heat maps for reachability is that the menu and important
button should move dependent if you have a big or small
screen and if you are right or left-handed.

A. UX design

UX (user experience design), a good UX design is when-
ever a user feels great about the design not just that it
looks good. The term ’user experience’ was invented by
Don Norman in the 1990s. There are several fundamentals
of UX, Peter Moreville came up with these fundamentals
which useful, usable, desirable, valuable, findable, accessible
and credible. Its called the honeycomb and is used as a
guideline for professional UX designers. It’s UX designers
responsibility to ensure that the company meets the needs of
their costumers and meat there desired outcome [10].

B. Different prerequisite

We all have a different prerequisite. Many parameters need
to be considered when designing applications. To be left-
handed means that the left hand is the dominant hand to
do various tasks with. Around 10 percent of the Worlds
population is left-handed. That means that the rest 90 percent
are right-handed which leads to most gadgets and devices
being designed for right-handed people [9]. The size of the
hand average varies a lot from female to male. Size can be
measured differently, a good way is a length from the tip of
the longest finger to the crease under the palm as shown in
fig 1. The average length for a female is 6.8 inches and for
a male is 7.6 inches [5].

C. Phone size

There is a big difference between phones. 2 examples
are iPhone 5 and iPhone X. Where iPhone 5 have these
specifications.

[2].Height is 4.87 inches Width is 2.31 inches Diagonal
is 5.39 inches Screen size diagonal is 4 inches

These are iPhone X specifics.
[11].Height is 5.65 inches Width is 2.79 inches Diagonal
is 6.301 inches Screen size diagonal is 5.8 inches
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Fig. 1. measure for hand size

Fig. 2. iPhone 5 on left iPhone X on right

So there is a 0.911 inches difference in diagonal between
iPhone 5 and iPhone X. iPhone 5 has an area at the top of
phone which has no touch functionality and that means that
it even more than 0.911 inches in reach length between the
different phones.

D. How we hold our phones

Since the average person looks at the phone 20 percent
of their awake time, it is important to know how we hold
the phone [8]. 49 percent is holding their phone with one
hand when using it. Phone hold is not a binary thing, there
is not one-handed holder or two-handed holder, most of the
users use their phones with different grips depended on the
task or which environment they in. One interesting fact is
when mobile users do tasks with one hand and using their
phones with the other hand they often use the phone with
their non-dominant hand. If they are right-handed they use
the phone with the left hand and do other tasks with their
dominant hand (right hand). 49 percent holds with one hand
and all of those use their thumb as pointer finger, 51 percent
of phone user uses both hands but 26 percent of them still
have the thumb as pointer finger, that means that 75 percent
of the mobile user has their thumb as main interaction part
of the hand [4].

E. Help for reachability

For iPhone X there is a tool-making top screen that came
down to half. By default is not activated on iPhone X. To use
it go to Settings > Accessibility > Touch, scroll down and
tap reachability and turn it on. To use the tool swipe down

from the bottom of the screen. As shown in fig 3. There is
not such a tool for iPhone 5 [1].

Fig. 3. Reachable screen iPhone X

III. METHOD

Reach area is tested by a simple drawing program to
determine how big that area is on iPhone 5 respective iPhone
X.

A. User test

The test begins by asking a question about gender, left or
right-handed, occupation and measure the size of the hand.
The test always started with the reach test for the iPhone
5. Participant gets the phone and gets the instruction to use
it with just one hand. The user is not allowed to change
grip while the test has started. The task for participants is to
draw as large an area as possible on the screen. When it is
done the drawn layer is saved in Sketchbook. After that, the
participant gets the same task but with an iPhone X. After
the drawing test participants get a question about where they
thought the best interaction area should be.

B. Participants

For this test 13 participants have been investigated and
determined. The test persons are volunteers who are between
18-61 years old. The participants are a mix of university
students, constructor builders, teachers, and a bank man. In
the test group, 3 were left-handed and 10 were right-handed.
There were 6 female and 7 male participants. The big span
of different prerequisites has been important when chosen
participants.
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C. Test program

A drawing program called Sketchbook has been used to
make the test. Sketchbook is a partly free application for
IOS and it is made by Autodesk. It can be downloaded
in Appstore. The program is very simple and works as a
drawing pad. Sketchbook has functions as different pencils,
size of pencil head, delete and so on. Marker for the test
was a vintage marker with size 100 and a green color. Each
participant gets a personal layer and the layer is stacked on
top of each other and be given an opacity of 5 percent to see
where the darkest area is and see where the most common
area to reach is.

D. Interview questions

••••••••• Is the whole screen reachable?
• Is the user left or right-handed?
• Is the easiest area to reach also the best area to put com-

mon interactions? To determine this one the participant
needs to think about where do they look for buttons and
which reach do they have.

IV. RESULTS

After 13 tests and interviews questions a solution about
where the most common button should be placed.

A. Reach test

The area of reach varied big between the 2 tested phones.
Fig 4 shows heatmap from the usage of the iPhone 5. It
shows that all of the participants could reach all the screen.
Fig 5 shows heatmap from iPhone X. No one in the test
reached the top of the screen also bottom on the opposite
side the thumb came from.

Fig. 4. Reach for iPhone 5

Fig. 5. Reach for iPhone X

B. Summary interview

Is all of the screen reachable? For iPhone 5 could all
participants reach the whole screen with one hand. iPhone X
could none of the participants reach all areas of the screen
with just one hand. The area at the top of the screen could
none reach and also the area on the opposite side down in
the corner. Is the user left or right-handed? 3 participants
were left-handed and had more difficulties to reach the top
right side of the iPhone X. 10 participants were right-handed
and have difficult to reach the top left side of the screen. Is
the easiest area to reach also the best area to put common
interactions? This question had left-handed participants a bit
different approach to put common interaction than right-
handed. Left-handed thought that easiest reach area was right
side 1/3 screen size from bottom look at fig 6 the red area,
or to put it down in mid of screen the blue area on fig 6.
The reason for 1/3 up on the right side was because it is
not covered by any part of the hand and it is really easy
to reach. Right-handed thought most intuitive area to put
common interaction is in left area 1/3 screen size from the
bottom the green area on fig 6, in the mid down bottom the
blue area on fig 6 or 2/3 screen size on right side purple area
on fig 6. Also for right-handed was the best place opposite
side of hand, 1/3 from bottom because of where they looked
and easiest to reach area.

Fig. 6. Areas for interactions

V. DISCUSSION
This study was made because of many big company’s

websites have their menus on the top of the screen and it
is really hard to reach that area with one hand if the phone
size is big. To determine where to put common interactions
so it is reachable with one hand needed to be tested. Since
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phone size getting bigger mobile websites should be more
customized to its user. The main focus of this study was to
test a bigger phone size because the phone size is increasing
every year and website design is not keeping up with the
increasing screen size. 7 years ago iPhone 5 was released
and for 2 years ago iPhone X. In just 5 years it has happened
much on increasing phone sizes. UX design has been more
and more important and everyone talks about a mobile-
friendly website but no one considers that different phone
size has different reach areas. The result from this study
shown that the main focus on designing a website/web
applications should lay on if the user is left or right-handed.
As Norman says about UX design a good UX design is when
a user feels great about the design. If common interactions
are in the area who is not reachable there is not a feel-good
experience. As the test is shown for iPhone X is that no
one could reach the top region of the screen with just using
one hand and not change the grip. To put the menu in that
area is not a good UX design. For iPhone 5 all of the users
could reach the whole screen areas so the problem is not a
problem on that phone size. As the definition of a good UX
design, the user is in focus on what they want and most of
the participants wish to have interaction in the same place.
1/3 from bottom on the opposite side from thumb.

VI. CONCLUSIONS
The objective of this study was to determine for mobile

phones where is the best area to put the most common
interactions. The interesting part of the study was to look
at one-handed mobile use. The testing was made for left-
handed, right-handed user and the use of different screen
sizes on phones. For screen with small size such as iPhone
5, we could see from the study that there is no big issue on
unreachable areas with one hand use. Because all participants
could reach all areas of the iPhone 5 screen its not a big issue
where to put common interactions. As bigger the phones get
as harder it gets to reach all of the screen. For iPhone X there
are big areas that are not reachable. To put an interaction in
that area is not user-friendly. As the test showed and the

result of the interview question we can determine that the
best area for interactions is on the opposite side from your
hand and 1/3 up on the screen. What we also could see is
that participants with big hands should not affect where to
put common interaction as much as if they are left or right-
handed. With this result, we can say that its important to
take screen size inconsiderate and if the user is right or left-
handed when designing an application/website for mobile
use.

VII. FUTURE WORK

This study is limited and there is much work to do. The
test should be made on more participants. There is only 3
left-handed person in the test. Also, the test is needed to be
done on more different phone sizes.
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Abstract— This study investigates if gamification could help
increase people’s motivation when studying a language. To
investigate this, test participants used two different study
techniques during a 10 day test period. The test participants
studied using the application Duolingo and the textbook Amigos
uno. After the test period, a followup interview took place to
gather data regarding the test participants’ motivation during
the test period. The results showed that Duolingo motivated
the participants more and a conclusion that gamification could
help increase one’s motivation when studying a language could
be drawn.

Index Terms— Gamification, Motivation, Language learning,
Duolingo, Amigos uno

I. INTRODUCTION

Learning new things is a big part of our everyday life.
It could be learning a new task at work, gaining some
interesting knowledge from a friend or maybe you learn
something new at your school. But when we actively have
to learn something we may sometimes lack motivation to
do so. A popular method today to increase motivation is
the use of gamification. Gamification uses elements from
games to make everyday tasks more fun. In this paper,
an investigation will be made to see if an application that
uses gamification, Duolingo, could have a better effect on
motivation than traditional study methods, represented by the
textbook Amigos uno which is used in Swedish elementary
schools when teaching Spanish. This will be done by having
a test group trying out different study techniques when
attempting to learn a second language.

The objective of this paper is to investigate if gamification
could increase people’s motivation to study languages. This
study will be based on interviews collected from a test group
that will try different study techniques.

II. THEORETICAL FRAMEWORK

The theory mentioned in this section gives an overview of
the necessary terms used in this paper.

A. Motivation

To be motivated means to be moved to do something.
A person who has no interest in a subject and lacks the
inspiration to perform a task is said to be unmotivated.

Motivation as a subject has been studied for a long time
and has shown that people have a different amount of
motivation and they also have a different kind of motivation.
When discussing motivation it is therefore usually divided

into two parts, intrinsic motivation and extrinsic motivation
[1].

1) intrinsic motivation
Intrinsic motivation is described as natural motivation

that comes from within a person. A person is motivated to
perform a task because he or she enjoys it or feels challenged
by it rather than pressure or rewards [1].

2) extrinsic motivation
Extrinsic motivation is described as motivation that is not

built on interest or challenge in a task, instead, a task is
performed to achieve some separable outcome. For example,
it could be an assignment in school that you have to complete
to get a grade or a job that you do not find much interest
in but it rewards you with a high salary that gives you this
extrinsic motivation [1].

B. Gamification

Gamification is defined as the use of game design elements
in non-game contexts. The idea behind gamification is to
identify the parts of a game that makes it addictive and fun
and then apply this to something to make it more interesting
for the user. For instance, you can add game design elements
to a daily task such as doing the dishes and then the user gets
rewarded with points for completing this task. This makes
the task more fun for the user [2]. Some of the most common
game design elements are presented down below.

1) Giving rewards
2) Showing progress
3) Using levels (incremental challenges)
4) Showing a leaderboard
5) Giving a story/theme [2]

C. Language learning

Learning a language can be done in many different ways
using many different techniques. Young children learn their
first language by imitating people in their surroundings and
with this constant practice they learn to master their first
language. Schools on the other hand have when trying to
teach their students a second language been experimenting
with different techniques over the years. In the 19th- and
the early 20th century they focused a lot on memorizing
vocabulary and grammatical rules. In later years, language
learning have had a more communicative focus. This to
make the knowledge easier to apply in real life with students
communicating in a genuinely and spontaneously way. There
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is today no method considered to be the best one when
learning a second language. Instead the choice of method
depends on the purpose for learning a second language [3].

D. Duolingo

Duolingo, founded in 2009, is the world leading website
and application for learning a second language. With cur-
rently 35 languages available for the users to learn, has the
application in recent years grown into a very popular tool
with over 300 million registered users.

Duolingo was created with a vision to give everyone a
chance to have a private tutor experience through technology.
The application uses a machine learning algorithm that tracks
the knowledge of its users to make sure that every user gets
a personalized study experience at the right difficulty level.

To make sure that the user stays motivated, Duolingo uses
gamification elements represented by rewards, virtual coins,
the possibility for a user to unlock new levels, competing
with friends and much more. The user can also always track
its learning process by checking its fluency score [4].

A study evaluating the effectiveness of Duolingo per-
formed by Vesselinov et al. has shown that 34 hours of
studying using Duolingo equals a whole semester at uni-
versity studying a language [5].

E. Amigos uno

Amigos is a series of books used in the Swedish elemen-
tary school for learning Spanish. Amigos uno is the first book
in the series teaching the very basics of the Spanish language.
The textbook uses fun and creative texts and dialogues to
make it more fun for the students. For example, it uses chat
conversations, songs and fun everyday situations to engage
the students [6].

III. METHOD

To be able to investigate if gamification, represented by
the Duolingo application, could have a positive motivational
effect when trying to learn a second language two indepen-
dent tests were created. These tests were performed by two
different test groups that during 10 days, divided into two
five-day sprints, tried out different study techniques. A sprint
contained learning the very basics of a language, following
the guidelines provided by Amigos uno and Duolingo. To
reduce the risk of a test participant losing motivation during
the last days of the test the decision of splitting the partici-
pants into two test groups was taken. One group began using
the textbook for the first five days and the other group began
using the Duolingo application. After five days they switched
study techniques and language.

To make sure the first five-day sprint would have as small
impact as possible on the next one, two different languages
equally challenging to learn needed to be found [7]. Another
requirement was to make sure that the two languages weren’t
too similar to make sure that the second sprint would not be
affected by knowledge gained from the first one. With this
in mind, the decision was made to use Dutch and Spanish
as the two languages in this study.

A. Material

This study aimed to investigate motivation when using
different study techniques and to do so the following material
was used.

1) Duolingo (version 6.42.0) - Application used for learn-
ing Languages, free to download on App Store and
Google Play.

2) Amigos uno (2012) - Spanish language textbook used
at high schools in Sweden.

B. Participants

The participants of this study were people interested in
the subject, mainly found at Umeå University and around the
Umeå area. A total of 10 people participated in this study
and they were all 21-27 years old. The one requirement to
participate in this study was that the test person did not have
any prior experience in studying Dutch or Spanish.

C. Test

The test took 10 days to complete and was split up into
two sprints, 5 days each.

1) Test 1
During test 1, the chosen test group studied the basics
in Spanish by using the guidelines provided by the
textbook Amigos uno. The test group spent 15 minutes
a day studying.

2) Test 2
During test 2, the chosen test group studied the basics
in Dutch by using the application Duolingo. The test
group spent 15 minutes a day studying.

Fig. 1. Timeline for the test

D. Interviews

After the tests had been held a followup interview took
place with all the test participants, to collect data and receive
their thoughts on the test. Questions regarding differences
in motivation and ability to learn between the two study
techniques were asked.

IV. RESULTS

This section will present the results of how the test par-
ticipants felt regarding their motivation during the test and if
there were any differences between the two study techniques.
These questions were followed by more qualitative questions,
for instance why they think they felt a certain way and if
they could see any strengths or weaknesses between the two
techniques.

88

Proceedings of the 18th Student Conference in Interaction Technology and Design
and the 6th Student Conference in Electronics and Mechatronics

Ume̊a University January 2020



A. Quantitative data

Figure 2 presents data on how motivated the participants
felt during the first 5 days of the test period. We can see that
group 2 that used the Duolingo application, with an average
of 3,4 on a 1-5 graded scale felt more motivated than group
1. Group 1 used Amigos Uno and had an average of 2,4.

Fig. 2. Average motivation on a scale 1-5.

Figure 3 presents data on how motivated the participants
felt during the last 5 days of the test period. We can see that
group 1 that now used the Duolingo application had a very
high motivation with an average of 3,6. Group 2 that now
used the Amigos Uno had low motivation with an average
of 1,8.

Fig. 3. Average motivation on a scale 1-5.

Figure 4 presents data on which study technique that
motivated the test participants the most. We can see that all
of the participants felt more motivated using the Duolingo
application.

Fig. 4. Difference in motivation between the two techniques

Figure 5 presents data of the participants’ answers to the
question "With which technique do you think you learned
the most?". We can see that 50% of the test participants
answered that they think they learned the most from Amigos
Uno. 30% answered that they think they learned the most
from the Duolingo application and 20% did not know.

Fig. 5. Ability to learn from the different techniques

B. Qualitative data

The participants were later asked more detailed questions
regarding the test and more specific the Duolingo application.
Some strengths that the participants saw with the application
was that it is free and easy to use for everyone, it is
more fun than using a textbook and that you can study
anywhere anytime. Some of the weaknesses that the users
saw with the Duolingo application were that maybe you can’t
practice important parts as talking the language just with an
application on your phone and that notifications were a bit
annoying. On the question "What game design elements in
the Duolingo gave you the most motivation?" were these
following elements some of the more popular.
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1) The possibility to compete with others
2) That the user easily can track its progress
3) The fun and creative design of the application

V. DISCUSSION

As we can see in figure 4, all of the test participants
felt more motivated to study when they used the Duolingo
application. This result is supported by figure 2 and figure 3,
showing that the test group that started using the Duolingo
application lost a lot of motivation when changing the
study method to the textbook. This while the group that
started with the textbook managed to gain more motivation
when changing to the Duolingo application. These results
clearly show that the Duolingo application motivated the test
participants more than using the textbook Amigos uno. What
is interesting is that during the interview, out of curiosity, a
question about which technique they think they learned the
most from using was asked. The results from this question
are presented in figure 5. The results from this question
were not as expected since the test participants thought that
they learned more from Amigos uno, even though they felt
less motivated using it. An explanation to this could be
that Duolingo misses out on important parts of tutoring that
Amigos uno in a better way can teach the student. Another
explanation could be the individual ability to learn from a
study technique, different people might have different study
techniques that they learn more from. To be able to get a
result where we could ignore this factor, a bigger test group

would be needed.

A. Conclusions

What could be measured was that the Duolingo application
motivated the test participants a lot more than using the
textbook Amigos Uno. This shows that gamification could
be used to increase peoples motivation when studying a
language. Another conclusion is that higher motivation does
not necessary implicate better learning since learning has
more complex aspects to it.

B. Future work

For any further research on the subject, a recommendation
would be to find more test participants. This to be able to
gather more data and from that be able to drag more accurate
conclusions.
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Abstract— This paper presents results from a study per-
formed, with the objective to investigate if there are any
correlations between the usage of electronic media, before going
to bed, and the quality of sleep. The study aims to analyze
the effect of using, or not using, electronic media 2 hours
before bedtime related to quality of night’s sleep. This was
done by having participants change the way they use electronic
media. For a period of 2 weeks, each of the participants wore
a Fitbit Versa to track their sleep. One regular week and
one week with restrictions to not use any electronic media 2
hours before bedtime. The data was analyzed from both weeks.
The participants also wrote a diary for each day during the
period. The results suggest that there is a correlation between
electronic media habits and quality of sleep. By not using any
electronic media 2 hours before going to bed, the sleep quality
was increased and the majority felt more alert and refreshed
during the restricted week.

Index Terms— Electronic media habits, sleep quality.

I. INTRODUCTION

If you were to take the subway or any other public
transport, and looked around to see how your fellow travelers
kill time, a lot of them would probably have their head tilted
down and eyes staring at a smartphone. Using smartphones
is a big part of almost everyone’s life. The amount of people
owning a smartphone keeps growing. In 2011, 35% of the
Americans owned a smartphone, in 2019 the number was
81% [1]. The things we can do with a smartphone grows as
well. Over the years since the smartphone was introduced
the possibilities keep growing [2]. Not to forget, of course,
the original purpose of a mobile phone, to make and answer
calls is still possible. Other than that, we are surrounded by
electronic media such as tablets, TV:s and computers. All of
these media are emitting short-waved light, also known as
blue light. 90% of Americans use such media [3]. If one uses
electronic media before going to sleep the blue light from the
screen can affect your circadian rhythms, the body’s internal
clock, and make it harder to fall asleep. The reason for that
is that our circadian systems interpret that light as daylight.
Therefore the brain tries to stay awake, alert and don’t fall
asleep [3], [4]. Does the use of electronic media right before
going to sleep affect the quality of our very important sleep?

II. OBJECTIVE

The objective of this study is to investigate if there are
any correlations between the use of electronic media before
going to sleep and the quality of sleep.

III. THEORETICAL FRAMEWORK

A. Blue light and melatonin

Melatonin is a hormone that is naturally made by the
pineal gland. The melatonin levels rise at night-time and
work closely with the body’s circadian rhythm to help
prepare for sleep. By calming the body before bed it helps
us fall asleep. [5]. Light suppresses melatonin in humans,
with the strongest response occurring in the short-wavelength
portion of the spectrum between 446 nm and 477 nm that
appears blue. This is the reason short-waved light often is
called blue light.

B. Night shift

Apple Inc. is an American company that manufactures
smartphones (iPhone), tablets (iPad), computers (MacBook),
software and more [6]. On March 21, 2016, Apple introduced
a new feature as part of the release of their latest software
iOS 9.3 for their iPhone’s called "Night Shift". Today most of
their computers [7], smartphones and tablets [8] support the
feature and similar features are available for other brands. By
enabling Night Shift the screen on the device automatically
adjusts the colors to the warmer end of the spectrum [8].
This reduces the blue light emitted from the screen.

C. Sleep

There are two basic types of sleep: rapid eye movement
(REM) sleep and non-REM (NREM) sleep. The NREM
stage, in turn, is divided into three different stages, N1, N2
and N3 [9]. During this study, the stages that will be focused
on is light sleep (N1 & N2) and deep sleep (N3). The reason
for this is due to how the way Fitbit Versa smartwatch, that
will be used, is compiling collected data. Each of the stages
of sleep is defined below by Fitbit’s sleep researchers and
the National Sleep Foundation.

1) Awake: During the night a person is awake several
times. Each awake occurrence can be so small that one does
not even notice.

2) Light sleep:
"Light sleep serves as the entry point into sleep
each night as your body unwinds and slows down.
This stage typically begins within minutes of falling
asleep. During the early part of light sleep, you
may drift between being awake and asleep. You
may be somewhat alert and can be easily awoken.
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Breathing and heart rate typically decrease slightly
during this stage. Light sleep promotes mental and
physical recovery." [10].

3) Deep sleep:

"Deep sleep typically occurs in the first few hours
of sleep. When you wake up feeling refreshed in
the morning, you’re likely to have experienced
solid periods of deep sleep during the previous
night. During deep sleep, it becomes harder to be
awakened since your body becomes less responsive
to outside stimuli. Breathing becomes slower and
muscles relax while heart rate usually becomes
more regular. Adults may see a normal decrease in
deep sleep as we get older, though sleep patterns
vary among people. Deep sleep promotes physical
recovery and aspects of memory and learning. This
stage has also been shown to support your immune
system." [10].

4) REM sleep:

"The first phase of REM sleep typically occurs after
you’ve had an initial stage of deep sleep. You gen-
erally stay in REM sleep for a longer period of time
during sleep cycles occurring in the second half of
the night. During this final stage of sleep, your
brain becomes more active. Dreams mainly occur
during REM sleep, and your eyes move quickly
in different directions. Heart rate increases and
breathing becomes more irregular. In principle,
muscles below the neck are inactive to avoid acting
out dreams. REM sleep has been shown to play an
important role in mood regulation, learning, and
memory as your brain processes and consolidates
information from the previous day so that it can be
stored in your long-term memory." [10].

D. Sleep quality

Out of the sleep stages defined above the ones that
correspond to higher sleep quality is deep sleep and REM
sleep. The more time we spend in those stages the more
likely we are to feel refreshed and physically recovered, i.e.
in a good mood with a brain ready to learn and memorize.
As of that, more time spent in the other two stages decreases
the quality of sleep and may lead to the opposite experience.

E. Fitbit Versa

Fitbit Inc. is a company that focuses on health and fitness.
They offer a wide range of fitness watches and smartwatches.
All of which tracks different kinds of data to help the
user with training and other aspects. One of their health
and fitness smartwatches is the Versa [11]. The Versa is
synchronized with the Fitbit app, either on a smartphone,
a tablet or a computer. As shown in Figure 1 the Versa can
track the sleep of the person wearing it [12]. The number of
hours slept during the night, the time spent in each of the
different stages and the time spent awake.

Fig. 1. Daily report of sleep. (Fitbit Sleep Tracking 2019) [13]

The user can also see a summary of the recent week or
month. See Figure 2.

Fig. 2. Overview of Sleep. (Fitbit Sleep Tracking 2019) [14]

IV. METHODOLOGY

A. Interviews

6 participants took part in this study. The participants were
aged between 20 and 30, all in the same category regarding
recommended hours of sleep [15], and a majority of 4 were
male. Interviews with each of the 6 participants were held
before the study started. The purpose of the interviews was to
get a more qualitative overview of each participant’s habits.
What electronic media is used, how are they using it and what
they consume when using electronic media before going to
sleep.

B. Field study

For a period of 2 weeks at a time, a field study was
conducted on each participant. During the first week of their
individual testing period, each participant followed their own
routines before going to bed. Under the second week, they
were restricted to not use any electronic media 2 hours before
going to bed. All participants wore a Fitbit Versa during both
weeks. They were not allowed to access the data available
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Fig. 3. Morning diary template used in study [17].

in the app or the watch, only wear it as an analog watch.
This was done to eliminate any impacts of the data collected
when filling in a given diary. After the 2 weeks had passed
the data and diary were collected.

C. Diary

The diary that was used in this study is based on a sleep
diary created by National Sleeping Foundation [16]. For each
day the diary was to be filled out, one part in the morning
and one part at the end of the day, as shown in Figure 3 and
4. The diary was used as a guide and to acknowledge any
abnormalities of a participant such as sickness, medication,
or others.

V. RESULTS

A. Interviews

The time to be restricted and not allowed to use any
electronic media was based on the interviews and chosen
to be 2 hours, to make sure all participants are restricted and
habits removed.

1) Participant 1: Always watch a movie or TV series on
a TV to fall asleep. The TV lighting on the TV is dimmed
and in night mode and the volume is low. The time spent
watching something before actually going to sleep differ,
but approximately 1,5 hours are spent before falling asleep.

Fig. 4. Evening diary template used in study [17].

If away from home the participant uses an iPad to watch
movies, TV series or scrolls through social media. This habit
has been developed for a long time and the participant is very
used to that routine at bedtime.

2) Participant 2: Scrolls through social media on an
iPhone. Night shift is enabled and scheduled to be active
between 21:00 and 08:00. The time spent scrolling through
social media before actually going to sleep is often around
1 hour. This habit has been developed for a long time and
the participant is very used to that routine at bedtime and do
not really know the reason for this as mentioned:

"I am not one of those who actually has a hard
time falling asleep, I just do it because I do, no
particular reason I guess."

3) Participant 3: The electronic media of choice is an
iPad. Consumes videos on Youtube or watches a movie on
Netflix. Night shift is enabled and scheduled to be active be-
tween 22:00 and 07:00. The time spent watching something
before actually going to sleep differ, but approximately 2
hours are spent before falling asleep. The iPad is always
brought when going on a trip or spending nights away from
home. The participant describes the reason for the usage as:

"It is impossible to fall asleep if I don’t watch
something."
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4) Participant 4: Frequent user of electronic media in
bed, more precise an iPhone. Night shift is enabled and
scheduled to be active between 23:00 and 08:00. The time
spent scrolling through social media before going to sleep is
between 1-2 hours. The participant does not remember when
this habit started, but it was a long time ago.

5) Participant 5: A movie has to be rolling on the
bedroom TV. Does not watch with full attention, occasionally
the movie is on but eyes are closed. The TV lighting is
dimmed and in night mode and the volume is low. The time
spent before falling asleep varies, but one thing is for sure,
it is incredibly rare to exceed 1,5 hours. The TV is always
set with a sleep timer of 90 minutes.

6) Participant 6: Watches Netflix on the computer, the
category of content differs, doesn’t matter if it is movies,
documentaries or series. Since moved out from parents house
the habit has increased. Originally, occasionally watched
something, to now when something is watched every night.
About an hour is spent every night watching the computer.

B. Diary

There were no obvious abnormalities during the study.
None of the participants used any medication or experienced
sickness. No one consumed alcohol, caffeine or a heavy meal
less than 2 hours before going to bed. Regarding exercise,
the participants did not change their behavior during the
test period. If the participant was more active and regularly
exercised, the routine was consistent during both weeks. The
participants that were less active and not exercising did not
suddenly start during either of the weeks.

During the regular week, the participants experienced a
minimum of 3 days and a maximum of 5 days were they
felt fatigued in the morning. During the restricted week,
the participants showed an increase regarding waking up
refreshed or somewhat refreshed and the minimum days of
waking up fatigued were down to 2 days and a maximum of
4 days. There were 30% of the participants that mentioned
in the notes that they experienced it harder to fall asleep at
the beginning of the restricted week. One of them described
the first night as following:

"I left the phone in the hallway, and even though
I knew that the phone was not in my bedroom I
kept reaching to my bedside table to grab it. It felt
unusual and weird to just lay there in a dark room
and wait until I fell asleep"

The majority of the participants mentioned in the notes
that it was easier to get up in the morning and the urge
to snooze the alarm was reduced during the restricted week.
All of the participants had the feeling of exclusion from their
normal life since they were not able to communicate with
friends and family nor use any social media or messaging
apps.

The by far most common way to spend the time before
falling asleep during the restricted week was by reading a
book. Other activities were playing games, cards or take a
walk.

All of the participants’ sleep was disturbed by some-
thing during both weeks, some more than others. The most
common reason was a visit to the bathroom. The chance
of dozing off during the day was for the majority of the
participants decreased. One participant felt a high risk of
dozing off during day time almost every day during both
weeks. That same participant was also the only one that took
one or more naps during the period. The overall mood was
increased or the majority, for some more than others. For
one participant the average mood during the regular week
and the restricted week stayed the same.

C. Versa sleep tracker

When comparing the average percent of time per week
spent in each stage it shows an increase in both REM sleep
and deep sleep for all participants. The increase varied.
Regarding REM sleep the most significant increase was 14%,
the least significant was 3%. Deep sleep increased at most
by 17% and at least by 3%, see Figure 5.

Either light sleep nor awake stage was consistent. But the
amount spent in light sleep was decreased in 80% of the
cases, with the most significant decrease by 8% and the most
significant increase by 3%. Time spent in the awake stage
showed the same result where 80% was decreased. The most
significant decrease was by 25% and the most significant
increase was by 3%, see Figure 5.

Fig. 5. Chart illustrating the result from Sleep Tracker [18].

VI. DISCUSSION

The result shows an indication that sleep quality can be
affected by electronic media habits. A habit of any sort can
be hard to break. If the test period would be increased, it
could probably lead to a more obvious result. For some, a
habit might easily be removed instantly but for others, it
could take a longer time.

It is hard to know how accurate the sleep-tracker in the
Versa really is. No one knows with 100% accuracy when
they actually fall asleep. It can be assumed but not known
for certain. The increase in the amount of time spent in the
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deep sleep and REM sleep stages was not equally significant
for all participants. The average time spent awake during the
week can change drastically if one wakes up and has troubles
falling asleep again. Some of the participants experienced
it harder to fall asleep than usual, when not able to use
electronic media, this can possibly be an effect of being used
to a certain bedtime routine and habit. Furthermore one can
argue that by watching a movie, the time it actually takes to
fall asleep does not feel as long as it would if just laying in
bed doing nothing.

Since none of the participants in the study was supervised,
the result relies on their honesty. It is impossible to isolate the
test environment, they still have access to electronic media.
Feelings are something subjective, the scale of describing
how the participants felt in the morning might not have
been enough. A wider range of alternatives than "refreshed",
"somewhat refreshed" and "fatigued" might justify more. For
one the feeling of being refreshed could mean one thing and
for others something different. To make a conclusion of the
result, the part that weighs in the most is the data collected
by the Versa as it is actual and measurable. The study is on a
small scale. To make an even more accurate study all of the
things that affect sleep needs to be taken into consideration.

VII. CONCLUSION

The recurrent results, of both the diary and the sleep
tracker, implies that by not using any electronic media for 2
hours before going to bed the quality of sleep is increased.
The amount of time spent in the stages deep sleep and REM
sleep was higher. Although it can be personal, in regards to
how much sleep quality is affected, the study suggests that
it still is an increase and that there is a correlation between
electronic media habits and quality of sleep.

VIII. FUTURE WORK

This study shows a result that would be interesting to
work on further. Since this study is on a small scale and
has its limitations, some things can be usefully reviewed
for further work in this field. The accuracy of the Fitbit
Versa could be considered as lacking in this study and some
of the data collected from the participants is unused. A
larger test group with greater variety in both age, gender and

occupation could possible give different results. Conducting
this study during a longer time period could possibly have
given a more significant difference. A test period of 1 week
may be too limited time to break a habit and by increasing
that time period the participants would not be affected by
the unfamiliarity of not using electronic media. If possible
it would be an advantage to perform the study under the
supervision of the participants and with more advanced
tracking tools.
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Abstract— In this paper the visual demand of touchscreens
and button-based control interfaces fitted in vehicles are exam-
ined. The two interaction methods was evaluated in a driving
scenario where test participants completed a task using both
the touchscreen and a rotary dial to control the In-Vehicle-
Infotainment system. The participants were filmed while per-
forming the tasks. The films were then analyzed to extract
different time periods of when the participants eyes deviated
from the road ahead and for how long. The results suggest that
using the touchscreen were more visually demanding than the
button-based control interface. When using the touchscreen as
the primary interaction method, participants showed a tendency
on keeping their eyes fixed on the screen in the center console
for longer periods of time compared to using the rotary dial.

Index Terms— Touchscreen, Rotary dial, Visual demand, In-
Vehicle-Infotainment system

I. INTRODUCTION
Touchscreens is something most of us have grown

accustomed to. We use it most commonly in our
smartphones, laptops and tablets. In recent years,
touchscreens are increasingly becoming more and more
common as the primary control interface for IVI (In-
Vehicle-Infotainment systems)[1]. One study has shown that
touchscreens can be more effective for certain tasks (within
an automotive context), such as simple menu selections[1].
However, touchscreens are prone to demanding more visual
attention than traditional button-based control systems.

Keeping your eyes on the road is of course very important
while driving. In many countries around the world laws have
been put in place to prevent drivers from using cellphones
while driving. Numerous studies have been made regarding
cellphone usage while driving and the risk of crashing
because of it. One study made the comparison of driving
performance between texting with a touch screen or with a
keyboard interface and found higher lane position variability
and workload for the touch interface[2].

Even though using a touchscreen integrated in the car
would seem to have similar affects as using a cell phone,
surprisingly little is known about how these IVI interactions
impact a driver’s workload.[3]

II. OBJECTIVE

The objective of this research is to examine the visual
demand of touchscreens compared to more traditional button-

based interactions systems in cars, this will be evaluated
in a driving situation. Furthermore how the two systems
compares while stationary.

III. THEORY

Lets define some important information regarding this
study. Below we look at the notation of infotainment systems
in cars, visual demand and reaction time while driving a
vehicle. We also look at the specific system used in this
study.

A. In-Vehicle-Infotainment systems

IVI, short for In-Vehicle-Infotainment systems, is a
combination of systems which delivers entertainment and
information to the driver and passengers. In order to provide
these types of services, the IVI systems uses audio and
video interfaces, touchscreens, key-pads, voice-commands
and much more[4]. Not all new cars have these types of
infotainment systems, however according to a study it is
expected that in 2020 up to 80% of new vehicles will be
connected to digital services[5].

There are many types of controls for these systems. More
traditionally the system was controlled through various
buttons around the screen in the center console and on
the steering wheel. More recent versions include either a
touchscreen or a rotary-dial as the basic control system, but
there are more features available such as gesture control,
head up displays and write-pads. Most modern systems can
to some extent be controlled through Bluetooth units as
well.[6]

Through the infotainment system a user can perform a lot
of different task. This includes radio and CD-player, hands-
free phone connections, navigation and the list goes on[4].
In the more modern systems there is also support for mobile
device connectivity through applications like Android auto
and Apple carplay.

B. In-Vehicle-Information system for this study

Below is a modern IVI-system with a touchscreen, and at
the bottom of the picture there is a rotary dial which can
also be used to control the interface. This particular system
is from a new BMW and was used in this study.
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Fig. 1. In-Vehicle-Infotainment System for a 2020 BMW

C. Visual demand while driving and reaction time

Over the years numerous attempts have been made to try
and determine the correlation between human inattention
and vehicle accidents. Even in the early 2000s in was
found that by performing other tasks when driving, there
is an increased accident risk[7]. Since then this subject
have been further investigated. One study targeted to assess
the visual and cognitive demand of IVI-systems[8]. In this
study the authors found that "Many of the more complex
IVIS features and functions were associated with extreme
levels of overall demand."[8]. Furthermore, they recommend
that some features of the IVI-systems should not even be
available when the vehicle is in motion[8].

When driving a vehicle the typical reaction time is be-
tween 0.5 - 1 seconds. Reaction time is referring to the time
from when a danger is spotted to when the driver starts
braking[9]. Assuming a reaction time of 1 second and a
driving speed of 70 kilometers per hour, this results in a
reaction distance of 21 meters[9]. A study investigated the
relationship between increased level of IVI-system demand
and reaction time and they found that higher demand of
IVI-system interactions resulted in an increase of reaction
time[10].

IV. METHOD

The objective of this study was to evaluate the visual
demand of touchscreen-based control interfaces compared
to button-based systems in cars. The test was split into
two parts. A user test followed by interview questions was
decided to be the best way of collecting relevant information.

A. Participants

The tests were conducted with two test groups spread out
over two days. Each test had 4 test participants, so a total of 8
participants. The driving experience amongst the participants
were varying, ranging from under a year to over 30 years of
driving experience.

B. User test

The user test was conducted at a big open parking space
in Umeå. Since the participants were to complete tasks while
driving the car, it was decided it would be best to conduct
the test in a controlled environment where there was no
unnecessary risk involved. The test started with the test
leader explaining the tasks in which the participant were to
complete during the session. The task, done both by using the
touchscreen and the rotary dial, were to find a specific person
within the phone contact list. The phone was connected to
the car through Bluetooth. Once the participant knew the
tasks, the test leader started filming the participant while the
tasks were being performed. By filming the participant while
driving, the films could then be reviewed frame by frame to
extract how much time was spent looking at the screen rather
then on the road.

C. Interview questions

After each test session, the test participant was asked two
questions. The first one regarding how the two interactions
compared in a driving situation, and the second one was how
they compared in a stationary situation. In each situation, the
questions targeted whether the interactions felt easier/harder
in any of the two situations.

D. Material

The material used in this test was a car and a mobile
phone for filming the test subjects. The reason only one car
was used was because it contains both types of interactions
for the infotainment system. The car has a rotary dial to
control the interface but it can also be controlled interacting
directly with the touchscreen in the center console. All test
participants used the same car and the mobile phone was
controlled by the test leader.

V. RESULT

Lets present the result from the tests, both from extracting
data from the films and from interview questions regarding
how the participant experienced the two interaction methods.

A. Time comparison

In Fig 2. the time it took for each participant to complete
the task using only the rotary dial as interaction method is
displayed. The diagram displays both total time to complete
the task and how much of that time was spent looking at the
screen.

In Fig 3. below the time it took for each participant to
complete the task using only the touchscreen as interaction
method is displayed. Again both total time and time spent
looking on the screen is displayed.
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Fig. 2. Time diagram for rotary dial

Fig. 3. Time diagram for touchscreen

Fig 4. shows the average time for both interaction methods.
Total time for task completion using the touchscreen was
slightly lower than using the rotary dial. As for time spent
looking on the screen they are very similar, however using
the rotary dial resulted in a slightly longer time spent looking
on the screen.

Fig. 4. Average total time and screen time

In Fig 5. shows the correlation between total time for
completion of task and time spent looking on the screen.
While using the rotary dial as interaction method resulted in
more total screen time, the percentage of screen time was
actually lower than using the touchscreen.

Finally for each participant, the longest time periods of
keeping their eyes on the screen was measured and then the

Fig. 5. Time percentage

average was calculated for each interaction method, which
is displayed below in Fig 6. The longest average time period
of looking on the screen for the touchscreen was 3.4 seconds
compared to 2.3 for the rotary dial.

Fig. 6. Time interval average

B. Thoughts from participants

Each participant gave their thoughts about the two
interaction methods. All participants except for one felt that
it was much harder to keep the focus on the road while
interacting with the touchscreen. A key point that was
mentioned was that the rotary dial is in a place where you
naturally have your hand, meaning that you don’t need to
look for it. A second key point brought up was the fact that
the touchscreen doesn’t provide any type of feedback when
being interacted with. The lack of feedback meant that the
participants felt a need to divert their attention more towards
the screen to make sure that the correct buttons were being
pressed.

Finally each participant gave their thoughts about which
of the two interaction systems they preferred while in a
non-driving situation. In this situations everyone felt that the
touchscreen outperformed the button-based control interface.
The main point mentioned here was the fact the the touch-
screen offers more freedom and easier navigation when full
focus can be directed towards the screen.
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VI. DISCUSSION

The result of this study gives at best an indication of
some of the differences between the two interaction methods
with regards to visual demand. There are some aspects of
this test which has to be taken into account when looking
at the result. The first thing is that each participant did each
test back to back. In other words they first completed the
test using the rotary dial and then directly after doing the
same task again but using the touchscreen. This could be
slightly misleading for the result since after they completed
the first test, they would presumably have remembered how
to navigate to the "goal". In this case it would favour the
touchscreen a bit sine it was the second part of the task.
In hindsight it would probably been better letting each
participant complete the task using one interaction method
and then repeating the process for the second interaction
method. In summary I don’t believe this had any major
impact on the result, but worth mentioning.

The second aspect worth discussing regarding this study
is the accuracy of the measurements. Since all video
footage have been analyzed and edited manually to find
the respective time spent looking on the screen for each
test participant, the result are prone to contain some errors.
There would be virtually impossible for a human to catch
all glimpses on the screen and accurately measure their
time span without any specific software or specific gear and
setup for the task.

Finally the driving environment could very well play a roll
in the result. The study was conducted at an empty parking
lot not to involve any unnecessary risk. However, this takes
away the usual driving scenario on the road where there are
numerous of factors which the driver needs to pay attention
to, such as traffic and road signs. One could argue this makes
the driver subconsciously spending longer periods of time
with the eyes fixed on the screen, knowing that there are
nothing to worry about ahead.

VII. CONCLUSIONS

By looking at the data derived from these tests coupled
with the interview questions this study implies that the
touchscreen seems to be more visually demanding than the
button-based control interface. The total time spent looking

on the screen rather than on the road were very similar,
but this doesn’t tell the whole truth. More interesting is
by looking at the longest period of time spent looking on
the screen for each interaction method. In this case the
longest time period for the touchscreen was on average over
1 second longer than for the rotary dial. This would also
imply a longer reaction distance. However, this study is not
extensive enough and too limited in its scope to draw that
conclusion. As mentioned in another study, they came to
the conclusion that "vehicles differed considerably in the
demand associated with IVIS interactions."[8]. So, while
the result of this study implies that the touchscreen is more
visually demanding, which potentially could lead to a longer
reaction distance, this might not be true for another vehicle.

On the whole, by looking at the results there seems
to be a case to be made for touchscreens in cars going
forward. However, there seems to be a need for having other
interaction methods as well, particularly when the vehicle is
in motion.
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Abstract— The purpose of this paper is to find out whether
people’s behaviors are similar through a questionnaire about
daily behaviors. The main task is to mine frequent behav-
ior items to realize data mining. The conventional Apriori
algorithm is used to achieve the whole mining process. By
comparing the behaviors of two groups of different types of
people, and summarizing their characteristics, we can find
the rules and show the features of daily behavior association
through visualization.

I. INTRODUCTION

Most humans live in groups. In addition to the group
social relations formed by blood relationships, people tend to
get to know new social relationships through certain same or
similar lifestyle habits, experiences or hobbies. Social media
will push people that the user may know through photos
uploaded by users, places they have been to, and hobbies
they have. Video websites will also push new videos for
users according to their historical viewing records. At the
same time, people with some of the same bad habits may
have the same diseases. According to a social science survey,
long-term use of high oil and high-fat food family members,
often suffer from high blood pressure and high blood fat or
weight over standard value. In the United States, because of
poverty, some people have to choose cheap processed food,
and a long-term unhealthy diet leads to health problems such
as obesity[1]. Therefore, we can consider that in the United
States, poverty, long-term high oil and fat diet, obesity, can
form a group of frequent items in the Latin American people.

In the same way, we can apply the data mining tech-
nology to the analysis of the lifestyle questionnaire of the
non-specific population. As each individual, do we have
some similar lifestyle with others? Or whether some of our
lifestyles be accompanied by some kind of mental stress?

II. OBJECTIVE

The purpose of this study is to analyze whether people’s
lifestyles are similar. The main analysis algorithm is the
Apriori algorithm in machine learning.

III. THEORETICAL FRAMEWORK

A. Unsupervised learning

Machine learning is divided into supervised learning
and unsupervised learning, in which unsupervised learning
means that the input data is not marked, and there is no
definite result, and the sample data category is unknown, so

it is necessary to classify the sample set according to the
similarity between the samples[2]. One of the main methods
is based on the direct method of probability density function
estimation, trying to find the distribution parameters of all
kinds of tables in the feature space, and then classify them.
The hidden information in the data set can be extracted by
using the clustering results[3].

B. Relationship between questionnaires and shopping basket
questions

Association rule algorithm is mainly used in shopping
basket analysis[4]. Its purpose is to find the potential as-
sociation of goods from a large number of orders. Each
shopping list can be considered as a sample. The product
types included in the shopping list can be considered as items
in the sample. A collection containing 0 or more items is
called an item set.

Each questionnaire is regarded as a sample, and the
information data in the questionnaire is regarded as items in
the sample. A collection of some or all items in a sample is
called a itemset. Support indicates the proportion of a sample
containing a certain set in all data sets. Set a minimum
valve threshold of support. When the frequency of item set
composed of two or more information data is higher than the
minimum valve threshold, such item set is a frequent item
set.

C. The design of questionnaire

Design a questionnaire related to daily life style, mainly
covering the following nine aspects.

• Daily leisure mode
• Time to go to bed
• Discomfortable part of the body
• Daily drink types
• Taste preferences
• Weight change in last two months
• Daily average number of steps
• Training times per week
• Main sources of personal stress

Lifestyle is relevant to many factors. Studies have shown
that occupation affects the length of leisure time[5], self-
discipline has nothing to do with procrastination[6], and
leisure style directly affects worn parts of the body[7]. The
consumption of carbonated drinks is inversely proportional
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to the use of dairy products[8]. This time, mainly studied
whether the living habits of different people are similar.

IV. METHOD
A. Participants

A total of 134 users from the Internet participated in
the questionnaire, and their ages ranged from 20 to 40. All
participants had a bachelor’s degree. The nationality, race,
color, and living area of the participants were not considered.

B. Data prepossessing

Participants responded to the questions in the question-
naire by adopting the model of freely filling in the answers.
By sorting the survey answer, they obtained the answer types
shown in the following table.

TABLE I: Investigation conclusion

No. Item Type

1 Daily leisure mode Chatting, Games, Music, Reading,
Sleeping, Stay alone, Training, Watching
videos

2 Time to go to bed 22:00 23:00, 23:00 24:00, Later than
24:00

3 Discomfortable
part of body

Headache or eye pain, Muscle soreness
(not related to exercise), Neck or shoul-
der pain, Stomach discomfort, Waist or
joints pain

4 Daily drink types Coffee, Tea, Energy drinks, Juice, Cola
soda, Milk products

5 Taste preferences Bitterness, Bland diet, Salty, Sourly,
Spicy, Sweetly

6 Weight change in
the last two months

Basically unchanged (Change range less
than 2 kg), Increased ,Reduced

7 Daily average
number of steps

0 5000 steps, 5000 8000 steps,
8000 14000 steps, More than 14000
steps

8 Training times per
week

0 2 per week, 3 4 times per week, 5
times per week

9 Main sources of
personal stress

Personal development, Economic pres-
sure, Uncomfortable of body, Interper-
sonal relationship

As shows above, this is an answer set with 45 life
behavior characteristics.

C. Apriori algorithm

Apriori algorithm is an algorithm to mine data sets by
determining the minimum support and confidence.

• Support: In order to calculate the frequency of feature
A, it is measured by the proportion of feature A[9]. (The
total number of samples is represented by the symbol
I , in this case I=134)

support(A) =
num(A)

I
(1)

For example, there are 53 people fill in chatting as their
leisure way, so the support of chat as a daily behavior
feature is 53

134 = 0.396.

• Confidence: How likely feature B is filled in when
feature A is filled in, expressed as A=> B. This is
measured by the proportion of transactions with feature
A, in which feature B also appears[9].

confidence(A⇒ B) =
support(A⇒ B)

support(A)
(2)

• Lift: When feature B appears, the probability of the
feature A appears and controlling for how popular the
support of feature A[9].

Lift(A⇒ B) =
support(A⇒ B)

support(A)× support(B)
(3)

V. RESULT

In this questionnaire, four questions can be used to
classified, such as the training time per week, the weight
change in the past two months, the time to go to bed, and
the average number of steps per day. These four questions
belong to a single characteristic attribute because people
only can to appear in one situation of each problem. These
questions help to analyze what similarly point people of
different living habits have.

In order to represent the relevance of daily behavior
habits, the chord graph is chosen to represent the relevance
of behavior characteristics. The chord graph is a method to
show the relationship between data in the matrix. Data is
arranged radially around a circle. The relationship between
data points is usually drawn as an arc connecting data.

A. Time to go to bed

Fig. 1: Proportion of people in different sleeping time

According to statistics, the distribution proportion of
people in three different sleep time in this questionnaire is
as shown in the Figure 1. The proportion of people sleep at
22:00 23:00 and 23:00 24:00 are almost the same, while the
people sleep later than 24:00 account larger than half of the
total.

Setting the sleep time as the analysis feature of the
behavior feature, there are three kinds of different association
behavior analysis charts that will be obtained. Based on
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the calculation basis of the Apriori algorithm, considering
the support greater than 0.5 will get frequent items. In
other words, when the probability of two or more behaviors
occurring at the same time is higher than 50%, this group
of actions with high probability can be considered to occur
together.

Fig. 2: Sleep at 22:00 23:00

From Figure 2 shows, people who sleep time between
22:00 and 23:00 have a variety of choices for daily drinks.
Energy drinks, cola, soda, milk products, and coffee are
their main choices. They will mainly face the pressure
from economic and personal development, and the main
parts of the body that feel uncomfortable are headache or
eye pain, shoulder, and neck pain. The primary way of
leisure of them is to chat with friends and watch videos.
The majority of them have a habit that training 0-2 times
per week. At the same time, in this group of people, the
behavior characteristics of training 0-2 times per week are
accompanied by watching videos as leisure mode, prefer
drinking coffee, daily average steps within 5000, shoulder
neck pain or head and eye pain. Also, people who like to
watch videos are often accompanied by headaches or eye
pain.

The figure 3 shows, people who sleep from 23:00 to
24:00 tend to drink coffee and functional drinks while they
are anxious about their personal development. These people
like spicy food. Their leisure way is mainly to play games,
and they will have the discomfort feeling about shoulder
and neck pain. Some people who don’t feel the pressure of
personal development also like to drink juice, and they will
also choose watching videos as a way of leisure.

As for people who sleep later than 24:00 shows in
figure 4, their demographic characteristics are more concen-
trated. In this group, people who feel the pressure of personal
development are more inclined to use coffee as their daily
drink. The regular leisure mode mainly focuses on watching
videos, and they also often feel the pain of the shoulder and
neck.

By comparing the behavior of three different sleep time

Fig. 3: Sleep at 23:00 24:00

Fig. 4: Sleep later than 24:00

groups, the leisure mode and drink choice preference of
the sleep procrastination group is more unitary. And the
behavioral characteristics of people who sleep earlier are not
evident at the same time with the stress state. Correspond-
ingly, the behavior characteristics of training time and the
discomfort able parts of the body are accompanied. With the
sleep time goes procrastination, stress state seems to have
a close relationship with other life behavior characteristics,
and this close relationship becomes more and more evident
over time.

B. Training times per week

Next, comparing the behavior of people who are training
different times per week. The majority of people training less
than two times per week and the people who have training
habits 3-4 times a week account for 15% from this survey.

In the Figure 6 shows. The behavior pattern of people
who has the habit of training 0-2 times per week is relatively
simple. The most frequent drink is coffee, and they prefer
to go to bed later than 24:00. Usually, they mainly choose
watching videos as the primary leisure mode. At the same
time, they also have the problem of shoulder and neck pain.

Comparing the people from Figure 7 and Figure 8.
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Fig. 5: Training times per week

Fig. 6: Training 0 2 times per week

Fig. 7: Training 3 4 times per week

With the increase of training times, the behavior patterns
of the respondents gradually become diversified. In terms of
beverage selection, the group who is training 3 4 times per
week likes to drink functional drinks as well as coffee, and
the group who is training 5 times per week prefer juice and
milk products as well as coffee. At the same time, the weight
increase is also more evident with the training time increase,
although their daily walking steps range increase as well. At

Fig. 8: Training 5 times per week

the same time, the people who training 3 4 times seem has
suffered economic pressure than the other two groups.

VI. DISCUSSION

People will feel the pressure on personal development,
which is obviously in any group. At the same time, shoulder
and neck pain seems to be the main physical discomfort felt
by all group of people.

By comparing the behavior of the people who sleep in
a different time, the people who sleep earlier seem to have
more diversified behaviors than the people who sleep later,
which is reflected in their choice of drinks and the mode of
daily leisure. And people who sleep earlier also suffer from
a variety of pressures, while people who sleep later mainly
feel the pressure on personal development.

Comparing the training times group, it seems that there
has the same trend, which the more training times per week,
the people have a more diverse lifestyle. This survey does
not show that the times of training per week has a direct
relationship with weight loss. On the contrary, people seem
to have a trend of weight gain with the increase of sleeping
exercise per week.

VII. CONCLUSION

The purpose of this research is to mine the commonality
of human behavior, which reflected in the questionnaire by
using the algorithm. The survey used in this research can
reveal many details in people’s daily life. Whether the crowd
has similarity is always concerned by people. At the same
time, by analyzing such a questionnaire, it can reflect the
behavior model which chose in the nowaday environment.
Whether it can classify people in a smart invisibly way,
or whether some daily behavior patterns have unexplained
effects on other lifestyles.
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Abstract— This paper presents a method to define safety
and assess risk for autonomous construction site vehicles and
humans. By using the analogy of a fence protecting humans
from industrial robots, a virtual fence is created based on
vehicle parameters and current states. The fence is an indicator
of safety for each autonomous vehicle and human entity. By
implementing the concept in a simulation the parameters are
combined to form the safety measure. The presented solution is
a set of parameters correlated to risk and a proposed method
of implementation.

I. INTRODUCTION
Humans have worked in close proximity to robots

for many years, with a variety of safety measures such
as sensors, cages, and haptic control in combination
with telemetry, in place to shield humans from danger.
Today, multiple areas of technology are going through
a change from direct control, with a human driver, to
gradually increasing levels of unsupervised operations.
Heavy duty machinery for construction have not seen the
same development due to being in an environment that is
harder to interpret for a machine, having more versatile
tasks, and a higher associated risk for human workers nearby.

Out of the many methods proposed to solve this problem,
some possible solutions include:

• Using an estimate of "near miss" to estimate the fre-
quency of actual collisions of autonomous vehicles [1].

• Training neural networks for prediction of risks by
collecting data from cars, operating in a supervised
fashion, and defining safety as a percentage of the total
distance travelled to the number of accidents [2].

• Using simulations to determine safety for a large com-
bination of situations [4].

• Investigating casual events and malfunctions both in
software and hardware [3].

• Parameters for autonomous models of vehicles can be
trained in an experimental way, by using reinforcement
learning for a more specific scenario such as road
crossings and intersections [9].

Benefits of autonomous vehicles include the possibility to
communicate knowledge of current vehicle states and the
ability to plan intended future actions. Communication by
each autonomous agent regarding future intended action

may also reduce risks as potential dangers can be detected
and avoided early. When human workers or vehicles lack
the ability to communicate with each other, a reactive
environment with an increased risk of collisions emerge. A
hybrid architecture allows the robot to plan and reason on a
high level while using a reactive part to handle unexpected
events where a fast reaction time is needed [5].

This article will present a proposal to construct a virtual
cage for each autonomous vehicle, defined by a set of
parameters with direct influence on safety and risk. The aim
is to create a safer working environment with an increase in
the autonomy of construction vehicles. The defined safety
measure will be suited for heavy duty vehicles deployed in
the vicinity of human workers.

We will use the concept of agents for each autonomous
vehicle, suggested by Russel et al. as:

"An agent is anything that can be viewed as perceiving
its environment through sensors and acting upon that
environment through actuators" [6].

The suggested solution proposes each agent to know its
limitations and provides a shared safety perimeter given the
current actions. Each parameter will have a different impact
on the risk factor; the problem lies in detecting parameters
with higher associated risk. Since it is not possible to take
into account all real world factors, the most impact-full
parameters will be investigated. Another problem is the
limitation in foresight, all possible events can not be foreseen
and for the events that we can foresee it is not always
possible to prevent or hinder a bad outcome.

II. OBJECTIVE

By equipping the autonomous vehicle with a safety agent
to monitor and predict the current expected risk, the proposed
method intends to simplify the environment and to provide
a safety measure for the construction vehicles and humans.
Then, by using a small set of parameters with influence on
the virtual cage, find parameters associated with a higher
risk.
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III. THEORETICAL FRAMEWORK

A. Purpose and inspiration for the virtual cage

In the industrial environment a number of standards
are developed for collaborative robots, ANSI/RIA R15.06-
2012 states necessary requirements and regulations to ensure
safety while working with collaborative robots [7]. There
are similarities between collaborative robots and autonomous
constructions vehicles, mostly due to the relationship with
the human. By using the benefits of this standard a few
safety parameters and concepts can be derived. There are also
differences that separate how these concepts can be imple-
mented in an outdoor environment. In a factory environment
there is often a guarding system, for example a stationary
physical fence, to prevent humans to enter the dangerous
zone. Guards can also be comprised of stationary sensors
that stops machines and robots when humans are present or
too close. A major problem with construction sites is the
difficulty of placing physical fences or mounting sensors, as
the excavator might need a large work-space which would
require long fences and a vast number of sensors. In addition,
each different task could require different sensors and plan-
ning to ensure safety of that particular situation. For example,
digging trenches is different from compacting a large area or
replacing train rails for sections spanning hundreds of meters
which all would require different safety measures. However,
one important notion noted in the standard mentioned above
is the speed and separation monitoring, which translates to
distance from robot to human and vice versa, reaction time
and a position uncertainty [7].

B. How would it work?

Collaborative robots are often moving at a slower velocity
and have less mass as a safety measure in case they hit a hu-
man. This is not easily achieved with heavy duty machinery
as they have high mass and tasks that require faster velocities.
By using the concept of safety for an industrial robot and a
protective cage is constructed around it human safety can be
increased. When a human is inside the cage safety cannot be
ensured and, thus, any robotic movement stops. The cage can
also guide a human to where she is safe to move and also
where there are elements of risk which leads to humans being
aware of the dangers, thus providing a designated safe-zone.

C. The working environment and simulation conditions

The main different between autonomous cars and con-
struction site vehicles is the unstructured environment i.e. the
lack of roads with marked lanes, signs etc. The environment
is also constantly changing when holes are dug, containers or
material are moved, etc. To make the investigation somewhat
simplified the focus will lie on risk associated with motion
of vehicles and humans in a non-changing environment.

D. Parameters defining safety

Each vehicle has a limited set of essential degrees of
freedom defining possible configurations. By using the con-
figuration space, referred by LaValle as the "set of possible

transformations that could be applied to the robot" [8], the
reach for each vehicle can be computed.

A set of simulation parameters for each agent (humans
and vehicles) are defined as:

• Distance to other agents
• Current position
• Current velocity
• Current deceleration/acceleration
• Time to impact
• Maximum reach
• Maximum deceleration/acceleration
• Maximum velocity
• Load/Mass
• Possible damage/danger if collision occurs
• Total number of agents in the vicinity

E. Kinematic models

The kinematics are essential to define each vehicles
position and motion and will be described in this section.
For evaluation of the critical parameters defining safety,
three kinematic models will be used: an excavator (Cat323),
a truck (Volvo A25D), and a human worker. The excavator
tracks make use of the unicycle model and the arm is
expressed with kinematic equations for an articulated arm.
The complete excavator model is the combination of the
undercarriage combined with the arm. All models are
modelled in 2D except the excavator arm which is modelled
in 3d and projected onto the 2D plane.

1) Excavator: Denavit Hartenberg parameters (DH pa-
rameters) is a convention to select frames of reference for
each link in a kinematic chain. By specifying link length,
link offsets and joint type a kinematic chain can be described
with homogeneous transformation matrices. DH parameters
can be extracted from specified dimensions of the Cat323
and it’s four revolute joints, see table I, with parameters:

• θi as link angle.
• di as link offset/displacement along zi−1.
• ai as constant link length/displacement along xi.
• αi as link twist/rotation around xi.

TABLE I
DH PARAMETERS FOR THE ARM

Link θi* di ai αi

1 θ1* d1 a1 α1

2 θ2* d2 a2 α2

3 θ3* d3 a3 α3

4 θ4* d4 a4 α4

DH parameters are utilized with homogeneous transforma-
tions to calculate rotation and translation of the end-effector.
Denoting transformations as

H =
R d

03x1 o
(1)

where R is a matrix of rotation and d defines translation.
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Screwz =




cos θ − sin θ 0 dx,i
sin θ cos θ 0 dy,i
0 0 1 dz,i
0 0 0 1


 (2)

Screwx =




1 0 0 ax,i
0 cosα − sinα ay,i
0 sinα cosα az,i
0 0 0 1


 (3)

With two matrices namely Screwz (2) and Screwx (3),
which is a combination of rotation and translation along z
and x-axis, a transformation from base frame to tool frame is
possible and forms Ai := ScrewzScrewx . DH-convention
parameters are utilized as inputs to these matrices.

T 0
4 = A1...A4 =




r11 r12 r13 dx
r21 r22 r23 dy
r31 r32 rd3 dz
0 0 0 1


 (4)

By multiplication of homogeneous transforms the forward
kinematics computes a pose of the end-effector which can
be expressed as (4), using joint angles as inputs.

Given the Manipulator Jacobian and angular joint veloci-
ties the Cartesian velocities can be calculated using:

ξ =

[
v0n
ω0
0,n

]
J(q(t))

d

dt
q (5)

The excavator tracks are modelled as a unicycle:


ẋ
ẏ

θ̇


 =



cos(θ)
sin(θ)

0


 v +



0
0
1


ω (6)

where x,y,θ denote vehicle pose, v is linear velocity and
ω is the angular velocity.

2) Truck:



ẋ
ẏ

θ̇
α̇


 =




cos(θ)
sin(θ)

tan(α)/L
0


 v +




0
0
0
1


ω (7)

The truck is modelled using a rear wheel driving bicycle
model (7). Where x,y,θ denote vehicle pose, α is steering
angle, ω is angular rate of steering wheel, v is linear velocity,
and L is vehicle length.

3) Human worker: A human will be modelled as an object
capable of moving in x − y − direction, with states [ẋ, ẏ,
θ].

IV. METHOD

A. Safety perimeter

The safety perimeter for the truck was defined as the
largest outer dimensions of the vehicle, and for the excavator
as a circle indicating the work-space. Which is the maximum
reach of any possible configuration. The virtual fence is then
extended with a number of safety zones, as shown in in

Figure 1 and Figure 2. For the excavator three zones are
shown where four humans are indicated as yellow circles:

• Zone 1: Dangerous zone with risk of inflicting danger, if
any human is within this zone operation will be stopped.
This zone is the active work-space and marks where the
excavator is moving and have actions planned.

• Zone 2: Risk zone where operations and movements
should have a decreased velocity so that a full stop is
possible if a human enters zone 1.

• Zone 3: Configuration space zone where the vehicle
can reach if actions were to be planned in that region.
Since the excavator works in zone 1 no harm should be
possible and it is safe to occupy.

• Outside any zone: The first human is outside all of the
zones and is subjected to no apparant risk.

Fig. 1. Safety zones for the excavator and possible situations of human
interaction during operation.

In Figure 2 the same zones as described above are present
but with two trucks and two humans. The trucks have inter-
secting paths which is shown as two black lines following
each vehicles’ trajectory. This scenario takes into account
the safety of the trucks as well and will stop if the risk of
colliding is emerging. If a human or truck would enter zone
2 of the truck it would slow down to the degree that a full
stop is possible if zone 1 is reached. Human 1 is outside all
of the zones and, thus, not in danger.

Fig. 2. Safety zones for the truck and possible situations of human
interaction during operation.

The risk is measured by using critical parameters with
respect to time and noted as:

• Time to impact (TTI)
• Time to stop (TTS)
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Safety is compromised if the time to stop is greater than
the time to impact when any agent enters zone 1.

B. Test Scenario

Kinematic models were developed using Matlab to create
the risk-assessment estimator. In a simulation scenario shown
in Figure 3 an excavator and a human were assigned fictional
tasks, with a the human going from one point, H1, to another,
H2, and the excavator rotating the arm to move the bucket
from one point, E1, to the second point, E2.

Fig. 3. Simulation setup with an excavator and human performing fictional
tasks.

V. RESULTS

The safety measures used to estimate the risk from a set
of safety critical parameters are TTI and TTS. They use a
set of parameters that affects the risk of collision, which are
velocity, retardation, and distance between agents. Variables
that the autonomous vehicle could change to lower the
estimated risk are the direction and the velocity, upon which
the time to stop and time to impact are directly correlated
to. Where the condition is to slow down when any vehicle
enter zone 2, so that TTI and TTS achieves safety if any
agent enters zone 1.

A. Simulation results

From simulation with the scenario of a human and excava-
tor, the recorded safety measures are given in Figure 4. The
humans initial position is outside any zone-areas and give a
large margin for the excavator to stop before any impact is
possible. As the human enters the second zone the velocity is
decreased enough to allow safe passage when entering zone
1.

Fig. 4. Safety measures recorded during simulation.

VI. DISCUSSION

While this solution is easy to implement and test in a simu-
lation, the real world is more complex and difficult to predict;
not only in the aspect of risk assessment but also in achieving
actions that successfully minimize the risk. The real-life
implications such as injuries or even death in failure to avoid
accidents further complicate how to assess the risk. A variety
of sensors such as GPS, LIDAR, odometry, cameras etc.
would be necessary to capture the required information for
safety assessment in a less predictable environment given the
proposed method. Higher levels of autonomy may increase
awareness of the humans that work in proximity to the
machines, and their education about the risks regarding
the workspace would need updating as to minimize human
error. The vehicles need to be able to plan future actions
to avoid danger but as they can not predict human actions
or communicate with the human about planned actions the
humans surrounding them will need to be educated in how
to evacuate danger-zones. In order for the human to stay
informed on the work site regarding surrounding risk would
be haptic feedback. For example, a worker could have a
bracelet which vibrates to notify the human about an increase
in risk. Minimizing the number of disturbances into zone 1
or 2 will not only lead to an increase in safety but also
ensure a more continuous working speed which will lead to
an increased productivity and effectiveness.

VII. CONCLUSIONS

The concept shows benefits during simulations as the risk
can be monitored and measured. Without the safety agent
safety is subjective for each human and non-existent for the
autonomous vehicle.

As the number of autonomous vehicles increase the need
for a measure of safety or risk is necessary in order to have
autonomous heavy duty vehicles and humans sharing the
construction site in a safe manner.
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A. Further Work

The next step in development is, simulating using high
quality physics engines, with an improved safety measure-
ment to assess the risk for a broad spectrum of real life
situations. As sensing devices and computing power improve
the real test is eventually the real world, where estimation of
danger can improve as the amount of collected data increase.
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