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Personality and the preference for light or dark mode in image-sharing
social media platforms

Petter Skogh
Department of Applied Physics and Electronics

Umeå University
Umeå, Sweden

skoghpetter@gmail.com

Abstract— In both software and mobile applications it is
common to let the user switch between a light and a dark theme
depending on their preference. This study aims to examine any
correlation that this preference might have with personality,
regarding the image-sharing social media platforms Instagram
and Pinterest. The findings of such correlations could have an
impact on the way in which designers think about light or dark
mode within their applications. To examine these correlations
a questionnaire was used containing a big five personality
test and showcases of the modes in Instagram and Pinterest
together with questions about the participant’s preferences
regarding these. The results were not statistically significant
enough to make definite statements about any correlation,
however, they provided some ground for further examination.
There was support pointing in the direction of the personality
trait Intellect/Imagination having some correlation with dark
mode in Pinterest. If this is the case then this information could
be used when designing applications for creative areas, since
Intellect/Imagination is the creativity dimension of personality.

Index Terms— Light mode, Dark mode, Big five personality
traits, Image-sharing social media, Instagram, Pinterest

I. INTRODUCTION

In software/web development it is common practice to
identify and study the target market as a basis for the design
and functionality of the software/webapp. In studying the
target market, designers in general aim to define the market’s
age, location, language, interests and occupation [1]. The
purpose of defining the target market in this way is to use
each of the defining factors as a basis for design decisions. If
there were different design preferences between personality
types and if we knew what these differences were it would
be interesting in target market studies to pay closer attention
to the personalities of the audience.

Personality studies have been done to examine the signif-
icance that personality traits have on behaviour, preferences
and interests. Studies have shown that political positions are
correlated with specific patterns of personality traits where
the strongest difference is that of liberalism and conservatism
[2]. Other studies have shown a consistent relation between
music preference and personality characteristics [3].

There have been studies looking at personality in relation
to software/web interaction design. One study found that
“users’ conscientiousness levels determine their reactions to
UI indicators of critical mass” [4]. Another study found that

the three personality factors Locus of Control, Extraversion
and Neuroticism predicted completion times in particular
interface interactions as well as the number of insights
participants had gained while completing the tasks in the in-
terface [5]. However, there are few studies made concerning
aesthetic preferences related to personality traits, although
these would have the potential to provide a theoretical
basis for certain aesthetic decisions made in software/web
development. A common aesthetic choice that is often left
to the individual user is the choice between light or dark
mode, could this choice be correlated to the personality
traits of the individual? If the preference would be positively
correlated with the trait Intellect/Imagination for example,
which is the creativity dimension [6], designers could use
this information when designing applications for artists or
other creative areas.

II. OBJECTIVE

This study aims to examine if there are, and if so what
correlations there are between the big five personality traits
and the preference for light or dark mode in image-sharing
social media applications Instagram and Pinterest.

III. THEORY

A. Big Five

1) Description: There are multiple personality testing
inventories using the big five personality construct [7].
This study will use the big five factor markers inventory,
which defines the personality traits as Surgency/Extraversion,
Agreeableness, Conscientiousness, Emotional Stability, Intel-
lect/Imagination [8], [6]. To clarify each factor trait they will
be listed below with three words that are positively associated
with it [6]:

• Surgency/Extraversion
– Extraverted
– Talkative
– Assertive

• Agreeableness
– Kind
– Cooperative
– Sympathetic

• Conscientiousness
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– Organized
– Systematic
– Thorough

• Emotional Stability
– Unenvious
– Unemotional
– Relaxed

• Intellect/Imagination
– Intellectual
– Creative
– Complex

2) Testing: The items and scales necessary for testing
are public domain made available by IPIP (International
Personality Item Pool) [9]. Each factor marker in the big five
factor markers scale contains ten statements that are keyed
either positively or negatively depending on if the statement
has a positive or negative correlation with the facet trait [8],
[10]. To be able to compare means and variances to published
studies the statements should be listed with response option
scores 1-5 from "Very Inaccurate" to "Very Accurate" or a
variation of this [10].

To score the scale, positively keyed items are scored so that
the option score is assigned the same value as the number of
the option score, i.e. the option score 1 is assigned a value
of 1 [11]. For negatively keyed items it is reversed so that
the option score 1 is assigned a value of 5 [11]. Once all
statements of the factor have been given a score they can
be summed up to obtain the total factor score [11]. Once all
factors have been scored means from a sample dataset are
used for each factor to interpret the results [12].

B. Light and Dark mode

Light and dark mode in software or on the web are options
for how software or websites are presented thematically. The
light option has dominantly light (white or close to white)
surfaces across the UI of the application [13]. The dark
mode is designed to supplement the light theme and displays
dominantly dark (black or dark gray) surfaces across the UI
[13]. See Fig 1 for example.

IV. METHOD

A. Questionnaire

1) Overview: Data has been gathered through an online
questionnaire consisting of four pages. The first page (see
Fig. 2) introduces the participant to the test and what result
they will get from it. The second page (see Fig. 3) is the
big five personality test. The third page (see Fig. 4) shows
images comparing light and dark mode first in Instagram
and then Pinterest. The participant must choose which mode
they prefer in each application respectively. The third page
also asks questions with answers on a scale of five about
the participant’s prior experience with the applications and
the lighting conditions when the participant is doing the test.
The fourth page (see Fig. 5) shows the participant’s result
on the personality test.

Fig. 1. Instagram - Dark and Light mode

Fig. 2. First Page - Introduction

2) Details: The pages of the questionnaire are described
in detail.

The first page introduced the participant to the test with
the following text "Welcome! This is a questionnaire for
a research project which aims to examine if there are any
correlations between personality traits and the preference
between light and dark mode, specifically of the social media
platforms Instagram and Pinterest. The questionnaire takes
8-13 minutes to complete and only contains multi-choice
questions with buttons, so you don’t have write anything
yourself. It is divided into two parts:

1) The first part is a personality test based on the big-five
personality theory.

2) The second part showcases the light and dark modes
of Instagram and Pinterest and asks about what your
preference is for the different modes.

By the end of the questionnaire you will be given your
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Fig. 3. Second Page - Personality test

Fig. 4. Third Page - Preferences

results of the personality test as shown by the example
below. Your result on each personality trait is given, as well
as a description of each trait. [image of final page] Some
important notes before you begin:

• The questionnaire is completely anonymous, no ques-
tions will be asked about your name, gender, age etc.

• The only information gathered in this questionnaire
are the answers you provide on the questions. No
information will be gathered in the background.

• The only supported browsers are Chrome and Firefox. If
you are using some other browser you may experience
problems."

At the bottom right corner was a button with the text "Go
to test" that led to the second page.

Fig. 5. Final Page - Result on personality test

The second page (the personality test) started by stating
"Describe yourself as you generally are now, not as you
wish to be in the future. Describe yourself as you honestly
see yourself, in relation to other people you know. So
that you can describe yourself in an honest manner, your
responses will be kept in absolute confidence. Indicate for
each statement to what degree you agree with the statement
as a description of you. If you do not understand a word or
phrase please feel free to look up it’s meaning and then come
back.". This was followed by the list of questions described
in section C with radio button answers on a scale from 1-
5 where option 1 was described as "Disagree", option 3 as
"Neutral" and option 5 as "Agree". At the bottom right corner
was a button with the text "Next page" that led to the third
page.

The third page (regarding preference) began by stating
"Here you will be presented with the light and dark modes
of Instagram and Pinterest and asked about your preference.
The feeds of the applications are scrollable so that you
can get a feeling for them as they appear naturally on a
smartphone.". This was followed by the question "What is the
lighting condition in your surroundings?" with radio button
answers with options 1-5 that were described as:

1) Very Dark
2) Dark
3) Neither Dark Nor Bright
4) Bright
5) Very Bright

Each application (as described in section D) was then pre-
sented, first Instagram and then Pinterest. Each application
showcase was followed by the question "Which of the [ap-
plication] modes do you prefer?" with radio button answers
"Light" and "Dark" and the question "How often do you use
[application]?" with radio button answers with options 1-5
that were described as:
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1) Don’t use it
2) Rarely
3) On Occasion
4) Fairly Often
5) Often

At the bottom right corner was a button with the text "Finish
test and send" that led to the final page.

The final page presented the participant with their result
but did not have any impact on the gathered data. The
participant was informed of how to interpret the results and
in what way the results were derived through comparison.
The results were then presented first as a polar area chart
with all personality traits as well as listed one by one with
a short description of what they meant and how to interpret
high and low scores.

B. Participants

Participants have been gathered through sharing the ques-
tionnaire on Facebook and through private messages. Par-
ticipants in the test were of different ages, gender and
countries. The participants were informed that the test would
be completely anonymous and that no personal information
outside of the test would be gathered.

C. Personality Test

To compare against sample data an already published data
set was used. The sample data was taken from the "Open-
Source Psychometrics Project" from a link called "IPIP-
FFM-data-8Nov2018.zip" which contains raw data from an
online personality test (N=1,015,342) [14]. To accurately
compare against the sample data the personality test was
designed to mimic the design of the test used for the sample
data.

The items used in this test are described in Table I. Each
trait is abbreviated for simplicity. Extraversion is abbreviated
as EXT, Emotional Stability as EST, Agreeableness as AGR,
Conscientiousness as CSN and Intellect/Imagination as INT.
Each item is presented with an item name that consists of
the trait it belongs to with an added number, the statement
of the item and it’s keying (positive or negative).

The order of the questions were copied from the sample
data test which was ordered EXT1, AGR1, CSN1, EST1,
INT1, EXT2, etc.

When presenting participants with their results, the results
were first compared to the means of the sample data set so
that the participant could know whether they scored high or
low compared to others.

D. Presentation of applications

The light and dark modes of the applications were pre-
sented as a side by side comparison for each application
respectively as seen in Fig. 4. The showcasing of the feeds
of the applications were made scrollable. The showcases used
for Instagram are shown in Fig. 6 showing the light mode
and Fig. 7 showing the dark mode. The showcases used for
Pinterest are shown in Fig. 8 showing the light mode and
Fig 9 showing the dark mode.

TABLE I
PERSONALITY TEST ITEMS

Item Statement Key
EXT1 I am the life of the party +
EXT2 I don’t talk a lot -
EXT3 I feel comfortable around people +
EXT4 I keep in the background -
EXT5 I start conversations +
EXT6 I have little to say -
EXT7 I talk to a lot of different people at parties +
EXT8 I don’t like to draw attention to myself -
EXT9 I don’t mind being the center of attention +
EXT10 I am quiet around strangers -
EST1 I get stressed out easily -
EST2 I am relaxed most of the time +
EST3 I worry about things -
EST4 I seldom feel blue +
EST5 I am easily disturbed -
EST6 I get upset easily -
EST7 I change my mood a lot -
EST8 I have frequent mood swings -
EST9 I get irritated easily -

EST10 I often feel blue -
AGR1 I feel little concern for others -
AGR2 I am interested in people +
AGR3 I insult people -
AGR4 I sympathize with others’ feelings +
AGR5 I am not interested in other people’s problems -
AGR6 I have a soft heart +
AGR7 I am not really interested in others -
AGR8 I take time out for others +
AGR9 I feel others’ emotions +

AGR10 I make people feel at ease +
CSN1 I am always prepared +
CSN2 I leave my belongings around -
CSN3 I pay attention to details +
CSN4 I make a mess of things -
CSN5 I get chores done right away +
CSN6 I often forget to put things back in their proper place -
CSN7 I like order +
CSN8 I shirk my duties -
CSN9 I follow a schedule +
CSN10 I am exacting in my work +
INT1 I have a rich vocabulary +
INT2 I have difficulty understanding abstract ideas -
INT3 I have a vivid imagination +
INT4 I am not interested in abstract ideas -
INT5 I have excellent ideas +
INT6 I do not have a good imagination -
INT7 I am quick to understand things +
INT8 I use difficult words +
INT9 I spend time reflecting on things +

INT10 I am full of ideas +

The feeds of the applications were produced by manipulat-
ing existing feeds using stock photos and text replacements
with the Roboto font to create fake posts and users.

E. Data-analysis

A statistical analysis of the collected data was performed
examining correlations of each personality trait to the pref-
erence of dark or light mode. The analysis was done using
point-biserial correlation looking at the correlations between
the big five personality domains, lighting conditions, and use-
rates of the applications against the preference for dark or
light mode in each application respectively. Looking at the
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Fig. 6. Instagram - Light mode

applications separately, the population was divided into two,
one population with those that preferred light mode and one
with those who preferred dark mode. Results that were three
standard deviations away from the mean inside a population
were trimmed to avoid extreme outliers in the data.

V. RESULTS

There were 30 results gathered in the test. Table II
shows the results for Instagram. The table shows both the
correlation coefficients and the p-values for the correlations
between light and dark mode with each personality trait,
lighting condition and use rate of the applications. Table III
does the same for Pinterest.

Fig. 7. Instagram - Dark mode

Positive correlation coefficients represent a positive corre-
lation with light mode while negative coefficients represent
a negative correlation with light mode (i.e. a positive corre-
lation with dark mode). A coefficient value between .1 and
.3 is considered to be a low correlation. A value between .3
and .5 is considered to be a moderate correlation and over
.5 is considered to be a strong correlation.

The p-value represents the level of statistical significance.
A p-value lower than .05 means that there is less than a 5%
chance that there is no correlation. The .05 limit was used
to determine if the correlation is statistically significant, i.e.
if the p-value is less than .05 the correlation is statistically
significant.
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Fig. 8. Pinterest - Light mode

VI. DISCUSSION

A. Results

As the p-values in table II and III suggest, there is no
support to accept the hypotheses that there is any correlation
between any of the different factors with light or dark mode.

To get clear results there would need to be a larger sample
size. Because the statistical significance is not large enough
for any factor there are no real conclusions to draw from
the results, it is only possible to further hypothesise about
possible correlations.

The strongest pointing support for any correlation is that of
the trait Intellect/Imagination for Pinterest, with a correlation
coefficient of -.2830 and a p-value of .1191. This means
that there is only about a 12% chance that the correlation
was because of coincidence. This is too large of a chance to
support the correlation but perhaps it could support further
examination. The weakest support for any correlation is

Fig. 9. Pinterest - Dark mode

that of the trait Emotional Stability for Instagram, with a
coefficient of .001 and a p-value of .9960. This seems to
point to that there is no correlation at all.

An interesting note is that lighting conditions have correla-
tion coefficients -.0116 for Instagram and .0116 for Pinterest
as well as p-values .9507 for both Instagram and Pinterest
which seems to show that there is no support for a correlation
with light or dark mode and lighting conditions.

B. Method

There are several big five inventories to choose from when
testing personality. The inventory that was used for this study
was chosen for a couple of reasons. The first reason was that
the inventory only had fifty items which is much shorter than
most others that have a hundred items. The shortness of the
inventory meant shorter completion times compared to the
other inventories which was hypothesised to gather a larger
amount of participants. The inventory was also found to be
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TABLE II
INSTAGRAM - CORRELATIONS AND P-VALUES

Correlation coefficient p-value
EXT .0748 .6854
EST .0010 .9960
CSN .1329 .4709
AGR .1040 .5838
INT -.1364 .4755
Lighting -.0116 .9507
Use -.0522 .7834

TABLE III
PINTEREST - CORRELATIONS AND P-VALUES

Correlation coefficient p-value
EXT .0731 .7014
EST -.0449 .8059
CSN -.1780 .3758
AGR -.0720 .8419
INT -.2830 .1191
Lighting .0116 .9507
Use .1830 .3219

the only inventory with a large enough sample data set to be
able to compare results against. There are however reasons
to strongly support the use of other inventories. Firstly, the
inventory used is quite old as of the making of this study.
New inventories have been created that may be better for
getting more accurate results. Secondly, the shortness of
the inventory used may be to the study’s disadvantage. A
misunderstanding by the participant of a specific item could
alter the result of a trait by a lot which means there is quite a
lot of room for errors in the personality test. This is especially
true since the test may not be written in the participant’s
native language.

It may have been interesting to know more about the
participants gender and age, however, asking questions about
this could have endangered the anonymity of the participants
and it was hypothesised that this could cause them to not
answer honestly to the personality test, hence it was not
included.

Testing the preference for light or dark mode present
a challenge since the preference for either mode may be

dependent on the images that are used in the feeds as well as
the general design of the application. To get a more accurate
depiction of the preference for the modes in the application,
each application may need a more extensive showcase or
a showcase with images that in some way more accurately
depicts the way in which the application would appear on
the participant’s smartphone.
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The dark side of social media:
an analysis of the effects of automatic playback

Daniel Villacorta
Department of Applied Physics and Electronics
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Umeå, Sweden

jdaniel.villacort@gmail.com

Abstract—Wherever you look nowadays you see people looking
at their phones to check the latest post on social media. But
what is it that makes us hooked on them? This paper aims to
investigate the dark pattern called automatic playback that can
be found on certain social media and how it may affect the time
we spend on them. The study was based on a web-based survey
and a two-part interview. We looked at the participant’s social
media usage the last week and then we turned off the automatic
playback to see what would happen during a week. The results
showed that after turning off the automatic playback, all the
participants decreased their weekly time in different amounts.
But there were too many factors that could have affected the
results to prove that turning off the automatic playback would
result in less weekly time.

Index Terms—Social media, dark patterns, automatic playback

I. INTRODUCTION

Checking and scrolling through social media has become
very popular activity in the last decade [1]. Wherever you
look nowadays you see people looking at their phones to
check the latest post on social media. In some cases you see
people walking into each other because their focus is on their
phone. But what is it that makes us hooked on them, is it our
curiosity? The feeling of not being lonely or is it a design
pattern made from the companies to keep us scrolling.These
kinds of patterns are sometimes called dark patterns, the term
dark pattern was first used by Harry Brignull in 2010 [2].This
study is going to investigate the automatic playback in three
of the most popular social medias, Facebook, Youtube and
Instagram [3].

II. OBJECTIVE

The ambition of this paper is to investigate the dark pat-
tern called automatic playback that can be found on Face-
book,YouTube and Instagram and how it may affect the time
we spend on them.

III. THEORY

In a study from 2019, it shows that 45 procent of the world’s
population uses social media, with an average of 2 hours
and 23 minutes spent per day on social media. It’s a steady
increase from 1 hour and 30 minutes in 2012 [4]. Could it be
because of a design pattern? The word “Dark pattern” was first

used by Harry Brignull in 2010 when he created the website
“darkpattern.org” [2]Harry said the following, “normally when
you think of “bad design,” you think of the creator as being
sloppy or lazy, but without ill intent. Dark patterns, on the
other hand, are not mistakes. They’re carefully crafted with
a solid understanding of human psychology, and they do not
have the user’s interest in mind”. This study is about automatic
playback but it is important to know the different terms while
talking about dark patterns to better understand.

A. TERMS

Automatic playback (Auto-Play)
Auto-Play is a feature used by some websites containing at

least one embedded video or audio element wherein the video
or audio element starts playing, automatically, without explicit
user choice, after some triggering event such as page load or
navigating to a particular region of the webpage [5].

Infinite scroll
You let your users be hooked into an endless loop of content.

[6] Imagine you are scrolling through Facebook, Youtube or
Instagram, you keep scrolling and scrolling but it never ends.
You will never get to the bottom of the page because it does
not exist.

Pull to refresh
You utilize a gambling technique to tease a surprise, making

users want to see the next batch of content. [6] While scrolling
you begin to see posts or pictures you already have seen. So
you go up and pull to refresh, this while make some sort of
effect and you will get new posts or pictures.

Hidden adverts
You create an advert to look the same as the content on the

page, misleading the user into interacting with the advert. [6]
This is a very common thing, especially on Instagram if you
are scrolling through the feed rather quickly you do not even
think about the ad.

B. Facebook, Instagram, and YouTube

The average time spent on Facebook is around 58min per
day, something that needs to be considered is that the time
spent on messenger is also counted in [7]. Accordingly to the
statistics it is not weird considering that Facebook has been
the biggest player in social media for a long time. In second
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place comes Instagram with 53minutes/day and on third places
comes YouTube with 40minutes/day [7]. Something that these
social media all have in common is that they used a certain
type of design pattern that involves infinity scroll, pull to
refresh and automatic playback (Auto-play).

Fig. 1. Number of people using social media 2004-2019

C. Consequence of social media usage

Many studies on social media usage and mental health
have shown that the prolonged use of social media such as
Facebook is associated with mental health problems such
as stress, anxiety, and depression and negatively associated
with long-term well-being [8].For example, the time spent
on social media was related to depressive symptoms among
high school students in Central Serbia [8].This could mean
that dark patterns are one of the causes of mental health
problems.Importantly, frequent social media usage does not
necessarily indicate social media addiction and therefore does
not always have implications for individuals’ mental health
[8].

IV. METHOD

The main test is going to be a two-part test, for the test to
become more quality than quantity. The aim of the test is to
see what happens if we turn off the automatic play on social
media. Will the user spend less time on them or will it be the
same.

A. Hypothesis

When you look more closely at the various social media
we have chosen, you can see that most of them use the
same methods we mention. Which could mean that these dark
patterns work. Our hypothesis is that many of the users on
these applications have no idea why they spend so much time
on them and turning off the automatic playback would mean
less time on the applications.

B. Limitations

This study will not have anything in mind about the design
within the application but only care about the automatic
playback and whether it encourage more usage time within
these applications. The target group will be people between

18-34. As we can see in Fig.2. and Fig.3. it is the target group
that spend the most time on the chosen platforms.

Fig. 2. User of Facebook by age group and gender

Fig. 3. User of Facebook by age group and gender

C. Google form - Usage of social media

First, we wanted to see how different users use social media,
what are the reasons behind it? Do they really get “stuck” on
them? We created a google form that consisted of different
questions about social media usage. We asked the following
question.

• Gender
• Age
• Which of these social media sites do you use on a daily

basis?
• Approximately how much time do you spend on social

media during a day?
• What is the main reason for your social media usage?
• Have you ever felt that you got ”stuck” in front of social

media?
• If you answered yes, do you know what the reason was?
• Have you ever felt that you ”scrolled” without reaching

the end?
• If you answered yes, do you know what the reason was?
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• Have you ever been ”stuck” on unnecessary clips/videos
for a long time?

• If you answered yes, do you know what the reason was?

D. Test - Automatic playback function

We chose five people that are university students and spend
over two hours a day on social media. The test persons
consisted of three women and two men. All except one had
iPhone, that person used an Android phone.

We explained for the test persons what the test would be
based on, that the aim of the the test is to see what happens
if we turn off the automatic play on social media.

We asked the test persons if they have done something that
could affect the usage of social media in the last seven days.
The second question was if the next seven days would be
spend as normal. It was important to know so the usage of
social media was not higher than normal.

The first thing we did was to see how much time the test
persons had spend on social media the last seven days. This
is possible on both Android and iPhone if you go to “battery
usage”. After we got that information it was time to turn off
automatic playback. The test was supposed to turn off the
automatic playback on Facebook, YouTube, and Instagram, but
when we were going to turn it off on Instagram we noticed
Instagram had removed any opportunity to turn it off. So we
removed the automatic playback on Facebook and YouTube.
Then we said to the test persons that we were going to meet
up again in seven days.

E. Follow up interview

Before we watch the result we had a few questions to the
test person to see how they felt the last seven days.

• Did you notice any difference in your social media usage?
• Did you get “stuck” in front of social media these last

days?
• Did something annoy you?

After we show the result to them we are going to ask if they
are going to continue with the automatic playback function
off.

V. RESULTS

A. Google form

The survey was out during a week and was shared on
Facebook, the result was 31 answers. The age of the people
that answer was between 20-50 years old. The ages with
most answers were 25 and 26 with 8 and 7 answers. Of the
people that answer 41,9% where men and 58,1% women.

Fig.4. Shows the results of the question “Which of these
social media sites do you use on a daily basis?” As we can
see the result gives a clear image that Facebook, Instagram,
and YouTube are currently the most popular platforms. These
results also support our theory that these three platforms are
the most popular.

Fig. 4. Which of these social media sites do you use on a daily basis?

Fig. 5. Approximately how much time do you spend on social media during
a day?

We can see in Fig.5. that the majority of people we asked
spend more than 2 hours a day on social media. Our theory
stated that the average user spent 2 hours and 23 minutes.Next,
we asked, “What is the main reason for your social media
usage?” The top three reasons from highest to low where.

• To see what my friends are doing, 77,4%
• To find funny/entertaining videos, 64,5%
• To stay up-to-date with current news and current events,

61,3%

Fig. 6. Have you ever felt that you got ”stuck” in front of social media?

Fig.6. Shows the response to the question if the person ever
felt “stuck” in front of social media and 96,8% answered
yes, and only 3,2% said no. We asked the people that said
yes what they thought was the reason, here are some responses.

• Time disappears, all of a sudden I’ve been scrolling for
an hour

• The clips/pictures never end
• You go deeper and find new things that are interesting

and fun to look at. An image or clip can lead to another
image/clip which in turn leads to something else. And so
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it goes on. Then all of a sudden you sat there for a few
hours staring at the phone.

• Social media is like an addiction
• Probably well-developed UI methods that made me stop
• Bored maybe

Fig. 7. Have you ever felt that you ”scrolled” without reaching the end?

Fig.7. shows that 77,4% of the people have felt they scrolled
without reaching the end. Fig.8. Shows that 74,2% of the

Fig. 8. Have you ever been ”stuck” on unnecessary clips/videos for a long
time?

people have felt “stuck” on unnecessary clips/videos for a long
time

B. Test - Automatic playback function

TABLE I
HOW MUCH TIME THE TEST SUBJECT HAD SPEND ON FACEBOOK AND

YOUTUBE THE LAST SEVEN DAYS IN TOTAL.(BEFORE TURNING OFF THE
AUTOMATIC PLAYBACK FUNCTION)

Test Weekly time
Test: 1 13h and 2min
Test: 2 10h and 22min
Test: 3 11h and 8min
Test: 4 12h and 42min
Test: 5 11h and 15min

TABLE II
HOW MUCH TIME THE TEST SUBJECT HAD SPEND ON FACEBOOK AND

YOUTUBE THE LAST SEVEN DAYS IN TOTAL.(AFTER TURNING OFF THE
AUTOMATIC PLAYBACK FUNCTION)

Test Weekly time
Test: 1 11h and 17min
Test: 2 8h and 48min
Test: 3 9h and 47min
Test: 4 11h and 38min
Test: 5 10h and 27min

All test subjects responded that the last seven days were
spent normally and that the next seven days would be
spend the same way. After the seven days had passed we met
up again with the test subjects and asked them some questions.

a) Did you notice any difference in your social media
usage?: Three of the test subject noticed that they could
easier “exit” the social media, and felt that they did what they
were supposed to do easier. The two others did not notice
any difference.

b) Did you get “stuck” in front of social media these
last days?: The same three test subjects that noticed the
difference said that they did not get stuck. One of these three
said that he could feel stuck on other social media instead.
The two others said that it depended on what they were doing.

c) Did something annoy you?: Two test subjects said it
was hard at first because they were used that the videos started
automatically but now they needed to press on it to play. But
they got used to it pretty quickly. Two other test subjects
also mentioned the same problem but they had problems with
getting used to it. The last person said that they did not mind
pressing play on the videos at all.

d) Will you continue with the automatic playback func-
tion off?: After we showed the result, four of the test subject
said they would continue with it off and one test subject said
maybe.

VI. DISCUSSION

One step back we had was that Instagram removed the only
way to turn off the automatic playback function leaving us
to only be able to remove it on Facebook and Youtube. The
result shows that all of the test subjects decreased their weekly
time on the chosen social media. The decrease can depend on
many different factors, we chose to tell the test subjects what
the test was going to be about because we did not want to do
something on their phone without their knowledge. This could
have led the test subject to try to decrease their weekly time
to look “good” for the test. Or maybe something happened in
their private life that made them use social media less one day
and that affected the total of the weekly time. We still think
that automatic playback is the reason behind the decrease but
with so many factors it can not be proven. We also wanted to
create a Google form to strengthen our theory behind our study
and also show that people get “stuck” on social media and
some of them do not know why. The answers we got from the
Google form showed exactly what we thought, 96,8% of the
people who answered said they had felt stuck on social media.
The reasons behind it were often the same, never reaching
the end or getting stuck on videos. Some of the people who
answered said infinity scroll or automatic playback. We still
think that the majority of people do not know about these
dark patterns including automatic playback and the people that
answered that, are colleagues of ours due to the form being
shared on our private Facebook.
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VII. CONCLUSION
The aim of the study was to investigate how the automatic

playback affected the time spent on Facebook, YouTube, and
Instagram. We had problems with Instagram so we could only
investigate Facebook and YouTube. The result we got showed
a decrease that could mean that turning it off would mean
less weekly time on the platforms. But at the same time, the
participant with the least decrease was roughly 6min a day.
That could have been because of something else than an effect
of turning off the automatic playback. With so many factors
it is hard to prove that turning off the automatic playback
equals less weekly time on social media. To get a better study
we would suggest not telling the participants what you were
turning off to get a more trustful study.
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Abstract—Today we are surrounded by the nearly inescapable
presence of social media, and this has a marked impact on every
one of our lives. Do we understand the impact that this has on
us?

This study investigated whether the consumption of social me-
dia affects our focus by exposing participants to social media for
a measured time before measuring their cognitive concentration,
and comparing this to their concentration abilities, after being
shielded from social media during the preceding hour.

The tests utilised by this study where the Flanker and Stroop
tasks, which measure the attention and focus of the participant
through their reaction time and accuracy.

The study found that there was a difference in attention after
using social media.

Index Terms—Social media, Attention, Distraction

I. INTRODUCTION

The fast development of technologies such as social media
has helped us in many ways, but is this strictly positive?
The brain struggles to handle too much information at a time,
and it gets overloaded with information when scrolling on
applications such as Facebook [1].
When using social media, our brains get positive feedback
when constantly shifting focus [2]. In this study, it will be
investigated how the constant shifting of focus affects our
attention and focus after the usage of the mobile application
of Facebook.

II. OBJECTIVE

The aim of this paper is to investigate if and how the usage
of social media has an effect on people’s attention. Do the
results of the Stroop task and the Flanker task differ if being
solved after the usage of social media as opposed to if being
solved after the participant has not been exposed to social
media during the past hour?

III. THEORY

A. The brain and attention

The concept of ’attention’ is commonly used, but does not
have a universal definition. The brain has a limited capacity
for information handling, and it is essential to select specific
relevant information [3]. This process is known as ’attention’.
The attention types are divided into four categories

• Alertness and arousal: Low level and crucial to extract
information from the environment

• Sustained attention: Needed to maintain alertness over
time, it becomes more difficult if the subject is found
tedious.

• selective attention: Selection of information crucial for
the task, e.g. reading a book while someone is a talking
in the background.

• Effort: The resources required to process information.
The brain’s capacity to process information seems to be

larger when information comes from differing sources such as
auditory and visual.

The brain continuously processes the peripheral informa-
tion, even though it is not in focus.
Previous research proved that when a person is shown a white
flickering square on a black background, the brains frequency
will start to resonate with the frequency of the flickering [4].
When shown two different paced flickering squares, and told
to focus on one, the brain will resonate with both, but much
more strongly with the one focused on.

B. Attention economy

When using social media, our brains receive positive feed-
back when constantly breaking the attention and switching
task [5]. Dopamine is released and it causes one to become
curious and continue searching for information. The attention
economy has the users continue to scroll even after their
goal is reached, e.g. the goal being searching for a friend on
social media. The bored user anticipates a reward, which is
something companies take advantage of to extract data, often
without the user knowing [6]. The attention of social media
users is a valuable resource - each person has only so much
of it.

C. Distractions at work

A study revealed that removing distractions at work, so-
cial media in particular, had a significant effect on focused
immersion [7]. Increased productivity followed as a result of
blocking the distractions.
When getting distracted continuously during the workday, the
perceived workload increased [8]. It appears that workers
compensate for the distractions by working harder, which
causes the stress levels to rise.

D. The Flanker task

The Flanker task is an attention test where the test subject
is shown arrows, the arrows can be pointing in two possible
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directions, left and right. The participant is to, as quickly as
possible, click the arrows on the keyboard corresponding to
the direction of the middle arrow displayed on the screen.
When the arrows point in different directions, the stimulus is
called incongruent and when they point in the same direction,
it is called congruent as can be seen in figure 1. The original
Flanker task contained letters with the stimulus being noise
letters that differed from the ones around them instead of
arrows pointing in different directions [9]. Figure 1 shows an
example of the Flanker task used.

Figure 1: Top: Congruent stimulus, bottom: Incongruent stim-
ulus (based on Eriksen and Eriksen, 1974)

E. The Stroop task
The Stroop task is a test where colours are written out for

the user to name, the normal stimuli is a colour name written
in its own colour as the top word of figure 2. The interfere
stimuli is where a colour name is written in a different colour,
such as the bottom of figure 2. This task was invented by J.
Ridley Stroop in 1935 [10]. It relates to selective attention
and the cingulate cortex in the brain shows increased activity,
which is involved in detecting the interference. Figure 2 shows
an example of the Stroop task. One word was shown at a time
and the participants were to click the first letter of the colour
shown, not the colour whose name is written.

Figure 2: Top: Normal stimulus, bottom: Interfere stimulus
(based on Stroop, 1935)

IV. METHOD

The study was conducted through a random sample of
individuals within the age bracket of 20 to 60 years performing
the two described tests. The tests were performed in two
separate sessions, A and B. The sessions were carried out at
home, in a calm environment for the participants to feel as
relaxed as possible.
The tests used were the Flanker task and the Stroop task
that measure attention and focus through reaction time and
accuracy [9] [10].

The sessions were held with approximately a day between
them, but no specific time was set. Half the group started
with session A, i.e. without social media, and half the group
started with session B, this to make sure that the results were
not affected by learning and having practiced the tasks.

The participants were asked to open the websites and go
through the tests to be sure that they understood the tasks.
On session A, the participants were not allowed to have used
Facebook or any similar applications within the past hour.
The participants only took the tests and the session lasted for
about 2,5 minutes. During session B, they were to use the
mobile application of the Facebook social media platform. The
participants had previous knowledge of the application used,
and would use it in the same way they would do every day. A
timer was set for 12 minutes for scrolling through Facebook.
After using the social media, the participants performed the
tests, the Stroop task for one minute and the Flanker task for
20 repetitions.

The tests were swapped around so that every second person
started with the Flanker task and every other person started
with the Stroop task. This was done to eliminate training bias.

The study was conducted remotely, the participants were
presented with instructions via text or guidance through voice
call.

V. RESULTS

The study was conducted with 16 participants, the youngest
being at the age of 21 ranging up to the oldest participant being
at the age of 58, with the mean age being 31,25.
The study measured the difference in reaction time and accu-
racy for the two tests used, and compared the results between
the groups "with social media" and "without social media".

A. Difference in reaction time and accuracy

The accuracy and reaction time were combined into one
variable, such that the new variable was a time in milliseconds,
with an added penalty time if the accuracy was less than 100%.
The penalty was added so that the average time became the
accuracy percentage of the final result i.e. if the accuracy was
90% with 900 ms on average, the final result became 1000.

The results show that after using Facebook for 12 minutes,
the combined reaction time and accuracy for the Stroop test
was significantly slower compared to the reaction time without
using social media. The mean values of the test scores can be
seen in table I.
The study also showed that the combined reaction time and
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Table I: Test results

Test
social
media

Stroop
Normal

Stroop
Interfere

Flanker
Congruent

Flanker
Incongruent

with 1057,266 1432,857 547,133 624,400
without 897,500 1156,143 488,467 586,133
The mean values of the tests in milliseconds.

accuracy for the Congruent part of the Flanker test was
significantly longer after using Facebook than after not using
it.
The study could not find a significant difference in the results
of the incongruence part of the Flanker test.

Table II: Paired samples t-test

test t p mean
difference

Stroop
Normal

2,307 0,19 159,786

Stroop
Interfere

4,970 < 0,001 276,714

Flanker
Congruence

1,859 0,042 58,667

Flanker
Incongruence

0,720 0,242 38,267

Results of the paired samples t-test, 95% confidence interval.

A paired samples t-test was utilised to analyse the results
of the two tests mentioned. The results of the t-test are shown
in table II.

Figure 3: Results of the Stroop task in ms, normal stimulus,
with and without social media.

Figure 4: Results of the Stroop task in ms, interfere stimulus,
with and without social media.

Figure 5: Results of the Flanker task in ms, congruence
stimulus, with and without social media.

Figure 6: Results of the Flanker task in ms, incongruence
stimulus, with and without social media.

Figure 3 to 6 shows the spread of the individual results,
it is clear that most of the participants had a better result of
solving the tasks when they had not used Facebook.

VI. DISCUSSION

A. Results

A few participants’ results were were not used because they
had not understood one or both of the tasks correctly, and
therefore got a non-usable result.
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The most notable result of the study was the Stroop
test with the interfere stimulus where p<0,001, which is
statistically highly significant. Both the Stroop test with
normal stimulus and the Flanker test with congruence
stimulus were found to be significant, which can be seen in
table II and it is visualised in figures 3 to 6.

Although the study did not find a significant difference
for the incongruent part of the Flanker test, there was a trend
which pointed in the same direction as the rest of the study
- the combined reaction time and accuracy was slower after
using Facebook.

B. Test types

Is the type of test a good measure for what I wanted to
test? Could there be a better test for what was meant to be
tested? A possible different test to what was used, could be
to read a longer text with limited time and answer questions
about it afterwards, to better see the focus and attention of the
test subjects.

Some of the participants took very long on the first question,
which resulted in a higher average score, this could be bettered
with an extended session, with more repetitions and longer test
time.

The results of the Stroop task could be affected by the
unnatural way the task was performed. It might not be a natural
reaction to click on the keyboard, on the first letter of the
colour seen on the screen, even though it was informed of in
the instructions.

Since it appears that social media does affect the attention,
a test where ’everyday tasks’ are tested could be a good way
to measure and understand how social media affects that part
of life in general.

C. Controlled activities

The participants were free to do the sessions at their
convenience, with the only restriction being to not have used
any social media within an hour before the session with the
tests only. To get a more accurate study, the sessions could be
performed during the same time of the day, and the activities
prior to the sessions should be similar, e.g. work or physical
activity that could affect the results.

D. Too short time scrolling

It appeared that 12 minutes let the participants get consumed
in what they were doing, yet it would be interesting to further
study if the effect would be different if the scrolling time was
substantially extended, since it seemed as though many people
tend to spend a lot of time doing just that.

E. Test group

The group could perhaps have been too broad or too narrow
to represent the population accurately. Especially since some
participants were native English speakers and some were
native Swedish speakers, either residing in Sweden or South
Africa.

The group studied was very broad age wise, future studies
could investigate the possible difference between age groups
to see how the elderly are affected contra- the youth.

F. Language bias

The test subjects were either native Swedish speakers or
native English speakers. The study showed that some native
Swedish speakers had trouble with the Stroop test in the way
that they saw a yellow text, and quickly pressed "g" for "gul"
in Swedish, which then was registered as "green" in the test.
They might also not have the same reaction or connection to
seeing the word written as a native English speaker. This is
something to consider for future testing,

Since the results only compare the participants with them-
selves, and not against one another, this should not not affect
the results of the study severely.

G. Cognitive impairment

Participants with cognitive impairments who easily get
distracted, could be more affected by the social media than
others.

VII. CONCLUSION

Based on this study, we can clearly see that social media
affects our attention. Three of four parts of the tests were statis-
tically significant, and one of the three was highly significant.
The fourth part had a trend pointing in the same direction;
slower reaction time and less accuracy.
This indicated that the selective attention was negatively
affected by scrolling on social media. It appeared to be
more difficult for the brain to conclude what information was
important to solve the tasks properly after using social media,
even after 12 minutes of use.

The results of this study gives a better understanding why
workers became substantially more effective at work after the
distractions such as social media were removed [8].

Since the study had 16 participants, the results would be
more reliable if the sample were bigger.

It has not been shown how extensive the effect is, or how
long it lasts, which could be investigated further in future
studies.

REFERENCES

[1] J. Firth, J. Torous, B. Stubbs, J. A. Firth, G. Z. Steiner,
L. Smith, M. Alvarez-Jimenez, J. Gleeson, D. Vancamp-
fort, C. J. Armitage, and S. Jerome, “The “online brain”:
how the Internet may be changing our cognition,” World
Psychiatry, vol. 18, no. 2, p. 119–129, 2019.

[2] L. E. Sherman, L. M. Hernandez, P. M. Greenfield, and
M. Dapretto, “What the brain ‘Likes’: neural correlates
of providing feedback on social media,” Social Cognitive
and Affective Neuroscience, vol. 13, no. 7, pp. 699–707,
2018.

[3] M. T. Banich, “Cognitive Neuroscience and Neuropsy-
chology,” Houghton Mifflin Company, 2004.

20

Proceedings of the 19th Student Conference in Interaction Technology and Design
Ume̊a University June 2020



[4] M. Ordikhani-Seyedlar, M. A. Lebedev, H. B. D.
Sorensen, and S. Puthusserypady, “Neurofeedback Ther-
apy for Enhancing Visual Attention: State-of-the-Art and
Challenges,” Front Neurosci, vol. 10:352, 2016.

[5] S. Weinschenk, “The Dopamine Seeking-Reward Loop,”
Brain Wise, 2018.

[6] S. Paasonen, “Affect, data, manipulation and price in
social media,” Distinktion: Journal of Social Theory, vol.
19:2, pp. 214–229, 2018.

[7] G. Mark, S. Iqbal, and M. Czerwinski, “How Blocking
Distractions Affects Workplace Focus and Productivity,”
https://dl.acm.org/doi/pdf/10.1145/3123024.3124558,
2017.

[8] G. Mark, D. Gudith, and U. Klocke, “The Cost of
Interrupted Work: More Speed and Stress,” Proceedings

of the 2008 Conference on Human Factors in Computing
Systems, 2008.

[9] B. A. Eriksen and C. W. Eriksen, “Effects of noise letters
upon identifications of a target letter in a nonsearch task,”
Perception and psychophysics, vol. 16, no. 1, pp. 143–
149, 1974.

[10] J. R. Stroop, “Studies of interference in serial verbal
reactions,” Journal of Experimental Psychology, vol. 18,
pp. 643–662, 1935.

[11] P. Rogers, R. Puryear, and J. Root, “Infobesity: the enemy
of good decisions,” 2013.

[12] S. Aral and D. Walker, “Identifying Influential and Sus-
ceptibleMembers of Social Networks,” Science, vol. 337,
2012.

Session 1: Social Media 21

Proceedings of the 19th Student Conference in Interaction Technology and Design
Ume̊a University June 2020



22

Proceedings of the 19th Student Conference in Interaction Technology and Design
Ume̊a University June 2020



Do social interfaces make a web-shop more
trustworthy?

David Eriksson
Department of Applied Physics and Electronics
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Abstract—Human communication is an extremely complex
multi variable phenomenon, and one very important part of this
is trust. Extending this to human-computer interaction might
be regarded as very unfamiliar, and while that may seem to be
the case, it is clearly understood that humans regard computers
as social actors. Based on this knowledge, this study examines
whether the implementation of a social interface on a web-shop
makes the web-shop more trustworthy. A social interface is an
interface that interacts with the user in a social and distinctly
personal manner. The interface cooperates with the user and
gives well-timed, fitting feedback in any given situation, and
the interface exists to enhance the human-computer interaction.
While the results show that the implementation of a social
interface may make a web-shop more trustworthy, it is not
evident whether this is the case for every web-shop application,
and the findings of the study should rather be used as guidelines
for user testing focus groups when a service is built for a specific
domain and for a specific demographic.

Index Terms—Trust, social, interface, cyber security, human-
computer interaction, web-shop application

I. INTRODUCTION

In the digital age, a lot of shopping is done online instead
of in-store [1]. Traditionally, mischief is generally conducted
by customers upon the store, this is however not the case
in e-commerce. Security on the web, and any other system
where sensitive information is being processed has been a
hot topic for decades, and for good reason [2]. There are a
multitude of ways both legitimate and illegitimate websites
can scam customers of their money and personal information,
and it is important that a legitimate service can convey its
legitimacy towards its customers to build trust. Building trust
is important for a business to retain a positive relationship with
their customers [3]. Customers that are looking for a particular
service on the web have no choice but to trust that the on-line
retailer can handle their information, which in turn switches
the power balance in favor of the companies.

There are many ways for a company to convey legitimacy of
their web-stores towards their users. Having an SSL certificate
on a web-store is a great way to tell the customers that the
website is to be trusted [4]. SSL certificates are however not
necessarily enough to earn the trust of customers as they
require that the user know that they exist and what they do [5].

It makes sense that a company would want to put a lot
of resources into building a trustworthy service for their

customers, could the implementation of a social interface on
a web-shop make the service more trustworthy?

A social interface interacts with the user in a social manner,
this interaction is possible as computers are social actors that
humans respond to in the same manner as they do with
other humans [6] [7]. Establishing trust from the interface
would eliminate the need for users understanding underlying
technical security implementations.

II. OBJECTIVE

The goal of this study was to examine whether the im-
plementation of a social interface makes a web-shop more
trustworthy towards its users.

III. THEORY

Implementing a concept such as a social interface requires
that it has a very clear definition. It is a very wide and abstract
concept, and the reader might have a subjective perception of
what it might mean.

A. Social interfaces
A great place to start when defining social interfaces is

within The Media Equation. The Media Equation(1996), a
general communication theory written by Byron Reeves and
Clifford Nass discusses in great detail how humans treat
computers, television and media in the same manners as
they would treat other people and places [6]. There are three
chapters of the theory that will be of interest defining social
interfaces. These chapters(4, 6 and 13) go in to thorough detail
on the human-computer interaction and how humans react
to computers in different ”social” scenarios. Furthermore,
each of the mentioned chapters provide clear rules as to how
humans behave in a human-computer interaction:

1) Flattery [6] :
• Rule 1: ”People will believe that they did better on a

task when they are flattered by a computer than when
the computer doesn’t give any evaluation.”

• Rule 2: ”People will like the computer more and believe
it did a better job when they are flattered by the computer
than when the computer says nothing about their work.”

• Rule 3: ”Whether the praise is warranted or not will
have no effect on what people think about the praising
computer.”
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• Rule 4: ”People will believe that they did a better job
when the computer criticizes them without basis than
when the criticism is warranted.”

• Rule 5: ”People will like the computer more and think
the computer is better when it praises them than when it
criticizes them.”

2) Personality of Interfaces [6] :

• Rule 1: ”People will perceive a computer that uses
dominant text as having a dominant personality, and a
computer with submissive text as having a submissive
personality.”

• Rule 2: ”Dominant people will say that the dominant
computer is more like them than the submissive computer,
and submissive people will recognize the submissive
computer as more like them than the dominant computer.”

• Rule 3: ”Dominant people will prefer the dominant
computer, while submissive people will prefer the
submissive computer.”

3) Teammates [6] :

• Rule 1: ”People teamed with a computer feel more
similar to the computer than people who are not teamed.”

• Rule 2: ”People teamed with a computer thing better of
the computer than people who are not teamed.”

• Rule 3: ”People teamed with a computer will cooperate
more with he computer than people who are not teamed.”

• Rule 4: ”People who are teamed with a computer will
agree more with the computer than people who are not
teamed.”

With this, a definition of a social interface is formulated
for this specific study: A social interface is an interface that
interacts with the user in a social and distinctly personal
manner. The interface cooperates with the user and gives well-
timed, fitting feedback in any given situation, and the interface
exists to enhance the human-computer interaction.

IV. METHOD

To determine if the implementation of a social interfaces
makes a web-shop more trustworthy, the following study was
conducted:

• Participants within no specific age group(17 to 53 years
old) or demographic were selected for the study.

• Two different versions of the same website were created
for the study, one implementing a social interface, and
one that is not(this will from now on be referred to as
the control website.)

• An interview was conducted with each participant where
they were instructed to order two (2) items, one of which
was out of stock, from both web-shops(the order of the
web-shops was chosen at random).

• Each interview was concluded with five (5) questions
towards the participant regarding the web-shops.

A. Web-shops

The web-shops were designed to resemble on-line clothing
retail stores. The web-shops were given no branding(logo,
company name, etc.), as this would give an extra layer of
appeal to the web-shops that this report is not interested in
discussing.

1) Web-shop A: This version of the website is the control
website that does not implement a social interface.

Fig. 1. An excerpt from web-shop A

2) Web-shop B: This version of the website is the same as
the control website, it implements a social interface as defined
by the given definition in the following way:

• The web-shop excuses any possible inconvenience of the
provided service due to the currently ongoing COVID-19
epidemic.

• The web-shop informs the user that it has sorted the cata-
log of T-shirts for the according to the users preferences.
How it does this is not explained to the user, but it could
be done through the use of an already existing account
on the web-shop or through the use of browser-cookies.

• When a user has added an item to their check-out, the
web-shop provides feedback to the user that the operation
was successful.

• An item will be marked as being added to the check-out
in the view that shows all of the available items of the
selected sub-category of clothes.

• A modal will inform the user that the selected item is
unavailable due to being out of stock, it will also ask the
user if they would like to add the item to their wish-list
so that the web-shop can remind the user when the item
is back in stock.

• If an item is added to the wish-list the web-shop will
provide feedback to the user that the operation was
successful.
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Fig. 2. An excerpt from web-shop B

B. Interviews
Before the interview, each participant was instructed that

the test was completely voluntary, on their own terms, and
that they could exit the study at any time. The study was
conducted in Swedish rather than English since Swedish is
the mother tongue of both the participants and the authors,
the questions in the interview was therefore translated from
English to Swedish. Ten (10) participants between the ages
17 to 53 were interviewed for the study.

An interview with a participant was done in the following
way:

• The participant was instructed to click the given link to
the first web-shop which was either:

– Web-shop A: https://xd.adobe.com/view/7a95a4ee-
4f19-4f01-7412-12d52b2a57f7-
0ca4/?fullscreenhints=off

– Web-shop B: https://xd.adobe.com/view/c4e3380c-
c615-4765-7da6-d903c68c4000-
b2d2/?fullscreenhints=off

• The participant was instructed to order two (2) items from
the web-shop.

• The process was repeated for the remaining web-shop.
• The participant was asked the following five (5) questions

about their experience:
– Did any of the web-shops give you the impression

of being more secure than the other, why?
– Which of the web-shops would you trust more with

your personal information such as your home ad-
dress, banking and social information? Why?

– Which of the web-shops gave you the impression of
being more helpful than the other? Did this affect
your trust towards the web-shop and in what way?

– Did any of the web-shops seem intrusive, if they did,
in what way?

– Do you usually consider the design of a web-shop
before you make a purchase on it?

• The answers from the participants were documented and
compiled.

V. RESULTS

Below are the compiled answers from the interviews:

A. Did any of the web-shops give you the impression of being
more secure than the other, why?

The answers to this question generally favored the web-
shop implementing a social interface, 60% of the participants
commented that web-shop B, implementing a social interface,
made them favor web-shop B in terms of appearing more the
more secure of the two web-shops. The rest of the participants
did not think that there was a difference between the two web-
shops in terms of security, one participant even commented
that the added information and functionality to web-shop B
was annoying.

B. Which of the web-shops would you trust more with your
personal information such as your home address, banking and
social information? Why?

The answers to this question generally favored the web-
shop implementing a social interface, 60% of the participants
commented that web-shop B, implementing a social interface,
was the web-shop that they would rather trust with their
personal information such as their home address and banking
information.

C. Which of the web-shops gave you the impression of being
more helpful than the other? Did this affect your trust towards
the web-shop and in what way?

The answers to this question heavily favored the web-
shop implementing a social interface, 80% of the participants
commented that web-shop B, implementing a social interface,
seemed more helpful towards them. There are however two
out-liars within the same participants that thought web-shop
B was more helpful. One of them thought that the pop-ups and
additional information was annoying, and another participant
commented that they generally do not want that kind of help
when they are on a web-shop.

The rest of the participants did not think that any of the two
web-shops seemed to be more helpful towards them.

Regarding trust, only 75% of the participants that thought
that web-shop B was more helpful also thought that this made
them trust the web-shop more. Most of them thought that
the additional information provided made the web-shop seem
more genuine and serious.

D. Did any of the web-shops seem intrusive, if they did, in
what way?

None of the participants, except for one out-liar, thought
that any of the web-shops were intrusive in any way. The out-
liar felt that web-shop B told him what to do which annoyed
them.

E. Do you usually consider the design of a web-shop before
you make a purchase on it?

Most of the participants commented that they would not buy
anything from a web-shop if they thought it would harm them
in any way, they however different methods of doing this. A
common reasoning for not trusting a web-shop was if the web-
shop was confusing or had out-dated design. Inaccessibility
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was one of the more common reasons that a participant would
stay away from a web-shop.

There were some out-liars to this question, one of the par-
ticipants commented that they never bought anything online,
and another participant commented that they never considered
the design of a web-shop before making a purchase on it.

VI. DISCUSSION

Due to the small sample size of participants, it is hard to
make any substantial comments on the results of the study.
Only 10 people were interviewed, and although it may seem
like the results seem to favor a web-shop that implements
a social interface, one should be careful when implementing
social behavior to their services. The reception would most
likely be positive if it was to be implemented on a personal
view of a service, i.e if a user has logged in to the service.
Some of the participants commented on the annoyance of the
added information to web-shop B, so it could be wise to ”lock”
the additional information and functionality behind a log-in.

Additionally, the study was only conducted on one web-
shop. Further research should aim to look at different kinds
of domains as this study only focused on an on-line clothes
retailer. There are endless domains to be considered for future
applications, so as a recommendation from the author: user
testing of focus groups should be heavily considered before
implementing a social interface to a web-shop.

Further work should also look into the effects on individual
elements of the social interface as these may have a separate
effect on the participants. As the results show, some of the
participants found the pop ups to be an annoying feature to
the web-shop, this is an example of a sub-feature that further
work might look into in greater detail as it might affect the
whole web-shop.

Trust is hard to quantify, the questions used in the interview
can be extended and modified to fit specific target groups,
which was not done in this study. It is also hard to account

for any external variables like the price of items, colors, fonts,
etc., as they may have had a slight impact on the trust of each
individual participant of the study. With this, future research
should focus more heavily on specific target groups, e.g a
specific demographic. This would yield more precise results
that could fit a specific demographic where the implementation
of a social interface on a web-shop is considered.

VII. CONCLUSIONS

Although the results are not nearly enough evident to prove
that social interfaces makes a web-shop more trustworthy,
it is not necessary to dismiss any of the findings regarding
the results. The results shows to a small extent that yes,
implementing a social interface to a web-shop may in fact
make the web-shop more trustworthy, but due to the limited
study, it would require further research on a larger extent
where specific demographics are considered to more precisely
answer the question. The findings may also suggest that it may
be wise to test specific demographics within specific domains
if a social interface would benefit those specific users.
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Abstract—The climate crisis is growing larger with every day.
Each person can try to make sustainable choices in different
situations. However, companies that provide digital applications
also have a certain impact on each individual. This study aims to
investigate whether nudging can help people to make more sus-
tainable choices in navigation applications. Google Maps has been
used in this study to investigate if it is possible to influence peoples
choice of transportation. Goggle Maps proposes car as the first
option of transport. In this study, a survey was conducted with 60
participants to investigate if it is possible to nudge a person to
choose more environmentally friendly means of transportation
by placing walking and cycling as the first alternatives. The
results from this study can not show any significant differences in
influencing users to choose more environmentally friendly modes
of transport through nudging. However, the results received from
this study indicates that there is a correlation between nudging
and choosing more environmentally friendly means of transport.

Index Terms—Environmental consciousness, Google Maps,
Navigation application, Nudging, Sustainable Design

I. INTRODUCTION

Environment is a key issue in today’s society and poli-
tics worldwide. In September 2015 United Nations listed 17
sustainable development goals [1], to be achieved by 2030.
Goal 13 on this list is ”Climate Action”. At this moment, sea
levels are rising, weather events are becoming more extreme
and greenhouse gas emissions are now at their highest levels
in history. There are limited resources and they are used at
an ever-increasing rate. In order not to obliterate the limited
resources that exist, each individual must live more sustain-
able. It could involve flying less or use public transportation.
Many of these changes are at the individual level, and perhaps
mainly due to each persons environmental interest. But on
the other hand, what responsibility do the companies that
provides digital applications have to their users? Is it possible
to influence the individual user to make more sustainable
choices by using nudging technique, and through that influence
people’s decisions to a greater extent?

II. OBJECTIVE

The objective of this paper is to investigate if it is possible to
nudge users to make more environmentally conscious choices
in the navigation application Google Maps. In detail, this
means to investigate if it is possible to nudge users by changing
the default options currently provided in the application.

III. THEORY

A. Global Emissions

Countries all over the world is trying to reduce global green-
house gas emissions. Emissions must decrease by 55 percent
globally, according to UNEP’s ”Emissions Gap Report” [2]
of 2019 to keep the global temperature rise below 1.5 degrees
Celsius. This means that all people will face a major challenge
upcoming years, both industries and individuals. Companies
therefore have a unique position in the transition. They have
the opportunity to create climate smarter products, and thus
unconsciously influence their consumers to make environment
friendly choices.

B. Sustainable Interaction Design

There are a lot of things that are designed to be sustainable,
everything from products to digital services. When it comes to
products it is easy to use environmental labels and renewable
materials to mark the product as ”sustainable”. But it is harder
to notice sustainable interaction design. One way of thinking
about sustainable interaction design is that representations and
interpretations of interaction design should also be described
and accounted for by the effects of sustainable behavior and
the environment [3]. Today it does not exist any environmental
certification for navigation applications. Therefore navigation
applications do not need to promote sustainable choices.

C. Behaviour Change Techniques

It is exceedingly important to rely on evidence rather than
intuitions when creating policies. There is documented out-
comes of different behaviour change techniques [4]. Different
solutions are used, depending on where they are supposed to
be implemented. In digital applications, where the goal is to
make the user perform a certain behavior it is good to use
one of the five-top-ranked behaviour change techniques when
designing a nudge. These are presented below [5]:

1) Provide instructions on how to perform behaviour
2) Model/demonstrate the behaviour
3) Provide feedback on performance
4) Plan social support/change
5) Information about others’ approval
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D. Nudging

People need to do a lot of decisions every day. The outcome
of every choice is influenced by rational deliberations of the
available options, but also by the design of how the options are
presented to the user. Which subconsciously can influence the
outcome. Digital nudging is the use of an interface and ele-
ments to guide user’s behaviour in digital choice environments,
e.g apps and websites [6]. Ten common nudging techniques
are listed below [7]:

1) Default rules (e.g., automatic enrollment).
2) Simplification (to promote the inclusion of existing

programs).
3) Use of social norms (based on what most people do).
4) Increases in ease and convenience (e.g., create options

or make things visible).
5) Disclosure (large amounts of data).
6) Warnings and graphics (on cigarette packaging).
7) Pre-commitment strategies (commit to a certain thing of

action).
8) Reminders (e.g., email and SMS etc).
9) Eliciting implementation intentions (e.g., emphasizing

people´s identity).
10) Informing people of the nature and consequences (smart

disclosure).

E. Navigation applications

The purpose of navigation applications is to show a path
from A to B. One of the most famous algorithms that is
used in the navigation application ”Google Maps” is Dijkstra’s
algorithm, that Edsger Dijkstra formulated in 1956 [8]. It is
a graph search algorithm, that can be used to calculate the
shortest path from A to B. Besides an algorithm for finding
the shortest route, navigation application also uses a variety
of available data sources to predict and calculate the travel
time [9]. Furthermore, the purpose of navigation applications
is to calculate the fastest, shortest and most efficient route.
Therefore, it is usually the car that is shown as the default
when traveling between two points [10].

IV. METHOD

To investigate whether it is possible to nudge a user to
make a sustainable choice in navigation applications, a survey
was conducted. Google Maps was chosen as the navigation
application which formed the canvas for the survey.

A. Nudge technique

The nudge technique that was implemented in the sur-
vey was ”Default rules”, to promote the most environment
friendly mode of transportation. Furthermore, this nudging
technique was chosen since it easy to implement and possible
to compare differences when using the nudge and not. In
this case it has been implemented by changing the default
suggestions of transport mode, which is to travel by car. The
nudge was to place the car last in the list of suggested ways of
transportation. Walking, biking and using public transportation
(PT) were put first in the mentioned order, followed by car.

B. Survey

The survey was carried out as an online survey to a reference
group and a test group. In total 60 persons participated in the
test, 30 in the reference group and 30 in the test group. Both
groups consisted of a random sample of men and women in
the age 20-40 years, all living in different parts of Sweden.
The reference group had an average age of 26.2 years, and the
test group had an average age of 25.8 years.

The reference group and the test group got similar tests
except the test group had the nudge implemented, that sug-
gested sustainable transportation (walking, biking and public
transportation) as default. The test consisted of two main ques-
tions. The first question showed an image with accompanying
text ”How would you travel to get from Gyllengripsgatan to
Älvtået using Google Maps suggestions? You have access to
all means of transport”. (A distance of 1.5 km.) The image
that was presented for the reference group is shown in figure 1,
and the image that was presented for the test group is shown in
figure 2. The second question showed an image with the text
”How would you travel to get from Larmgatan to Kullavägen
using Google Maps suggestions, if you have access to all
means of transport?”. (A distance of 4.5 km.) The image that
was presented for the reference group is shown in figure 3,
and the image that was presented for the test group is shown
in figure 4.

Figure 1. First question - Reference group

Figure 2. First question - Test group
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Figure 3. Second question - Reference group

Figure 4. Second question - Test group

Except answering these two main questions, the participants
also needed to answer the questions ”When you are going
somewhere what do you value most” and ”Which mode of
transportation do you usually use for distances up to 5 km”.
This question was added to the survey to gather additional
knowledge of the participants values and habits related to nav-
igation applications. And doing so, ensure that the reference
group and test group were somewhat coherent in their values
and habits. The participants had the opportunity to choose
more than one alternative on these questions.

C. Pilot test

A pilot test was conducted with a few people. The initial
results revealed that the images in the questions should not
be linked to a specific city. In the first attempt, there was an
image which contained the name of the selected city. Those
who do the test and are from that specific city can take other
parameters in their decisions e.g, they might know it is easier
to go by car than to take the bus, in that certain location.
Therefore, new images were selected that did not contain a
text where the city name was included to reduce the risk of
biased decisions.

V. RESULTS

The survey was conducted by 60 participants in the target
group, with an average age of 26 years (ranging from 20 -
40).

The answers from the reference group and test group about
their values when traveling is shown in table 1. Furthermore
their ordinary means of transport is shown in table 2.

Reference group Test group
Time saving 24 22
Environment 9 9
Economy 11 16
Other 6 5

Table I
RESULTS OF WHAT THE PARTICIPANTS VALUES THE MOST WHEN

TRAVELING.

Reference group Test group
Car 13 8
Bike 22 21
Pedestrian 8 11
Public transportation 9 8
Other 0 0

Table II
RESULTS OF WHICH MODE OF TRANSPORT THE PARTICIPANTS USUALLY

USE IN THEIR DAILY LIFE.

The result from the survey of the reference group and test
group is compiled in table 3, and further visualised in figure
5 and figure 6. Figure 5 presents the reference group and
the test group responses to the first question, which mode of
transportation they would choose when travelling the short
distance of 1.5 km. Figure 6 presents responses to the second
question, which mode of transportation they would choose for
the longer distance of 4.5 km.

Car Bike Pedestrian PT
Reference group (1.5 km) 0 23 7 0
Test group (1.5 km) 0 23 6 1
Reference group (4.5 km) 15 11 0 4
Test group (4.5 km) 8 18 0 4

Table III
RESULTS FROM FIRST QUESTION AND SECOND QUESTION IN THE SURVEY.

Reference group Test group
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Figure 5. Results from the reference group and the test group - First question
in the survey.
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Figure 6. Results from the reference group and the test group - Second
question in the survey.

A. Significant test

An χ2-test has been used using the results from figure 6.
To investigate if there is a significant difference between the
reference group and the test group responses. The test is made
on a significance level of 5% (p < 0.05). The results are
presented in table 4.

P is greater than 0.05. Therefore, the variables are inde-
pendent, and there is not a significant difference between the
reference group and the test group.

Car Bike PT Statistic
N = 23 N = 29 N = 8

Reference 50% (15) 37.7% (11) 13.3% (4) χ2 = 3.82
Test 26.7% (8) 60% (18) 13.3% (4) P = 0.1481

Table IV
DESCRIPTIVE STATISTICS OF FIGURE 6

VI. DISCUSSION

In this study, no significant difference can be proved be-
tween the responses in the reference group and the test group.
The nudge may have an impact on the users responds, but it
is not significantly proved. However, there is a variation in
the second question. The test group did make more environ-
mentally friendly choices to a greater extent than the reference
group. In the first question, the reference group and the test
group have answered similarly as only one answer differed.

Both the reference group and the test group had very
similar preferences on habits and values when using navigation
applications, based on the collected data from the additional
two questions on habits and values.

This study had a target group between 20-40 years, booth
women and men. When examining the results, there is no
evidence that those who were in the higher age-range were
more likely to choose more environmentally friendly transport
ways than those who were younger. On the other hand, it
would be interesting to investigate whether there are any
differences between the studied target group and an older
target group with an age-range of 40-60 years. It would also
be interesting to know if there is a correlation between the
sexes.

For continued work on examining nudging in navigation
applications, it could be interesting to test another nudging
technique that is presented in the theory of this paper.

A. Improvement opportunities

There are risk factors that can be improved. It is hard to
know if the participants that participates in the survey are being
affected and do different choices than they usually do. Another
way of collecting the data could be by examining the users
habits through observation. A larger sample size might provide
a more accurate result.

VII. CONCLUSION

This study can not show any significant differences in
influencing users to choose more environmentally friendly
modes of transport through nudging. But there is a difference
between the results received from the reference group and the
test group. The participants that was introduced to the nudge
were more likely to use environmentally friendly means of
transport on a distance of 4.5 km. This research provides
a base for future investigations about nudging in navigation
applications.
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Abstract—The purpose of this study was to evaluate the
type of appearance on a product page on the internet that
prospective customers prefer to possibly consider making a
purchase. Inquiries were used as interview method and a number
of product pages were displayed on a scale from a product
page which shows most information without having to click
further to get information about the product to a page which had
little information and the buyer had to click on access product
information. The results show that internet users who would like
to shop on the internet choose a page with more information to
quickly get an overview of the product. No significant differences
could be seen between genders regardless of age.

Index Terms—web design, product exposure, product page, e-
commerce

I. INTRODUCTION

Historically, predominant parts of the retail have been
carried out in physical stores and customers have brought
the goods home with them after a purchase [1]. Alternatives
to physical stores have been mail order trading, home sales,
telephone sales or TV sales and have been referred to as
distance sales. Thanks to the possibility of appointing modern
communication technology, e-commerce, i.e. distance trading
using mobile or fast data communication, has been used and
greatly increased. The consumer has become accustomed to
shopping through places that are not store-based.
The online market increases every year [2]. E-commerce sales
have grown by 335 percent between 2005-2017, compared to
trading areas and shopping malls, where growth has been 18
percent for the same time period [3].

Today we take internet for granted but only 25 years ago it
was not so obvious. For instance Ines Uusmann, who was
Minister of Goverment, IT 1996, is known for a specific
quote [4], about the use of internet. However, it is not exactly
how she expressed herself during an interview by Svenska
Dagbladet on May 12, 1996, but she has become known for,
it sounded as follows (freely translated from Swedish):

“The Internet is a trend that might blow over
and fade away. I imagine that people in the time to
come will not want to spend all that time, all the
time it actually takes, to surf on the net.”

However, what she really said during the interview was that
[5] (freely translated from Swedish):

“I dare not have a very definite opinion but I do
not think that people in the long run will want to
spend as much time as it actually takes to surf the
net.”

Despite this prophecy from 1996, reality did not become so,
in 2019 95 percent of Sweden’s population used the internet
[6].

Today we know that when a customer visits a website, the
first few seconds they look at it are of utmost importance [7].

What is in the design at the product display that can be
decisive for the consumer to stop and make a purchase on
the site? Does design have any significance and what do the
consumer really want? Do they want much information from
the beginning or does they want to click ahead to access the
information?

This paper will present an investigation on what people
consider being the best way to present a product page.
In this study, a product is an article from the areas of clothing,
health and electronics. With product exposure and website
design, this refers to different ways of displaying product
information on the page.

II. OBJECTIVE

The aim of this study was to determine what type of
design of a product page a consumer prefers and finds most
important. Also how crucial different web design is when it
comes to capturing his or her interest.

III. THEORY

This chapter covers information behind Swedish e-
commerce and design appearance on the web page where a
product is displayed for sale.

A. Swedish e-commerce

The turnover for the Swedish e-commerce was SEK 67
billion the year 2017 [2]. This corresponds to just under 9
percent of total retail sales and it was an increase of 16 percent
compared to 2016.

The average estimated purchase price, in e-commerce per
year and person, in 2018, was SEK 2060 [8]. 70 percent of
the population had shopped online during 2019 [9]. Further
what is motivating is that it is easy and convenient to e-shop.
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The product categories that swedes mostly e-commerce online
is clothing/shoes, on the second place comes beauty/health and
on third place comes books/media.

B. Design appearance

When designing a web page there are several factors to
consider, from user-friendliness to appearance. The factors
to consider except a good image of the product is choosing
a suitable layout and writing a good and accurate product
description.

An important factor for an e-consumer to complete a
purchase is that product texts create feelings and purchase
requests [10]. The customer often tell themselves that the
decision to make a purchase depends on the price of the
product, how payment and delivery are carried out, but a de-
cisive factor is that product texts containing adequate product
information are of great importance. A product text should
provide answers to questions, concerns and if there are any
objections from the consumer regarding the product [11]. One
of the common reasons for an interrupted Internet purchase is
if there are doubts about the information, such as sizes, fit and
what different variants are available [11]. It should be clearly
divided with headings and paragraphs in the product texts, this
to facilitate reading. If there are long continuous texts without
paragraphs, the text becomes really difficult to read and there
is a greater risk of losing the consumer. It should be short and
clear.

When choosing a web shop, 96 percent of Swedish
consumers believe that it is crucial that there is clear, good
and accurate information about the product [9]. 92 percent of
the same consumers believe it is important that it is easy to
navigate the site and easy to search for what you are looking
for.

IV. METHOD

The purpose of this study was to focus on the appearance
of a product page to see what type of exposure is preferred
and how it attracts purchases.

Examples of how a survey can be executed are by con-
ducting personal interviews, physical tests at a computer or
conducting an inquiry.

An inquiry was considered best suited to gather information
from the participants’ personal views.

This is because an inquiry can be perceived as less intrusive
than a traditional interview where the questioner either calls
to ask their questions or wants to meet physically for an
interview. A questionnaire is less time consuming and that
meeting between questionnaires and respondents requires them
to be at the same place [12].
The same can be considered for a questionnaire vs. physical
tests on a computer when the questioner and respondent sit
in the same place. An inquiry also reduces the risk that the
participants’ opinions are influenced by the author, since the
questions are the same to everyone who is asked to answer.

The survey was sent out in May 2020. It was designed to
investigate and evaluate whether exposure to a product has
any significance and what a consumer prefer. The participants
in the survey were allowed to study three different looks on
a product page and evaluate which they preferred. The same
procedure was performed on two additional product pages of
two other product categories. Participants would also note age,
gender, employment, how often they look for products online
and how often they buy products online.

A. Product category

Since this study was conducted in Swedish and focused on
products that are purchased online, product categories were
selected which are included in the list for the best categories
for online shopping in the Nordic countries [9]. A product
from each selected category was used in the study.

• Clothes/shoes - Hoodie from PULL&BEAR [13]
• Beauty/health - Hand sanitizers from DAX [14]
• Consumer electronics - Laptop from LENOVA [15]

B. Appearance product pages

The three different product pages designed for this study
can be found below, figure 1-3. They are shown only as a
Low Fidelity Prototype, also known as LoFi Prototype, as they
look different with each image and descriptive text for each
product.

Product page A, which is shown in figure 1, shows most
information without having to click further in every box.
Product page B, which is shown in figure 2, shows a slightly
smaller amount of text and has clickable functions to get
information. Product page C, which is shown in figure 3,
has only a little information and the buyer has to click on to
access product information.

Fig. 1 – Product page A - LoFi Prototype
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Fig. 2 – Product page B - LoFi Prototype

Fig. 3 – Product page C - LoFi Prototype

C. Target group

The target group for this study was people of all ages and
genders. They also had different employment, this because to
get a broader target group.

D. Survey

The survey was conducted in swedish during May 2020.
During the survey a inquiry was used. Received answers were
translated into English.
The document contained all the necessary information re-
garding voluntary participation, that they could choose to
discontinue at any time, and that the information that was
kept was only used for this report. Also that no personal data
was saved or provided to third parties. Participants were also
informed that the study was conducted within a course at
Umeå University.

In the first part of the survey, participants received informa-
tion about the purpose of the study and instructions on how
to conduct the study.

Question part of the inquiry was structured so that the
participants first answered questions regarding the product on
the hoodie with the three different types of product exposure,
where they would choose which one they preferred. Then
questions concerning the product on the hand sanitizer came
up and the last product on the laptop came up, these two went
through the same selection procedure. When the participants
have gone through the three different products, they receive
follow-up questions about what age, gender, employment, how

often they look for products online and how often they buy
products online.

Below in figure 4-6 is the appearance of the three different
product exposures that the participants were allowed to see,
in this case the hoodie.

Fig. 4 – Product page A - Hoodie

Fig. 5 – Product page B - Hoodie

Fig. 6 – Product page C - Hoodie

V. RESULTS

The survey were conducted by 81 persons. All age
categories were represented, which were divided into six age
groups. The breakdown between sex, age and occupation is
shown in table 1.

Table 1 – Gender, age and occupation in study group
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The majority of respondents belonged to the age group
between 20 and 29, and most of the respondents were either
employed, 39 persons, or students, 38 persons. More women
than men filled out the inquiry, they were 47 respective 31.
No responses were received from the group “other”.

The result of the survey shows that most people chose the
product page A, which shows most information without the
person having to click further in every box, whether it was a
product page for clothing, health or electronics.

No significant differences could be seen between the age
groups and only small differences could be seen between the
gender. Men tended to be able to choose a product from one
side that shows a slightly smaller amount of text and has
clickable functions to get information, in this case the product
page B.

Almost no one chose product page C, which only had a little
information and the buyer had to click on to access product
information.

Fig. 7 – Online research

Fig. 8 – Shopping habits

Most of the people asked had looked for products online
before buying a product, that can be found in figure 7, and
most of them was using the Internet frequently for shopping,
see figure 8.

VI. DISCUSSION

The results in this study shows that the respondents were
used to the internet and often used the internet to both check
and buy goods online.

From the results of the survey it can be seen that both
men and women, regardless of age or occupation, prefer
product page A for all product categories, they want a lot
of information at once. That is, to be able to do a quick
overview of the product directly. Although product pages B
and C in this study have more white space, unmarked space
in the design, it seems that the consumer still wants more
exhaustive information to stay side by side, which side A has.

An interesting observation is that men may, to a somewhat
greater extent, intend to trade with less information on the
product side of clothing and electronics products, i.e. product
page B or C compared to women.
The fact that there were slightly differences between the sexes
is not easy to explain. Even though it might be a debatable
statement, one possibility may be that men are less interested
in clothing compared to women and just want to buy a sweater
and therefore do not need as much information. Regarding
electronics, on the other hand, the men may think that they
are knowledgeable in the subject and can therefore imagine a
somewhat lesser amount of information.

As to whether the product is quite simple and well-known,
in this study Hand sanitizers, some respondents, both men and
women, could think of product page B, the page that shows a
slightly smaller amount of text and has clickable functions to
get information. The reason for this may be that the product is
simple and well known and has just one function, in this case
kill bacteria and viruses, which people know. For this type of
product, the customer goes to the page to either make a price
comparison on or buy directly, to compare against a page for
a more complex product, in this case clothing or electronics,
where the customer usually wants to check up and make a
picture of the product and what range that is available on the
market before making a purchase.

Whether a customer would stay on a website or not depends
mainly on the design of the website and it is the first few
seconds that determine. This is the way the text is displayed
on the page, ie. uses a language and text layout that the user
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understands, as well as how text and image are displayed,
which are crucial to how the user-friendly page is considered.
This is the balance when designing a website, at the same
time designing it so that it is restful and attractive to the eye,
while at the same time containing enough information for a
customer to understand at first glance what it is about and stay
on the side.
When a company selling products should startup alternatives
to change their website, a short survey can be a tool to see if
they are on the right track.

To be self-critical, one weakness of the study is that there
is no product page where there is a lot of unstructured text
and information. Probably the results of the study could have
been different, but surely can not know.
Another weakness is that there was an excessive gap between
product page A and B. There could have been a page that,
fore example, had slightly less information than product page
A and slightly more information than product page B.

VII. CONCLUSION

In conclusion, this study show that the majority of the
respondents were used to the internet and often used the
internet to both check and buy goods online. The results
obtained are corroborated by previously conducted studies
in Sweden in 2019 showed that 95 percent of Sweden’s
population use the internet regularly and that 70 percent of
the population had shopped online.

The results in this study show that the majority of the
respondents, both men and women of all age groups, wanted
a page which shows the most information without the person
having to click further in every box, this because to be able
to make a picture of the product.
These results are also confirmed by previous studies which
showed that when choosing a web shop, 96 percent of Swedish
consumers believe that it is crucial that there is clear, good and
accurate information about the product.

As mentioned earlier, it is the first few seconds that de-
termine whether a customer stays on the website. The first
precious seconds. So how the website is designed is of great
importance!
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Abstract—As the internet revolution progresses news providers
has to adapt to the new formats and mediums that they operate
in. This study sets out to compare fonts used by Swedish
traditional news providers, Aftonbladet, Dagens Nyheter and
SVT, and fonts used by modern news providers, Facebook,
Twitter and Google and how the fonts effect credibility of the
message being conveyed to the reader. The study also compares
the fonts effect on the readers interest in the message.

This is a quantitative study, where 62 participants answered
a survey, comparing six different fonts, three from traditional
news providers and three from modern news providers over four
categories, credibility level with regards to font of title, ingress
and body-text, and interest in the message being conveyed with
regards to font of title. The findings show that the traditional
news provider font Publico is the most credible and interesting
comparatively to the others. Further, pre-internet revolution
participants (i.e participants over 38 years of age) was less
affected by fonts than post internet revolution participants (i.e
participants under 31 years of age).

Index Terms—Fonts, typeface, credibility, interest, traditional
news, modern news

I. INTRODUCTION

In the news landscape of today, different mediums such as,
blogs, micro blogs, video blogs, streaming services, podcasts,
social media and search engines are entering the market with
force. These new mediums are challenging the traditional news
actors, newspaper, internet newspaper, radio and television. As
internet becomes peoples dominant source for news, all the
mediums mentioned above compete for the users attention.
The main strategy to ”win”, is to generate the most clicks.
Clicks ultimately leads to money as readers interact with the
ads on the website.

While the content or the message of the news, arguably,
is the most important factor for generating clicks, there are
indications from non scientific sources, one being, Errol Mor-
ris´s test on NY-times readers [1], [2] that fonts impact the
credibility of the message being displayed.

This study will use the fonts of known Swedish news
papers and television shows, in other words traditional news
providers, and put them up against fonts used by social media
platforms and search engines, in other word modern news
providers. To investigate if there is a font that conveys more
credibility and/or a font that is regarded as more interesting.

Furthermore, the possible differences between age groups will
also be explored, meaning, is there a difference between
generations that lived before the internet revolution and the
ones growing up during it and how the perceive fonts.

II. OBJECTIVE

The objective is to examine the Swedish news landscape
from a user perspective. Explore the compared difference in
credibility and interest between, traditional news providers,
and modern news providers, choice of font.

• Is there a font that conveys more credibility compared to
others?

• Is there a font that is regarded as more interesting than
others?

• Is there a difference between these two with regards to
age?

III. THEORETICAL FRAMEWORK

As mentioned earlier, there are non scientific polls that has
been done on the subject. In 2012, Errol Morris, a filmmaker,
author and New York Times opinion writer made a statement.
”we live in an era of unprecedented safety” and let his readers
agree or disagree with a simple yes and no poll [1], [2]. The
readers however, was oblivious to the fact that the poll did not
determine the readers overall optimistic or pessimistic views.
In fact, Morris tested if different fonts generated different
responses. By giving each reader the statement in one of the
six fonts: Baskerville, Computer Modern, Georgia, Helvetica,
Comic Sans, or Trebuchet.

With ca 45000 respondents, the ”study” concluded that the
least credible of the bunch was Comic Sans. The winner, or
most credible turned out to be Baskerville, by a 2 percent
margin compared to the average of the others. [1], [2]

While there are obvious problems with the poll, from an
overall ethical, scientific and environmental perspective. It
is, for the purpose of this study, deemed worth mentioning
because of the sample size. Giving some indication that fonts
may play a role in the interpretation of a message.

Previous scientific studies done on the subject has mainly
been focusing on spacing, size, color, crowding and serif [3]–
[6]. This has primarily been done to find the most efficient
way to display letters for carrying forth a message, i.e how
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the speed and accuracy of reading text can be enhanced,
specifically on small screens.

This, however, does not take into account what the typog-
raphy itself, expresses. As stated by Dobres et. al ”There is
tremendous variability in typography, and a typeface may vi-
sually express any number of subjective attributes – feminine,
masculine, fun, austere, retro, futuristic, generic, rebellious and
so on” [5].

These variabilities are well known to have an effect on how
the message is interpreted by the reader from the field of
marketing and branding [7]. In branding the aesthetics of a
product conveys the exclusiveness, price, quality and so on of
the product. Meaning, the same product packaged differently
can make or break a brand. For example, as described by
L. van Rompay - two water bottle types with two different
typefaces on each greatly effected brand credibility and price
expectations from the customers, even though water is water
[7].

While the consequences, with regards to aesthetics, for news
might not be as obvious as in marketing, the editors choice
of font possibly makes some sort of difference in how the
message is interpreted.

IV. METHOD

The study was done through a survey. The survey was con-
structed of three parts. The first part was necessary information
about the respondent. Age, sex and main source for news.

The second part was regarding the credibility of three fonts
from traditional news actors and three fonts from modern
news actors. These in turn test three parts of the text usually
included in a news-article. Title, ingress, and body text. All
fonts displays the same message to take personal biases out
of the equation.

The third part was regarding, to what degree the font had
an impact on the participants interest in the message being
displayed.

A. Fonts

In order to get an accurate representation of traditional and
modern news actors they were chosen by number of readers
but also with the aim to get a diverse sample. Meaning, for
example, the two largest Swedish evening papers, Aftonbladet
and Expressen [8] could be regarded as two fonts that has to
be included in the study, but to get a diverse set of fonts and
to test more than the Swedish evening papers against modern
news providers, the following was done.

To make a choice to leave one font out would create
a validity problem. However, if the traditional news actors
are split into three groups; evening papers, morning papers,
and public service. The fonts can be chosen from the most
read actors in each group, where the font represents the
corresponding group.

The most read evening paper in Sweden is Aftonbladet,
followed closely by Expressen. [8]. The most read morning
paper in Sweden is DN (Dagens Nyheter) followed closely

by SVD (Svenska Dagbladet) [8]. There is only one public
service actor in Sweden, SVT (Sveriges Television).

When selecting the modern news providers, there was sev-
eral factors that had to be taken into account. Since the news
posted had to be mainly text-based to make a fair comparison,
this was also taken into account. The social media actors with
most users from most to least is: Facebook, Youtube, Insta-
gram, WeChat, Tumblr, TikTok, Weiboo, Google+, Reddit,
Twitter, Pintrest. [9] With regards to type of medium, meaning
if they mainly communicates through text, and are dominant
in Sweden, the list is; Facebook and twitter. The search engine
with most users by far is Google, meaning the actors chosen
for this category was; Facebook, Twitter and Google.

A problem regarding the modern mediums is that Facebook
and Twitter uses different fonts on different platforms, mobile
vs computer for example. To solve this the area where the
platform is used the most was the font that would be repre-
sented in the survey. This is to use the font that people are
most likely to have seen and interacted with.

Both Facebook and Twitter has more users on mobile [10],
[11] so the fonts used on mobile was the fonts of choice.
Google uses the same font for all platforms hence no choice
had to be made.

B. Survey - construction

Google forms was used to create the survey. All fonts were
uploaded as pictures so that the respondents browser, computer
etc. did not format the font differently, i.e size, color, spacing,
etc.

So as not to make the respondents actually take a stance
on what the message was saying, a generic statement was
used. When testing the effect of the font in each category,
title, ingress and body text, the same message was displayed
with different fonts respectively. The respondents were asked
to answer if the font effected the statements negatively or
positively on a five point scale with three being neutral.

For the fonts effect on interest, a more intriguing message
was used. This message was only displayed as a title since
the title is what is supposed to draw the readers attention and
further make them click the post. The respondents were asked
to rate the fonts effect on the statements with the same five
point scale, negative to positive, three being neutral.

C. Survey - pilot test

The pilot test reveled that the scale that respondents were
presented with had to be neutral. From the beginning a five
point scale, asking how credible the font was from one to five
were used. But this implied that the font made the statement
credible or interesting. Therefore, it had to be possible to
response with negative or positive so as to not force an opinion
on the respondent.

D. Distribution of Survey

The survey was distributed on Facebook to get as broad
respondent sample as possible.

Remarks: There could be a validity problem since this
means that the respondents only came from my personal set
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of contacts. Further there could be a bias since the Facebook
font Roboto was in the survey. But this survey was conducted
during the Covid-19 pandemic and could not be distributed in
any other way. Meaning, this was a problem that could not be
eliminated within the scope of this study.

V. RESULTS

The survey was available online for three days, resulting in
62 respondents. 28 respondents were between 38 to 72 years
of age, and 34 respondents were between 18 and 30 years
of age with a gap in the middle. Meaning the split between
pre-internet revolution people and people growing up during
it was an almost an even split. There were 32 female and 30
male respondents.

Regarding the respondents news sources, the most prevalent
way for digesting news was through, online news paper, news
paper app, television, radio and social media. On the lower
side of the spectrum were, paper-news paper, podcasts and
streaming services.

In the tables below, the three first rows in each table are the
modern news provider fonts used by Google, facebook and
twitter. The last three rows in each table are the fonts used
by traditional news providers, SVT, Aftonbladet and Dagens
Nyheter.

A. Credibility - Title

Fig. 1. Percentage of participants rating title credibility, under neutral - neutral
- over neutral

Figure 1 show that the modern news provider fonts, Arial,
Roboto, and San Francisco generates similar result. Around
50 percent of the participants thinks the fonts are neutral with
regards to credibility.

The traditional news provider fonts, Publik and Verdana
have a weak incline towards the negative side. But these two
fonts are the fonts that are most polarising, meaning, the
respondents tend to go negative or positive and not ”agree”.
The font with most positive results regarding credibility is
Publico. 60 percent of the respondents regards the font as
somewhat positive/positive, making it stand out from the rest.

B. Credibility - Ingress

In this section, figure 2, the participants regarded the modern
news provider fonts, Arial and Roboto more negative than neu-
tral compared to the titles, figure 1. San Francisco, however,
stays neutral similarly to the result from the previous section.

Fig. 2. Percentage of participants rating ingress credibility, under neutral -
neutral - over neutral

The traditional news provider font Publik is regarded as
positive and Verdana as negative. Publico is the polarising
font in this section with a slight positive inclination.

C. Credibility - Body-text

Fig. 3. Percentage of participants rating body-text credibility, under neutral
- neutral - over neutral

With regards to body-text, figure 3, the modern news
provider fonts, all converge around neutral with slight incline
towards negative. The traditional news provider fonts are
again divided. Publik and Verdana are regarded to affect the
credibility of the message negatively. Publico has the most
positive result once again with 48 percent of respondents
regarding the font over neutral.

D. Interest - Titles

Fig. 4. Percentage of participants interest rating regarding title, under neutral
- neutral - over neutral

As shown in figure 4, the modern news provider fonts that
were neutral in regards to, if the font enhanced the readers
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interest in the message were Arial and Roboto. Although both
tends to generate a somewhat negative response. San Francisco
on the other hand generated the worst response of all with
almost 50 percent regarding it have a negative effect on their
interest in the message.

The traditional news provider font Verdana was almost
evenly spread. Publik had a positive effect on the readers
interest but Publico had the clearest positive effect on interest
with almost 60 percent of the respondents rating the font to
have a positive effect on their interest in the message.

E. Difference between age groups

The age groups were, by chance, divided into 18 - 30 and 38
- 72 years of age. The mean value, each age group, rated the
fonts credibility to be, are presented in the following tables.
As answer option three in the survey was labeled as neutral,
a mean value of three can be considered as - the font has
little effect on the message being conveyed. The ”Difference”
column is how much more credible, the young age group rated
the font to be compared to the old age group. Or in other
words, the young age groups mean value minus the old age
groups mean value.

Figure 5 presents the age groups different views on how
the font affects the credibility of the title. We can see that the
young age group finds the modern news provider fonts less
credible than the old age group. The traditional news provider
fonts have the opposite result, the young age group finds these
fonts more credible.

Fig. 5. Title credibility - Young participants mean rating versus old partici-
pants mean rating and the difference between the groups.

In figure 6 the difference in credibility with regards to the
ingress is presented. We see that both age groups are sceptical
of almost all fonts. However the old age group finds, the
traditional news provider font, Publik slightly above neutral.
The young age group finds, the traditional news provider font,
Publico slightly above neutral. Further the old age group are,
overall, more ”sceptical” than the young age group.

Figure 7 presents the body-text data. This is where the two
groups are most alike. Almost all fonts have a negative impact
on the credibility. The only difference being that the young age
group finds Publico above neutral.

Regarding the fonts effects on the respondents interest in
the message, Figure 8. The old age group is close to neutral
on all fonts except Publico. The young age group, however,
finds all modern news provider fonts below neutral and all
traditional news provider fonts above neutral with Publico as

the most interesting. The greatest difference between the age
groups is the traditional news provider font Publik.

Fig. 6. Ingress credibility - Young participants mean rating versus old
participants mean rating and the difference between the groups.

Fig. 7. Body-text credibility - Young participants mean rating versus old
participants mean rating and the difference between the groups.

Fig. 8. Title interest - Young participants mean rating versus old participants
mean rating and the difference between the groups.

VI. DISCUSSION

The result showed that for the overall sample, the most
credible and most interesting fonts, compared to the other
fonts, are used by the traditional news providers. However
Verdana, that is used by the evening paper Aftonbladet deviates
from this with regards to ingress, body-text and interest. It
scores the lowest of all fonts, with regards to credibility, in
both ingress and body-text.

The modern news provider fonts were regarded as ”most”
neutral by all participants. While a news providers might argue
that it is better to use an interesting and credible font, there
could be possible upside to use a font that is regarded as
neutral. In some sense the message is not tainted by the font.
Meaning, to convey the message in the most truthful and
unbiased manner a neutral font could be preferred.

The clear ”winner” in all categories is the font used by the
traditional news provider, Dagens Nyheter. They use Publico,

Session 2: Design 43

Proceedings of the 19th Student Conference in Interaction Technology and Design
Ume̊a University June 2020



a more classical font similar to the fonts used in printed paper
newspapers and books. This font is the font that is most similar
to Baskerville, the font that Errol Morris, in the New York
Times, found most credible [1], [2]. However, interestingly,
the young age group regularly found Publico more credible
and interesting than the old age group. The old age group
had a mean score below neutral with regards to ingress and
body-text for Publico. (figure 6, figure 7)

The difference between the age groups turned out, as one
might not have expected, that the old age group found the
modern news provider fonts more credible and interesting than
the young age group with regards to titles. A preconceived
notion might have been that, since the young age group
has grown up during the internet revolution they should find
familiar fonts, i.e modern news provider fonts, more credible,
but that is not the case. It seems that it is reversed. With regards
to ingress and body-text however, the old age group find all
fonts below neutral. Meaning, a speculative inference could
be that size might play a role when it comes to credibility.
However since the survey does not set out to measure text-
size effects on credibility, it is just that, a speculation, that
could be interesting for future studies to explore.

The font Publico is regarded higher on all sections by the
younger age group compared to the old age group. The old
age group also scores it the highest on all sections, just not to
the same degree.

A. Future improvements and important factors
This survey does not give answer to the question, what font

is most credible, or what font is most interesting. This study
explores the compared difference in credibility and interest of
fonts used by traditional and modern news providers.

While the survey provided meaningful, unexpected and
exciting outcomes there are some errors that should be con-
sidered in the future. It is a possible issue, that were noticed
after the survey was conducted, that all fonts were displayed
in the same order in every section in the survey. Meaning the
participant can have noticed a pattern after a section or two
and without intent remembered what they answered on the
previous section, and therefor had a bias to stick to what they
said in the previous sections. In other words, maybe they were
not objective about every font in every section since they did
not want to deviate from their previous responses.

VII. CONCLUSION

The findings from the survey, where participants compared
three fonts used by traditional news providers and three fonts
used by modern news providers, show that the font makes a

difference in perceived credibility and interest. Publico, the
font used by the traditional news provider Dagens Nyheter
scores the highest in all four categories. Showing that a more
traditional font, similar to the fonts used in books and printing,
enhances the credibility and interest of the message being
conveyed.

Further, depending on what type of reader the news provider
is trying to attract, there can be differences in what type of
font they should use. If a neutral tone is the goal, a modern
news provider font should be used, i.e fonts similar to Roboto,
San Francisco and Arial. If credibility and interest is the goal,
a more classical font should be used, i.e a font similar to
Publico. Especially if the audience is younger since the study
found younger people to have a stronger reaction to fonts. The
study found older people to not be as affected by the font.
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Abstract— The purpose of this study was to test what type
of button design would be seen and clicked on first, in order to
compare visibility and affordance of flat and neumorphic but-
tons. Two different tests were created. Ten people participated
in the study. Five of them conducted test one and the other
five conducted test two. Each test consisted of two parts. In
the first part of each tests, each participant got to see several
icons and they had to click on the button which contained the
icon they were looking for as soon as they saw it. In the second
part of each test, each participant were presented with only two
buttons, one neumorphic button and one flat designed button.
Each participants were instructed to click on the first button
they saw.

The result showed that four out of five participants who
conducted the first part of test one clicked on the neumorphic
button, and four out of five participants who conducted the
first part of test two clicked on the flat designed button.Three
out of five participants who conducted the second part of test
one clicked on the flat designed button, and five out of five
participants who conducted the second part of test two clicked
on the flat designed button.

The conclusions that could be stated were that the flat
designed button can be seen faster due to the high contrast
compared with the background and that people see certain
design styles more clearly when they get exposed to it early.

Index Terms— Neumorphism, Flat design, Button design, Soft
UI, Visibility, Signifiers, Affordance.

I. INTRODUCTION

The rise of skeuomorphism started in the 1980s as Ap-
ple tried to make computers more intuitive for everyone.
The goal was that not only experts would be able to use
computers but instead they wanted everyone to be able to
use their computers [1] [2]. By using the design style of
skeuomorphism as an approach, Apple managed to make
more people get used to the digital era, but it also created
some constraints for us according to Minnie Kasyoka in the
article, “Skeuomorphic Design, A History”.

The critic that skeuomorphism gets from Kasyoka is
that it does not really take fully advantage of everything
that the computers are capable of doing, instead it mimics
behaviors of real-life objects. Some consequences are that it
makes it harder to come up with new design patterns and
functionalities [1]. Another downside with skeuomorphism
is that the younger generation are born in a world where
computers are a part of their everyday life and this makes it
harder for people to understand the visual metaphor [1].

Nowadays a lot of skeuomorphic design patterns has
been changed to a more minimalistic flat design. Companies
like Microsoft and Apple went from skeuomorphism to flat
design when they released Windows 8 and iOS 7 [3]. The
flat design on interfaces broke design patterns that we had
been seeing in products for a long time.

Another new trending design style which is breaking de-
sign patterns is Neuomorphism. A lot UX accounts on social
medias have uploaded design concepts including Neuomor-
phism. When new design styles suddenly appears or becomes
popular, we need to take a step back and examine the user
friendliness within it. User friendliness is always something
that needs to be taken into count because it might be looking
good, but will it work as good? Will the user be able to
complete his or her tasks by using this new elements?

II. OBJECTIVE

The objective is to measure whether buttons designed
with neumorphic guidelines will be more or less clicked
on and seen compared to buttons designed with flat design
guidelines.

III. THEORY

The theory which is presented in this section will provide
a greater understanding regarding how the objective will be
measured, and what the outcome will indicate.

A. Visibility

In the article, ”Don Norman’s Principles of Interaction
Design”, Sachin Rekhi writes that visibility is one of Don
Normans six design principles. When it comes to visibility in
the article Rekhi claims that users know more about elements
and how to use them if the elements are more visable. If
elements are less visable and more out of sight, they will be
harder to know about and use [4].

B. Affordance

Affordance is described as an objects proprieties that indi-
cates possible interactions to do with the object according to
the Interaction Design Foundation. The foundation mentions
that it is the characteristics of a button which makes it
look ”pushable” [5]. Don Norman claims that affordance
is a relationship between an physical object and an agent.
Norman mentions that this relationship is built up by the
objects properties and the agents abilities to decide how
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to use the object. In the book, ”The Design of Everyday
Things”, Norman explains something that is called perceived
affordance. Perceived affordance according to Norman is
when people manages to perform actions with an object
without having to read any labels or instructions[6].

C. Signifiers

Norman mentions that a lot of designers were mistaken
affordance with signifiers. According to Don Norman, sig-
nifiers indicates where an action should take place while
affordance indicates possible actions[6].

D. Skeuomorphism

What does skeuomorphism mean and what is it? The word
skeuomorph according to Oxfords learning dictionaries has
two definitions, the first definition is more objective, and the
second definition has more focus on the subject computing.
The first definition reads, “an object or a feature that copies
the design of a similar object made from another material but
does not usually have the practical purpose that the original
does”, and the second definition reads, “(computing) symbols
or other objects on a computer screen that look or sound like
a physical object in order to suggest their purpose” [7]. To
get a better understanding of what skeumorphism might look
like, several skeumorphic symbols are presented in figure 1.

To answer the second question regarding what skeuomor-
phism is, it is a design style which creates elements that
resemble real artefacts. This design style takes the z-index
and shadows of elements into count to create a more three-
dimensional feeling compared to the background.

Fig. 1. Screenshot of skeuomorphic icons used within system preferences
on Macbook pro with macOS Mojave [8].

E. Flat design

Flat design is a style which utilizes bright colors to make
elements resemble two-dimensional objects [9]. According to
an article written by Interaction Design Foundation flat de-
sign is not entirely new. It is inspired from three forms of art,
modernism, the Swiss style and Bauhaus. The article states
that flat design was a popular style during the 1950s and
1960s before any design style managed to reach out to digital
platforms [10]. Flat design became more popular within
digital platforms as Microsoft released Windows 8, Google
released their material design and when Apple released iOS
7 [9] [11]. The Interaction Design Foundation claims that the
main reason for developing flat design was actually because
it would be a more responsive type of design. Smaller devices
like phones do not have as fast internet as a computer so by
making the design elements more minimalistic and reduce
the amount of texture, the elements would be able to load
faster which would make the design more responsive [9].
A picture of a flat designed button is illustrated in figure

2. The Interaction Design Foundation briefly mentions “Flat
design 2.0” and why it has been developed. According to the
foundation flat design 2.0 are elements which has applied the
design guidelines of flat design, but they have also added
some skeuomorphic design traits i.e. color variations and
shadows. The reason behind why flat design 2.0 has been
developed according to the foundation is because flat design
lacks the three-dimensional feeling due to the removal of
shadows and color variations, and this creates some issues
regarding the user experience. Users may not recognize flat
design styled buttons as clickable, so to get rid of this issue,
flat design 2.0 has been developed [9].

Fig. 2. Button in flat design [12].

F. Neumorphism

Neuomorphism is a new trending design style which com-
bines some attributes of flat design and skeuomorphism [13].
It relies on using the shadow of elements to create a more
three dimensional and extruding feeling in comparison with
the background. Figure 3 illustrates a neumorphic button.
This design style is fairly new, and it is also known as
”soft UI” or ”New skeuomorphism” [14]. In the article,
“Neumorphism. The Next Big Thing In UI Design?”, the
author Dmytro Dvurechenskyi claims that neuomorphism
will not replace flat design but instead it will be an addition
to the user interface design. Dvurechenskyi also mentions
that accessibility/visibility might be an issue for buttons in
particularly because the buttons will have the same color as
the background.

This might be an issue because of lacking contrast between
the button and the background [13]. The article, “Neu-
morphism: Can we make it more accessible?”, written by
Michael J. Fordham mentions some more issues regarding
the accessibility within neuomorphism. According to Ford-
ham, the borders are not easy to see, and they blend in with
the background and this could make the buttons hard to use.
He also mentions that it might be hard to see whether a
button is pressed or not, it is supposed to look indented when
it is in a pressed state, but Fordham claims that it might
be hard for the user to perceive that [15]. For each issue
Fordham recommends a solution which he thinks will solve
the accessibility problems. He suggests adding a border just
to make the border more visible, and for the pressed state he
suggests changing the color or the icon of the button when
it is indented [15].
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Fig. 3. Neumorphic button [12].

IV. METHOD

This section presents how the method were designed and
tested based on the theory given in the previous section. All
the participants that participated in this study are anonymous
and they have been informed that they can break the test
whenever they feel like it. All participants also gave their
consent regarding getting their computer screen and voice
recorded when performing the tests.

A. Target Audience

The target audience were people who uses computers on
a daily basis in their work or studies. The amount of people
that will participate in this study are ten.

B. Resources

This sub section presents the resources used to set up and
build the tests which the participants later got to conduct.
The resources needed are Zoom [16] and Adobe XD [17]
to monitor and build each test.

1) Prepare and build the tests: Two different tests were
built in Adobe XD. Each test consisted of two parts.

The first part of the test consisted of six instruction
artboards looking like the artboard displayed in figure 4. The
instruction displayed in figure 4 reads, ”On the next page you
have to click as fast as possible on the button that contains
this icon”. The instructions refers to a big green icon which is
placed in the center of the artboard. The difference between
the each of the six instruction artboards was that the green
icon which is displayed in the center was changed to a new
icon for each artboard.

Fig. 4. One out of the six instruction artboards in the first part of each
test [12].

When the green button was clicked on it changed page
to a new artboard containing four buttons placed in a 2x2
grid, this is displayed in figure 5. Two of the buttons
were neumorphic and the other two where flat. Each button
contained an icon. One neumorphic and one flat designed
button had the same icon that was displayed in the previous
instruction artboard. The icons looked similar to each other.
The difference was that they had smaller design changes.

Fig. 5. First artboard with buttons from test one [12].

The differences between the six artboards containing but-
tons, for both test one and two, was that for each artboard
the buttons switched positions and the icons which had to
be found also switched positions, cf. Figure 5 and 6.

When a button containing the icon that was being searched
for was clicked, the page changed to the next instruction
artboard and the whole process was iterated until the last
artboard containing buttons were clicked on.

Fig. 6. First artboard with buttons from test two [12].

The second part of each test was accessed when the last
button was clicked on in part one. When the last button was
clicked, the page switched to an artboard that looked like
figure 7. The second part only contained of one instruction
artboard for each test. The instruction on the artboard read,
”On the next page you have to click as fast as possible on
the first button you see”.

When the instruction had been read and understood, the
page switched to another artboard which contained two
buttons. One neumorphic and one flat designed button. This
artboard looked like figure 8.
The differences between the first part of test one and test two
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Fig. 7. Instruction artboard for the second part [12].

was that the order of the artboards were different, e.g. the
first artboard in the first part of test one is the last artboard in
the first part of test two. The difference between the second
part of both tests were that the artboards which contained
buttons switched the positions of the buttons, e.g. the flat
button and the neumorphic button from test one which is
displayed in figure 8 switched positions in test two.

Fig. 8. Last artboard with two buttons from test one. The buttons have
switched position in test two [12].

2) Interview: The interview was only one question and
it was conducted after the participants had been tested. The
question was: ”Which button did you think was easiest to
notice and why?”.

C. Pilot testing

Pilot testing was conducted with three participants. The
pilot testing reveled that there were some parts of the test
that were hard to understand and some interview questions
were unnecessary. The both tests and the interview questions
were modified after each pilot test.

D. Execution of method

Ten participants were tested on. Half of participants re-
ceived test one and the other half received test two. The
participants started with the first part of each test by getting
instructed regarding which icon they should look for and
click on. This process was iterated six times for each test.
When the last icon was founded and the button clicked on the
participant got switched over to the second part of the test
they were conducting. The participant was instructed to click

on the first button they saw. When they had clicked on the
first button they saw, the test was finished. The participant
then got to answer the interview question ”Which button did
you think was easiest to notice and why?”. The participants
answers and interactions were recorded and used to state the
result.

V. RESULTS

This sections presents the result gathered from the method.
Each participants result were set together and they are
presented in the tables below.

The average of users that clicked on the neumorphic
buttons in part one of test one were 80% and there were
20% whom clicked on the flat designed buttons. This is
presented in table I and II.

TABLE I
PART ONE OF TEST ONE

Artboard 1 to 6
Participant 1 2 3 4 5 6
1 N N N N N N
2 N F F N F F
3 N N N F F N
4 N N N N N N
5 N N N N N N

N = Neumorphic button. F = Flat designed button.

TABLE II
PART ONE OF TEST ONE SHOWN IN PERCENTAGE %

Artboard 1 to 6
Design 1 2 3 4 5 6
N 100 80 80 80 60 80
F 0 20 20 20 40 20

N = Neumorphic button. F = Flat designed button.

The average of users that clicked on the neumorphic
buttons in part one of test two were ≈ 26.67% and there
were ≈ 73.33% whom clicked on the flat designed buttons.
This is presented in table III and IV.

TABLE III
PART ONE OF TEST TWO

Artboard 1 to 6
Participant 1 2 3 4 5 6
6 F F F F F F
7 F F N F F N
8 F F N F F F
9 N N N N F F
10 F F F F F N

N = Neumorphic button. F = Flat designed button.

The result which is stated in table V shows that three
out of five participants saw the flat design button first when
conducting part two of test one. The result which is stated
in table VI shows that five out of five participants saw the
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TABLE IV
PART ONE OF TEST TWO SHOWN IN PERCENTAGE %

Artboard 1 to 6
Design 1 2 3 4 5 6
N 20 20 60 20 0 40
F 80 80 40 80 100 60

N = Neumorphic button. F = Flat designed button.

TABLE V
PART TWO OF TEST ONE

Participant First button to see
1 F
2 N
3 F
4 N
5 F

N = Neumorphic button. F = Flat designed button.

TABLE VI
PART TWO OF TEST TWO

Participant First button to see
1 F
2 F
3 F
4 F
5 F

N = Neumorphic button. F = Flat designed button.

flat designed button first when conducting part two of test
two.

70% of the participants that answered on the interview
question said that the button designed with flat design
guidelines were the one that was the easiest to notice. 20%
said that the neumorphic button were easiest to notice. 10%
said that they were both as easy to notice.

VI. DISCUSSION

The result that was presented in the previous section will
be discussed. The discussion will look at the result from
different view points such as the theory presented earlier,
the method and plausible error sources that might have
contributed to the result turning out the way it did.

A. Part one of test one and two

In this part of the test, users had to find a specific icon
located on either a neumorphic or flat designed button. The
main purpose of this test was to see which button the user
would notice first and click on. The flat design button has a
bigger contrast towards the background because it is using
signifiers but the neumorphic button is more extruding and
looks more clickable which offers more affordance.

In test one there were 80% whom clicked on the neumor-
phic buttons and in test two there were approximately 73%
whom clicked on the flat designed button. There are two
reasons I think the neumorphic button had a higher click rate
in test one compared to the flat button in test two. The first
reason is because the icon had a bigger contrast towards the

background when being on the neumorphic button compared
to the flat designed button. Some participants said that the
icon was easier to see on the neumorphic button.

The second one is because of the difference between signi-
fiers and affordance. As mentioned in the theory, affordance
indicates possible actions while signifiers indicates where an
action should take place. The neumorphic button indicates
that it can be clicked on while the flat button indicates that
an action can occur.

By looking at the tables in section V, we can see a
difference in test one and test two results. In test one three
out of five participants clicked on the neumorphic button
when they had to find a certain icon and in test two four out
of five clicked on the flat designed button. I think that I got
this result because of how I had placed out the buttons in
the grid.

I was expecting the flat designed button to get clicked on
the most before I conducted both tests, but the results have
shown me that I had wrong. This could be for a couple of
reasons and error sources, such as me designing the test in
a way that really does not provide a valid result.

Figure 5 and 6 shows the first artboards with buttons
containing icons for each test. The buttons in the top left
corner of both figures contains the icon that the user had
to find. The button in the top-left corner of figure 5 is a
neumorphic button and the button in the top-left corner of
figure 6 is a flat one. Peep Laja writes in the article, ”10
Useful Findings About How People View Websites”, that eye-
tracking studies has shown that the top-left corner of websites
are the zones that gets the most attention [18]. This is relevant
to the outcome of the result for each test, because the test
was conducted on a computer.

Whenever the test started, regardless of test one or two, I
saw that users quick clicked on the top-left button. And by
doing so I think that users had easier to see the same design
style in the following artboards. This would be easier to
confirm by letting the user use a eye-tracker while conducting
the test, which in this case was not possible.

To improve this part of the tests and to get a more signif-
icant result I would have used an eye-tracker to see which
button the users looked at first. I would also have conducted
A/B testing to see a more significant result regarding which
button that would have had the highest click through rate.

B. Second part of test one and two

This part of the test was designed to see which button the
eye were drawn to the first. The artboard for this part of
the test, in test one and two, looked like figure 8. The only
difference between the artboards in test one and two were
that the position of the buttons were switched.

The result regarding this part of the test in comparison
to the previous sub section is more significant. 40% who
conducted test one saw the neumorphic button first and
60% saw the flat button first. 100% of the participants who
conducted test two saw the flat button first. Comparing this
two results towards each other, we can see that the flat design
button is the one that the eye were drawn to the first most
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of the times. But why is that? And how does it come that
40% were drawn to the neumorphic button in test one?

After interviewing the participants, 70% thought that it
was easier to spot the flat button because of the contrast
it had with the background. Most of them thought that
it was quite hard to see the neumorphic button at a first
glimpse, because it is the same color as the background.
20% of the participants thought that the extruding feeling
the neumorphic button had made it more easy to see. 10%
said that they were both as easy to see but the flat one had
a bigger contrast so that is why that button was clicked on.

I imagined that the flat button would be clicked on the
most because of its high contrast against the background and
I was correct on that. But there were still 40% that clicked
on the neumorphic button in test one, even though the flat
design button was placed to the left, which should make them
see it first according to Laja [18]. As I mentioned in the sub
section A, I think that the participants who did test one had
easier to see the neumorphic button because they clicked on
the top-left button in figure 5, which made them more used
to see the neumorphic design.

VII. CONCLUSIONS

The objective of this paper was to measure whether
neumorphic buttons would be more or less clicked on and
seen compared with flat designed buttons. Whether new
design styles are as good to use as old design styles still
remains a question. Neumorphism might be a new design
style but it does not answer the question regarding if it works
as good as old design styles.

The main conclusion that can be drawn from this study
is that flat design buttons got spotted faster compared to
neumorphic buttons, due to the higher contrast with the
background. Another conclusion was that the participants
saw a certain design styles more clearly when they got
exposed to it early. Future research on Neumorphism should
set to examine where neumorphic elements might be most
useful, e.g. would a neumorphic element be most useful as a
button or a navigation bar? Or does neumorphism have any
use regarding UI?
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Abstract— Since the interaction methods for mobile devices
with touch screens differs from desktop computers, usability
guidelines might be different for mobile devices. One example
where there are differences is forms where the user have to
input data. Based on the defined input type of the input field,
different keyboards can be provided. To evaluate the benefits of
providing an appropriate keyboard, three different input types
have been evaluated: date, email and tel(phone number), where
each of the input keyboards where compared to a standard text
keyboard. An automated user experiment was made to evaluate
the input types, where the experiment application measured
the time to provide the correct input and the amount of erased
characters by the participants. The test reached a total of 33
participants, and the results showed that using the email input
keyboard clearly improved both the speed and accuracy for
users when providing an email address compared to a standard
text keyboard, while the date and tel inputs had smaller and
not as significant differences.

Index Terms— Mobile forms, input fields, mobile keyboard
layouts

I. INTRODUCTION

Mobile phones are used more and more for doing things
online, as mobile usage accounted for 52.6% of all internet
traffic at the end of 2019 [1]. Filling out different types of
web forms is a common occurrence online, and is a necessity
for providing information when doing things like registering
accounts, making purchases or filling out surveys. Filling
out the form is not the end goal for the user, and as such
it should be an experience that is as quick and smooth as
possible [2]. There are several guidelines available online on
how to design web forms in a user-friendly way, but not as
much about designing forms for mobile devices specifically.

One way filling out a mobile form differs from regular web
forms is the absence of a physical keyboard. To be able to
input data on a mobile device, a virtual keyboard appears on
the screen when clicking on an input field. The appearance
of this virtual keyboard can be modified depending on the
type of data that is expected from the user, e.g. displaying
only the numeric 0 to 9 keypad when the user should enter
a number. This is not a necessity however, but what is the
difference for the user experience when providing the best
matching keyboard for different types of input fields? Will

the correct keyboard make the process of entering data
faster and less error-prone?

II. OBJECTIVE

The objective of this paper is to evaluate the difference in
the user experience when providing appropriate keyboards
for different types of input fields compared to using the
standard text keyboard for the mobile device, and answer
the following questions:

• Will providing an appropriate keyboard for an input
field reduce the time taken to enter the necessary data?

• Will providing an appropriate keyboard for an input
field reduce user errors?

• What type of input field has the greatest difference when
providing a keyboard other than the default?

III. THEORY

A. Web forms and input fields

Web forms are a significant part of the web and have been
the primary way for users to enter data for a long time.
Hypertext Markup Language (HTML) is the standard markup
language for documents designed to be displayed in a web
browser, and is responsible for the forms and input fields
available online [3].

HTML5 is the latest standard of HTML, and was released
in 2014. It brought new ways to define the type of input that
was expected in a field, and the possible values can be seen
in Table 1:

Table 1. Possible values for input type in HTML5 [4]
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Input type Description
date A control for entering the date.
datetime Date and time using UTC date and time

format
datetime-
local

Date and time according to your local time

month Month and year
time The time of day
week Allows you to pick the week and year.
color Allows you to enter a simple color value

(which is in hexadecimal color notation)
email Validates the input using the standard

email format
tel Gives you the ability to validate telephone

numbers format against a pattern.
search Searches a data set (like a datalist HTML

element)
range A slider control for picking a number in

between two numbers
number Accepts numbers only
url Accepts URLs only

B. Usability

To evaluate the usability of different types of input key-
boards on mobile devices, a definition of usability is needed.
Nielsen defines usability with the following five aspects[5]:

• Learnability: How easy is it for users to accomplish
basic tasks the first time they encounter the design?

• Efficiency: Once users have learned the design, how
quickly can they perform tasks?

• Memorability: When users return to the design after a
period of not using it, how easily can they reestablish
proficiency?

• Errors: How many errors do users make, how severe are
these errors, and how easily can they recover from the
errors?

• Satisfaction: How pleasant is it to use the design?

IV. METHOD

To collect data for the study, the chosen method was an
automated and unmoderated test online. Since the test is
behavioural and not attitudinal, and quantitative instead of
qualitative, it was the best option [6].

The chosen input types to test are email, tel and date.
These inputs were chosen because it is data that is often
entered in online forms. The focus of the study is to
determine the user experience by focusing on two of the
main five aspects of usability, efficiency and errors. The time
and the errors made by the users were recorded during the
testing.

A. Creating the user experiment

The experiment was done through a web application,
which the participants could access through a web browser

on their smart phone. The application asked the user to
enter a date, phone number and email address two times
each, once with the default text keyboard and once with the
keyboard corresponding to the expected data. The user were
presented with one input field at a time, and after filling it
out they had to press a "next step"-button to continue to the
next input field. The different fields and field types were
sorted according to table 2.

Table 2. Each step in the user experiment contained an
input field and a specific input field type

Step Input Input type
1 Date text
2 Phone number tel
3 Email text
4 Date date
5 Phone number text
6 Email email

B. The test application

The test application was created using React.js, and Fire-
base was used for storing the answers and host the web
application. The test was only accessible from a mobile
device, and if the user tried to access the website from a
non-mobile device the test was unavailable and a message
that a mobile device was needed was shown.

The first screen, as seen in figure 1, informed the user
about the test and how to do it.

Figure 1. The first page of the application

Each step then displayed one input field and the expected
input above it, as seen in figure 2.
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Figure 2. Example step with the tel keyboard

When using the date input type, a date picker is provided
for the user, which can be seen in figure 3.

Figure 3. The date picker for date input type on Android 9

The default keyboard when using the text input type for
is shown in figure 4.

Figure 4. Text keyboard on Android 9.0

The keyboard for the email input type includes the @-
symbol on the first keyboard view, which can be seen in
figure 5.

Figure 5. Email keyboard on Android 9.0

The data that the users had to enter can be seen in table
3.

Table 3. The data to enter by the user.

Input type Data to enter
Date 2020-05-11

Number 075486357
Email test.example@gmail.com

V. RESULTS

The test was completed by 33 participants. The average
time to complete each step is presented in figure 6.
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Figure 6. The average time to complete each step

The average errors made in each step is presented in figure
7.

Figure 7. The average errors for each step

The average time to complete and the total amount of
errors of each step are presented in table 4.

Table 4. The average time in seconds and the average
errors(erased characters) for each step

Step Input Keyboard type Time Errors
4 Date date 9.15 0.00
1 Date text 10.34 0.36
2 Number tel 9.48 0.28
5 Number text 11.25 0.20
6 Email email 12.52 2.08
3 Email text 24.20 5.28

VI. DISCUSSION

The results show that the email input had the biggest
differences between the two different keyboards, where both
the time and errors were about half as much when using the
email keyboard. The results of the date and phone number
inputs did not show any significant differences between the
two different keyboard types provided.

There are some flaws with the test. The way that the
application calculated errors, which was to count the amount
of characters erased, meant that picking a date in the date
picker did not show any errors even if the user changed their
answer. Another aspect is that if the user made an error that
they discovered after writing more characters, they might

erase several characters to step back, which would look like
several errors made when they actually might have mistyped
only a single character.

The date that the users wrote and picked was a date a few
days close to the current date, which would be the case for
some forms. However, in forms where the expected input is a
birth date, the date picker that is provided with the date input
might be slower than using the text keyboard, and would give
a different result.

VII. CONCLUSION

This study shows that providing the email keyboard for an
email address is a good way to improve the efficiency and
error aspects of usability for user input in a mobile form.
The date and tel keyboards had smaller differences which
are too small to draw any conclusions from with the current
sample size. Further research is needed to get a clear answer
to the questions stated in the objective, but from the three
different input types that was tested, the email input had the
greatest difference when provided a keyboard other than the
default.
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Abstract—This paper examines if the bottom left corner is a
better location for a hamburger menu icon on a mobile screen
that is bigger than 4.7 inches. A questionnaire was sent out to
people in the age of 23-57 that uses a mobile device that has
a screen larger than 4.7 inches. The questionnaire contained a
test on two different prototypes, where one prototype had the
hamburger menu in the top left corner and the other had the
hamburger menu in the bottom left corner. The conclusion is
that users prefer to have the hamburger menu in the bottom left
corner, than in the top left corner.

Index Terms—Hamburger menu icon, Hamburger menu,
thumb zone, webpages

I. INTRODUCTION

Since the first smartphone was released the screen size on
new mobile phone models has increased. Today, there are
mobile phones that even have a screen size of 6.7 inches. This
is challenging because the large screens on the mobile phones
has made it difficult to reach with the thumb all over the screen
when holding the mobile in one hand. Smaller phones do not
have the same issue, as when looking at mobile phones with a
screen size of 4.7 inches and up [1]. The most common way to
touch the phone screen is by using one thumb while holding it
with only one hand [1]. Many mobile websites use the popular
”hamburger menu” that is located at the top corner of the
website. Bad reachability on large phones makes it hard to
reach the ”hamburger menu” with one hand. Is the top corner
really the best location to place a ”hamburger menu”, or is
it possible to find a better placement for it that works for a
larger range of screen sizes?

II. OBJECTIVE

The objective is to evaluate if people who use a mobile with
a display greater than 4.7 inches, prefers to have a ”hamburger
menu” at the bottom left corner on a mobile website rather
than a ”hamburger menu” at the top left corner.

III. THEORY

The theory in this section goes through the necessary terms
used in this paper.

A. What is a ”hamburger menu”?

The ”hamburger menu” is an icon used in a website or
in applications. When the icon is pressed a side navigation
menu is reveled as shown in Figure 5. The icon is placed in
one of the top corners and is often used to make a webpage
responsive [2]. For the most part, the ”hamburger menu” is
used when web pages are displayed on smaller devices such
as mobile phones and tablets. This is to be able to hide the
menu as a ”hamburger menu” icon instead of having the entire
menu visible as the menu would neither fit the screen nor be
access due to limitations of smaller screens. The icon is called
”hamburger menu” because it has three horizontal lines that
is stacked on each other like a hamburger [2].

Fig. 1. The ”hamburger menu” icon.

B. The most common way to hold a phone.

There are several ways to hold a phone, but a study made
by Steven Hoober in 2013 claims that there are three basic
ways most people hold it [3].

• One-handed: holding the phone in one hand using the
thumb to touch.

• Two-handed: holding the phone with two hands and
using both thumbs to touch the screen.

• Cradled: holding the phone with two hands but only
using one to touch the screen.

The most common way to hold a phone is one-handed [4].

C. The thumb zone.

The thumb zone is a graphical representation of the reach-
ability with the thumb when the phone is held in one hand.
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Fig. 2. The three basic ways to hold our phone [4].

It is shown by a heat map over the screen, divided in three
colors [1]. The colors shows how difficult it is to touch the
screen in the specific area. The green area shows where the
user has good reachability and can with no problem touch the
area. The yellow area shows where the users starts to struggle
and the thumb needs to stretch to reach the area, it is a little
more difficult to touch comparing to the green area. The red
area shows that this is where it is most difficult to reach with
the thumb on the specific mobile screen.The red area largely
requires that you change position on the hand, in order to reach
it [1].

Looking at Figure 3 it can be seen that the larger the screen
the smaller the reachability of the thumb is. Figure 3 is based
on a right handed user holding the phone, for left-handed users
the thumb zone is mirrored. The smallest screen in the figure
is the thumb zone applied to all iPhone models up to iPhone
4S. iPhone 4S has a 3.5 inch display and in Figure 3 it can
be seen that it has almost no red area. The iPhone 5/5s has
a 4 inch display and it has slightly more red area than the
displays with smaller screens. Looking at iPhone 6 which has
a 4.7 inch display and phones with bigger displays, the red
area is getting bigger and bigger.

Fig. 3. The thumb zone on every iPhone display to iPhone 6 plus [1].

D. Screen size and the most common one

The screen size on a mobile display is often measured in
inches or in pixels. To find out the size of a mobile screen
in inches, the diagonal of the mobile screen is measured. The
pixel size of a mobile screen is measured in the amount of
pixels in the x-axis multiplied with the amount of pixels in
the y-axis [5].

The most common mobile screen size in inches in 36
countries in the world 2019, was the 5.5 inch mobile screen
and the second most common was the 4.7 inch screen. It was
also shown that 95.56 percent used a mobile screen that is
bigger than 4.7 inches [6].

IV. RELATED WORK

In 2016, Dimitrios Tsiodoulos did a study where a compar-
ison between ”hamburger menu” and bottom bar navigation
menu for three level navigation was done. The study showed
that the bottom bar menu was more efficiency in tasks comple-
tion time than the ”hamburger menu”. But Tsiodoulos study
does not take the size of the mobile displays in consideration
[7].

V. METHOD

In order to test which placement of the ”hamburger menus”
the participants preferred, two prototypes were created. The
prototypes were the same but the placement of the ”hamburger
menu” icon was different. The participants were tasked to
navigate in the prototype and when they were done they got
to answer some questions in a form. The test needed the
participants to have a phone with a display bigger than 4.7
inches. Because the reachability is worse on phones that have
a screen bigger than 4.7 inches, according to the thumb zone.

A. Material

• Two prototypes made in Adobe XD. One with a ”ham-
burger menu” at the top left corner and one with the
”hamburger menu” at the bottom left corner.

• One questionnaire.
• The user needs a smartphone with a display bigger than

4.7 inches.

B. The prototypes

The clickable prototypes were made in Adobe XD and
are designed to look like a simple webpage for a restaurant.
The prototypes have a ”hamburger menu” icon, when the
”hamburger menu” icon is pressed a sidebar navigation will
appear. In the sidebar navigation there are five options. When
the option ”book a table” is pressed, the booking page opens.
From the booking page it is possible to go back to the first
page. The other three options are not clickable, but they are
included to make the menu look more realistic.

Prototype A - Has the ”hamburger menu” icon in the top
left corner as shown in the left prototype in Figure 4. When
pressed a side navigation appears under the icon as shown in
the left prototype in Figure 5.

Prototype B - Has the ”hamburger menu” icon in the
bottom left corner as shown in Figure 4. When pressed a side
navigation appears over the icon as shown in Figure 5.

C. Procedure

In order to do the test, the participant had to have a mobile
screen with a display larger than 4.7 inches. In the form the
participant was first asked questions about their phone model,
if they are left or right handed, and how they hold their phone
while using it. Afterwards the participant was given the task
to open one of the prototypes in their phone and navigate to
the ”booking page” and then go back to the ”start page”. After
the task was performed the participant was asked to answer
some questions about the prototype. The same procedure was
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Fig. 4. First page of Application A and B.

Fig. 5. First page with slide out menu, prototype A and B.

Fig. 6. Booking page, prototype A and B.

done on the second prototype. The questions that were asked
after the task in the prototypes were completed:

• Answer on a scale from 1 to 5, where 1 is easy and 5 is
tough. How difficult was it to reach the navigation menu
when you were doing the task?

• Did you have to switch positions on your hand to reach
the navigation menu?

When both prototypes were tested and the questions about the
prototypes were answered. The participants were given the
question of which placement of the ”hamburger menu” they
preferred.

D. participants
The study was performed on 11 participants in the age of

23-57. The participants were both female and male.

VI. RESULT

The participants age was between 23 to 57 years old.

Fig. 7. Table that shows the age of the participants.

Figure 8 shows the proportion of right and left handed
participants. More than 90% of the participants were right
handed.

Fig. 8. Pie chart that shows the proportion of right and left-handed partici-
pants.

Figure 9 shows how the participants usually hold their
phones while using it.

Fig. 9. Pie chart that shows how the participants hold their phone.
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A. Difficulty in reaching the ”hamburger menu”

Figure 10 shows how difficult it was to reach the ”ham-
burger menu” in prototype A. Where 1 is easy and 5 is though.

Fig. 10. Table that shows difficulty in reaching the ”hamburger menu”
prototype A.

Figure 11 shows that 72,7% of the participants changed
their hand position to reach the ”hamburger-menu” when the
placement of the ”hamburger menu” is in the top left corner.

Fig. 11. Pie chart of whether the partipants change hand position to reach
the ”hamburger menu” for prototype A.

Figure 12 shows how difficult it was to reach the ”ham-
burger menu” in prototype B. Where 1 is easy and 5 is though.

Fig. 12. Table that shows the difficulty in reaching the ”hamburger menu”
prototype B.

Figure 13 shows that 81,8% of the participants did not
change their hand position to reach the ”hamburger-menu”
when the placement of the ”hamburger menu” is in the bottom
left corner.

Fig. 13. Pie chart of whether the participants change hand position to reach
the ”hamburger menu” for prototype B.

Figure 14 shows the mean value of how difficult it was
reaching the ”hamburger menu” in prototype A and B,
compared between right handed users and left handed. The
rounded mean value of how difficult it was to reach the
”hamburger menu” in prototype A was 3 for right handed
participants and 2 for left handed participants. For prototype
B the average mean value for right handed participants was 2
and 4 for left handed participants.

Fig. 14. Table that shows the mean for right- and left-handed participants.

Figure 15 shows which of the two prototypes that the
participants prefers.

Fig. 15. Pie chart over which of the two locations the participants prefers.

VII. DISCUSSION

The choice to investigate if users prefers to have the
”hamburger menu” on the left bottom corner instead of the
right bottom corner. Was because according to the thumb zone
the reachability in the bottom left corner is much better than
in the right bottom corner for right handed users.

As can be seen in the study, the result from the participants
after trying the first prototype is very widespread and I think

Session 3: Navigation 61

Proceedings of the 19th Student Conference in Interaction Technology and Design
Ume̊a University June 2020



that the way the participants hold their phone is the reason. If
the participants only would had hold the phone in one hand
and used the thumb to navigate, then it would probably have
been a different result with a higher score. But the way people
hold their phones does not seem to affect if they need to
change their hand position to reach the ”hamburger menu”
icon. Because more than 75% changed their hand position
when trying to reach the ”hamburger menu”. Comparing this
to prototype B where the ”hamburger menu” icon is in the
right bottom corner. We can see that that participants found
it easier to reach the ”hamburger menu” icon and that they
did not need to change the position of the hand to reach it. I
think this means that even if you hold the phone in different
ways, it is easier to reach the ”hamburger menu” icon when
it is at the bottom left corner than when the placement of the
”hamburger menu” icon is in the top left corner. Even when
the result for prototype A was so widespread.

Looking at Figure 15, 54.5% of the participants thought
the left bottom navigation was better, while the other 45.5%
thought the usual alternative with the ”hamburger menu” icon
in the top left corner. I don’t think it says that much about
navigation in the bottom left corner as the better option, as
there was not much difference in what users thought. But
even so, we can draw the conclusion that a left bottom corner
”hamburger menu” is better. There is also a risk that the
participants responded according to what they think and what
they are used to see in mobile webpages. If a person already
dislikes the ”hamburger menu” icon at the top left corner, it
is a risk that they will choose the other option just because.

The comparison between the average on left and right
looking at Figure 14. It can be seen that the left participants
responded the opposite in average to the right handed partici-
pants. I think that is so because of the thumb zone which gets
opposite for left hand users. Which in turn makes it easier to
reach the ”hamburger menu” icon when it is located in the top

left corner and tougher when it is located in the bottom left
corner. But because only one person who participated was left
handed this must be investigated further to really know.

VIII. CONCLUSIONS

The testing concludes that it is easier to reach a ”hamburger
menu” if it is placed in the bottom left corner instead of the
top left corner. While using a mobile with a screen greater
than 4.7 inches.

The testing also concludes that the participants prefers a
”hamburger menu” located at the bottom left corner rather
than the ”hamburger menu” in the top left corner.

IX. FUTURE WORK

More testing should be done to get a even more reliable
result also prototypes that test the ”hamburger menu” in the
right top and bottom corner would be interesting to see what
effect it gets on right handed users and left handed users.
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Abstract—The widespread use of smartphones has meant that
smartphone manufacturers have to develop their software and
hardware at a rapid pace. But within smartphone applications,
navigation techniques have looked the same for a long time.
For page navigation the most common technique is tab bar,
even though they take up a lot of screen space. That is why
the objective of the study is to evaluate if smartphone users
would understand how to navigate between pages if the tab
bar is replaced with swipe gesture navigation indicated by page
indicators. For the evaluation, user tests were conducted using
an interactive prototype that was run on a smartphone which
included a test for both tab bar and swipe navigation. The
result of the study shows that it cannot be considered possible to
replace the tab bars in a mobile application with swipe gesture
navigation indicated by page indicators and trust that the user
will understand how to navigate between pages.

Index Terms—Mobile navigation, Tab bar, Swipe, Mobile
applications

I. INTRODUCTION

Most of the people living in developed countries today have
a lot of experience with smartphones. According to the study
performed by Pew Research Center 2019, the median of people
that owns a smartphone is 76% in advanced economies [1].
That experience has helped us understand how to navigate user
interfaces on smartphones in several different ways.

The latest trend is to navigate through user interfaces
with natural movements like swiping when you e.g. want
to navigate between pages on your device, instead of using
buttons which used to be the standard [2,3]. Despite that many
mobile applications are still using tab bars for page navigation.
If this research could prove that the users understand that
swipe functionality exists by using small page indicators, there
will be possible to free up screen space and use it for more
important content by removing the tab bar.

Larger screen sizes (> 5.5”) for smartphones are predicted
to get more popular in the future [4]. Something that makes
it harder to reach the top of the screen when holding the
device in one hand, which is the most common way to hold a
smartphone [5]. Although both Android and iOS recommend
the tab bar for page navigation in their guidelines for designing
mobile applications. But the suggested location of the tab bar
differs. In iOS the suggested placement is at the bottom of
the screen and for Android at the top [6,7]. The suggested

placement for iOS application makes it easier to access, but
then other functionality is forced to be moved to the top of
the screen. These arguments are further examples where swipe
functionality is advantageous to the tab bar. In Android appli-
cations it could solve the reach problem. For iOS applications
it would be possible to use the easily reached screen space for
other functionality.

II. OBJECTIVE

The objective of this paper is to analyze if tab bars in
mobile applications could be replaced with swipe navigation
indicated by page indicators. The research will investigate if
users with different experience of smartphone use understands
this change of navigation technique.

III. THEORY

A. Tab bar

The tab bar has many similarities to navigation bars and that
is where the tab bar has inherited its design from. Navigation
bars is often used in web pages and in computer programs,
where its function is to present the main navigational options
within the application to the user. From a functional point
of view the top bar is efficient, but has two primary dis-
advantages. The first is that it is only suitable to use when
the application contains only a few (five or fewer) main
navigational options. The second disadvantage is that it takes
up valuable screen space [8].

Fig. 1. Tab bar used in iOS clock app

B. Swipe functionality and gestures

Swipe functionality has existed on both iPhone and Android
for a long time. On the iPhone since iOS 2.0 which was
released in July, 2008 [9]. Then Apple decided to accept third
party apps and made it possible to swipe between home screen
pages. In Android the swipe functionality between multiple
home screens was implemented already in the first version
Android 1.0 which was commercially released on September
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23, 2008 [10]. In the latest versions of both iOS and Android
swipe gestures obtains a major role for navigation within the
operating system UI [2,10].

In a study performed by Lucia Satiko Nomiso et al. they
studied how users experience a transition from Androids
classic three button navigation (back-, home screen- and
recent apps buttons) to the new gestures controlled UI nav-
igation [11]. The conclusion from the study was that the user
evaluation showed very positive results, indicating high user
satisfaction.

C. Page indicators

Page indicators could be found in both iOS and Android
applications. They are used to give the user feedback on which
page they are currently at and the number of pages available.

Fig. 2. iOS home screen page indicators

IV. METHOD

A. Focus group

The participants were selected from the personal contact
network of the author. With the aim of finding participants
within a wide age range as it can be assumed to provide a
varied level of smartphone experience. The tests were held in
Swedish and conducted in the spring of 2020.

B. Structure of a test session

The test method used was qualitative usability in-person
testing based on the guidelines presented in the article Usabil-
ity Testing 101 produced by Kate Moran at Nielsen Norman
Group [12].

During the test session, the test leader guided the participant
through the test by following a script. Initially, the facilitator
explained how the test will be conducted. Then the participant
is asked to answer the following questions:

• Gender?
• Age?
• How long have you had a touch screen phone?
• How much would you estimate using the phone every

day?
After the questions the user got a smartphone running an

interactive prototype. Since the test is designed based on the
phone to be held with only one hand, the user received that
prompt. The first page of the prototype is an introduction page
and the following pages consist of different tasks that the user
is asked to solve. While the test was being conducted the
screen of the smartphone was being recorded. Simultaneously
the test leader notes the impressions it perceives from the user.
After all tasks have been completed, the session ended with
the user being allowed to comment on the test.

C. Apparatus used

During a test session the test leader was using a MacBook
computer that was running different application to help execut-
ing the test. To be able to record the screen of the smartphone
QuickTime was used. The prototype was started and run from
the Adobe XD application on the computer, but the image
of the prototype was shown on the smartphone screen. In
addition, Google Docs was used for documentation.

The smartphone that was used during the test was an iPhone
Xs with a 5.8” screen size. But the image window of the
prototype was set to 5.5” and centered to screen. This window
size was chose because statistics predict that screens larger
than 5.5” will become more common in the future [4].

D. Test prototype

Fig. 3. Introduction page Fig. 4. Landing page between test
parts

1) Introduction page: The first page of the test prototype
consists of a text that describes what the following tasks and
pages will include. The text is a complement to the instruction
presented by the test leader and the page also gives the user
a feel for the layout of the prototype.

2) Landing page: When the test participant reaches the end
of each test part they will come to a landing page without
any navigation alternatives except for the move to the next
part button. With the simple design of this page we want the
participant to reset their mind and thereby reduce the risk of
being affected by the previous parts of the test.

3) Parts of the test: The test consists of four different parts.
Each part is used to test a segment of the navigation technique
that is analyzed in this report. The four parts is:

1) Tab bar placed at the top of the screen.
2) Tab bar placed at the bottom of the screen.
3) Swipe with usual page indicators.
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4) Swipe with page indicators presented with representative
icons.

The pages which creates each part consists of the same main
components:

• A title that tells which the current page is.
• A text that describes the task for the current page. The

task will be that the user is requested to navigate to a
special page.

• A button to skip the current page and move on to the
next page. Which could be used if the user doesn’t reach
or understand how to get to the requested page.

• A navigation technique for this used for solving the task.

Fig. 5. Start page of test part 1 Fig. 6. Start page of test part 2

V. RESULTS

TABLE I
USER TEST RESULTS

Participant Experience Everyday use Part 1 Part 2 Part 3 Part 4
M/59 5 yr. 2 h 14 s 5 s — —
F/62 5 yr. 1 h 59 s 10 s — —
M/28 10 yr. 2 h 7 s 7 s — —
M/28 10 yr. 3 h 6 s 8 s — 10 s
F/25 10 yr. 4 h 17 s 4 s 46 s —

Table I presents the result from the test which were con-
ducted as described in the method section. The Participants
column holds data for the gender and age of the participant.
For how many years the participant has owned a touchscreen
phone is described in the Experience column. The Everyday
use column presents how many hours the participant estimate
using the phone on a daily basis. The following columns
present in which time the participant solved each task. If the
task was not completed, this is marked with a dash.

Fig. 7. Start page of test part 3 Fig. 8. Start page of test part 4

VI. DISCUSSION

The study aims to analyze if smartphone users with different
experience of smartphone use would intuitively understand
that swipe functionality exists in the absence of a tab bar.
Therefore, the focus group includes people over the age of
18 with no upper limit to increase chances to include a wide
variety of smartphone experience.

The result from the study shows that users don’t intuitively
understand that swipe functionality exists in the appearance
of page indicators. The few participants who discovered the
swipe functionality did so after a long time thinking. Since
all the participants quickly succeeded to navigate using both
versions of the tab bar shows that even though it takes up a
lot of screen space it is very effective.

Many of the participants (60%) were trying to click on
the icons in part four of the test. So the expectation from
the design process that they would bring clearer and faster
navigation was not fulfilled.

If a developer decides to develop an application that uses
swipe as the main navigation technique, they should introduce
it to the user in some way. For example, it could be a tutorial
that appears the first time the user launches the application
or some graphic object that more clearly show that swipe
functionality exists. The first suggestion would probably be
preferable, because if the user had learned it once, then they
will probably remember it.

A. Limitations

The main limitation of the study is the low number of test
participants. The plan was that conduct the test on at least
twice as many. But because of the Covid-19 outbreak it was
difficult to conduct the tests on more people in a safe way.
The method for the testing was conceived before the outbreak
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and because of the limited time for the study, there was not
possible to design a new test.

Despite the low number of participants, the result was
equivalent among the participants, which makes it unclear if
more participants would change the overall outcome. But it
would definitely make it more reliable.

VII. CONCLUSION

The result in this study indicates that smartphone users don’t
understand that swipe gesture navigation exists when page
indicators were used, regardless of how long experience they
have of smartphone use. Therefore it cannot be considered
possible to replace the tab bars in smartphone applications with
swipe gesture navigation and trust that the user will understand
how to navigate.
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Abstract—Two traditional input devices for human-computer
interaction are a computer mouse and a touchpad, that is used
for navigating through a computer user interface. This study
investigates the difference in experiences and preferences of
two different generations, young(20-35 years) and elderly(50-60
years). The results show that the younger generation overall
prefers to use both a touchpad and a computer mouse. The
elderly generation prefers to use a computer mouse in most of
the cases. When designing for interaction it is crucial to have
the target audience into consideration, but it is also necessary
to make it reasonable to use both a touchpad and a computer
mouse as the designer can not know that the user will use a
specific device.

Index Terms—Computer mouse, Touchpad, Experiences, Pref-
erences, Generation differences

I. INTRODUCTION

When designing systems and applications with human-
computer interactions, the user experience is crucial [1]. This
interaction is usually made by navigating through the computer
user interface, and there are several ways to do that, e.g. using
a computer mouse, touchpad, keyboard, voice control, and
touchscreen. Two of the most used devices are the computer
mouse, that has been available for the public since the year
1984 [2] and the touchpad, that has been available for the
public since the year 1994 as a built-in device in a laptop [3].
These two input devices have considerably different functions
but are assumed to operate in the same way, to navigate
through a computer user interface.

Some factors, like different design choices in websites i.e.,
can complicate when operating with the two specified input
devices [4] as there can be differences in the way of navigation.
The precision, reaction time, etc. can increase or decrease
when affected by these factors, and the factors can be changed
depending on which input device that is used. A factor that
may have an impact, depends on in which generation the user
belongs to, as the younger may have a greater experience of
the devices than the elderly [4].

What people prefer to use when performing different tasks
on the computer is yet a question. Some people may prefer
the touchpad on the laptop, and other people may prefer a
computer mouse on a desktop computer or attached to the
laptop. Is there a big difference between the two generations?

Can this be applied when designing systems and applications
that are assumed to be used on the computer?

II. OBJECTIVE

This paper will investigate which input device two different
generations prefer to use when navigating on a computer user
interface. It will also try to answer the question of how this
information can be used by designers when designing systems
and applications.

III. THEORY

Navigation on a computer user interface refers to the user’s
act of moving through the computer with an input device. It
means to move around the pointer on the computer screen to
obtain features and icons at the operating system [5].

To be able to navigate on the computers user interface, the
user requires to have a device operating this act. Two usual
devices that work on computers are the computer mouse and
the touchpad. Both the computer mouse and the touchpad uses
relative motion, which means it enables the user to move their
device or finger across the surface and the cursor will move
in the same direction on the screen [3].

A. Computer Mouse

A mouse is an external device that connects to the computer,
a desktop computer, or a laptop. With the mouse, the user
controls the movements of the pointer. There are different
types of computer mouses, but all mouses emit and sense light
to detect movement of the mouse. Some use lasers and some
use of optical sensors [6].

Usual interactions made with the mouse are i.e. naviga-
tion, scrolling function, clicking, double-clicking, and mouse
hovering [7]. The mouse is better than a touchpad in several
ways, i.e. it is better for precision [8], more suitable for the
ergonomic and some compatible applications make the task
faster and easier [9].

B. Touchpad

A touchpad is a small device that is most commonly used
in laptops, and it is sensitive to motion and pressure. The
touchpad allows the user to move a pointer with the fingers
[6]. There are different functions on the touchpad, such as
make the pointer move on the screen by moving the finger on

Session 3: Navigation 69

Proceedings of the 19th Student Conference in Interaction Technology and Design
Ume̊a University June 2020



the surface of the touchpad. Tap once or twice on the touchpad
to simulate a click or a double click [10].

Some functions make a touchpad better than a computer
mouse. E.g. it is more flexible to handle a touchpad - there are
no requirements of an external device [9]. Since the technique
of the touchpads setup, are used by smartphones and many
other devices, the learning process comes naturally [8]. There
is a difference between the touchpads on different laptop
brands and generations. Newer touchpads have a function for
scrolling that the older ones do not have, which makes the
newer touchpads more like the computer mouses [3]. This
paper will focus on touchpads in general.

C. Related work

In 2010, Morten Hertzum and Kasper Hornbæk did a
study that examined if age had any effects on pointing and
navigating with a computer mouse and a touchpad. There
was a comparison between young (12-14 years), adults (25-33
years), and elderly (61-69 years), including how they handled
working with a computer mouse vs. a touchpad. The results of
the study were showing that the adults performed better than
both the young and elderly participants. The study showed that
in general, all three groups performed better with a computer
mouse than with a touchpad. The big difference was that the
participants that used a computer mouse completed the tasks
more quickly and accurately than the participants that used the
touchpad. The touchpad also slowed down the elderly, and in
a small range the young, more than the adults [4].

Another study that was made by Hetrzum and Hornbæk in
2013, was the study about the differences if the target location
was known by the participants or not, and if there were any
differences between if the participants used a computer mouse
or a touchpad. The study showed that a known target location
or size increased the efficient and motor preparation of the
movement and that the results for the computer mouse were
better than for the touchpad [11].

These articles present the differences between a computer
mouse and a touchpad. The relevant parts for this paper are
the following; precision, movement time, reaction time, and
ergonomic. The result implied as follows:

• Precision - The precision for the computer mouse was
high, and the precision for the touchpad was low.

• Reaction time - The reaction time for the computer mouse
was approximately 75 percent less than for the touchpad.

• Movement time - The computer mouse had approximately
30 percent less movement time than the touchpad.

• Ergonomic - The computer mouse was more ergonomic
than the touchpad.

IV. METHOD

A survey was sent out to collect information about the
participant’s computer experiences and preferences. The target
audience was people with certain computer experience. The
target audience was divided into two groups by generations.
The younger generation included participants between 20-35

years, and the older generation included participants between
50-60 years.

A. Survey

A survey was created to be able to collect the target
audience’s experiences and preferences.

1) Construct the survey: The survey had a short introduc-
tion that described the purpose of the survey. It also stated
that the survey was completely anonymous and voluntary. The
participant could if wanted to, end the survey whenever they
wanted.

The survey was constructed with Google Survey. It included
seven questions about the participant’s computer experiences.
It collected information about which type of computer and
operative system the participant uses for different tasks. There
also included ten questions about the participant’s preference
when it comes to input devices.

A pilot survey was tested on two persons and evaluated.

2) Conduct the survey: The survey was sent to sixteen
participants that were collected by being friends and relatives
to the investigator. The survey was returned and the result of
the survey was obtained and analyzed.

V. RESULTS

The results of the participant’s experiences, eight partici-
pants of the young generation and eight participants of the
elderly generation, and preferences are shown in this section.

A. Experiences

Table 1 below shows the mean of both generation’s ex-
periences and the standard deviation, with the number of
participants as eight.

TABLE I
RESULTS OF THE GENERATIONS EXPERIENCES OF THE DEVICES

Young Generation Mean Standard Deviation
Computer mouse experience 1 7.875 0.927
Touchpad experience 1 8.625 0.696
Elderly Generation Mean Standard Deviation
Computer mouse experience 1 8,75 0,661
Touchpad experience 1 7,275 1,932

1 Participants indicated their computer mouse and touchpad
experience on nine-point rating scales (1: no experience – 9: very
experienced)

B. Preferences

Below the results for both generations are shown. The
results are about what the participants preferred.

1) Younger Generation: The results of which computer and
operating system the younger generation preferred is shown
below.

• Shopping online: 87.5% preferred a laptop and 12.5%
preferred a desktop computer.

• Study/working: 100% preferred to work on a laptop.
62.5% preferred macOS and 37.5% preferred windows.
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• Surfing at home: 75% preferred a laptop, 25% preferred
a desktop computer. 62.5% preferred macOS and 37.5%
preferred windows.

The results, of which input device the participants from the
younger generation did prefer, are shown below.

• Shopping online: 25% preferred to use a computer mouse,
25% preferred to use a touchpad and 50% stated that it
did not matter which input device they used.

• Study/working: 12.5% preferred to use a computer mouse,
62.5% preferred to use a touchpad and 25% stated that
it did not matter. s

• Playing a computer game: 100% preferred to use a
computer mouse, 0% preferred a touchpad.

• Searching information: 12.5% preferred a computer
mouse, 25% preferred a touchpad and 62.5% stated that
it did not matter.

In the list below the results, of which input device the
generation preferred when using different screens, is shown.
In the survey, a small screen referred to a screen that was 15-
inches or smaller, and a big screen referred to a screen that
was 20-inches or greater.

• Small screen: 12.5% preferred a computer mouse, 50%
preferred a touchpad and 37.5% stated that it did not
matter.

• Big screen: 75% preferred a computer mouse, 0% pre-
ferred a touchpad and 25% stated that it did not matter.

• Two or more screens: 87.5% preferred a computer
mouse, 0% preferred a touchpad and 12.5% stated that
it did not matter.

2) Elderly Generation: The results, of which computer and
operating system the elderly generation preferred, is shown
below.

• Shopping online: 75% preferred a laptop and 25% pre-
ferred a desktop computer.

• Study/working: 50% preferred to work on a laptop and
50% desktop computer. 100% preferred windows.

• Surfing at home: 75% preferred a laptop and 25% pre-
ferred a desktop computer. 12.5% preferred macOS and
87.5% preferred windows.

The results, of which input device the participants from the
elderly generation did prefer, are shown below.

• Shopping online: 50% preferred to use a computer mouse,
12.5% preferred to use a touchpad and 37,5% stated that
it did not matter which input device they used.

• Study/working: 62.5% preferred to use a computer mouse
and 25% preferred to use a touchpad and 12.5% stated
that it did not matter.

• Playing a computer game: 50% preferred to use a com-
puter mouse, 0% preferred a touchpad, and 50% stated
that it did not matter.

• Searching information: 62.5% preferred a computer
mouse, 25% preferred a touchpad and 12.5% stated that
it did not matter.

In the list below the results, of which input device the
generation preferred when using different screens, is shown.

• Small screen: 50% preferred a computer mouse, 37.5%
preferred a touchpad and 12.5% stated that it did not
matter.

• Big screen: 87.5% preferred a computer mouse, 12.5%
preferred a touchpad.

• Two or more screens: 87.5% preferred a computer mouse,
0% preferred a touchpad and 12.5% stated that it did not
matter.

VI. DISCUSSION

The comparison between the computer mouse and the
touchpad stated that the computer mouse was the more suitable
option in all the categories: precision, reaction time, movement
time, and ergonomic. That indicates that a designer should
design an application to be used by a computer mouse if the
designer just would design for the best input device.

A. Experiences

As observed in the result, the young generation had a greater
skill of using a touchpad than the older generation, but the
older generation had a greater experience of using a computer
mouse. The elderly had a higher significant difference when it
comes to touchpad experiences than they had for the computer
mouse experience, or that the younger generation had. The
reason for this can be that not all of the elderly participants
use the computer as their main task at work and that they
do not use a computer in the same amount as the younger
generation does at home.

B. Preferences

Both generation’s preferences will be defined concerning
they are different. Then the merged result for the generations
will be explained since it is relevant for making the design
decisions.

1) Younger Generation: Overall, the young generation did
prefer to use a laptop. They did also prefer to use a touch-
pad when studying or working. But for the other tasks, the
participants preferred a computer mouse or stated that it did
not matter which input device they use. The reason for this
result may be due to that the participants are studying/working
at their school/workplace. Therefore the touchpad is much
flexible, as it is a built-in device in the laptop. When the
participants are at home, they may not care about if they need
an external device or not.

Regarding the size or amount of the screens, the participants
did only prefer to use a touchpad with a small screen. For
the other two categories, they did prefer to use a computer
mouse. The reason for this may be due to that when the
participants use a small screen they use a laptop screen.
When they use a big screen vs. two or more screens, they
use a desktop computer or an external screen.
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2) Elderly Generation: Overall, the elderly did prefer to
use a laptop. The reason for this may be due to that a
laptop demands less space than a desktop computer, and the
participants may not feel like they have space at home. The
only category that they preferred 50% vs. 50% was when they
studied or worked, which we can expect that they do at a
school or workplace.

Overall, the elderly also preferred to use the computer
mouse more than the touchpad. The reason for this may be
due to that they felt like they had more experience with the
computer mouse than with the touchpad.

3) Both Generations: Overall, the young generation pre-
ferred to use the laptop and the operating system ”macOS”
more than the older generation that did prefer to use a desktop
computer and ”windows”. The younger also overall preferred
to use the touchpad more than the elderly that preferred to
use the computer mouse in most of the situations. The reason
for this may be due to that the younger felt like they had a
greater knowledge with the touchpad than the elderly felt like
they had and vice versa.

The aim of including the question about which operating
system the participants preferred to use was to see if there
were any differences in how the participants would answer
concerning which input device they did prefer. But the infor-
mation conducted was too limited and no conclusions of the
information could be done.

One major reason for a participant to choose one device over
the other could be their environments. If they are one the way,
it is much easier to just go with a laptop and a touchpad. But
if the participant is at home or work, they may have space
for using a desktop computer and a computer mouse. This
consideration is missing in the survey and should be added
for more accurate results of the preferences.

C. Design choice’s

When designing for the young, the designer should design
the application for being handled with a laptop and a touchpad,
since that was what the younger overall preferred. For the
older generation, the designer should design the application
for being handled with both a laptop and a desktop computer,
but with a computer mouse. When designing a computer game
the designer should only consider the computer mouse since
both generations preferred it.

The computer mouse is a more suitable fit for applications
where perception, good reaction time, and movement time are
needed. When these functions are needed, the designer needs
to consider how the application should be designed. However,
it is impossible to make sure that the user only will be handling
a computer mouse and not a touchpad. Therefore the designer
should consider both input devices but possibly focus a little
bit extra on the computer mouse. Except for more formal
applications that have the younger generation in focus, then
the designer should design for being handled with a touchpad.

VII. CONCLUSION

There is a difference in which input device different genera-
tions prefers to use. The younger generation overall prefers to
use a laptop, and about the equal when it comes to a touchpad
or a computer mouse. The elderly also preferred to use a laptop
but did prefer to use the computer mouse overall. The reason
may be due to that the elderly seemed like they had higher
knowledge of the computer mouse than of the touchpad.

When designing for different tasks the designer needs to
have all factors into consideration since there is no way to
confirm that the user will use a special device. The designer
should also have the target audience’s preferences in consider-
ation when designing, they should consider both input devises,
but focus a bit more on the computer mouse.
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How comfortable are Swedish people using voice
search on their phone in public?

Hedvig Björklund
Department of Applied Physics and Electronics
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Abstract—Voice search and voice control is a growing trend
in the world today. The objective of this research paper is to
investigate how comfortable people in Sweden are to use voice
search when searching for questions on the web on their phones
in public.

Using an online survey this study shows that Swedish people in
general are uncomfortable using voice search in public. Swedish
people in all age groups found the topics ”Facts” and ”Web-
search” more comfortable to ask about in public to their phone
and the topics ”Health” and ”Social life” more uncomfortable.

The study indicates that it might be a while until Swedish
people will adopt to voice search, at least in public.

Index Terms—voice search, Sweden, comfortableness, public
places

I. INTRODUCTION

Today more and more digital products and services use a
voice controlled user interfaces. Polls and research also show
a global increase in people using voice search when searching
and browsing the web. In 2019 we could see a substantial
amount of people using a smart voice controlled system at
home, with the most commonly used systems being Google
Home, Alexa etc [3]. Trends show that more people are also
getting comfortable using voice search in public places, such
as at the workplace, on public transportation and in restaurants
[5]. It is important to recognize that the statistics on voice
search usage look different in different parts of the world and
the research done on voice search usage in Sweden is very
scarce. However, statistics show that voice usage is lower in
Europe than USA and Asia. In 2018, around 12 percent used
voice search in Sweden within the month of the survey [2].

Every country have different cultures which makes trends
catch on differently. This study aims to investigate how
comfortable people in Sweden are about using voice search
in public places.

II. OBJECTIVE

The objective of this research paper is to investigate how
comfortable people in Sweden are to use voice search in public
on their phone and whether there are any differences between
age groups. This paper aims to investigate where the line is
between whether people prefer voice search versus writing
when being around other people.

III. THEORY

A. History of voice search

According to a 2018 report from Global Web Index [2],
27 percent of the global population use voice search on
mobile. 40-60 percent of consumers are according to the report
planning to buy a new mobile in the next 12 months and the
majority of the phones bought will have voice assistance, this
makes voice search ability for mobile consumers rise rapidly.
Europe have the lowest percentage of voice search usage
compared to other regions [3]. From a market perspective it
is clear that the voice search growth is being driven by the
Asian market.

B. Previous Research

In an annual study from Perficient[1], more than 1500
people participated in answering survey regarding their usage
of voice commands in different devices. The study showed
results from 2017, 2018 and 2019, and compared the answers
from each year. The questionnaire included questions such
as in what environment they use voice commands as well as
for what task and for which application. Answers showed a
clear increase in the use of voice commands in public places
between the years 2017 and 2019. The results showed that the
use of voice commands ”at home”, ”at home with friends”
and ”at office alone” stayed the same between the two years,
while the use increased in places such as ”at a restaurant”,
”at the gym” and ”in public transport”. The questionnaire
also asked the respondents whether they feel annoyed when
someone nearby uses voice command in public, where 42
percent answered ”Agree” or ”Strongly Agree” and 52 percent
answered ”Neutral”, ”Disagree” or ”Strongly Disagree”.

C. Top searched questions today

Google provides a list of the 1000 most frequently asked
questions online [4]. The list consists of questions such as:
What time is it?, How to lose weight?, How to get pregnant?,
How old is Donald Trump?, How to get rid of acne? etc. The
questions at the top of the list are mostly fact-based questions,
but further down in the list one can find more health and family
related questions. Overall the list provides a good base of what
people around the word search for.
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IV. METHOD

This study is based on a web-based survey containing some
questions about general voice search usage and 40 questions
where the participants have to rate from 1-5 how comfortable
they would be to ask the questions out loud to their phone
in public. The study is examining three different age groups
of people in Sweden: adults between 18-29, adults between
30-44 and adults 45 and above. 174 people from Sweden
participated: 108 participants between 18-29, 33 participants
between 30-44 and 33 participants from 45 and above.

A. Set up

The content of the survey was based on five questions
formulated to investigate this papers objective:

• How often do people from the different groups use voice
search control?

• How often do people from the different groups use their
phone to search the web?

• Does it differ how comfortable people are using voice
search between different subjects?

• If a person have a choice, would writing or talking be
preferable?

The survey had two parts, the first part is about the
participants voice search habits and the second part
investigates how comfortable the participant would be to ask
questions to their phone out loud in public. The survey was
written in google forms and distributed to people through
Facebook and email. The survey was written in Swedish
to minimize the risk of misunderstanding due to language
barriers.

1) The first part: In the beginning of the survey the test
subject is asked:

• Gender, age and if they live in Sweden
• How often do you use your phone to search online?
• How often do you use voice search to search online on

your phone?
• How often do you use voice search to search online on

your phone in public (at the bus, restaurant, work, school
etc.)?

• How comfortable are you using voice search among
others?

• Do you have a voice search system at home like Google
Home, Alexa etc. ?

• If you have a voice search system at home, how often do
you use it?

• If you had a choice would you choose text search or voice
search?

To make the result easier to analyse the participants only
had predefined options to answer the questions in the first
part. The only question the participants wrote an answer for
them self was age. At the top of part one there was an
explanation to define text search and voice search for the
participants to make it more likely to get answers based on
the same understanding. On the questions about how often

the participant did something thees alternatives where given:
Never, A couple of times every week, 1-5 times a day, 10-
20 times a day, 20 or more times a day. On the question
”How comfortable are you using voice search among others?”
the participants answered on a scale from 1-5, from very
uncomfortable to very comfortable.

2) The second part: The second part of the survey con-
tained 40 questions where the participant had do choose from
a scale of 1-5 how comfortable they would feel to ask given
question out loud to their phone in public. The 40 questions
where based on four topics: Health, Social life, Facts and Web-
page searches, 10 questions under each topic.

The questions under topics Health, Social life and Facts
are inspired from Googles most search questions, but are
also modified to fit the different categories and also be
recognized for a Swedish citizen. They are not taken directly
from Googles most searched questions. A new category
was added, that’s not at all a part from Googles most
searched and it is the ”Web-page searches” topic. The
questions under that topic is taken from commonly used web
pages in Sweden, like Aftonbladet, Familjeliv, SVT, SMHI etc.

The questions was not presented as part of any topic to the
participant but scrambled together randomly. The scale are
graded 1-5 from very uncomfortable to very comfortable.

B. Pilot tests

Before the survey was conducted 5 pilot tests where made.
During the pilot tests the participants had to explain their
reaction to every question in the survey and explain how they
interpreted it. The tests where supervised and the reactions
recognised and some changes where made in the explanation
of the survey and the how the questions where formulated.

C. Conduction of the survey

The survey was shared on email and on facebook groups
to reach different age groups and participants from different
backgrounds.

D. Calculation results

The results are calculated by comparing the mean values
of every question and topic in the different age groups. The
result will be presented as a numerical result and a discussion.

V. RESULTS

The results will be presented as two parts, part one of the
survey with each question as a subtopic and the results from
each age group presented as a summary and part two will be
presented with each age group as a subtopic.

The survey was answered by 174 participants: 108 partic-
ipants between 18-29, 33 participants between 30-44 and 33
participants from 45 and above.
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A. The first part: General voice search usage

Fig. 1. Graphic representation of answers on question? ”How often do you
use your phone to search online” for all age groups

1) How often do you use your phone to search online?:
On this question most participants in all age groups use their
phones between 1-20 times per day (see Figure 1), with 1-5
times a day being the most common. The youngest age group
use their phones most to search online; 14 percent (see Figure
2) of youngest age group and 6 percent (see Figure 3) in the
mid group replied that they use their phones to search online
more than 20 times per day. No one in the oldest age group
(see Figure 4) answered that they use their phone to search
online more than 20 times a day. Only 3 percent (see Figure
2), all in the youngest age group, report that they never use
their phone to search online.

In the youngest age group 40 percent (see Figure 2) of
the participants use their phones to search online between 1-5
times, as compared with 55 percent (see Figure 3) in the mid-
aged group and 61 percent (see Figure 4) in the oldest age
group; an average of 52 percent. In both the oldest and mid
age group 30 percent (see Figure 3 and 4) used their phone
to search online 10-20 times a day in comparison with the
youngest age group where 40 percent used their phones to
search online 10-20 times a day (see Figure 2) .

Fig. 5. Graphic representation of answers on question ”How often do you
use voice search to search online on your phone?” for all age groups

2) How often do you use voice search to search online on
your phone?: Most participants in all age groups never used
voice search on their phone to search online (see Figure 5),
with a variation of 12 percent between the age groups. The
oldest age group is the one that uses voice search one their

Fig. 2. Graphic representation
of the question ”How often do
you use your phone to search
online?” for age group: 18-29
years

Fig. 3. Graphic representation
of the question ”How often do
you use voice search to search
online on your phone?” for age
group: 30-44 years

Fig. 4. Graphic representation
of the question ”How often do
you use voice search to search
online on your phone?” for age
group: 45 and above years

phone the least in general with 88 percent answering they
never use voice search on their phone (see Figure 8). But it is
also the age group that uses voice search more frequently with
6 percent using it 1-5 times a day (see Figure 8) compared
to the youngest groups 5 percent (see Figure 6) and the mid
groups 3 percent (see Figure 7). The mid age group is the
one using voice search the most in general with 24 percent
(see Figure 7) using it a couple of times a week to 5 times a
day, compared to the youngest age group with 21 percent (see
Figure 6) and the oldest with 12 percent (see Figure 8).

Fig. 6. Graphic representation
of the question ”How often do
you use voice search to search
online on your phone?” for age
group: 18-29 years

Fig. 7. Graphic representation
of the question ”How often do
you use voice search to search
online on your phone?” for age
group: 30-44 years

Fig. 8. Graphic representation
of the question ”How often do
you use voice search to search
online on your phone??” for age
group: 45 and above years
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Fig. 9. Graphic representation of answers on question ”How often do you use
voice search to search online on your phone in public (at the bus, restaurant,
work, school etc.)?” for all age groups

3) How often do you use voice search to search online on
your phone in public (at the bus, restaurant, work, school
etc.)?: On this question almost none of the participants in
any age group used voice search on their phone in public (see
Figure 9). The mid age group never used voice search (see
Figure 11) in public and in the youngest and oldest age group
only 6 percent (see Figure 10) versus 3 (see Figure 12) percent
used voice search on their phones in public.

Fig. 10. Graphic representation
of the question ”How often do
you use voice search to search
online on your phone in public
(at the bus, restaurant, work,
school etc.)?” for age group: 18-
29 years

Fig. 11. Graphic representation
of the question ”How often do
you use voice search to search
online on your phone in public
(at the bus, restaurant, work,
school etc.)?” for age group: 30-
44 years

Fig. 12. Graphic representation
of the question ”How often do
you use voice search to search
online on your phone in public
(at the bus, restaurant, work,
school etc.)?” for age group: 45
and above years

Fig. 13. Graphic representation of answers on question ”How comfortable
are you using voice search among others?” for all age groups

4) How comfortable are you using voice search among
others? : On this questions most participants felt 1-2 on the
scale 1-5 of how comfortable they are using voice search
among others (see Figure 13), with 5 being very comfortable
and 1 being very uncomfortable. Only 18 percent of the
youngest age group (see Figure 14), 15 percent of the mid
group (see Figure 15) and 12 percent of the oldest group (see
Figure 16) rated their comfortableness between 3-5. The oldest
age group had most votes on the number 5, very comfortable,
with 6 percent (see Figure 16), with the mid and youngest
group having 3 percent feeling very comfortable(see Figure
14 and 15).

Fig. 14. Graphic representation
of the question ”How comfort-
able are you using voice search
among others?” for age group:
18-29 years

Fig. 15. Graphic representation
of the question ”How comfort-
able are you using voice search
among others?” for age group:
30-44 years

Fig. 16. Graphic representation
of the question ”How comfort-
able are you using voice search
among others?” for age group:
45 and above years
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Fig. 17. Graphic representation of answers on question ”Do you have a voice
search system at home like Google Home, Alexa etc. ?” for all age groups

5) Do you have a voice search system at home like Google
Home, Alexa etc. ?: Most of the participants in all age groups
did not have a voice search system at home (see Figure 17),
like Google Home, Alexa etc. The participants answered no
with a variation of about 2 percent, 85 percent in the oldest
and mid age group had a voice search system at home and
83 percent of the youngest age group also had it.

6) If you have a voice search system at home, how often do
you use it?: The result of this question was hard to interpret
since the question was not connected to the answer of ”Do
you have a voice search system at home like Google Home,
Alexa etc. ?” and all participants where able to answer, even
if they did not have a voice search system at home. For this
reason the result of this question is not a part of the study.

Fig. 18. Graphic representation of answers on question ”If you had a choice
would you choose text search or voice search?” for all age groups

7) If you had a choice would you choose text search or
voice search?: On this question almost all the participants in
all age groups said they prefer text search over voice search
with a variation of 6 percent(see Figure 18). In the youngest
and oldest age group 91 percent said they prefer text search
and in the mid group 97 percent voted the same.

B. The second part: Comfortableness using voice search in
public

Fig. 19. Graphic representation of all mean values for every age group and
topic

The oldest age group was in general more comfortable
using voice search in public in all topics (see Figure 19). The
youngest and mid age groups voted in a similar way, with the
mid group slightly higher. In general the participants from all
age groups felt more comfortable with the topics ”Facts” and
”Health” compared to the other topics.

1) Adults between 18-29: If we look at the mean values
for every topic (see Figure 20) we can see that some of the
questions stands out and have a significantly higher or lower
score then the other. They are listed below:

• Health: A lot of people feel very comfortable asking
”Where can I find the closest health center?” out loud in
public compared to the other questions in this category.

• Social life: The question about what to watch on Netflix
and how to write your CV get significantly higher scores,
which means people feel more comfortable asking about
that in this age group.

• Facts: The question ”How many glasses of wine can I
drink and still drive?” scores significantly lower then the
rest of the questions in this category, which means people
are more uncomfortable asking this.

• Web-page search: SVT, SMHI and Youtube scored sig-
nificantly higher than the other qeustions in this category,
which means people are more comfortable searching for
them.

Fig. 20. Graphic representation of mean values for the age group 18-29
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Fig. 21. Table over mean values and questions from the topic ”Social life”
for age group 45 and above

2) Adults between 30-44: If we look at the mean values
for every topic (see Figure 22) we can see that some of the
questions stands out and have a significantly higher or lower
score then the other. They are listed below:

• Health: A lot of people feel very comfortable asking
”Where can I find the closest health center?” out loud in
public compared to the other questions in this category.

• Social life: The question about what to watch on Netflix
and how to write your CV get significantly higher scores,
see figure 15, which means people feel more comfortable
asking about that in this age group.

• Facts: The question ”How many glasses of wine can I
drink and still drive?” and ”How tall is Justin Bieber?”
scores significantly lower then the rest of the questions
in this category, which means people are more uncom-
fortable asking this.

• Web-page search: SVT, SMHI and Aftonbladet scored
significantly higher than the other qeustions in this cate-
gory, which means people are more comfortable search-
ing for them.

Fig. 22. Graphic representation of mean values for the age group 30-44

3) Adults 45 and above: If we look at the mean values
for every topic (see Figure 23) we can see that some of the
questions stands out and have a significantly higher or lower
score then the other. They are listed below:

• Health: A lot of people feel very comfortable asking
”Where can I find the closest health center?” out loud in
public compared to the other questions in this category.

• Social life: The question about what to watch on Netflix,
how to write your CV and what’s the point of living

gets significantly higher scores, which means people feel
more comfortable asking about that in this age group.(see
Figure 21)

• Facts: The question ”How many glasses of wine can I
drink and still drive?” and ”How tall is Justin Bieber?”
scores significantly lower then the rest of the questions
in this category, which means people are more uncom-
fortable asking this.

• Web-page search: SMHI and Youtube scored significantly
higher than the other qeustions in this category, which
means people are more comfortable searching for them.

Fig. 23. Graphic representation of mean values for the age group 45 and
above

VI. DISCUSSION

The study was made online and the participants did not have
to perform the task of asking their phone in public for real.
This could affect their answers and make it differ from what
they actually would feel in a real life situation. This must be
considered when using the result of this study. A suggested
new study would be to actually follow people around in public
and make them ask these questions and evaluate how they felt.

The age group 18-29 had a lot more participants, 108,
and the other age groups only had 33 participants each. This
could also affect the results of the two older age groups.
The 18-29 age group had 108 participants, which is a rather
big amount. The survey was shared through Facebook and
email, the participants did not have to state in which part
of Sweden they lived. This could mean the result may not
represent Sweden as a whole.

The results show that all age groups find it easier to ask
questions about the topics ”Facts” and ”Web-page searches”.
These two topics score approximately the same level in each
age group. This could mean people find it easier to ask more
fact based questions out loud in front of others rather than
questions that feels personal or may cause a sense of shame.
Asking questions about facts and web-search does probably
not feel as personal to people, this could explain the result.

The study shows that people have a harder time asking
questions about the topics ”Social life” and ”Health” out loud
in public. This may also be due to personal reasons and could
be based on social norms of what is appropriate to talk about
in public, in general. Questions about health and social matters
may be something people don’t talk about to their friends or
people around them, so the step to asking their phone about
them in public with strangers may be big.
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Comparing the age groups there is a difference between
how comfortable each group is with every topic. The 45 +
age group scored higher in every topic while 18-29 and 30-44
scored approximately the same, but lower than 45 +. The fact
that the older age group felt more comfortable, but still did
not use voice search in public, could be that with age some
degree of embarrassment disappears.

It’s interesting that almost none of the participants in the
survey use voice search in public, but still felt, or rather would
feel, comfortable asking some of the topics out loud in public.
This could mean that it’s not a too big step to start using voice
search in these topics. But the study have not investigated
data to state anything about that since almost none of the
participants actually used voice search in their everyday life.

All topics are in the lower range of the very uncomfort-
able/very comfortable scale, 1-5. This means that Swedish
people in general are rather uncomfortable asking questions
out loud to their phone, but as stated some topics scored
significantly higher than other topics. This is also indicated
in part one of the survey where between 80-90 percent of the
participants from each age group voted 1 or 2, which mean
they feel quite uncomfortable using voice search in public.

On the question ”Do you have a voice search system at
home like Google Home, Alexa etc. ?” 15-17 percent from
each age group answered yes. This shows that not that many
of the participants have a habit of using voice search. This may
also explain why people in general feel uncomfortable using
voice search in public, they may never have used it before not
even at home.

In different topics some questions stood out as more com-
fortable or less comfortable to ask. The questions that stood
out as easier to ask was always more fact based questions,
even if they were placed in other categories. The questions
people feel more uncomfortable with are questions that is more
personal or could be related to social shame, like drinking and
driving.

VII. CONCLUSION

Based on this study it can be concluded that people feel
differently about asking questions under the topics: Health,
Facts, Social life and web-search. Swedish people in all
age groups found the topics ”Facts” and ”Web-search” more
comfortable to ask about in public to their phone and the topics
”Health” and ”Social life” more uncomfortable.

Between 90-95 percent in each age group answered that they
use their phone daily to search the web. 91-97 percent in each
age group answered that they prefer text-search over voice
search. This combined with the reasoning in the discussion
indicates that it might take time for Swedish people to adopt
to voice search, at least in public.
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Abstract— Color is our wordless language that can convey
different moods and emotional experiences. From the results of
user testing conclusions have been drawn on how we experience
color. This paper aims to investigate if colors can affect the
interpretation of graph based data and if conclusions on how
we perceive color can be drawn to a person’s gender and age.

The study was based on a web-based survey, where the
participants were shown fictive data in different colors from
pedometers and asked to grade the performance of the user of
the pedometer. The result showed that the color of the graph
based data did not have any affect on how it was interpreted.
The study had too few male and older participants to draw
any conclusions connected to gender and age.

Index Terms— Color psychology, graph based data, age,
gender

I. INTRODUCTION
That colors have a underlying meaning isn’t something

new. Colors can be seen as a wordless language that conveys
both different moods and emotional experiences [1]. This is
something that has been utilized in marketing for a long time.
The fact that blue is used by many government agencies and
that eco-friendly brands often use green is no coincidence.
It’s well thought out [2].

The color psychology is to a big part based on different
types of user testing [3]. From the result conclusions have
been drawn on how we experience color. For example blue
is said to have a calming effect, while red makes us feel
energized [4]. But a big part of how we experience different
colors depends on our biological, cultural and personal
associations, which also have to be taken into account [1].

So what happens if people are shown the same graphs
but with different colors? In this paper user testing is used
to investigate if graph based data is interpreted differently
depending on which color it’s presented in.

II. OBJECTIVE
This paper focuses on investigating if colors can affect

the interpretation of graph based data. Can graph based
data be interpreted differently depending on the colors it’s
represented in and does the user’s age and gender affect the
result? The study focus on the primary colors red, blue and
yellow and the secondary colors, purple, green and orange.
The graph based data consists of two different types of
graphs, bar charts and line charts.

III. THEORY

From a scientific perspective the color psychology and
chromatic are considered to be new science. It all began in
1807 when Johann Walfgang von Goethe published the first
part of three in his work Zur Farbenlehre (Theory of Colours)
[3]. This was the first time someone explored colors based
on their properties instead of their chemical constitution [1].
When we talk about chemical constitution we mean hue,
saturation and brightness. It’s important to work with these
three aspects separately, otherwise it’s hard to determine how
they affect the perception of the spectator [3].

To better understand how colors are interpreted and to
find similarities between different colors they have been
categorized into groups. A common categorization is the
classification into warm and cold colors [5]. The warm
colors includes red, orange and yellow. They’re considered
to convey joy and passion, while colors like green, blue
and violet are classified as cold and convey peace and rest
[5]. Based on this type of studies, attempts have been made
to find connections between colors and different personality
types. Studies on whether there is a gender difference have
also been made [6].

Previous studies have mainly focused on how to use color
to present the data in the best possible way. Not how a
specific color causes the users to interpret the chart [7].

In the article Practical Rules Using Color, Stephen Few
lists nine guidelines that one, according to him, should adhere
to. He thinks that it’s important to think about the context.
How we experience color is influenced by its surroundings.
He also points out that it’s important that the color has a
purpose. Color should be used to improve communication,
not to give a better visual impression [7].

A. Gender differences

According to conducted studies there is a difference in
color interpretation between the genders. The Swedish color
scientist Lars Sivik has a theory that women like bold colors
while men prefer the ones that are more dull [8]. According
to studies women have a larger color vocabulary and seem to
have the ability to more easily differentiate between different
shades [6]. The neuroscientist Israel Abramov conducted
a study were men and women were asked to break down
the hue of a color. The participants would then assign
percentages to four different color categories, red, yellow,
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green and blue. The result showed that women were more
adept to see small changes in hue than men [6].

B. Mahnke’s Color Experience Pyramid

How we perceive color depends on several different fac-
tors. In the book “Color, Environment and Human Response”
Frank H. Mahnke describes the color interpretation process
as a pyramid with six levels [9]. The bottom step in the
pyramid has the largest influence on our color perception.
The higher up in the pyramid we come, the less influence
the step has on our final experience of the color [9].

Fig. 1. Mahnke’s Color Experience Pyramid

1) Biological reactions: In the bottom of the pyramid
we find the biological reactions to a color stimulus. It’s
congenital reactions that we can’t influence. The reactions are
instinctive and originate from the time when our reactions
were more crucial to our survival [9]. Overall, biological
reactions are more evident for children. It’s because children
haven’t adapted to the norms and culture of the society to
the same extent as adults [10].

Many good examples of biological reactions to a color
stimulus can be found in the animal kingdom. Strong colors
are often found on toxic animals. In that way they can
avoid attacks from predators, who instinctively choose not
to attack. In this case, it protects both parties.

2) Collective unconscious associations: One step up in
the pyramid are the collective unconscious associations.
Unconscious reactions are ways of acting, common to the
entire human race. Mahnke states that just as we share some
physical characteristics, we also share sections of the psyche.

3) Conscious symbolism associations: Another step up in
the pyramid we find conscious symbolic associations. It’s
learned connections that come with time [9]. Most of us
would consider the sun as yellow, a heart as red and both
water and the sky as blue [1].

4) Cultural influences and mannerisms: The fourth step
in Mahnke’s pyramid is cultural influences and mannerisms.
How we experience color differs depending on where on
earth you’re raised. As with many other things, color is
influenced by our culture. We perceive color differently
depending on geographical location, time period and our own
age.

5) Influences of trends, fashion and styles: Next to the top,
we find influences of trends, fashion and styles. Almost every
new season some colors gain in popularity. During the bright
months of the year, we want bright and cheerful colors, while
we prefer dark and dull colors during the winter months [9].
What colors that are popular right now is reflected to the
contemporary time.

6) Personal relationship: At the top of the pyramid we
find the smallest field, our personal relationship to colors.
All human lives are unique and our experiences affect us.
Together with the other steps in the pyramid it forms how
we experience colors [9].

C. Color symbolism

As mentioned before colors have a underlying meaning.
The knowledge about what emotions colors can bring to the
viewers is used in both marketing and our daily life [2].

1) Primary colors: The primary colors includes yellow,
red and blue. These are colors that can’t be created by mixing
other colors [11]. Yellow is an optimistic color, representing
both playfulness, happiness and curiosity. Red is a color that
evokes strong emotions. The color is associated with love
and passion as well as strength, aggressiveness and danger.
Blue stands for authority, power and trust. The color sends
out signals of both calm and loyalty. Blue is also the color
most people have as their favorite color [12].

2) Secondary colors: The secondary colors are orange,
green and purple. Secondary colors can be created by mixing
primary colors [11].

Orange stands for creativity and enthusiasm, while green
has a calming effect, associated with health, environment
and harmony. Green is said to be the color that the eyes
have easiest to process, which makes us relaxed. The color is
also strongly associated with that something has succeeded
or is good. Lilac is an exclusive color, often used during
ceremonies and by royalty. Because of its blue features it,
like the color blue, has a calming effect [12].

IV. METHOD

The study is based on a web-based survey. The participants
were both men and women in all ages and conducted the
study on a mobile phone or laptop. The survey was conducted
in Swedish and the result has been translated into English
afterwards. In total the study had 63 participants.

A. Set up

Previous studies show both gender differences and differ-
ences between age groups. The participants were asked to fill
in their age and gender. In total they could use between five
different age groups, 16-29, 30-43, 44-57, 58-70 and over 70
years old. When it comes to gender the participants could
choose either male, female or other. Since the study partly is
based on comparing men’s and women’s experience of color,
all results where the user stated “other” were not included
in the result. The participants were also asked if they had a
known eye disease, like red-green color blindness, that could
affect the result.
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Through a written text at the beginning of the survey, the
participants were informed that their participation was com-
pletely voluntary and that they could exit the questionnaire
whenever they wanted. They were also informed that the
survey was completely anonymous and that the only personal
information that would be stored about them was their age,
gender and possible eye diseases. The text stated that the
answers the participants were giving would acting as an
foundation for the continued work with the study, which will
be presented later.

B. Conducting the survey

The survey is based on the theory part of this article.
The participants were asked to interpret graph based data
in the primary colors red, blue and yellow as well as in
the secondary colors, green, orange and purple. All colors
had the same hue, saturation and brightness, which were
randomly selected.

Fig. 2. Colors used on the charts in the web-based survey

The graph based data consisted of 12 bar charts and 12
line charts. Each chart displayed one color. In total the
participants looked at and answered questions connected to
24 charts. Both chart types showed two different charts. This
means that the same chart was showed six times in the
survey, one time in each of the six used colors.

All colors were showed in two bar charts and two line
charts. In total there were four different types of charts,
represented in all six colors.

Fig. 3. Example of a bar chart in the web-based survey

Fig. 4. Example of a bar chart in the web-based survey

Fig. 5. Example of a line chart in the web-based survey

Fig. 6. Example of a line chart in the web-based survey

The participants were told that they looked at data from
some pedometers. This data was fictive and just made up
for the survey. The participant was told that the bar chart
showed the total amount of steps, the user of the pedometer
had taken each day during one random week. The participant
was told that the line chart showed the total amount of steps,
the user of the pedometer had taken each month during one
random year.

The task the participants asked to do was to grade how
well they thought the user of the pedometer has performed
during the set period of time by giving grades between 1 -
10. The charts had no scale. The participant were supposed
to grade the charts solely on their visual impressions.

C. Summary of results

To compile the result, the mean value for the specified
grading scale was calculated for each chart. Then a mean
value was calculated for the bar charts and the line charts in
the same color.

A total mean value for each color was also obtained by
summing the mean values for the two different charts and
divide by two.

V. RESULT

A. Participants

In total 63 persons conducted the survey, 45 women and
18 men. Percentage distributed this means that 71,4 percent
were women and 28,6 percent were men. The distribution
between the different age groups was 51 participants aged
between 16-29, 6 participants aged between 30-43, 4
participants aged between 44-57 and 2 participants aged
between 58-70. The youngest age group constituted 81
percent of the total number of participants.
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B. Grading

Table 1 shows the mean value on the grading scale for
each color. The result is divided into two results, one for
the bar charts and one for the line charts. In general the bar
charts were grade to a higher value than the line charts.

TABLE I
MEAN VALUE, BAR CHARTS AND LINE CHARTS

Color Bar chart Line chart

Blue 6.17 5.49
Orange 6.11 5.54
Purple 6.12 5.54
Green 6.15 5.48
Red 6.21 5.63
Yellow 6.14 5.45

Table 2 shows the merged result from the bar charts and
the line charts, which is the mean value for each color.

TABLE II
MEAN VALUE PER COLOR

Color Mean value

Blue 5.83
Orange 5.825
Purple 5.83
Green 5.815
Red 5.92
Yellow 5.795

If we look at the result in a graphical way, we can see
that the given scores for the charts follows the normal
distribution for almost all the charts in the survey.

Fig. 7. Example of the result for a chart

VI. DISCUSSION

A. Gender differences

Based on the result of the web-based survey, it can’t be
concluded that there would be any differences between how
different genders interpret graph based data, in the form of
bar charts and line charts, according to the color they are
represented in. This depends on the big differences in how
many men and women participating in the study. In total, 45
women and 18 men participated. This means that the women
accounted for as much as 71,4 percent of the total number
of participants. It’s a far too large difference in the number

of participants in each gender group, to be able to draw any
valid conclusions.

The result don’t either show any trends that it would
be a difference on how men and women interpret graph
based data according to their color. All participants in the
study responded approximately the same, regardless of their
gender.

B. Differences according to age

It can’t neither be concluded that there would be any
differences between different age groups. Like in the case
with the gender distribution, the age distribution isn’t good
enough. As many as 81 percent of the participants, 51
persons, belong to the age group 16-29 years old. In total
only 12 people belongs to the other age categories. In
addition, half of these are in the range of 30-43 years old. To
count these 12 people as one age group isn’t possible, since
the spread is 40 years. The age differences is too large to
draw any valid conclusions between the participants results.

C. Differences between colors

Since the group is homogeneous, the only conclusion that
can be drawn is if the participants in total interpret the graph
based data different according to which color it’s represented
in. Based on the result, the line charts have been graded lower
than the bar charts. That difference probably has to do with
the design of the charts, not their colors.

The separate results for the bar charts and line charts show
no significant difference in grading between the different
colors. The rating for all colors is around 6,1 for the bar
charts, and 5,5 for the line charts. The final mean value,
were the results from all graphs represented in the same color
have been merged, shows no trends that there would be any
differences in how we interpret the same chart in different
colors. If the result is shown with two decimals, three of the
six colors have exactly the same grading (5,83).

D. Divergent results

An interesting observation is that the color red is the color
highest rated. In terms of both the bar charts and the line
charts. It’s the only result that differs from the others. Red
has a strong cultural association with that something has not
succeeded. The questions in the questionnaire are designed
in a way that the participants should grade how well they
think that a person has performed. This is something the
color red normally isn’t associated with. At the same time
red is a color that evokes strong emotions. It is considered to
convey joy, passion and strength, which are words that also
can describe a successful result.

E. Design of the survey

Based on the result of the survey it’s not possible to say
that there is connections between how we interpret charts
with what color they are represented in. This result can
depend on several different things. That color don’t have
a big impact is just one of them.

Another possible explanation is that the used questionnaire
isn’t good enough. The survey only contains four different
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charts, which means that each color is represented only four
times. It’s also two totally different chart types. Since the
study is based on six colors, the charts often appear in the
survey. This is something that many of the participants may
have realized and thus assumed that it’s a type of experiment
that one should realize that the diagrams keep being repeated.
This may have affected the result in a negative way. If several
different bar charts and line charts had been used, it would
not have been as obvious. In this way, it would have been
less risk of that this insight would affected the result.

A shortcoming of the survey is that the order the charts
are represented in, not is taken into account. Since the charts
have no scale and the participants thinks that the aim of the
survey is to assess the performance, it’s possible that the
participants asses the first charts on some kind of average
level. If there is no related scale it’s also easy to compare the
different charts with each other. Perhaps each chart should
have been shown on a separate page, thus the comparison
could have been significantly reduced.

The survey also contains many charts and there is a risk
that several participants have lost attention in the end of
the survey and just clicked in responses without actually
studying what is displayed on the screen.

In retrospect, it might have been better to conduct inter-
views instead of implementing a web-based survey, since it’s
difficult to design a good survey for this type of study.

VII. CONCLUSION

Based on the results, it can’t be concluded that there
would be differences between neither the genders or between
different age groups. This is because of the low number of

male and older participants.
It’s not possible to draw conclusions that the color

of the graph based data would affect how the data is
interpreted. The mean value for the grading does not
provide a significant difference between the different colors
in the study. The only color that had a slightly different
result from the rest of the colors is the color red, but the
difference is too small to be significant.
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Abstract—This article examines studies which focuses on mem-
orability of in-game advertisements. The examination is being
done by creating a meta-analysis of 6 studies covering the subject.
This is done to create an overview of how these studies are
being carried out, and hopefully serve as a foundation for future
studies in similar fashion. The result found certain trends among
these 6 studies. The test-subjects are recruited randomly from
accessible sources such as University’s or overall population. The
test-subject is to play an altered version of a game with in-
game advertisements. Afterwards they were questioned about
the play session by interview or questionnaire. Sometimes there
was also an initial questionnaire before the play session. And
lastly 5 studies were conducting tests in a closed off, controlled
environment. 1 study tested in a test-subjects home.

Index Terms—In-game advertising, meta-analysis, video
games, memory

I. INTRODUCTION

Software sales in the computer and video game category
reached 7.4 billion dollars in 2006, overall sales have nearly
tripled since 1996. In Australia alone year 2005, the pre-
dicted in-game advertising value was estimated to 1.25 billion
Australian dollars. According to Forbes the overall value was
anticipated to grow to 7.2 billion dollars by 2016. Because of
this product placement has evolved from the use of products
as props supplied freely by organisation to multi-billion-dollar
industry driven by these companies seeking alternative avenues
to promote their brands. [9]

Perhaps you have never realised it but product placement
is not only a thing in movies anymore, but also in video
games. Several studies have been made primarily focusing on
our memory and the memorability of advertisements/brands in
in-game advertisements. How are these studies conducted and
what kind of methods do they employ?

A meta-analysis allows for a better overview of a subject.
Usually meta-analysis are conducted for summarizing results
of different studies addressing the same question, but it can
also analyse the studies themselves to create an overview of
how the studies are made. The benefit of this approach is that
the collection of information leads to higher statistical power
and more robust estimations than whats possible from looking
at any individual study. It also allows you to create a more
informed decision of how you will conduct similar studies.

The above questions are important because it allows future
studies in similar fashion to have a better oversight of how

they will go about doing their study. By looking at this meta-
analysis they can decide if the study in question should be done
in the same way as other studies in this field or if they believe
they can yield better results conducting a more original study.
This study of course, does not say anything of the viability
of these studies, only what the most common way to conduct
them.

This paper is a meta-analysis of studies which focuses on
memory and how we remember in-game advertisements.

II. OBJECTIVE

The aim of this study is to compile studies which focuses
on memorability of in-game advertisements and conclude the
following:

• How are test-subjects recruited?
• What are the tests?
• Where are the tests conducted, in what environment??

To decide these three questions a meta-analysis of 6 studies
will be conducted.

III. THEORY

The following knowledge which the theory provides is
crucial to have a basic understanding of the contents of this
study. It covers what kind of study this is, and how it will be
conducted. It also covers relevant information regarding the
researching subject.

A. Meta-analysis

A meta-analysis is an examination of data from a number of
independent studies of the same subject, in order to determine
overall trends. A key benefit of this approach is the collection
of information leading to a higher statistical power and better
estimate than what is possible from the measure derived from
any individual study. However, in performing a meta-analysis,
an investigator must make choices which can affect the results.
The investigator has to decide on how to search for studies,
the method for selecting which studies to include, dealing with
incomplete data, analyzing the data, and accounting for or
choosing not to account for publication bias. [7]
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B. In-game Advertisements

In-game advertising is advertising which is embedded into
the game as part of the game’s virtual environment. Product
placement in games are similar to product placement in
movies. They allow for advertisements to be integrated into
the game to enhance realism of cityscapes and sporting arenas.
But also to serve investing brands with the ability to reach an
even broader audience and possibly even improve consumers
attitude towards the brand if they game is received correctly.
[5]

C. Explicit memory

Explicit memory is a type of long-term human memory.
Explicit memory is the conscious, intentional recollection
of factual information, previous experiences, and concepts.
Explicit memory can be divided into two categories, episodic
and semantic memory. Episodic memory stores personal expe-
riences. Semantic memory stores factual information. Explicit
memory is gradual learning, with multiple presentations of a
stimulus and response. [6]

In our daily lives we use explicit memory. Remembering
an appointment or recalling an event from years ago requires
us to use explicit memory. It involves conscious recollection
instead of unconscious like for implicit memory.

D. Implicit memory

Implicit memory is the other type of long-term human
memory. It is used unconsciously and can effect thoughts
and behaviours. An example of implicit memory is something
called procedural memory, which helps us preform certain
tasks without conscious awareness of previously learning or
practicing them. [6] For example it lets us remember how to
tie our shoes or ride a bike without having to consciously
remember how to do these tasks.

IV. METHOD

The following method is exercised for this study. It explains
how to conduct this study all the way. Starting off with the
acquisition of studies and what rules and restrictions to obey.
It also covers how to examine the collected studies to see if
they qualify. Finally it explains how to extract results from
qualified studies.

A. Acquiring studies

To search for scientific studies Google Scholar was used.
Google Scholar provides a simple way to search for scholarly
literature, it allowed to search across multiple disciplines from
one place. The studies originated from academic publishers,
professional societies, online repositories, universities and
other websites.

The way Google Scholar ranks document is by weighing the
full text of each document, where it was published, who it was
written by, as well as how often and how recently it has been
cited in other scholarly literature. This is important to take
into consideration when searching for studies, Google Scholar

Fig. 1. Advanced search - Google Scholar

has a major role in what studies will be in the meta-analysis.
[1]

To conduct a search of studies for the meta-analysis Google
Scholars advanced system was used, see Figure 1. By doing
this it allowed for keywords to be employed. A keyword, is a
word that describes the content in the study.

1) Keywords:
Keywords used for searching studies in Google Scholar are:
in-game advertising, Memory, Advertising recollection, mem-
orability/recall, recognition.

2) Combinations of keywords:
These are the combination used for searching studies.

Memory in-game advertising, in-game advertising recall,
in-game advertising recollection, in-game advertising recogni-
tion, memory in-game advertising, in-game advertising mem-
orability.

B. Examination of studies

1) Qualifying studies: After gathering studies using the
above means, it was decided if they qualified or not. This
was done from the set of rules below.

• Was the study about memory and what you remember
from advertisements explicitly in video games?

• Did the study cover some kind of testing of the topic in
question?

If the above questions are true the study qualified and could
be used in the meta-analysis. Since Google Scholar was used
their ranking system was used to select studies, meaning that
research started from page 1 and went backwards to search
for relevant studies.

2) How do they acquire test-subjects?:
To answer this question the study was analysed and pinpointed
the exact method used for recruiting test-subjects. The impor-
tant information was information regarding the recruiting of
test-subjects.

3) What are the tests, how are they done?:
Through reading the study the way the tests were being
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done was examined. Different stages of testing were be-
ing noted, such as play sessions, questionnaires and inter-
views/discussions.

4) Where were the tests conducted, in what environment?:
The environment where the testing took place were noted.

V. RESULTS

Studies covering memory and memorability of in-game
advertisements are being carried out as summarized below.
Since we originated from three main questions regarding these
types of studies, the results will also be categorized such. The
search for these studies were made May 2020.

A. Context

The following result is from 6 studies. There was a wide
range of studies covering very different types of topics when
it comes to in-game advertising. Because we wanted to look
at memorability and recall we had to search through multiple
pages of searches to find matching studies.

Through the combination of keywords described previously
in method. The searches yielded several hundred related stud-
ies. Because of time restraints i only had time to look at 1-
2 pages for each combination. Each page has 10 studies in
Google Scholar. Moreover, i used the function called ”related
articles” in Google Scholar, to see if any related works were
relevant.

In the initial gathering i looked at about 60 studies. After
reading their headline, and reading their abstract i dismissed
roughly 50 studies. For the remainder i examined them closer
by reading more. After reading them and using the rules of
qualifying studies described previously in method. Only 6
studies remained. These are the results from the 6 studies
found in Table 1 below.

Qualified studies in the meta-analysis:

Did you see that?: in-game advertising retention in players and
onlookers [4]
Mobile Game Advertising Recall in Pre- and Post-Game Experience
[3]
The effectiveness of” in-game” advertising: Comparing college stu-
dents’ explicit and implicit memory for brand names [6]
In-game advertising: Consumers’ attitude and the effect of product
placements on memory [8]
The effect of product placement in computer games on brand attitude
and recall [9]
The impact of social setting on the recall and recognition of in-game
advertising [2]

TABLE I
QUALIFIED STUDIES

B. How does the studies acquire test-subjects?

After looking at the 6 studies we can see the following.
For recruiting they all recruited randomly and had at least 100
people involved, a few studies kept track on sex but most did
not.

A few studies had requirements of past experience when
dealing with digital games to test more experienced players,

however the studies which did not have this requirement
instead took it into consideration and asked the test-subject
about their past experience in a questionnaire at some point
during the test.

C. What are the test, how are they done?

The majority of studies invited people to come and play
in their test environment, few studies did tests in a natural
environment. The test-subjects were always divided into at
least two groups. One control group and one test group. There
could occur further divisions if the study was conducting tests
for both implicit and explicit memory. Most studies only tested
explicit memory. Differences between these two test types will
be raised.

The test often starts with a play session but in some
occasions they started with a questionnaire. The game they
played was always configured to show some kind of adver-
tisements while playing, this could be in form of banners in a
racing game, specific cars or subtle product placements. The
advertisements that were displayed was usually taken from a
list of recognizable brands.

The duration of the play session could be timed or by
completing a level. The duration ranged from 10 to 30 minutes
or 1 level. After the play session ended two different things
happened. If the study was about testing implicit memory,
and the test-subject were going to be tested as such. The test-
subject were handed an unrelated questionnaire to clear their
short term memory. After that they were given the official
questionnaire and asked questions regarding brand awareness.
If the test is not about implicit memory, the test-subjects
gets a questionnaire and is asked questions regarding brand
awareness directly after the play session.

For both implicit and explicit memory the questions could
be summarized as follows:

• The subjects were first asked whether they noticed any
ads while playing the game. If the answer was a ‘yes’,
then they were asked about the details of the advertise-
ment to reveal their level of recall.

• What was in the advertisement?
• What was the advertisement about?
• What color was used in the background of the advertise-

ment?
• Do you remember where the advertisement was?
Based on their answers a score was calculated so they could

derive statistical results from their tests. To test for implicit
memory they also did a word-fragment test. Which is a test
to measure memory of words presented to participants. They
would get fragments of words related to the advertisement they
saw in-game and see if they can remember it implicitly.

The test-subjects were never given a briefing that the test
was about memory or advertisements.

D. Where are the tests conducted, in what environment?

The overwhelming majority of studies carried out their tests
in a closed off, controlled environment. The test-subjects were
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often invited to the designated environment of the researches
and the test were conducted there.

Only one study was testing in the test-subjects natural
environment, in their home.

VI. DISCUSSION

This is a discussion regarding the method used and results
of this study.

A. Method discussion

I believe the method for this meta-analysis is fairly well
done. I tried my best to adhere to the rules of meta-analysis
in general, and the results are good. Because of the level
of scrutiny that is required when doing a meta-analysis (or
any analysis for that matter) i took every chance i got to be
transparent. Transparency is very important when it comes to
meta-analytics because it gives reassurance and credibility for
your study. If any part of the study would be diffuse or unclear
it lowers the credibility of your results.

I would like to improve the way i explained how to collect
studies. I explain that i use Google Scholar and move from
page 1 and backwards, but i think i should’ve instead collected
studies in raw numbers instead of in pages. Because that would
let me say, collect 100 studies, and that would be the same for
everyone trying to replicate my study. However the way i did
it, it is not as clear. Just saying go from page 1 and backwards
is not a very good way to do it, i didn’t even give an upper
bound.

B. Result discussion

Most studies recruited people at random from where they
could get the most people the easiest. I would call it pseudo-
random because there were a couple of studies which recruited
people from their University, and not just any test-subjects.
However the method for recruiting was unanimous for all
studies, so it did not really impact my results, but an interesting
note nonetheless.

The way i found studies as i mention previously was very
methodical, however as with all meta-analysis having a person
involved in the collection of results always comes with some
bias. I do not believe that even if a thousand people follows
my instruction on how to procure studies we would all come
up with the same studies. And this would be an issue regarding
the credibility of my study.

The size-pool of the studies which i found is also very small,
so it is in no way applicable to the entire science field. But for
these 6 studies these results are true. Moreover, the way i wrote
my results is not very statistical. I used terms like majority and
often, while these are true, it does not represent my results in
a very statistical manner. I would want to do a statistical take
on these results, but granted that i only found 6 studies (or had
time for 6 studies) it felt like providing any statistics would
just be a unnecessary since it either way cannot be applied
outside of these 6 studies.

The studies which i were looking for was the ones that
focused on memorability and recall of in-game advertising.

And i made i very clear in the method which rules had to
apply for the study to qualify. Even so the studies which i
found were similar in some ways, but very different in others.
Some were focusing on effectiveness, some where focusing on
attitude, others had onlookers. Because of this diversity, even
though they all had something to do with memory they are
very different. This makes it so my result is less strong. If i
would’ve focused on primarily memory of in-game advertising
and something like effectiveness, the result i would have
gathered would be even more conclusive towards that type
of study.

VII. CONCLUSION

In conclusion from these 6 studies we can see the following:
• How are test-subjects recruited?

The test-subjects are recruited randomly from accessible
sources such as University’s or overall population.

• What are the tests?
The tests vary depending on the study, but certain el-
ements are the same. The test-subject got to play an
altered version of a game with in-game advertisements
and after they were questioned about the play session by
interview or questionnaire. Sometimes there was also an
initial questionnaire before the play session.

• Where are the tests conducted, in what environment?
5 studies were conducting tests in a closed off, controlled
environment. 1 study tested in a test-subjects home.
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Abstract—In a world that is becoming increasingly digital,
filling in forms on the web is something we do more often than
ever before. Buying products, creating bookings and accounts
are tasks that require users to fill in online forms. For many
businesses it is crucial that users complete these tasks order to
get sales through, hence it can be of high stake that the forms do
not look overwhelming to complete but rather quick an simple.

In this paper we investigate how people estimate the time
needed to complete a form and if the estimation varies based
on how the form is displayed - in a pop-up overlay or in a full
page design. The results are suggesting that it is possible that
people estimate that forms with few input fields need less time
to complete when they are displayed in a pop-up overlay than
on a full page, however, the results are not significant enough to
be convincing. A new study should be conducted with a revised
method in order to get substantial results.

Index Terms—Pop-up overlay. Web forms. Online forms. Con-
version rate optimization. Time estimation.

I. INTRODUCTION

Our world is becoming more digital every day. Tasks like
booking hotels, buying products and opening up bank accounts
were not too long ago done by walking in to offices and stores
or making a phone call, receiving help from the person on the
other side of the line. Between the years 2000 - 2015, however,
a shift in how people communicate with businesses could be
seen as the use of smart devices rose [1]. Today these tasks
are more commonly made online by the user themselves.

At the same time, providers are increasing in quantity since
it is easier than ever before to start a company [2]. No need for
renting spaces, hiring administrators and having several people
on phone duty. Just buy yourself a domain, some database
storage and a chat bot and you are good to go.

More providers equals more competition. Companies have
to make sure they get sales through. When booking a hotel
night inside of a travel office there are not many things that
can take focus from completing the sale. On the web, however,
distractions are plenty [3]. In order to make sure that customers
complete a purchase companies need to ensure that they work
with conversion rate optimization - they need to make sure
that the road from entering the website to clicking ”buy” is
smooth and does not feel like an overwhelming task.

There are many components in an user interface that play
a role in how likely a person is to complete a purchase on
the web - from formulation of words to colors used. This

paper, however, will look into the possibility to trick a user
into estimating that a web form will be less time consuming
to complete than it actually is by looking at two options for
displaying forms: pop-up overlays and full page design.

II. OBJECTIVE

The aim of this study is to examine the correlation between
time estimation of completing a web form and the type of
page it is displayed on: on a full page or a pop up overlay.

III. THEORY

A. Design for conversion rate optimization

The term conversion rate refers to the proportion of users
completing a certain goal [4]. In this case the goal is to
complete and send in a web form.

According to a 2009 study a web shop with a well-designed
user interface and good user experience can have up to two
times the conversion rate of one that is poorly designed [5].
In the same study great user experience design is defined
as useful, usable and desirable. This means that a user can
complete their goals, perform tasks easily and enjoy the
overall experience. If a task feels overwhelming they might
not continue with it at all.

So perhaps, if the user can be tricked into thinking that a
task will be less time consuming than it actually is, it will
mean that they are more likely to complete the task, which in
turn means that the conversion rate of that task could increase.

B. What is a pop-up overlay?

A popup overlay is a component on a web page that is
displayed as if it is floating above the rest of the page and
appears closer to the user, even though the page is two
dimensional [6].

When designing a pop-up overlay the background should be
slightly darkened in order to make it stand out and not blend
in with the background. See figure 1 on next page.

A pop-up overlay should not be confused with a traditional
pop-up which looks similar but opens in a new window outside
of the main browser window. These type of pop-ups were more
commonly used some years ago but are nowadays penalized
by search engines and as a result not as common anymore. [6]

It has been shown that pop-up overlays can increase conver-
sion rates when the goal is to make the user perform a single
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Fig. 1. Pop up overlay example

click. A marketing website found that when displaying links
to new content in pop-up overlays rather than on the landing
page the total number of clicks by users increased by almost
100 percent. [7]

IV. METHOD

This study was constructed by creating four fictional cases
where the user would have to fill in a form in order to complete
a goal. The cases were fictional in order to make sure that no
user could have done the exact same task before which could
bias their time estimation. The interface for all four cases were
designed using Adobe XD where two versions of every case
were made: One version with the form displayed inside of a
pop-up overlay with the previous page visible underneath, and
the other with the form displayed on a full page.

Two separate surveys were then created and the test group
was split in two - group A and group B. In both surveys
participants were shown a start page (Fig 2) of each case which
was the same for both test groups. They were then shown the
form; Participants of test group A were shown Case 2 and 3 in
a pop up overlay design and case 1 and 4 in a full page design.
Participants of test group B were shown the same cases but
opposite versions. See fig 3 and 4 for example.

A. Cases

The cases created for the survey were chosen to give
a representation of scenarios that participants are likely to
have came across before. Also, all four cases are displaying
scenarios with tasks that are not life changing or would require
the user to be very careful when completing the form. This
choice was made in order to not bias the participants to
estimate more time to complete the form out of having to
be cautious with their input.

• Case 1: Registering an account on buy and sell website
(figure 3-4)

• Case 2: Buying shoes online
• Case 3: Registering interest for an apartment
• Case 4: Completing a purchase of a hotel night

Fig. 2. Case 1 start page

Fig. 3. Case 1 as seen by Test group A

Fig. 4. Case 1 as seen by Test group B
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B. Design of prototypes
As stated previously the design of the prototyped interfaces

were designed by using Adobe XD and they were not
clickable but merely images displayed to the participants.
Case 1 and case 3 were both shorter forms with five input
fields and one checkbox each. Case 2 and 4 were longer
forms with ten input fields, four check boxes and one radio
button each. All of the cases were only asking for information
that would be easy for the user to bring to mind, such as
their own name, email address and phone number. Both case
2 and 4 were also asking for payment details. A list of all
form labels are listed below.

1) Case 1 - Registering new account: In the first case
the user is visiting a buy and sell web site. The user clicks
on ”Contact the seller” on an ad and is then prompted to
register an account in order to continue. The information
asked for in the form is name, email, phone number, address,
password and consent to terms and conditions. See figures 2-4.

2) Case 2 - Buying shoes online: In the second case the
user is visiting a store for running shoes. In this case the
user clicks on the cart icon and then proceeds to check
out. In order to complete the purchase the user is asked to
provide personal information like name and email as well as
information regarding shipment and payment.

Fig. 5. Case 2: Overlay and full page design

3) Case 3 - Registering interest in apartment: In the case
3 the user is visiting a real estate website in order to rent an
apartment. The user is clicking on ”register interest” for one of
the apartments and then asked to provide the land lord with the
following information: name, email, employment status, yearly
income, move in date and consent to terms and conditions.

Fig. 6. Case 2: Overlay and full page design

4) Case 4 - Booking hotel: In the fourth case the user is
visiting a website for booking a hotel. The user has done a
search for rooms in a city and is clicking on ”Go straight to
booking” at one of the hotels. The user is then asked to provide
personal information, desired room details and payment details
in order to proceed.

Fig. 7. Case 2: Overlay and full page design

C. Design of survey

Two separate surveys were created by using google forms.
Both forms were made in five sections: In the first section the
user was asked to enter what age span they are in. The choices
were age 13-17, 18-39, 40-59, 60-79 and over 80. Participants
were asked about their age so any biases or deviations as a
result of age could be caught.

In the following sections participants were shown the cases
as images. As previously stated the prototypes were not
clickable and the users could not interact with the web sites.

In the second section the participants were shown case 1,
in the third section the participants were shown case 2, and
so on to case 4. For each case the participants were asked to
estimate how many minutes they would take to complete the
task. Their answers were given in a free text field where the
input had to be a number. Participants were asked to answer
in whole minute intervals.

D. Pilot test

In order to make sure that the instructions and the questions
of the surveys were clear and understandable one pilot test
was made for each of the two surveys. The two voluntary
participants were given the survey to complete and then a
qualitative interview was made where they were asked to
discuss any uncertainties with survey. No information came
forward in the interview that led to the survey being revised.

E. Test groups

The total test group consisted of 50 participants. The
participants volunteered through a social media page and the
assumption was made that people who use social medias also
use other web pages and have the prior knowledge needed
to not have a negative bias on the study. The test group was
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split into two equal parts as per the method, test group A and
test group B.

1) Test group A:
• Age 18-39 23 persons
• Age 40-59 1 person
• Age 60-79 1 person
2) Test group B:
• Age 18-39 23 persons
• Age 40-59 2 persons

F. Normalization of survey data

When analyzing the survey data it was important that the
participants own writing speed did not affect the results. In
order minimize the effect of this factor a conversion was made
so that the numbers used for analyzing the results were in
proportion to the persons total time estimation. Meaning that if
person A does the following estimations: Case X = 1 minute,
case Y = 2 minutes. And person B estimates case X = 10
minutes, case Y = 20 minutes. These results will be interpreted
as identical as case y was estimated to take double the time
of case x to complete.

See example below.

Case Example raw
data

Example data after conver-
sion

1 1 min 1/(1+5+3+4)= 0,769
2 5 min 5(1+5+3+4)= 0,385
3 3 min 3/(1+5+3+4)= 0,231
4 4 min 4/(1+5+3+4)= 0,308

V. RESULTS

No occurrences of deviating answers as a result of age, or
other deviations were found in the data set and all answers
where therefore used in the analyze.

A. Result disclaimers

In the surveys the participants were asked to give their
answer in whole minutes. In cases where participants have
answered in fractions of minutes the answers were rounded
up to the nearest whole minute. The three cases where this
occurred were:

• Case 1 overlay, answer: 0,25, rounded up to 1
• Case 1 overlay, answer: 0,5, rounded up to 1
• Case 3 full page, answer 1,5, rounded up to 2

B. Case 1 - Register account

• Full page average normalized value: 0,206
• Pop up overlay average normalized value: 0,133
• Full page average estimated time: 4,720 minutes
• Pop up overlay average estimated time: 1,910 minutes

On average participants estimated that the form would take
7,3% less time to complete when displayed in a pop up
overlay.

C. Case 2 - Buying shoes

• Full page average normalized value: 0,324
• Pop up overlay average normalized value: 0,307
• Full page average estimated time: 3,080 minutes
• Pop up overlay average estimated time: 4,200 minutes

On average participants estimated that the form would take
1,7% less time to complete when displayed in a pop up
overlay.

D. Case 3 - Registering interest for apartment

• Full page average normalized value: 0,222
• Pop up overlay average normalized value: 0,201
• Full page average estimated time: 3,220 minutes
• Pop up overlay average estimated time: 3,440 minutes
On average participants estimated that the form would take

2,1% less time to complete when displayed in a pop up
overlay.

E. Case 4 - Booking hotel

• Full page average normalized value: 0,322
• Pop up overlay average normalized value: 0,362
• Full page average estimated time: 2,597 minutes
• Pop up overlay average estimated time: 5,320 minutes
On average participants estimated that the form would take

4% more time to complete when displayed in a pop up overlay.

F. Analyze of all cases combined

On average participants estimated that form displayed in a
pop up overlay would be 1,8% less time consuming than the
same form displayed in a full page design. The shorter forms,
case 1 and case 3, were estimated to take 4,7% less time to
complete in a pop up overlay format. The longer forms, case
2 and case 4, however, were estimated to take 1,2% longer to
complete when displayed a pop up overlay format.

VI. DISCUSSION

The results from the study are not surprising. While dif-
ferences can be found, the indicators are not strong enough
to suggest that there is a significant difference between the
two design options on a general level. However, the results
are hinting that there might be a considerable difference in
time estimation when the form is short and has few input
fields. Especially in case 1 the difference is substantial, where
the group who saw the pop up overlay version estimated that
it would take about 1,9 minutes to complete the form. In
contrast the group who saw the full page version estimated
that it would take about 4,7 minutes to complete the form. In
terms of conversion rate optimization these findings could be
of large importance for getting users to complete online forms
if the results were validated further [5].

An issue with the data collected in this study is that a lot of
participants estimated 1-2 minutes for the shorter form in both
the full page and the pop up overlay version. If the answers
would have been given in shorter intervals, for example 15
second intervals, the results could have been more compelling.
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An interesting result is that data from case 4, the form that
appeared the largest in size and also in number of inputs,
is suggesting that the participants thought a pop up overlay
design makes it look more time consuming. This might have
to do with the user being overwhelmed with impressions from
the screen, as they see both the form and the previous page
in the background. On a full page solution the user can focus
on the form and the task of completing it.

An issue with the study was that the prototyped websites
were not clickable or interactive. If the participants had been
given the possibility to click through the web site the study
might have gotten results closer to reality. When having the
prototypes displayed as images the test persons could examine
the images for as long as they wanted. They could do a
calculation in their head of exactly how long it should take
them to complete the form, while in this study, we were more
interested of the general feeling while glancing at a form which
is a difficult factor to control.

VII. CONCLUSION

Although the findings from this study are not strong enough
to suggest a significant difference in time estimation for forms
displayed in pop-up overlays and on full page options, they
do justify a new fine-tuned study on the same topic. The new
study should include clickable prototypes and the ability to
estimate time in shorter intervals.
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Abstract— In video games there are often mechanics that are
withheld from the user so that they might have to figure out how
to progress by themselves. This paper compares experienced
users to people with little to no experience to see if mechanics
that have a direct link to reality are easier figure out for people
that do not play video games on a regular basis.
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I. INTRODUCTION

The knowledge that is required to complete a level in
a game is not always communicated verbally or through
text. Instead games expect users to automatically know or
figure out how to progress with only the help of level and
mechanics design. This often leads to a more engaging and
enjoyable experiences for the user. Instead of the game
holding the users hand and walking them through everything
the user has to actively figure out how to progress and
implement different game mechanics that the game has
presented to the user. Introducing someone to a game can be
difficult depending on their previous experience with games.
However if the game mechanics are directly liked to real
life it should be easier for anyone to grasp. This paper will
evaluate the difference between game mechanics that has
to be thought to the user by the game, compared to game
mechanics that has a basis in real life that the user already
has knowledge of.

II. OBJECTIVE

The objective of this study is to identify game mechanics
and designs that are intuitive and compare them to the
mechanics that the user have to be thought. Which one
is more effective in their execution of helping the user
progress?

III. THEORY

If obstacles are to easy to overcome the game will become
dull and boring, if the obstacles feel insurmountable it will
make the user irritated and anxious which will lead to
the user eventually giving up [1]. Knowing this, including
mechanics in games that the user has to figure out by
themselves makes perfect sense. Especially if it somehow
is connected to knowledge previously learned in the game,
or if it is something that one can figure out with real world
common knowledge.

The way a child plays with a toys changes when the child
learns more about said toy. For example if a child has a
spiderman toy they might play tea time with it, until they
watch a spiderman movie and starts associating the toy with
the character in the movie. The way the child plays with the
toy will undoubtedly change after watching the movie.

Just like how children change they way they interact with
toys based on their knowledge of that toy, people who play
games change the way they play games based on knowledge
they have from real life and experiences they have had in
other games [2] .

In games the red color on barrels usually indicate that they
are explosive and if they are a different color they are not.
To know that red barrels are explosive the users must have
learned it from previous experiences. In real life people don’t
generally come across red explosive barrels on a daily basis,
which is why the action must be thought to the user.

For example ”what spell can i use to put out the fire?
Answers: A: Rain B: Fire daggers C: Electrical discharge”

This question, i would argue is on the simpler side and i
would expect everyone to be able to answer it. The link to
reality is that water puts out fire and therefore they should
choose A: rain. Mixing questions like this with questions
that have nothing to do with real life will help show if there
is a difference between the two groups and how effective
designing game mechanics with real life as a basis is.

IV. METHOD

This paper bases its content on interviews that cross
examines peoples experience with games and their ability
to recognise game mechanics.

The amount of hours spent on games differ among all the
participants. To separate the gamers from non-gamers a line
has to be drawn between the two. To be counted as a Gamer
the participant had to be actively playing games and/or have
a lot of hours spent on video games. All of the non-gamers
have played very little in total and almost nothing recently.
While not all the gamer participant play actively everyday,
most of them do and those that do not still have a lot of
hours spent on video games in total.

In the interviews the participants are exposed to different
scenarios described verbally and with the help of pictures.
The participants will be asked to answer a few questions
to the best of their ability, if necessary they are asked to
elaborate to give a more conclusive result on why they
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answered the way they did. The test is not designed to have
right or wrong answers but to test the imagination of the
participant and to examine the difference between games.
The test will show the difference between which games a
person with little to no experience can interact with correctly.
People that one would call ”gamers” also take the test so that
the games can clearly be separated.

An example would be, a picture of a red barrel and
the question could be ”what would happen if you shot the
barrel”. the same question could be asked but the barrel might
be a grey color. These scenarios are largely the same but
the color difference is important since games often use red
barrels to as explosives.

The test follows this line of thinking almost completely,
five scenarios where created to both gauge the participants
game knowledge, as trusting in their word when asking how
well versed in games they are is not enough and to see which
scenarios where easier to overcome for the participants.The
games used for the test are as follows, Call of duty modern
warfare 2, Outward, Magicka, Divinity original sin 2 and
Darkest dungeon. In this test one first person shooter game
was used and four different role playing games. The role
playing games had a lot in common but play very differently.
The difference in the games is important, if a participant
has played one of the games it should not give them to
much of and edge since the other games have very different
mechanics.

To reach a conclusive result participants experience in
gaming has to be measured with a series of different ques-
tions, varying in difficulty, we can see which group are
able answer the questions the best. People who play games
regularly should have an advantage and therefore come out
ahead of people that don’t. However what we are interested
in is how people with little to no experience answer the
questions that have some link to reality.

If the questions that are linked to reality are easier to
answer for the none-gaming participants that shows that a
game design with a lot of everyday life links should be easier
to pick up for a person who is lacking in general gaming
experience.

A. Call of duty modern warfare 2

Fig. 1. Image used for question 1

Fig 1 is from Call of duty modern warfare. This is a
popular first person shooter and the series Call of duty
usually releases a new game every year so if you are a person
who keeps up with new games this should be a series that

you are very familiar with even if you don’t play the games
on a regular basis. The question for this picture was ”what
can you as a user interact with in this picture?”.

B. Outward

Fig. 2. Image used for question 2

Fig 2 is from the game Outward. This game is a difficult
Role playing game where the developers has included a lot
of different realistic features such as boiling water tTo make
it drinkable and signs at crossroads. The participants where
asked determine the way they should go if they wanted to
buy a new sword and then they were asked to find somewhere
to sleep.

C. Magicka

Fig. 3. Image used for question 3

Fig 3 is from a game called Magicka. In this game the
user plays as a wizard that can use different elements and
combinations of elements to defeat enemies or, as in the
scenario created for the test, traverse the environment. The
question the participants had to answer was ”how can you
cross this river”.
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D. Divinity original sin 2

Fig. 4. Image used for question 4

In Fig 4 a character from the game divinity original sin 2
can be seen standing in water on a beach. Just like in real
life the characters clothes have become wet because of the
water. The participants were asked to answer the question
”what status effect would you consider more effective on
this character, considering that he is already wet”.

E. Darkest dungeon

Fig. 5. Image used for question 5

Fig 5 is from the game darkest dungeon. In the picture
one can see the stats for one a particular character. The
participants where asked what these abbreviations mean and
how do they relate to gameplay.

V. RESULTS

The study had 10 participants, five people with ample gam-
ing experience and five people with little to no experience.
The age ranges from 25 to 55. This section goes through the
result gained from the interview and briefly touch en how
conclusions

A. Question 1: What can you interact with

All of the participants mentioned the other person in the
picture as something that you can interact with. The major
difference between the gamers and the non-gamers was the

the majority of the gamers included most of the environment
and something that you could interact with for example
”sandbags can be used a cover” or ”i could jump on top
of that thing to get a better view of my surroundings” etc.

The red explosive barrel in the picture was mentioned
without fail by all the gamers. The majority of non-gamers
also mentioned it, it was overlooked by some of the non-
gamer participants. The barrel is potential threat but people
that doesn’t play games might no know that and might
therefore miss it.

B. Question 2: Where can you buy a new sword and where
can you find a place to sleep

There was no one who answered this question incorrectly.
The question was not open like question 1 and the answers
can be found in the picture. Even if the participants struggled
with some of the symbols they could use the process of
elimination to figure out the correct way to go even if it was
an educated guess at best.

C. Question 3: How can you get across this body of water

Question 3 was asked in an open way just like question 1
but there is at least one correct answer. Freezing the lake let
your character walk across it. Since the question was so open
most of the participants speculated on how to get across, and
the one person who didn’t speculate had played the game
prior to doing the test so his contribution to this question is
compromised. To traverse the lake and get to the other side
the player has to use ice magic on the lake to freeze it. All
the participants guessed that the might be the case. However
since they could speculate as much as they wanted other
plausible interactions were suggested, for example ”i could
use fire to evaporate the lake”, ”if i use the water element i
might be able to do a Moses”. Another interesting idea that
one participant had was to use the barrel next to the wizard
as a floaty and swim across.

D. Question 4: what Status effects are more effective against
you considering you are already wet

This question was asked with language that was very
difficult even among the gamer participants. ”Status effect”
is something used in games referring to effects that change
you status. For example if you are poisoned, on fire or
slowed. The character in question 3 is wet which is a status
that interacts with other status such are electrified or frozen
and makes them more potent. It also interacts in a positive
way,from a players point of view, if an enemy tries to set
you on fire.

The majority struggled with the question but this had
an unexpected result. The people with the least experience
in gaming came out ahead on this question. Many of the
gamers did not even guess because they did not understand
the question but the non-gamers where not deterred and just
guessed wildly and were for the most part correct
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E. Question 5: What does these abbreviations mean and how
do they relate to gameplay

The last question is the most difficult since most of the
abbreviations are not very common in everyday speech or
writing and the effect they have on gameplay is not always
obvious. The difficulty with this question however does not
stop even if a participant guesses what a abbreviation stands
for, since they also have to explain how gameplay might
be affected depending on the statistic. The first abbreviation
is Acc, which stands for accuracy. This is quite confusing
since the statistic says 0. The Statistics are not given any
context so the participants have use their imagination to
make up most the the missing context. The participants who
play games where more adept at this and therefore had quite
good guesses as to how the statistics related to gameplay.
Darkest dungeon is a role playing gaming at it’s core and
these statistics are used in wide variety of role playing games.

VI. DISCUSSION

Fig. 6. Diagram that show amount of correct answer for each group

The gamers were expected to preform just as good or
better than the non-gamers in all scenarios. So when we
look a this diagram it is interesting to see the results on
question 2, 3, 4 and 5. The nature of question 1 makes it
hard to quantify so it is not included in the diagram. The
gamers gave all around better answers for question 1, mostly
because they included the environment to a much larger
extent that the non-gamers. What is interesting to note is
that the non-gamers preformed better than the gamers on
question 4 by quite a lot. The gamers hesitated to answer
question 4 since they did not fully understand the question.
The non-gamers did not hesitate as much, it was evident
that they also struggled with the question but perhaps since
they knew that their knowledge was limited they were not
as afraid of guessing, this paid off as one can see in the
diagram.

The most difficult part in doing this study is determining
what games to consider and which questions to ask. to find
participants that suits the purpose of the study is also quite
difficult. The most interesting result was question 4 which
was very unexpected. The question was included more as a

measure of knowledge, but since all participants had issues
with ”status effect” the playing field suddenly became more
equalised and the non-gamers came out ahead. The result
from question 4 indicates that if you have more experience in
games and then encounter something you do not understand
it might be more difficult for you to imagine the answer
since you might limit yourself to previous experiences. This
would not be an issue for the non-gamer participants as their
experience is limited.

VII. CONCLUSION

We can see that a person that has little to no experience
with games struggle with mechanics that are Common in
Games. The results also show that if the mechanics somehow
are related to knowledge that a person accumulates just by
living, the gap between the two groups is reduced by a large
margin. Question 4 shows that even if you have extensive
knowledge some mechanics are hard to grasp and can even
be limiting. The participants with the most experience were
the ones who gave up and the ones that kept speculating
eventually came to the correct conclusion. The mechanics
that the game in Question 4 has are very much based on real
life interactions, everyone should have been able to answer
but the majority of participant that did were non-gamers. In
conclusion, games with mechanics that are based on real life
are easier for a person with little to no experience in games
to figure out.
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Abstract

This article aims to answer the question: Is
there a difference between age groups regarding their
password management and online security. Interviews
have been conducted and the results show that people
in their forties are generally the most secure in com-
parison to people in their twenties that are the most
vulnerable.

Keywords— Passwords online, security, self-
awareness, management, age difference

1. Introduction

The majority of people today have at least once in their
life forgot their password to an account they have. With the
increasing use of the internet, different kinds of sites and ap-
plication this issue will not disappear, on the contrary it will
probably only increase. The use of passwords is nothing new,
in fact it was used as a method of distinguishing friends from
enemies long before the age of computing. In 1960 Fernando
Corbató was the first to implement the use of passwords to
ensure that personal files only could be accessed by the user
holding the password [11]. Corbató admitted that passwords
and the security of them was not perfect in any way and this
was even before the internet. It did however become the main
method for internet security [11]. In the internet centred so-
ciety we live in today we use online passwords for almost ev-
erything. These passwords are formed in a certain way and
should be unique to ensure a high level of security. This could
potentially be a security hazard especially if the user reuses
his passwords [1].

2. Objective

The aim of this paper was to determine the difference
in management and self-awareness of security by looking at
online passwords between three different generations.

3. Theory

In order to get a better understanding of how people to-
day handle their passwords and how you should handle and
construct passwords the following theory has laid the founda-
tion.

3.1. Do users know what a strong password is?

Users know what constitutes a strong and weak pass-
word. However they are keen on using weaker passwords
and bad management over stronger passwords because they
do not see any negative consequences that could effect them
immediately and therefore they choose convenience over se-
curity [2]. Tests on university students showed that password-
management behaviours such as choosing a unique computer
password for new accounts or changing a password are con-
sidered common behaviours. In contradiction to letting some-
one else use their password, putting their password next to the
computer on an analog note and sharing a password with fam-
ily, friends or co-workers are seen as behaviour that should be
avoided [2]. The fear of forgetting a password fuels the users
to use weak password-management. Therefore you should in-
form users about the consequences of having bad password-
management, such as the risk of being hacked easily. How-
ever users already know what strong password is [2]. It is
commonly believed that the understanding of the importance
of online security leads to better password-management skills.
However research has shown that users that trade convenience
for security are the only ones that chooses better passwords
[2].

3.2. What limits does the brain have in regards
to remembering?

It is shown through research that the common user can
be trained to create and remember one strong password.
Studies also suggest that trying to remember multiple strong
passwords would push the limit of the human memory [3].
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3.3. How do people compose their passwords
today?

A common pattern in users password handling is that
they choose one password and reuse it for many different
accounts. The ways to hack someones account and steal
their passwords are endless. This together with the fact that
there is a tendency that people reuse their passwords results
in a concern, that sites with lower security standards can
be hacked and that the password will then be taken to enter
more vulnerable accounts in order to access more sensitive
data [3]. Research that has been carried out on users where
the age ranged from 18 to 85 showed that 6% used seven to
ten character password voluntarily. 20% of the same group
shared their password with someone. In this target group,
most of them ranked themselves as having average or above
average computer skills and 6% rated themselves of having
computer skills below average [4].

The characters used in passwords are often used in the
exact same order as they are given in the instructions that
people are getting while they create the password [5]. People
that have been educated in how to create strong passwords
did directly after this education have securer passwords.
However six months after the education most of the positive
effect had been lost [5].

520 users that created a password each without any
guidance about length, symbols etc, did all write a password
with between 5 to 16 character. The average time it took to
crack those passwords was 38 hours. However more than
half of all passwords were cracked in under four hours.
Furthermore 28.5% of the passwords were cracked in less
than a minute. Less than 1% were never cracked by the
software that the research was based on. They mainly use
brute force to hack the passwords [6].

3.4. Guidelines in creating a strong password

An easy way to construct a strong password is to choose
three plain dictionary words and combine them. How-
ever you should never use words that will be easily guessed,
like names of family members or your favorite sport teams [7].

Guidelines for creating strong passwords that are hard
to hack are the password should be at least eight characters
long, have a mixture of both uppercase and lowercase letters,
a mixture of letters and numbers and also include at least one
special character like % ? !. The password should also be
easy to remember but hard to guess. In order to keep your
password secure you should never write it down, change it
regularly, never reuse it, change it a soon as you think that
someone else knows it, both humans and machines, avoid
using it on computers you do not trust and never tell it to
anyone [8].

Hackers use brute force to hack passwords shorter than

seven characters. For passwords longer than that they usually
use a different method. One of these methods is the dictionary
method. Where they have a dictionary of words that they try
to crack the passwords with. These dictionaries are not just
a common English dictionary but rather a combination of an
ordinary dictionary and lists of common passwords, that they
have gotten from different site leaks. These dictionaries are
then tried on users passwords, and not only the dictionary
itself but also different variations of them. As an example
the password "password" is a very frequently used password.
So they will try to crack your password buy testing the word
"password" and then "Password" and then followed by a
number and so on. They will also test "P455w0rd" where you
have changed some of the letters with numbers. To change
some specific letters with numbers is really common like
changing an "E" with a three is the most common thing to do
[9].

In order to choose a password that can handle the
dictionary approach of hacking you should choose four
completely random words, where at least one of them is not
a commonly used word or even better a made up word. Then
you should add them together and put a symbol in the middle
of one of those words. Do not place the symbols between the
different words or at the very beginning or end because that
is what everyone does. The password itself should also add
up to be at least ten charters long. This password should then
be used as a master password to a password manager where
all of your other passwords are totally random and does not
consist of words just random letters, numbers and symbols
[10].

4. Method

The collection of data was done by constructing and car-
rying out interviews with the target audience. The target audi-
ence were people from three different generations one group
with people between 20 and 30 years old, one group in their
40s and one group between 60 and 70 years old. The inter-
views were constructed in a way so that the users did not need
to give up any actual passwords that they were currently us-
ing. The interview questions were based on the theory of this
article. The interview has been tested on a test group in or-
der to see which kind of data that is expected as an outcome.
After a interview was done, the participant was asked if they
wanted to know how to construct strong passwords and how
they should handle them. The interview was carried out by
only one person which meant that the person asking the ques-
tions also took all of the notes during the interviews.

4.1. Construct interview

The interview was constructed written with a script
such that all necessary information was included. The script
clearly stated that the interview was voluntary and that they
could choose to discontinue the interview whenever they
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chose, and that the only personal information except the
answers on the question was their age and gender. Lastly
the participants were informed that the answers they where
giving would work as a foundation for the continued work
and would be presented later. As this work is about online
passwords it was immensely important to ask the participants
not to state any of their online passwords throughout the
interview.

The interview itself was conducted through different
kind of questions that aimed not to be leading in any way. The
interviews was carried out in Swedish and the answers were
then translated in to English. There were 17 questions in to-
tal and began with some introduction about when the person
started using internet, how good computer skills the person
thought it had and so on. Then the person was asked to con-
struct a password that he thought was considered secure and
was asked some questions about how they handled their pass-
words. Thereafter some questions were about security on the
internet and the interview ended with some information about
how you should manage passwords and how to construct a
good password that is also easy to remember.

4.2. Pilot test

Before conducting the interviews on the target audience
the interview questions were examined thoroughly and asked
to a test group in order to see what kind of data that came out
of the questions. After testing the interview it was modified a
bit in order to get the most relevant data from the interviews.
The test group was not based on a special age group hence it
was just to see what kind of data you get from the interviews
and should not be a part of the actual research.

4.3. Conduct interviews with target group

The target audience was first contacted by text to their
phones where they were asked if they wanted to participate in
an interview about password management and that it would
take approximately 30 minutes. After they had agreed to par-
ticipate in the interview a time was agreed on when the actual
interview would take place. The interviews was then carried
out via a phone call.

5. Results

A total of 15 participants participated in the interviews
and they were divided into three different age groups. The
breakdown of the gender and mean-value of the age can be
seen in table 1.

20-30 40-50 60-70 total
Number 5 5 5 15
Female 3 3 3 9
Male 2 2 2 6

Age (mean) 23.8 45.2 63 44.67

Table 1, overview of participants

5.1. Length of internet usage

The participants in the first age group 20 to 30 years old
all began using the internet when they where between eight
and ten years old. Between the years 2003 to 2007. They
used internet for games, email and social networking.

In the second age group were the age ranged from 40 to
50 years old they were all in their twenties when they started
using the internet at the end of the 1990s. Nearly all of them
used internet as a search engine in the beginning.

In the group 60 to 70 years old the participants start us-
ing internet during different times, two of them started in the
1980s when they were in their twenties. Another two began
in the early 1990s when they were in their late thirties respec-
tively in their early forties. The last participant started using
internet in the beginning of 2000 when he was 40 years old.

5.2. Self evaluating of knowledge

The interviewees in the age group 20 to 30 years old all
ranked themselves as having average to above average skills
regarding computers.

The self evaluating of overall computer skills for the
people between 40 and 50 years old resulted in that one out of
five said that they were between below average and average,
three out of five said they were average and one out of five
said that he was above average.

In the third group of participants two of the participants
ranked their computer skills as below average One of them
ranked themselves as average and two of them ranked them-
selves between average and above average.

5.3. Daily use at work

All the people that were interviewed used computers at
work. The people in the group of 20 to 30 years old use a
computer on average between five and eight hours a workday.
With one exception where one male uses the computer less
then one hour at work.

Everyone between 40 and 50 years old uses a computer
at work. All of them use the computer between five and seven

108

Proceedings of the 19th Student Conference in Interaction Technology and Design
Ume̊a University June 2020



hours per day.

All participants have used or are using computers at
work. One of them uses computers less than one hour per
day, two uses the computer approximately two hours a day
and two of them uses the computer six hours per workday.

5.4. Creating secure passwords

When asked to create a secure password at the beginning
of the interview three out of five people between 20 and 30
years old create a password that contained a random series
of numbers, special characters, lower- and upper case letters.
Out of these three only one of them could recall the password
they created at the end of the interview. The remaining two
created passwords that where either directly linked with the
person or a password contained one plain word that ended
with a year. Both of them could recall the password they
created at the end of the interview.

3 out of 5 participants in the middle age group created
passwords with a random sequence of letters and numbers.
one out of five used a password containing two words with a
character in-between the words, he could also recall the whole
password in the end of his interview. The last interviewee
used three words that he put together and used characters
in the middle and in the end of the password, at the end of
the interview the interviewee could recall almost the whole
password.

When the third group were asked to create secure pass-
words one of them use a regular word as a password but the
word was translated to finish. This person could recall this
password in the end but had it written down from when he
created it. Another participant used the street name were his
kids lives, this person was also able to recall the password at
the end of the interview. A third person used three lower cased
letters and two numbers that he could recall because had made
some sort of system when he created it. A forth person used
a random set of numbers, lower and upper cased letters, this
person could also recall the password because he had written it
down when he created it. The fifth person created a password
that he was able to recall because it consisted of a modified
word, a set of numbers, a character and ended with a couple
of upper case letters.

5.5. Password handling

One of the people from the target group 20 to 30 years
old said that they had around 11 to 15 different sites where
they needed to use a password while the rest of them had over
20 different sites where they needed to use a password. At
least one of them also said that he had over 100 sites where
he needed a password. For these sites none of them have
unique passwords for all of the different sites. None of the
participants had even half the amount of unique passwords to
the different sites that they use where they need passwords.
When asked why they reused their passwords three of them

say that they did it so that they could remember them all.
The other two just used the same passwords on sites where
they are okay that someone could see the information that
they have there and said that it was easier to remember as
well. Further they where asked what they do in order to
remember their passwords. Two out of five keep notes on
their phones where they have the passwords written down.
One of them tries to memorize the passwords, which results
in him resetting his passwords quite often. Another one of
them tries all of the passwords he use until he successfully
types in the correct one. The last one has some totally random
passwords memorized, while he uses some passwords that
he can link to himself in a way without trying to make the
connection obvious. He also has some passwords that are
made up by a couple of words that are random which makes
it easier for him to remember.

20% of the participants in the middle group had six to
ten different sites where they need a password, 40% said
they had 11 to 15 different sites, 20% said they had 16 to 20
different sites and 20% said that they used over 20 different
different sites were they need passwords. No one in this group
used unique passwords for all different sites they need to have
a password. When asked why they reuses their passwords
two of them answer that they only reused passwords on sites
that they do not have any sensitive information or that is not
connected to the web. The rest of them reused passwords
because it is comfortable and easier to remember. In order to
remember their password three of them save the passwords in
their phone but encrypted in some way. One of them saves
some passwords in key chains or writes them down and One
uses a password manager.

One of the participants that was in the age group between
60 and 70 said he had around one to five sites where he needed
a password, the same person then used one password for all of
these different sites because it is the easiest way to remember,
he had his password memorized. three of the other intervie-
wees has six to ten sites where they need to use a password.
One of those had unique passwords for every site and remem-
bers them through writing them down. The second person
had two to three three passwords that he rotates with but one
of them he needs to switch every third month through his job.
The third person reuses his password because it is easy and
convenient when trying to remember them, this person mem-
orize the passwords by associations. The fifth person had over
20 different sites where he needed passwords and for this sites
he uses ten different passwords. He does this because it is
"hopeless" to switch all the time, he does have them written
down in order to remember them.

5.6. Self-awareness

When asked how a secure password is constructed, the
20 to 30 years old all of them said that it should be long
and contain a lot of different characters. Two of them also
said that you should not have passwords that can be linked
back to themselves such as pets name. When it came to the
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person between 40 to 50 years old they all say that it should
be a long password and contain numbers, characters and both
upper and lower case letters. One of the interviewees did
also say that the passwords should be actual words. Another
one said that the password also should be easy to remember.
For the people in between 60 and 70 years old they also said
that a secure password contains a combination of different
numbers, characters, upper and lower case letters. One said it
should consists of words, one said it should be six characters
long and one said eight characters long.

Statements where presented to the interviewees and they
where asked to determine how secure the statements were.
All of the interviewees said that using passwords that had a
strong connection to themselves was not secure. They all said
that sending passwords over email is not secure and that you
should not use passwords that are in a order of any kind like
"abc123" or "qwerty".

Considering the participants between 20 and 30 years
old two out of five did not know what a password manager
is. The rest thought it was a secure way to manage their
passwords, these two did also use or had use a password
manager. The last participants did not think it was secure
because you only need to crack one password in order to get
access to the rest of the passwords. three out of five also said
that a normal world that has been tampered with by switching
out an e for a three and an a for @ could be considered secure,
one out of five said it was somewhat secure and one out of
five said it was not secure. Giving out password to a family
member two out of five say was not secure, two out of five
said it was secure and one out of five said it depends on the
family situation and the relation you have with your family.
Further four out of five say that it is not secure to give out
passwords to colleagues and one out of five said it depended
on the relation to the coworker. Having your passwords
written down on your computer or phone four out of five said
was not secure. one out of five said it was somewhat secure.
Having your passwords written down on a analog note was
considered not secure of one and more secure than having
it written down on the phone or computer by four participants.

For the people in the second age group, the people
between 40 and 50 years old one of them did not know what
a password manager was. The rest thought it was secure and
one of them uses a password manager on daily bases. Using
a normal word that is a bit modified one person consider
secure, two of them said it was somewhat secure and two of
them said it was not secure. Regarding giving out passwords
to a family member one say it was secure, one said it was
quite secure and three of them said it was not secure. Giving
out a password to a college all the participants say was not
secure. The next statement did all the participants answer the
same thing as well. Writing down your password on a mobile
device is not secure unless you have it encrypted somehow or
secured with some kind of pin-code. Having your password
written on an analog note was considered not secure by four
people and somewhat secure by one person depending on

where you keep the note.

For the last group all of them say that passwords that
consist of words that are manipulated a bit are secure. four
of them said that it is secure to give passwords to a family
member and one said it is not secure. four people considered
it not secure to give passwords to a college and one person
considered it as secure. Having passwords written down on
the computer or phone they also considered not secure except
one that thought it was somewhat secure. The same goes for
writing passwords down on analog notes. three out of five did
not know what a password manager was, one considered it as
secure and one as not secure.

All of the participants between 20 and 30 years old have
handed out their passwords to family or colleagues or even
both. three out of five have their passwords written down on
their phone. one out of five uses passwords that have a strong
connection to themselves and one out five have also used
password containing number in a sequence.

three out of five people that participated in the interview
that was between 40 and 50 have given passwords to a family
member. three out of five have written down passwords on
their phone or on an analog note.

In the last group four out of five have handed out their
passwords to a family member and four of them have written
their passwords down.

5.7. Fears on internet

When asked if the participants in the youngest group
felt secure regarding the passwords they have and how they
manage them, four out of five felt somewhat secure and one
out of five did not feel secure at all. Even if they where to
be hacked three out five say that they did not see the harm of
being hacked and that they used stronger passwords on sites
with more sensitive information.

The middle group with people in their 40s were all
secure on the internet and were not afraid of getting hacked.

The last group were the participants are between 60 and
70 years old, four of them felt completely secure and one felt
secure but added that "you never know".In this group one par-
ticipant had been hacked and another has his identity hijacked.

6. Discussion

The test evolved during the execution, from the begin-
ning the thought was to have one age group, people over 60.
Hence the situation of the world during Covid-19 changes
had to be made. Organisations for people in retirement did
not want to have any contact or conduct in the experiment
any longer. The target group expanded to two age groups one
for people in their twenties and people between 60 and 70
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years old. In order to get enough participants more changes
needed to be done and one more age group got included in the
research, people in their 40s. These age groups turned out to
be perfect with 20 years between the next age group in order
to get some more divided answers. Furthermore, another big
change that needed to be done because of the situation in the
world during the pandemic was that none of the interviews
could be held in person and was instead conducted via phone
calls.

6.1. Length of internet usage

The first age group people between 20 and 30 years
old grew up with the internet and most of them have used it
even before they turned ten years old. Which gives them a
internet usage of approximately ten years and they have used
internet for more then half of their lives. They are all used to
the internet and it will probably be easier for them to adopt
new changes throughout their internet usage over the years to
come.

The next age group, people in their 40s began using
internet in their twenties which means that they have been
using internet twice as long as the people between 20 and 30
years old. They were however at the same age as the people
in the first age group are now when they started using the
internet.

The last age group, the people between 60 and 70 years
old were more diverse than the other groups when it came
to when they started using the internet. Some of them began
when they were in their twenties making their usage of the
internet 40 years, they also began at the same age as the people
in the second age group. The others began in their late thirties
or early forties which means that they have been using internet
for twenty years.

6.2. Knowledge

Even though the youngest group of people that have
been using internet the least amount of time out of all the
different groups, they themselves evaluated their computer
skills the highest. They all ranked themselves to be average
or over average. Only one of these people used a password
manager but only at work. This group is also the group that on
average uses the computer the most during a work/school day.
Their knowledge when asked to construct secure passwords
during the interview three of them construct secure passwords
by choosing a series of numbers, letters and characters, the
only problem with this was that only one of them could
remember the password he created and two of the passwords
was only eight character long. The remaining two participants
constructed not secure passwords, one password was directly
linked to the interviewee in form of his address from when he
was younger and the other password was in the form of one
plain lexicon word followed by a year.

The middle age group self evaluating was a bit more
diverse than the first group. The majority of people in this age
group ranked themselves as average in their computer skills.
One said that they where above average. This person had also
the best knowledge in constructing passwords that goes hand
in hand with the theory of this paper. He constructed under
the interview a password containing three worlds that he put
together and also mixed up some large letters in the middle
of the password together with a number. The only flaw was
that two of the words were connected to each other. Three
people from this group created passwords that were secure
but hard to remember, all three of them almost remembered
these secure passwords. The remaining person created a
password containing two words that were linked together
with a character which made it somewhat secure. This age
group overall created the securest passwords and were the
ones that remembered the most passwords as well.

The last group, the interviewees that are between 60 and
70 years old ranked themselves the lowest when it came to
computer skills, none of them ranked themselves as above
average. This group also created the unsafest passwords when
they where asked to create a password during the interview.
Two of them also wrote down the passwords they created
for the interview which is an not secure way of handling
passwords.

Over all the participants know what a secure password
should contain. Everyone knows it should be long, have a
range of different letters, numbers and characters. They do
also know what they should do in order to manage their pass-
words well and what is considered secure and not secure.
They are aware that they do not follow all the guidelines for
password management or the construction of passwords. The
self awareness is high on average. Some interesting things
however is that in the middle group were all keen to point out
the fact that you should not leave your passwords in plain text
or without anything that blocks people from accessing them.
All of them talked about it while in the other two groups no
one mentioned it. Another thing is that people do not fully
know what a password manager is. Six people did not know
what it was and while informing all the interviewees it became
clear that some of the others did not know fully what it meant
to use one either.

6.3. Managing passwords

Over all, the interviewees reuse their passwords except
for one person in the eldest age group who did not.

The people between 20 and 30 years old reuse their
password the most and they also had the most sites on
average where they needed to use passwords. Some of them
only reuses their passwords where they did not store any
sensitive information. While others reused passwords in
order to remember them. Only two of the participants had
their passwords written down on their phone. Two of them
reset their passwords quite often because they forget which
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password is used on which account.

In the middle age group plenty of them have their
passwords written down on their phones but not in plain text.
They where either encrypted or written down in apps that you
needed to type in a password in order to gain access. Over all
this group that was the most secure when it came to handling
their passwords. Even if they reuse their passwords they kept
their passwords they used the most in a secure way.

In the last group one of them did not reuse their password
at all but had them all written down in plane text. On the other
hand there was one man in the group that had one password
for his one to five accounts but he had not shared the password
with anyone and was quite protective of it. The other three
had a couple of passwords which they reused out of comfort
and in order to remember them. These people had the least
accounts where a password is required. This fact may result
in that they are more secure and do only use a couple of sites
that have quite a high level of security. While the people in
the other groups have a higher chance of being on sites where
that might lack in security.

6.4. Fear of being hacked

Only one out of all the participants felt not secure on the
internet regarding the passwords he used. This person was in
the youngest age group. Almost everyone else felt secure and
the majority of them did not particularly care if they would be
hacked either. Even in the last group the answer was similar
even though it turned out that two of them had been hacked
on the internet, one of them had even had his identity stolen.

7. Conclusion

In conclusion most of the participants are highly self
aware and have knowledge about how to construct passwords
and how they should manage them. But in practice it differs a
bit between the different age groups in how they manage their
passwords and how they construct them.

The middle age group the people in their 40s are the
people that are the most secure on the internet and are the
ones that keep their passwords most secure. They as a group
have similar thoughts overall when it came to managing and
creating passwords.

The oldest group has been on the internet for the longest
period of time but on average per day they use the internet the
least. The youngest uses the internet the most and also have
the most accounts where they store some kind of information.
They have more knowledge than the eldest but they do not
practice what they know, which makes them the people that
are most vulnerable on the internet.

Lastly it should be pointed out that the fearlessness ev-
eryone seem to have about being hacked, is quite interesting.

However this research does not have enough material to draw
any conclusions about this. It may however be interesting for
another research.
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Abstract— As technology keeps on developing, everyday
things can be substituted by something more digitally advanced.
One item that is commonly used today is the pen and paper,
which can be replaced by the digital tablet. The aim of this
study is to explore possible differences between using a digital
tablet and using a pen and paper and the impact they might
have on learning, specifically when studying mathematics. This
is a qualitative study, with user tests performed on five people,
having them solve mathematical problems using a digital tool
and using a pen and paper. Results show that there are
differences in both methods, but they do not have an impact on
learning. The main differences from the results were increased
user experience and study motivation when using the digital
tablet.

Index Terms— Digital learning, tablet, mathematics, user
experience

I. INTRODUCTION

As time moves on, people have adapted new ways of
performing tasks that makes the everyday life easier. This
is noticed with the digitization of everyday items in recent
times. A place where digitization opens up for a lot of
opportunities are schools, where this can open up a new
way of studying. This paper sets out to explore differences
of using a digital tool (tablet or laptop), vs. using a pen and
paper.
A report from 2016 shows that for high school students in
Sweden, there is 1.0 students per digital tool. For elementary
school students, that number is 1.8, which has decreased
from 3.0 since 2012[1]. Students are either provided with
a digital tool by the school they attend to, or they are
encouraged to use their personal ones. This is all depending
on which school they attend. There is a different need for
digital tools for students who are enrolled in universities
or college. There are no statistics on how many university
or college students in Sweden have their own digital tool,
but it is safe to assume that the majority of students have
their own digital tool as of 2020. These digital tools are
mainly used for writing reports, research, programming etc.
But for mathematical courses, there is a tendency to still use
a physical form of note taking. Could there be a difference
when people switch over to a digital form, replacing the
old way of studying mathematics, and does that have any
benefits?

II. OBJECTIVE

This paper sets out to explore the possible differences and
impacts that a digital tool vs. pen and paper might have on
learning.

III. THEORY

Teaching mathematics is a complex task to perform. But
it is a crucial knowledge to have in almost any line of
work. Almost all of technologies we use today are built
on mathematical knowledge. To help improve and advance
society, mathematics will be a fundamental in achieving that
goal. The question that arises then is how will the teaching
of mathematics be performed in its most efficient way?

A. Defining the term: User experience

International Organization of Standardization defines the
term to be "a person’s perceptions and responses resulting
from the use and/or anticipated use of a product, system or
service"[2]. This is enforced by the man who coined the term,
who summarizes the term as "User experience encompasses
all aspects of the end-user’s interaction with the company,
its services, and its products."[3]. These aspects are a set
of requirements that are needed to be met to provide the
user of a product with good experience. Such requirements
are meeting the exact needs of the customer, simplicity and
elegance, only naming a few.

B. Measuring user experience

User experience is not something that can be measured
like some metrics we use every day such as time, distance
etc. But in regards to measuring user experience, there is
a unit called UX metrics. This unit is easily explained as
"trial and error". You test something, and then learn from
the mistakes that were made, and improve the flawed areas
for the next test[4]. The book also describes two types of
variables that are relevant to a user experience study. The
first one is independent variables, which are variables that
can be manipulated or controlled for, like the design that is
being tested, or the age of the test subjects. The second one
is dependent variables, which is something that is measured,
like a success rate. Both of these variables can be applied to
the study that is being performed. There is also a statement
on the importance of how to plan a test, what is planned to
be measured and what is planned to be manipulated.
The data needs to be measured so that it can be analyzed in
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a correct way. Time is also one variable that can affect user
experience, which is why it is necessary to measure it when
testing. It is a great backup to have because it might indicate
something that need to be investigated in.

C. Defining the term: Affordance

This term is defined by the Interaction Design Foundation
as "...an object’s properties that show the possible actions
users can take with it, thereby suggesting how they may
interact with that object."[5] and is a factor in the digital tool
for this study. When a user is new to an application, there
can be difficulties to using it. Affordances in an application
can be i.e. icons. These icons represent something that can
be done, by trying to relate it to reality in most cases. An
icon for saving i.e. is often represented by a floppy disk.
Trying to design with affordance is important to minimize
the amount of errors that a user might do when using an
application.

D. History of learning mathematics

Learning mathematics has been around for longer than
we can be able to trace it backwards. It was in the times
of ancient Greece where mathematics became enshrined
among liberal arts and mastering this knowledge was the
significance of the educated person. For centuries people
have been learning mathematical knowledge, without much
understanding. This is even applicable to studying in current
times, whereas some students only learn enough to pass
courses, and not to understand the taught material in its
whole[6].
According to a study performed in 2004, teaching mathemat-
ics can be divided into two different frames. These frames
are called "fixed frames" and "varying frames". Fixed frames
are factors that can not be affected by the teacher, such
as a schools curriculum, use of specific lines of textbooks
etc. The varying frames are factors that the teacher can
affect, such as teaching aids, student group division etc.
The ability to be a good teacher is set by the amount of
flexibility that the teacher has on these two frames [7].
These frames can be viewed as a opportunity for teachers
to start using digital tools more, to raise the motivation
of students learning mathematics. In current times, there
are many different approaches to studying mathematics. It
depends on cognitive availability in students, and sometimes
it is as simple as spending enough time reading and solving
problems. The Ohio State University describes a lot of tips
that can help students currently studying mathematics in
college. One point that is brought up is when in class to have
all the necessary equipment ready, mentioning a pen, paper,
text books, notebooks, homework etc[8]. This and many of
the other tips mentioned in the article describes the current
approach to studying mathematics.

E. The impact of using tablets in school

Using a tablet can have many benefits to a individuals
process of learning. It is important though to take account for
personal opinions as well when reading about the benefits.

A paper from 2016 refers to a study where iPads were
incorporated in primary school and showed that it had
an positive effect on the students mathematical learning,
perceived by the teacher. The same paper also refers to a
similar study where some 17-18 year old students showed
a greater degree of solving mathematical problems using a
iPad[9].
Another study by K. R. Fister and M. L. McCarthy shows
that using tablets in class was greatly appreciated by the
students because it provided a better experience when taking
notes and writing. This study was split in two parts where
students were given a tablet each time they were in class, and
one where they only had a single tablet that the teacher had
on hand. The latter one was used while projecting the screen
to show what the teacher was writing, providing the class
with a lecture that was supposed to replace lectures with the
old fashioned blackboard. The notes would then be shared to
each student. The former one was used for students to solve
mathematical problems using the tablets that they were given,
and then present their solutions for the class. The part were
students were given tablets in class showed a benefit for the
students because they could take control over their learning.
They knew that when presenting their solutions, it had to
be mathematically correct and be appealing to look at. This
can be viewed as an example where students appreciated
the ability to change pen colors quickly to make the notes
more readable. It also showed an increased motivation to be
in class, using digital tools that are part of a new era in
studying[10].

IV. METHOD
The objective was tested by having university students

trying out tasks on a tablet with a digital pen and then
with a pen and paper. Afterwards, interviews were held with
the student to highlight the differences in user experience
between using digital and physical form of studying.
This study aims for qualitative results, rather than quantita-
tive. With reference of the guidelines from Jacob Nielsen,
five people were tested, being students that have a back-
ground in mathematical statistics. The age was not crucial
to the study, but mathematical statistics is only taught at
a higher level of education. The task tested was for the
test subject to solve six mathematical problems in the field
of statistics and probability, three problems using a digital
tool and three using a pen and paper. The problems were
formulated as the following question:

A teacher has studied how long it takes for a
student to respect a 15 minute coffee break. After
some consideration, it was concluded that it could
be considered to be normally distributed with a
mean of 15 minutes, and a standard deviation of 2
minutes. How big is the possibility that a student
will arrive at least three minutes to late to class,
which begins immediately after the coffee break?

These six questions require reference from lectures, as
well as statistical tables to be solved. For the ease of the
test, the six problems look very similar, as it is not the

Session 5: Human factors 115

Proceedings of the 19th Student Conference in Interaction Technology and Design
Ume̊a University June 2020



mathematical skill that was being tested. This was also
explained to each subject that the correctness of the problem-
solving was not going to be measured. For each problem
the numbers changed so that the subject will not know the
answers right away when performing the latter test.

A. Test: Digital form

For this test, each subject was given an iPad with a first
generation Apple Pen. The subject proceeds to solve the
problems, using the appendices on the note taking application
GoodNotes. This application as explained by the creators, is
about transforming your iPad into digital paper[11]. Subjects
were briefed about what they have to help them solve each
problem, such as the applications basic layout and features
before they began the test.

B. Test: Physical form

This test is similar to the digital one, except for that the
materials used were all physical. The subject was handed
a pen and a piece of paper and printed out version of the
appendices. Thenceforth the subject was briefed about what
they have to help them, and proceeded to solve the problems.

C. Test evaluation: Interviews

After the tests have been done, interviews will be per-
formed on each subject to collect the test subjects thoughts
about using each type of studying tool. These thoughts will
be collected by asking questions about the user experience
on each tool and benefits and disadvantages that they might
have. Each interview is structured by asking questions about
the first studying tool, which will be using the digital tool.
After that the test subject will continue with using a pen and
paper. When they are done, questions about the tool will be
asked, followed by general questions about both tools, and
the opportunities they see with using the digital tools. Here is
where the measuring of user experience is made, discussing
the answers that the test subject have on using each tool.

V. RESULTS

The test was conducted by five people, in the age range
between 21 and 28. The accuracy of each problem they
solved was only measured to see if there is a significant
difference in solving problems with each tool. This was
proven to not be an issue since all of the test subjects
answered every question correctly using each tool. Each
person tested was asked about advantages and disadvantages
of using each tool after performing the test. The answers are
summarized in the lists in the following subsections.

A. Results of using a tablet

1) Advantages:
• Individuals had an easier way of structuring notes.
• Only one item that replaces all textbooks, notebooks,

appendices and other literature that would be in a paper
form.

• Color coordination is preferred when making graphs, or
using other relevant data that needed for the questions.

• Being able to copy and paste formulas or numbers etc.
that needed to be elsewhere on the paper is also a hugely
appreciated feature.

2) Disadvantages:
• There might be a learning curve to understanding the

application on the tablet, in order to get the most out
of having a tablet instead of a pen and paper.

• Navigation between all tabs that were opened, storing
the textbook, assignments, lecture notes, appendices etc.
was a bit unsettling.

• Having to be dependent on electricity in certain times,
if the tablet or the smart pencil is running out of battery.

• There is not enough room to write on the tablet, single
page views were limiting.

• Hand position is something that bothers when arriving
to the edge of the paper.

B. Results of using pen and paper

1) Advantages:
• Quicker to set up everything to start working.
• Cognitive relief of seeing papers stacking up when

making progress, not only just swiping to eternity in
a notebook.

• No need to have an anxiety over low battery.
• Easier to be more precise when writing, therefore being

able to write smaller and saving space.
• Feels like there is more room to write since the note

book can take up pretty much physical space.
2) Disadvantages:
• Spelling errors can sometimes be dreading to fix in

mathematics, if there is no space around the error.
• Limited spaces when writing, such as arriving at the

end of a page the writing will automatically get smaller
and more compact.

• It can look like a huge cluster when using a pencil,
since everything is in the same color.

• There is a bunch of papers and appendices to keep track
of.

C. Results reflecting user experience

Both tools have not proved to be significantly better than
the other in terms of having a better experience while using.
While some of the test persons were open to potentially
owning a tablet while in school to take notes on and study-
ing mathematics, others were skeptical of the advantages
outweighing the price for a tablet, which can be compared
to thousands of Swedish crowns more than a note book.
Some stated that they would only use it for mathematics,
which is the only subject that they would need this kind of
tools to work with. That would in their case not be worth
paying for considering the price for a tablet. In table I each
test subjects answer on the preferred method is seen. Many
stated that there is a limitation to using the application for the
first time. As the user keeps using the application, the users
knowledge about the application will increase. There is also
no big of difference in learning mathematics in either tool.
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The most common answer on differences was the ability to
color coordinate and make everything easier to read.

TABLE I
ANSWERS ON THE QUESTION "DO YOU PREFER THE DIGITAL TOOL

OVER THE PHYSICAL ONE?"

Test person Answer
p1 Yes
p2 No
p3 No
p4 Yes
p5 No

VI. DISCUSSION

The results from this study show that there is no clear
winner between the two different tools. I believe that this
was achieved because using an iPad for studying math is
very similar to using pen and paper. They are in this scenario
both used to write, and the differences were to small to
make a significant impact. There were highlights of using the
iPad for taking notes, which included fast editing, and color
coordination. These highlights were not convincing enough
for people to spend the amount of money that an iPad costs.
Based on student loans in Sweden, the cost of a iPad is
about 70% of the monthly income of a student, making this a
reasonable excuse for not purchasing one. If some of the test
subjects were in their early years of their higher studies, it
could be more justified to invest in an iPad, since it would be
used for the purpose of studying for a longer time. The five
test subjects in this test were either finished with a Masters
degree, or they were in their final year of studying, which
makes sense that it seems too expensive to buy for the final
year only.
The test subjects agreed on the fact that the iPad replaces all
the physical note books and textbooks. This was one of the
most common answer between the test subjects. This has a
indirect impact on user experience of the iPad, but not when
using it. What this means is that it is easier to carry around
when in school, and not having to run around campus with
a heavy backpack.
This study becomes very exploratory, because this is a field
which has not been researched heavily before. The relevant
studies that are listed in the theory section are similar to this
one, which also measure user experience. The common thing
is that a scientific conclusion about what tool is better to use
cannot be drawn.
Results also shows no clear advantage of using digital tools
over pen and paper, but it indicates a possible opportunity
to enhance the method of studying in school. Using an iPad
with the application GoodNotes can ease the user experience
in taking notes and writing when in school. The majority of
the test subjects thought that it was a pleasant experience to
use the iPad. This opens up a opportunity for the schools to
use digital tools as a way to encourage students motivation
in school. Likewise this was seen in the study by K. R.

Fister and M. L. McCarthy, where using tablets increased
the motivation of students to complete their homework[10].

A. Potential errors in the study

Just like many other user studies, there can be factors that
affect the results that are hard to neglect. A factor that needs
to be considered is having people that might be unfamiliar
with using a tablet. This however was not the case for this
study, but could have provided a different result if it was.
Another factor was the lack of knowledge of how to use the
application. If the test subject perceived it difficult to use the
application because of poor affordances in the user interface,
this could skew the result in a negative way. There is also
the fact that this study is using qualitative data, in which the
results depends on how the author interprets the data.

B. Possible improvements for future studies

One way the error of not knowing how to use the ap-
plication could have been eliminated was if the application
that was used for the study, could only write and erase,
solely mirroring the functionality of a pen and paper. That
could produce a result that could be more reliable instead
of having the variable of not understanding the application.
Since the results alter between each test subject, there can
be an indication that the test was not performed on enough
people to be able to draw a conclusion.

VII. CONCLUSION

The findings from the test where five participants solved
mathematical problems using a digital tool and using a pen
and paper showed that there are differences. There were in-
dications that using a digital tool increases study motivation,
and user experience, that could possibly be used in future
studies. However, the conclusion is that the differences do
not have an impact on learning.

REFERENCES

[1] Skolverket. (2016) It-användning och it-kompetens i
skolan: Skolverkets it-uppföljning 2015. [Online]. Available:
https://www.skolverket.se/publikationer?id=3617

[2] “Ergonomics of human-system interaction — Part 210: Human-
centered design for interactive systems,” International Organization
for Standardization, Geneva, CH, Standard, Jun. 2019.

[3] D. Norman and J. Nielsen. The definition of user experience (ux).
[Online]. Available: https://www.nngroup.com/articles/definition-user-
experience/

[4] W. Albert and T. Tullis, Measuring the user experience: collecting,
analyzing, and presenting usability metrics. Newnes, 2013.

[5] I. D. Foundation. (2020) Affordances. [Online]. Available:
https://www.interaction-design.org/literature/topics/affordances

[6] J. Kilpatrick, J. Swafford, B. Findell, N. research council et al., Adding
it up: Helping children learn mathematics. National Academy Press
Washington, DC, 2001, vol. 2101.

[7] M. Löwing, “Matematikundervisningens konkreta gestaltning. en
studie av kommunikationen lärare-elev och matematiklektionens di-
daktiska ramar,” 2004.

[8] Ohio State University. (2019) How to study math in college. [Online].
Available: https://math.osu.edu/undergrad/non-majors/resources/study-
math-college#classwork

[9] N. Ingram, S. Williamson-Leadley, and K. Pratt, “Showing and telling:
using tablet technology to engage students in mathematics,” Mathe-
matics Education Research Journal, vol. 28, no. 1, pp. 123–147, 2016.

Session 5: Human factors 117

Proceedings of the 19th Student Conference in Interaction Technology and Design
Ume̊a University June 2020



[10] K. R. Fister and M. L. McCarthy, “Mathematics instruction and
the tablet pc,” International Journal of Mathematical Education in
Science and Technology, vol. 39, no. 3, pp. 285–292, 2008. [Online].

Available: https://doi.org/10.1080/00207390701690303
[11] GoodNotes. (2020) Goodnotes top features. [Online]. Available:

https://www.goodnotes.com/features/

118

Proceedings of the 19th Student Conference in Interaction Technology and Design
Ume̊a University June 2020



Department of Applied Physics and Electronics SE-901 87 Ume̊a www.umu.se


	
	Session 1: Social Media
	Petter Skogh Personality and the preference for light or dark mode in image-sharing social media platforms
	Daniel Villacorta Burgos The dark side of social media: an analysis of the effects of automatic playback
	Julia Yngve Does social media affect attention?
	David Eriksson Do social interfaces make a web-shop more trustworthy?

	Session 2: Design
	Rebecka Rosdahl Design for sustainable behavior in navigation applications
	Frida Andersson Choice of layout design of products exposure on e-commerce platforms
	Nils Fohlin Fonts effect on credibility and interest in a news context
	Sam Zadeh Darrehshourian Compare visibility and affordance of flat and neumorphic buttons

	Session 3: Navigation
	Alfred Persson Evaluating the benefits of providing appropriate keyboards for mobile user inputs
	Jakob Persson ``Hamburger menu'' in the top left corner on a mobile website, is the bottom left corner a better place to put it?
	Adam Bylund The potential of replacing tab bar navigation with swipe gestures in mobile apps
	Sara Dimov Stenström A comparison of a computer mouse and a touchpad: Which device do people prefer to use more?

	Session 4: Psychology
	Hedvig Björklund How comfortable are Swedish people using voice search on their phone in public?
	Frida Ylitalo How does color affect the interpretation of graph based data?
	Simon Johansson Memorability of in-game advertisements, a meta-analysis

	Session 5: Human factors
	Alice Risholt Popup overlay versus full page design for completing web forms
	Vincent Odoemelam Recognition of game mechanics: A qualitative study
	Amanda Engström Password handling online in different generations
	Dardan Dauti Will digital tools ease the process of studying mathematics?



