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Preface

The Student Conference in Interaction Technology and Design is the annual grand finale of the

course Current Topic in Interaction Technology and Design at the Department of Applied Physics

and Electronics, Ume̊a University. The idea and objective of the course are to give the students a

forum, where they can actively participate in scientific research and development through their own

ideas and interests.

The course introduces students to independently finding and researching a topic of interest for

them, writing a scientific article, peer-reviewing, and presenting their work at a conference. The

course is conducted in English both in writing and orally, and it is a foreign language for most of the

students.

The conference format is chosen to provide a realistic environment for the presentation of the

results. The work of each student has been reviewed both by other participants on the course and

members of the department. If the reviews are favorable, the paper is accepted as a full paper at the

conference and included in the proceedings.

Ume̊a, June 2021

Thomas Mejtoft. Ulrik Söderström, Ole Norberg, and Leonid Freidovich

Program Committee
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Students’ acceptance of an e-learning tool in the
context of Emergency Remote Learning

Frida Åberg
Department of Applied Physics and Electronics

Umeå University
Umeå, Sweden

fridajohannaaberg@gmail.com

Abstract—The COVID-19 pandemic has forced Universities
worldwide to move their educational activities to online plat-
forms. This study explored how this shift has affected students in
higher education. The Technology Acceptance Model (TAM) was
used to evaluate students’ perception of factors affecting the use
and acceptance of an e-learning tool in the context of Emergency
Remote Learning (ERL). The results showed that the majority of
students experienced the e-learning tool as an easy-to-use tool that
they intend to use when appropriate during their study process.
The study also revealed that most students experience a strong
ability and sufficient computer skills to successfully engage in
new technology introduced in an educational environment. The
conclusion is that even though the students have struggled with
motivation as well as concentration during the transition to ERL,
they have managed to adapt to new technology and experienced
benefits that the technology can provide, such as greater flexibility
and efficiency.

Index Terms—Emergency Remote Learning, Technology Ac-
ceptance Model, E-learning, Extended TAM

I. INTRODUCTION

The COVID-19 pandemic has challenged the education
system globally by forcing universities and schools all over the
world to move from face-to-face lectures to remote learning.
In December 2020, as a result of the pandemic the Vice-
Chancellor of Umeå University made the following decisions
regarding the remaining part of the autumn semester 2020 and
the spring semester 2021 [1].

• Extensive restrictiveness must be taken regarding pres-
ence in University premises. When visits to our premises
are deemed necessary, physical distancing between indi-
viduals must be adhered to. This also applies to public
and shared spaces such as lunch rooms and cafeterias.

• Examination should take place online or through other
adapted formats that do not involve person-to-person
meetings or visits to university premises, under the con-
dition that legal certainty can be maintained and that
reasonable demands on quality can be satisfied.

• More off-campus elements should now be used in teach-
ing, such as online teaching or other forms of instruction
that do not involve person-to-person meetings or visits to
university premises.

• Internal and external meetings, conferences, seminars,
visits and similar must be implemented using online
tools, alternatively be postponed or cancelled.

Incorporating e-learning (the intentional use of Information
and Communication Technology (ICT) in teaching and
learning [2]), in higher education has several potential
benefits [3]. Such as making education more accessible [4],
and providing the opportunity for more student centered
teaching [3]. However, the effective use of educational
technology highly depends on the degree of acceptance
among students [5], and thus the degree of acceptance is
an important factor to analyze. Researches have used and
developed a number of technology adoption theories to
identify factors that influence students e-learning acceptance
[6]. The most widely used theory in the e-learning acceptance
literature is the Technology Acceptance Model (TAM) [6].
The strength of this framework is confirmed by a number of
studies that emphasize its wide application to a variety of
technologies and users [7].

In the shadow of a global pandemic it is important to
be aware of the following. There is a big difference between
well-planned online learning and remote courses offered in
response to a crisis or disaster [8]. Effective online education
is based on careful instructional design and planning, factors
that has been absent in many cases during the quick shift to
distance learning during the pandemic [8].

II. OBJECTIVE

This study aims to evaluate students’ perception and level
of adoption of an e-learning tool in the context of Emergency
Remote Learning (ERL), this is done to fully explore to which
extent the transition to ERL has affected students in higher
education. The Technology Acceptance Model (TAM) will be
used as a theoretical framework to identify factors influencing
the use and acceptance of educational technologies and to
answer the following research questions.

• What are students’ perception of factors affecting the use
and acceptance of an e-learning tool?

• How does the perception differ between students from
STEM disciplines (scientific, technical, technical and
mathematical) and non-STEM disciplines?
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III. THEORETICAL FRAMEWORK

A. Technology acceptance model

Technology acceptance models (TAMs) are used to measure
computer acceptance among users based on certain factors [9].
The TAM derived from psychological theories of reasoned
action and planned behavior and has grown to become one
of the most widely used models to understand predictors of
users’ willingness and commitment to use certain technologies
[10]. The model aims to explain users’ actions by identifying
the causal relationship between different factors concerning
user beliefs, attitudes, intentions and behaviors [11].

The original TAM framework suggests that a users’ inten-
tion and actual use of a certain technology can be explained
by the following factors: perceived usefulness (PU), perceived
ease of use (PEOU), attitude towards use (ATT) and behavior
intention to use (BI) [12]. The framework proposes that
perceived ease of use positively affect the perceived usefulness
and that both of these factors directly affect the attitude
toward use. The attitude towards use determines the behavioral
intention to use, which, in turn, leads to actual use [12].
The framework also proposes that other external factors that
may influence perceived usefulness and perceived ease of use
should be included in the model [12] see Fig. 1.

Fig. 1. Technology acceptance model [13]

To understand the use and acceptance of educational tech-
nology the original model has been reviewed and extended by
a number of e-learning researchers [6]. This has led to several
different extended TAMs, in the context of e-learning, and a
large number of different external factors [6]. By analysing
152 identified external factors the GETAMEL (The General
Extended Technology Acceptance Model for E-Learning) was
developed in 2016 [6]. This model suggests that Self-Efficacy,
Subjective Norm, Perceived Enjoyment, Computer Anxiety
and Experience are the best predictors of e-learning accep-
tance. Based on these findings the proposed research model
for this study is to extend the original Technology Acceptance
Model with Self-Efficacy as an external factor. The factors
that will be considered in this study are Perceived ease of
use (PEOU), Perceived usefulness (PU), Attitude toward use
(ATT), Self-Efficacy (SE) and Behavior Intention to use (BI)
as an acceptance indicator. Students will accept the e-learning
tool if they perceive that the tool will improve their learning
performance (PU) [12] see Fig. 2.

Fig. 2. The Extended TAM based on [6], [13]

B. Perceived Usefulness and Perceived Ease of use

Users acceptance or rejection of technologies is mainly in-
fluenced by the users Perceived usefulness (PU) and Perceived
ease of use (PEOU) [12], making them the two most important
elements in TAM [14]. Perceived ease of use is defined as
“the degree to which a user expects a certain technology to
be free of effort” and Perceived usefulness is stated as “the
degree to which a user believes that using a certain technology
will increase his or her job performance” [12]. According to
TAM both of these factors affect the users Attitude towards
use (ATT) and the users Intention to use (BI) [13].

C. Attitude towards use

Attitude towards use (ATT) is referred to as “the users
positive or negative evaluation of using the educational tech-
nology” [9]. Studies have shown contradictory results con-
cerning the affect of (ATT) on (BI), some studies show no
significant influence [15], [16] while others do [17], [18].
However, attitude have been shown to have a significant
effect on the user’s willingness to take a risk and try a new
technology [9]. Based on these findings this study will follow
the TAM principle suggesting that Attitude towards use affects
the Intention to use.

D. Self-Efficacy

Self-Efficacy (SE) referred to “a user’s perceived capability
to use various attained computer skills to successfully engage
with educational technology” [9] is found as the most widely
used external factor of TAM in the e-learning literature [19].
Several empirical studies have found this external factor to
have a significant influence on the perceived usefulness and
perceived ease of use [19]. Suggesting that students’ self-
efficacy (SE) have a positive effect on students Attitude
towards use (ATT) and Intention to use (BI).

E. Behavior Intention to use

According to TAM, the user’s intention to use a particular
technology affects the user’s actual use of the technology.
In e-learning environments, it has been shown that students’
intention to use technology affects their learning goals [20].
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IV. METHOD

This section describes what was done to answer the two
research questions, it presents a detailed description explaining
how the data was collected and how the results were analyzed.

A. E-learning tool

The e-learning tool that forms the basis for the evaluation in
this study is the web-based collaborative video conferencing
tool Zoom [21]. The study was performed on students at Umeå
University, where Zoom has been one of the primary tools
applied in teaching as a result of the transition to Emergency
Remote Learning.

B. Questionnaire

The research applied a quantitative and qualitative research
method to investigate students’ acceptance of Zoom as a e-
learning tool. A questionnaire survey was design using Google
Forms. The survey consisted of 26 items including 4 items
about the participants characteristics, 20 items focusing on the
factors (PEOU), (PE), (ATT), (BI) and (SE), adopted from
[14] designed using a 7-point Likert scale (1:strongly disagree
to 7:strongly agree), and 2 open-ended questions about the
advantages and disadvantages of the e-learning tool.

All questions in the questionnaire except the two open-
ended questions were mandatory to answer. The questionnaire
consisted of 7 parts and began with a mandatory question
to exclude students who had no experience of using the e-
learning tool that the study targeted. Part two consisted of
questions about the participants characteristics followed by 5
sections consisting of questions related to the factors (PEOU),
(PE), (ATT), (BI) and (SE) and a final section with the two
open-ended questions. All questions were revised before the
questionnaire was sent out and a pilot study was carried out to
get feedback on the design of the questions and the structure
of the questionnaire in general.

C. Participants

The questionnaire was distributed via email and social
media to undergraduate students at Umeå University in mid-
April 2021 and was open for three weeks. Participants were
informed that the survey was completely anonymous and
voluntary to participate in. Most of the responses came in
during the first week, but with a majority of respondents
whose field of study was categorized as a STEM discipline.
To received a greater variety of respondents the questionnaire
were directed towards programs with study specializations
categorized as non-STEM disciplines the following two weeks.

D. Data-analysis

To provide answers to the two research questions the quan-
titative data from the 7-point Likert-scale items were grouped
into five sub categories: students’ perceived ease of use,
students’ perceived usefulness, students’ attitude towards use,
students’ self-efficacy and students’ behavioral intention to
use. A basic descriptive analysis was performed to determine
the mean score and the spread of the score and a cross

tabulation analysis was performed to analyze the relationship
between different variables. In addition, the qualitative data
was coded and grouped into categories.

V. RESULTS

The tables below show the structure of the respondents
followed by descriptive statistics and representative quotes
from the qualitative data. Table 1 summarizes the structure
of the respondents. Table 2-6 shows the average level (Mean)
and the standard deviation (SD) observed in each survey
item. Table 7 shows a categorical summary of the descriptive
statistics and Table 8-9 summarizes the qualitative data. All
calculations and observations are based on 61 responses (N
= 61) obtained during the three weeks that the survey was
conducted.

Table 1
Structure of the respondents.

Discipline Count Percentage
STEM 34 55.7%
non-STEM 27 44.3%
Year of studies Count Percentage
1 17 27.9%
2 27 44.3%
3 7 11.5%
4 7 11.5%
5 3 4.9%
P.E* of distance courses Count Percentage
yes 24 39.3%
no 37 60.3%
P.E* of Zoom Count Percentage
yes 2 3.3%
no 59 96.7%

*PE (Previous Experience)

A. Descriptive statistics
Table 2

Participants’ Perceived Ease of use (PEOU)
Item Mean SD
I find Zoom easy to use 6.00 0.79
It is easy to become skillful at using Zoom 6.00 0.89
Interacting with Zoom does not require a lot of my
mental effort

5.00 1.63

My interaction with Zoom is clear and understand-
able

5.16 1.18

Table 3
Participants’ Perceived usefulness (PU)

Item Mean SD
Using Zoom would improve my learning perfor-
mance

2.98 1.60

Using Zoom would improve my productivity in
courses

3.11 1.98

Using Zoom would enhance my effectiveness in
studying

3.07 1.85

I find Zoom useful for my studies 5.03 1.39
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Table 4
Participants’ Attitude towards use (ATT)

Item Mean SD
I feel positive regarding the use of Zoom 4.21 1.85
Studying through Zoom is a good idea 4.49 1.53
Zoom provides an attractive learning environment 3.44 1.63

I believe it is (would be) a good idea to use Zoom
for my study process

3.34 2.04

Table 5
Participants’ Self-Efficacy (SE)

Item Mean SD
I feel confident of using Zoom even if there is no
one around to show me how to do it

5.87 1.32

I have necessary skills to use Zoom 6.43 1.02
I feel confident of using Zoom even if I have never
used such a system before

6.13 1.12

I feel confident finding the features I need in Zoom 5.72 1.20

Table 6
Participants’ Behavioral intention to use (BI)

Item Mean SD
I intend to use Zoom when appropriate for my
study process

5.85 1.19

I intend to use Zoom frequently during my study
process

4.57 1.52

I will recommend Zoom to others 4.79 1.54
I intend to use Zoom when given the opportunity
during my study process

4.89 1.59

B. Summary of descriptive statistics

Table 7
Categorical summary of descriptive statistics

Factor Minimum Maximum Mean SD
PEOU 1 7 5.54 1.26
PU 1 7 3.55 1.92
ATT 1 7 4.29 1.84
SE 1 7 5.44 1.20
BI 1 7 5.26 1.55

Table 7 shows a summary of the descriptive statistics
representing the five categories (PEOU, PU, ATT, SE, BI).
PEOU received a mean of 5.54 and a standard deviation of
1.26 followed by PU with a mean of 3.55 and a standard
deviation of 1.92. ATT got a mean of 4.29 and a standard
deviation of 1.84. SE received a mean of 5.44, with a standard
deviation of 1.20. The last category, BI obtained a mean of
5.26 and a standard deviation of 1.55.

C. Qualitative data

Table 8
Disadvantages with Zoom during ERL

Category Percentage
Concentration difficulties
”It’s harder to concentrate and hard to sit and stare
at the screen all day.”
”When the webcam does not have to be turned on,
I risk doing other things at the same time”

26%

”It’s easier to become passive when studies take
place at Zoom.”

Category Percentage
Decreased motivation
”You lose routines by being at home and it’s easy
to feel unmotivated to be part of the lessons when
everything is done via a screen”
The disadvantages I see with using zoom during
my study process is that it is not as motivating
to study when you are not allowed to interact
with people in real life and that it is easier to be
distracted by things that are around you.

18%

Poor communication
“Slightly worse contact with each other and the
teacher sometimes because it is more difficult to
perceive body language and so on. Easier to talk
to each other.”
”Harder to get good flow in discussions and not as
fun to discuss over Zoom.”

34%

”More difficult to ask questions during a lecture.”
Less social interaction with classmates/teachers
”Sad to always be at home where there is very little
social interaction”
”I get isolated at home and can not meet class-
mates.”

21%

”You lose the social interaction that I find incred-
ibly important and rewarding”

Table 9
Advantages with Zoom during ERL

Category Percentage
Greater freedom / flexibility
“I can study at universities spread across the coun-
try. I do not have to move to, for example, a
classroom to take part in learning materials. ”
“Not having to meet on campus every day. Easier
during project work to be able to work with others
without having to plan everyday life too much
around the meetings.”

41%

”Can attend lectures / seminars despite illness (do
not miss as much of the teaching).”
Time saving / Efficient
”No need to go to University to study, which saves
time”
”Saving time when you do not have to get to and
from a classroom, it is possible to take part in
lectures even though you are ’too sick to be in
place’, more efficient use of time through break
out rooms.”

43%

”Minimizes time spent getting to / from school”
An alternative to on-site teaching
”It is a useful tool when ordinary studies can not
be carried out”
”To be able to continue studying and have meetings
/ lessons / lectures despite a pandemic”

14%

”It contributes to students having the opportunity
to interact with other students and teachers despite
prevailing circumstances.”
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D. Adoption level in different student groups

The cross tabulation analysis performed to to analyze the
relationship between different variables showed no difference
in level of adoption between students from STEM disciplines
and non-STEM disciplines.

VI. DISCUSSION

In the following discussion, the term ”agreed” includes
the responses ”agree” ”somewhat agree” and ”strongly agree”
and the term ”disagreed” includes the responses ”disagree”
”somewhat disagree” and ”strongly disagree”. An overview
of the distribution of answer patterns per question category
is shown in Fig. 3, followed by a detailed description and
discussion of selected survey items for each subcategory.

9,0%

50,0%

43,0%

6,1%

15,2%

8,6%

19,7%

20,1%

3,7%

18,0%

82,4%

30,3%

36,9%

90,2%

66,8%

PEOU

PU

ATT

SE

BI

0% 25% 50% 75% 100%

Disagree  1 ≥ 3 Neutral  4 Agree  4 ≥ 7        (1:strongly disagree to 7:strongly agree) 

Fig. 3. Percentage distribution of answer patterns per question category

A. Perceived Ease of use

97 % of the students agreed that they find Zoom easy to
use while only 1 % disagreed. In addition, 93 % agreed that it
is easy to become proficient in using Zoom and 72 % against
13 % agreed that their interaction with Zoom is clear and
understandable. The means ranged from 5.16 to 6.00 indicating
that the respondents perceive Zoom as an easy-to-use tool.

B. Perceived Usefulness

62% agreed that they find Zoom useful for their studies
while 3% disagreed, at the same time 65% disagreed that
Zoom would improve their productivity (10% agreed) and
66% disagreed that Zoom would enhance their effectiveness in
courses (19% agreed). The means of students responses to the
survey items for perceived usefulness ranged from 2.98 to 5.03
indicating that the respondents have divided opinions about the
usefulness of Zoom. These results also reflect what emerged in
the analysis of the qualitative data. Students have experienced
both advantages and disadvantages during the transition to
distance education. Some mention difficulty concentrating and
reduced motivation while others mention greater freedom and
flexibility in their studies.

C. Attitude towards use

62% of the students reported a positive feeling regarding the
use of Zoom while 13% disagreed. At the same time only 16%
agreed that Zoom provides an attractive learning environment
(52% disagreed) and more than half (57%) did not agree that it
would be a good idea to use Zoom for their study process (31%
agreed). The means for the items in this category ranged from
3.34 to 4.49, with the majority of students reporting a positive
feeling towards the use of Zoom, even though the learning
environment is not seen as particularly attractive or desirable.
These contradictory answers could be explained by the fact
that students have had no choice but to use Zoom during ERL
to continue their studies. 14% of the students expressed that
the only advantage with Zoom as an e-learning tool is that it
makes it possible to carry out studies despite a pandemic. One
student expressed the following ”The only advantage is that it
is better than nothing. Otherwise, it is inhibiting for learning
in every way compared to regular on-site teaching.”

D. Self-Efficacy

86% of the students reported feeling confident using Zoom
even if there is no one around showing them how to do
while 8% disagreed. In addition 95% expressed having the
necessary skills to use Zoom (3% disagreed) and 91% agreed
on feeling confident using Zoom even if they have never
used such a system before. The means of the question items
related to the participants self-efficacy ranged from 5.87% to
6.43% indicating that students’ perceived ability to use various
acquired computer skills to successfully engage in educational
technology is quite high. Especially given the fact that these
results are based on estimates from a group of students where
96.7% of the respondents had no previous experience of Zoom.

E. Behaviour Intention to use

85% of the respondents agreed that they intend to use
Zoom as an e-learning tool when appropriate for their study
process while 8% disagreed. 54% reported that they intend
to use Zoom frequently during their study process while 22%
disagreed and 65% expressed that they intend to use Zoom
when given the opportunity during their study process (18%
disagreed). The means for the survey items ranged from 4.57
to 5.85 where the majority (85%) reported an intention to
continue using Zoom at appropriate times during their study
process.

F. Summary of discussion

As shown in Table 7 and Fig. 3 Perceived ease of use
(PE), Self-efficiency (SE) and Behavior intention to use (BI)
received the highest scores while Perceived Usefulness (PU)
and Attitude towards use (ATT) received the lowest scores.
According to the extended TAM used in this study students
perceived capability to successfully engage with educational
technology (SE) affects Perceived usefulness (PU) and Per-
ceived ease of use (PEOU). Factors which in turn affects
users’ Attitude towards use (ATT) and Behaviour Intention
to use (BI). The fact that students despite high (SE) did
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not experience the tool as particularly useful may be due to
external circumstances such as the limited social interactions
and physical encounters that students are used to during
regular on-site teaching. And the fact that the respondents
reported a high Behaviour Intention to use despite a somewhat
negative attitude and doubts about the tools usefulness indicate
that students have had a strong willingness to adapt to the new
circumstances in order to complete their studies.

VII. CONCLUSION

The aim of this study was to explore the extent to which the
transition to Emergency Remote Learning (ERL) has affected
students in higher education. This was done by evaluating their
perception of factors affecting the use and acceptance of an
e-learning tool used during this transition. The comparison
between students from STEM disciplines and non-STEM
disciplines showed no significant difference in how students
from different disciplines have perceived Zoom as an e-
learning tool. The analysis showed that the majority of students
experienced the e-learning tool as an easy-to-use tool that they
intend to use when appropriate during their study process. The
study also revealed that most students experience a strong
ability and sufficient computer skills to successfully engage
in new technology introduced in an educational environment.
The biggest challenge during the distance studies has not
been about a lack of technical skills among the students or
technical problems with the tool that has been evaluated. The
biggest challenges that students address are the lack of social
interactions in real life. Despite the fact that many students
do not perceive that the tool improves their study efficiency
or improves their learning performance a significant group of
students still emphasize the benefits of not having to go to
campus every day and be able to attend classes no matter
where you are or how you feel.
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Abstract—Gamification is a constantly growing concept that
is used in many different ways. However it is not clear what
gamification achieves. This paper takes a closer look on how
gamification is utilized and implemented in educational services
to further understand gamification and its role. Commonly used
game-elements in gamification, their purpose and two gamified
educational services and their game-element has been examined.
The services was evaluated by conducting a modified cognitive
walkthrough and a follow up interview. The results provided
insight in how to implement gamification in an educational
environment and what to look out for, as well as what to avoid
when gamifying an educational service. In conclusion it was found
that the use of game-elements badges and levels are effective
when introducing gamification in a learning environment and
that gamification done right can be effective in an educational
environment.

Index Terms—gamification, gamified learning, gamified educa-
tion, elementary mathematics

I. INTRODUCTION

Games are everywhere, and they are played everywhere.
Even in non-game contexts have game elements been adapted
to create more engaging experiences, especially now, when
much of what people do is controlled by digital technologies
where game elements are easier to introduce. Leaderboards
and badges have been integrated in many non-game
applications just as additional features to already functioning
services and applications. The process of introducing game
elements to other applications is commonly referred to as
gamification. Gamification has a vast field of applications
in which it can be used successfully, and learning is one
of the larger fields where gamification has been both tested
and implemented [1]. But this study will be evaluating a
more specified subject to get a deeper understanding for
the understanding of gamification use and impact. There
are online services that provide a gamified experience for
learning mathematics that are to be examined.

II. OBJECTIVE

This paper will evaluate how gamification is used and can
be used for learning elementary school mathematics. Questions
that has been formed and will drive the research are: ”How
and where can gamification be utilized while learning maths?”
and ”What is gamification achieving?”

III. THEORY

A. Gamification

The term gamification could be misleading, suggesting that
it represents the use of actual games, real-world simulations,
or game theory in organizational settings. It does not [2].
Rather, gamification is the application of game-design
elements and game principles in non-game contexts [2].
The idea is to utilize game-design elements in non-game
contexts to motivate and increase user activity and retention
[3]. Frequently used gamification elements are composed of
reward and reputation systems with points, badges, levels
and leaderboards [3]. Industry studies [4] have found that
the addition of badges specifically, to games has led both
better reception and increased revenue, to such an extent
that large console publishers such as Microsoft, demand
that game developers implement and include badges for the
games that are published. Leaderboards however aids in
increasing the competitiveness in users, which in turn will
bolster the user traffic as well as increasing the interactivity.
Utilizing leaderboards can motivate users to do more, just by
displaying users progress compared to the other users [5].

B. Cognitive walkthrough

Cognitive walkthroughs are used to evaluate the usability
of a product. They are designed to see whether or not a new
user can easily carry out tasks within a given system. The idea
is that if given a choice – most users prefer to do things to
learn a product rather than to read a manual or follow a set of
instructions [6]. A cognitive walkthrough begins by defining a
task or multiple taks that should be carried out. It is then those
tasks that the cognitive walkthrough will examine for usability.

C. Gamified Services

Gamified services are services that traditionally might
not use gamified elements but have chosen to utilise game-
elements for various reasons. The following two services are
used.

1) Hej Albert: Hej Albert is a Swedish website and
application that provides a gamified learning experience for
math to people aged 3 to 16. Albert has been developed by
experienced educators, teachers and researchers, Hej Albert
has thousands of exercises which are customized to fit age
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and curriculum. It has been produced to teach children and
young people to read, write and count in an enjoyable,
effective and smart way [7].

2) Khan Academy: Khan Academy is a global gamified
learning experience in which anyone can start learning almost
anything. Khan Academy personalizes the learning to the
individuals who use it to let them practice at their own
pace, the learning content has been created by experts and
is always free for learners and teachers. On top of students
learning, teachers can utilize Khan academy to identify gaps
in students understanding and tailor instructions [8].

IV. METHOD

This study has been conducted by utilizing a cognitive
walkthrough to assess the usability of gamification of already
established gamified services which fits the requirements of
the study objective, learning elementary school mathematics,
as well as conducting an interview with a potential user. By
utilizing a cognitive walkthrough, the game elements, which
has been integrated in the service, has been analyzed and
evaluated as to their usage in both frequency and magnitude.
A smaller service (Hej Albert) and larger service (Khan
Academy) has been examined to find what gamified elements
the two services utilize and which elements they have chosen
to omit.

A. Cognitive walkthrough

Normally in a cognitive walkthrough the defined tasks
are the only things that should be assessed, but in this case
an adjusted walkthough was utilized to be able to assess
the gamified elements as well in conjunction with the tasks
defined.

B. Analysis of gamified services

While evaluating Hej Albert and Khan Academy, in
both instances a new account was made and 4th grade
mathematics was chosen as learning subject. Both services
are evaluated on their respective mobile applications. The
cognitive walkthrough was conducted by the author as an
expert-analysis.

1) Cognitive Walkthrough steps:
• Open application
• Start the chosen course
• Start a subsection exercise
• Finish that exercise
• See your result
While conducting the cognitive walkthrough a couple of

questions are at the forefront of examination as in:
• What game-elements are utilized?
• What is the purpose of these elements?

• Are there hidden game-elements which influence the
experience?

The exercises done in Hej Albert was: ”Patterns and
numbers”, and in Khan Academy: ”Place Value”

C. Interview

After the cognitive walkthrough was conducted by the
author, an interview with a potential user (a Swedish-speaking
4th grader) was conducted where the user was instructed to
follow the same cognitive walkthrough steps in both appli-
cations. Following the walkthrough some questions regarding
the experience were asked, the follow-up questions were:

• What did you think about the application?
• How would you compare this to your normal maths

homework?
• Would you prefer this application over your normal

homework?
The reason to do this interview is to get insight into how a
potential user in the correct target group sees the gamified
service and their impressions of the adjustments compared
to their regular homework. Additionally, a regular homework
paper done by the 4th grader was observed to understand how
their homework is usually done.

V. RESULT

While evaluating the gamified services ”Hej Albert” and
”Khan Academy” a few notable features were found to be
used throughout the experience in both services.
Both services utilize badges, albeit in different ways, Hej
Albert uses badges as continuous rewards for completing small
tasks as finishing small exercises, whereas Khan Academy uti-
lizes badges as more overarching achievements as in ”Achieve
mastery in 3 unique skills” and ”Correctly answer 20 problems
in a row in a single skill”.

Other parts that should not be ignored are the parts where
both applications uses motivational texts and small celebra-
tions with confetti for each question answered correctly and
acknowledging the users streaks of correct answers to further
motivate the user to continue. Both services also utilize a
”hint” system to assist a user in their learning, these hints
include simple suggestions as to method usage in solving the
problem at hand, and if the first hint is not enough for the user
they can continue to get more and more detailed hints until
the last hint which will explicitly show the method that solves
the problem as well as showing all the variables and answer
to the problem.

Additionally both services use a form of progression system
similar to a game-element ”levels”, which visually shows the
user how to progress their learning as well as milestones in
shorter tests for the subparts in the learning. Moreover, Khan
Academy uses some points called ”energy points” which are
tied to the user’s account but during the evaluation of Khan
Academy these ”energy points” seems to only be collectible
and are hard to put into context, as to if the users collected
points are many or few.
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In the interview with the 4th grader, it could be noticed that
the interviewee did go though both applications without much
trouble, the interviewee completed all questions with only one
or two hiccups. The follow-up questions gave these answers:

Hej Albert
1) What did you think about the application?

Answer: I thought it was okay.
2) How would you compare this to your normal maths

homework?
Answer: I thought this was better and more fun, because
I often lose my normal paper homework.

3) Would you prefer this application over your normal
homework?
Answer: Yes.

Khan Academy
1) What did you think about the application?

Answer: I thought it was okay.
2) How would you compare this to your normal maths

homework?
Answer: I thought this was better and more fun for the
same reason. And I liked the other app more since this
one did not work right away and it is not in Swedish.

3) Would you prefer this application over your normal
homework?
Answer: Yes.

VI. DISCUSSION

The results gave many examples of different game-elements
which the services utilizes to make a gamified experience, but
the results by themselves do not provide enough of an answer
to the objective of this paper. From the results we now know
that the services utilizes game-elements such as badges, instant
feedback on actions, visually displaying user progress in levels
and Khan Academy also uses a form of point collection. These
results do align with what was established as commonly used
in the theory under gamification.

A. Gamified elements used

Additionally there was a commonly used game-element
that the examined services has chosen to omit from their
experience this element was leaderboards. There is a potential
reason for this, a study which made a systematic mapping
to identify negative effects from gamification in education
[9] found that leaderboards were strongly associated to many
negative effects which the study had mapped out. It would
seem that both Hej Albert and Khan Academy are aware of
this and have chosen not to use leaderboards to presumably
avoid the negative effect they might bring to an educational
environment.

Furthermore the most significant and prominent game-
elements used throughout both Hej Albert and Khan Academy
are badges and their progression systems. Their usage of
badges are slightly different from each other but they still serve
the same purpose, to increase user activity and motivation,
which in turn will lead to users doing more exercises and by
doing that, learning more of the content they are practicing.

A reason for the difference in badge use could be that
Khan Academy provides additional learning paths other than
mathematics.

A study on badges in particular that evaluated if badges
increase user activity [4], concluded that clear goals, which
badges provide, helps to increase the positive behavior in users
when goals are reached as well as users were seen to be more
likely to actively use a service that utilized badges than one
that did not. This leads to a more concrete of an answer as
to why both Hej Albert and Khan Academy so extensively
utilize badges in their services.

Both Hej Albert And Khan Academy use a similar sort of
progression system akin to game-elements levels and stages,
to design the progression in this way, in a similar way as
badges provide a clear goal, the levels and stages provide
additional goals to reach and complete, which in turn builds
upon the earlier discussed positives provided by having clear
goals. With this in mind, it could be argued that most of
the gamification elements utilized provide goals for users to
reach for. Additionally users of these applications have given
mostly positive reviews about these applications on the google
play store [10] [11]. There are negative reviews on both
applications, but these do mostly not mention the application
usage in working condition and instead negatively review other
problems which are not relevant to this study. With most users
enjoying the experience these services provide, strenghtens
their usage of the game elements they have chosen to utilize
which points in the direction that their gamification implemen-
tation is well received in an educational environment.

B. Interview

During the interview-walkthrough a couple of observations
were made, in which the interviewee had a different experi-
ence compared to their regular paper maths homework, the
interviewee was more focused on the task at hand and utilized
the instant feedback which the service provide when you get
an answer wrong to correct themselves without losing focus.
During the observation of the regular homework by the 4th-
grader it was noticed that it was simply a paper with multiple
problems without hint or tips. While doing the homework they
had more of an back and forth since they needed to sometimes
ask if something was correct or not when they were themselves
unsure, which led to them losing some focus in those moments,
and lastly they needed to ask to have the homework checked
over to be sure they got it correct.

The interview conducted with a 4th grader did not yield as
much information or any elaborate answers more than that the
services seemed interesting and fun, the method used in the
interview may have been flawed and would need refinement or
another approach entierly, were a similar study to be conducted
at a later time.

C. Notable aspects

Moreover there are a couple noteworthy aspects of this
study which may have affected the results. Firstly, learning
elementary school mathematics has been the focus whereas
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gamification can be utilized to learn many different subjects,
which may lead to different results and conclusions. Secondly,
both the author and the interviewee were new users to both
services so there may be a novelty factor for a new system
that may have also affected the results.

VII. CONCLUSION

This paper evaluated two different gamified services in the
educational spectrum, specifically while learning elementary
school mathematics, ”Hej Albert” and ”Khan Academy”. This
was done to try and understand what gamification can achieve,
as well as how gamification is utilized while learning maths.

This study found that the most prominent game-elements
used in the learning environment were, different forms of
badges as well as levels for game-like progression. It was
found according to another study [4] that these game-elements
provide clear goals for users which helps in increasing their
positive behavior, as well as increasing user activity compared
to services without such game-elements, which concludes
badges and levels as effective ways to introduce gamification
in a learning environment. Additionally it was found that the
common game-element leaderboards is not appropriate to use
while learning as it was strongly associated with negative
effects in educational environments [9].

The interview did show that the gamified services are
effective, as the takeaway from the interview were that the
services were more interesting and fun for the user compared
to their current way to study for their homework.

To conclude what gamification achieves is that it provides
clear goals and a more interactive experience for the users
which helps to increase user activity.
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Abstract—This paper investigates the user preference of color
schemes on three commonly used UI elements in an e-learning
environment to determine if there is a demand for color theme
customization. Customization has been recognized as a powerful
method to increase user engagement in an e-learning system and
make the learning experience more powerful. To determine if
there is a demand, participants chose between two different
color schemes, dark- and light mode, for three different UI
elements. These three different elements are the text input field,
reading field, and survey field. The results show that there is a
demand for color scheme customization. However, due to a lack
of participants, a general conclusion of the objective cannot be
made. Thus the study opens a discussion for adding customization
to e-learning development and conducting the study on a larger
scale in future research.

Index Terms—Color scheme, Dark mode, Light mode, E-
learning, User interface design, UI-elements

I. INTRODUCTION

User interfaces (UI) utilizing dark themes color scheme is
a design trend on the rise during the last decade [1]. More
and more interfaces offer a dark-themed color scheme as an
alternative styling to the original, light-themed color scheme,
UI. A common misconception is that dark mode increases
productivity and even minimizes erroneous inputs from the
user but a study conducted in 2020 disproves this with an ex-
periment using virtual text inputs and an unfamiliar keyboard
layout that showed no increase in productivity or quantity
of errors [2]. This does not however prove that there is a
general preference for one color scheme above the other. User
experience (UX) is very important for user engagement and
this has been shown to make the students learning experience
more successful and more fluid [3]. Therefore, customization
within e-learning environments has been recognized as a
powerful method to increase student engagement. But for this
to be a viable method there needs to be a demand for this
from the users - the students.

II. OBJECTIVE

The objective of this paper is to study dark-themed UI
elements that are common in an e-learning environment to see
if there is a demand for color scheme customization. And as a
side note determine if there is a connection between the user’s
field of study (for example computer science, economy, or
social studies) and color scheme preferences. The UI elements
that will be under investigation are input fields, forms, and text
fields for reading. These are the three common UI elements
that can be found in e-learning environments.

III. THEORY

A. User interface architecture

Different from light mode, dark mode utilizes two sets of
background colors. One base color and an elevated color that is
to be used to enhance depth in the UI. To use these effectively
the elevated color should be used on elements that are higher
up in the UIs hierarchy of components. Bright colors as darker
shadings of white are not being excluded but should be used
in a way that they prevent a glowing effect on a darker
background [4].

B. E-learning environment

An e-learning environment is an online platform used for
learning. There are many different kinds of e-learning envi-
ronments like Google Classroom that is used to share class
material, grading, and execution of quizzes [5], and Black-
board that is used for course management and direct e-learning
such as partaking in lectures and submitting assignments [6].
For this study, no specific e-learning environment will be
under investigation but instead commonly used UI elements
that can be found in various e-learning environment will be
investigated.

C. Color contrast

Color contrast is very important to UI design since a low
color contrast will result in a UI that might fail in aiding its
user with it is designated task. Color contrast can be calculated
using the following formula:

(L1 + 0.05) : (L2 + 0.05) (1)

Where L1 equals the relative luminance of the lighter colors
and L2 to the relative luminance of the darker colors. The
visual presentation of text elements within a UI should aim for
a color contrast of at least 7:1 except for larger text that should
aim for at least 4.5:1. For graphical content, the contrast ratio
should be at least 3:1 [7]. This is used to verify that the color
themes are being used correctly and that the color contrast of
both the dark- and light color themes have a color contrast
that passes the W3C standard.

D. Choice-based conjoint (CBC) analysis

Conjoint analysis is a market researching strategy to mea-
sure a costumers preference when it comes to components or
features within a service or program [8]. There are different
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variations of conjoint analysis where one of them is choice-
based conjoint (CBC) analysis where the test consists of a
choice-based survey, assigning each choice a value that then
determines the choice’s relevancy in the final analysis [9].

IV. METHOD

A. Target group

Since the objective of the study is focused on an e-learning
environment the target group for the study is university stu-
dents within a different field of study. Why it is focused on
having diversity in the field of studies is to make the objective
of the study more distinguishable. How this is handled within
the survey is that the user is given 12 different choices within
the survey that the study is conducted with. If the user’s field
of study is not in the list, the user is given the option ”other”.

B. UI elements

To focus on the objective of the study the design for the UI
elements is imported directly from one of the popular compo-
nent libraries for building online applications called Material-
UI [10]. This is because the user should focus on the color
scheme in its full and avoid the UI elements design having
any kind of impact on the user’s choice. The UI elements
are always presented side by side in their corresponding color
theme in the survey. The dark mode UI elements used in
this study have a contrast ratio of 8.4:1 and the light-themed
UI elements have a contrast ratio of 6.5:1 making them pass
W3Cs design guidelines as described in III-C.

1) Text input fields: The text input fields consist of editing
fields constrained by a border. Within this border is a label
to describe what is expected to be entered into the text input
field, figure 1. As the user selects the input field it changes
appearance to indicate that the user is currently editing said
input field in changing its border to blue and the label moves
to the top of the container, figure 2.

Fig. 1. Deselected input field, dark mode to the left, and light mode to the
right

Fig. 2. Selected input field, dark mode to the left, and light mode to the right

2) Reading text fields: Reading text fields are UI elements
for reading. These are not imported from the component
library Material-UI but are instead designed after common
reading fields that appear in scientific reports or books, 3.

Fig. 3. Reading text fields, dark mode to the left, and light mode to the right

3) Survey fields: Survey fields consist of a title and then,
in this case, four different checkbox choices for the user to
mark, figure 4. These are to mimic quizzes in an e-learning
environment and just as the text input fields they change
appearance if the user selects in interacting with said survey
field, figure 5.

Fig. 4. Deselected survey fields, dark mode to the left, and light mode to the
right

Fig. 5. Selected survey fields, dark mode to the left, and light mode to the
right

C. CBC analysis

A variation of CBC is used in this study by letting the par-
ticipant choose a preference of each UI element in the survey
instead of having to make a choice between sets of UI elements
that uses the same color theme. This allows an analysis to
be made on each UI element and the distinction of single
UI element preferences within an e-learning environment. For

16

Proceedings of the 21st Student Conference in Interaction Technology and Design
Ume̊a University June 2021



instance, a participant might prefer a dark-themed field of text
for reading but light-themed input fields. The goal of analyzing
the UI elements in this way is to open up the possibility that
dark- or light modes appliances might be suitable for single UI
elements within the environment instead of full environmental
usage.

D. Survey design

The survey is designed to collect data in two stages. The
first stage is to collect identifying data about the participant
conducting the survey. Such as; field of study, the current
color theme on a preferred device, and perceived environment
lightning whilst studying. Another piece of information also
collected but not asked of from the participant is the time when
the participant is conducting the survey. This is to analyze the
possibility of participants surveying daytime or nighttime show
a preference for either dark- or light-themed UI elements.

The second stage of the survey goes through each UI
element under investigation and presents the participant with
a choice of preference. These UI elements are directly imple-
mented in the survey which allows the participant to try the UI
elements out in its full. This is important since a still image of
a UI element might be harder to perceive for the participant.
When the participant submit their choices they are notified that
the answers had been submitted and the participant is free to
close down the survey.

V. RESULTS

A total of 20 students participated in the study. The partici-
pants in the study had an educational background in computer
science (8), engineering (8), and lastly economy (4). Below
the preference of each UI element grouped in each field of
study that participated in the survey.

A. Text input field

There was a clear preference of text input fields where en-
gineers and computer scientists preferred dark mode whereas
75% of engineers and 66% of computer scientists preferred
dark mode UI elements and economy students preferred light
mode UI elements with 100% of the votes. Overall 37.5%
preferred light mode text input fields and 62.5% preferred dark
mode text input fields, figure 6.

Fig. 6. Participant’s preference of the text input field elements

B. Reading field

Reading fields has the clearest preference ratio whereas
100% of all fields of study preferred either dark mode or light
mode for the reading field UI element. Economy students and
engineering students chose light mode and computer scientists
preferred dark mode. 62.5% of all of the participants preferred
light mode reading fields whilst 37.5% preferred dark mode
reading fields, figure 7.

Fig. 7. Participant’s preference of the reading field elements

C. Survey field

The survey field got a similar preference as the input
fields whereas engineering students and computer scientists
preferred the dark mode UI element and economy students
preferred the light mode UI element. Overall 75% of the users
preferred dark mode survey fields and the remaining 25%
preferred light mode survey field, figure 8.
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Fig. 8. Participant’s preference of the survey field elements

D. Environmental lightning

62% of the participants perceived that their environment
lightning varies whilst studying and 25% perceived that it is
brightly lit. The rest 12% of the participants perceived their
environment lightning as dim-lit, figure 9.

Fig. 9. Participant’s preference of the survey field elements

E. Time of submission

Everyone that participated in the study surveyed daytime
and therefore I do not think that this data collected withholds
any information that can be used in this study.

VI. DISCUSSION

Overall, dark mode UI elements had a higher preference rate
than light mode UI elements. But due to the lack of informative
data that was collected from the survey, there is no reasoning
from the participants that can be analyzed together with the
data. However, exclusion of environmental lightning can be
made since the data shows that the majority of the participants
perceive this as varying. A common train of thought is that
light mode is utilized by users in a bright environment and
dark mode is utilized by users in a dim environment but
the data also shows the contrary since users perceiving their
environment lightning as dim-lit is a minority parallel to the
dark mode being the most preferred color scheme.

This opens up an interesting theory about e-learning devel-
opment. Take the result into consideration, and we can theorize
a new approach towards e-learning development whereas it
might be suitable to open up with a higher grade of customiza-
tion for the user where the user easily can switch between color
schemes in said system. This might sound like a lot of work.
But with newer component libraries like Material-UI, this is
very easily implemented.

The results did not show diversity in fields of study that
was anticipated which limits a general analysis to be made
and only allows an analysis to be made on the three different
fields of study as stated above. This is due to a lack of survey
participants and could have been avoided by adding incentives
to the survey in form of rewards. This and together with doing
in the field recruiting for the survey, for instance recruiting
participants at the university, could have increased the numbers
of participants and could have aided towards a more general
analysis to be made [11].

VII. CONCLUSION

This study shows that there are different demands about the
color scheme for different fields of study. The result shows
that the preference of the color theme on UI elements within
an e-learning environment can vary between the fields of
economy, computer science, and engineering whereas some
students even prefer a mix of color schemes for different UI
elements.

This study does not provide anything new to designers on
how dark- and light modes should be designed but it shows
designers that the availability of different color schemes within
an e-learning environment is something that the users of the
system want and something that can potentially increase the
user’s engagement with the system.

VIII. FUTURE WORK

It would be interesting to conduct this study on a larger
scale with more participants and more UI elements added
to the scope of the investigation. The result of the said
study could have the potential to change the way e-learning
environments are designed and therefore increase the student’s
engagement in systems. This could be very useful as we are
heading towards a future where e-learning gets more and more
common.
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Umeå, Sweden

maka0437@student.umu.se

Abstract—The study conducted in this paper compared nar-
rative and non-narrative gamification techniques to see in what
ways and how much they would motivate a user trying to learn a
new language. This was done by user testing two language learn-
ing applications with differing gamification categories present.
After the tests the users answered a subsequent semi-structured
interview. The results showed a general preference towards
the performance-based application to the narrative-based app,
mainly due to the visual design, interaction and use of external
rewards. In contrast, the narrative-based application was liked
mainly for the immersion of the stories it presented, which would
entail some form of intrinsic motivation. To conclude, testing
shows that narrative gamification can have some positive effects
on a user’s intrinsic motivation, but further studies needs to be
done to ascertain this effect.

Index Terms—gamification, motivation, narrative, learning

I. INTRODUCTION

With the digitization of the world, the use of gamification
has increased in popularity in many different areas during
the last few years. The concept of gamification is the use of
game-like design in a setting that normally do not incorporate
this [1]. An example would be using a point- or star-based
system in learning, to help promote user engagement by giving
users rewards. Previous studies have shown positive effects on
motivation and in performance for users in several different
areas, such as in learning and in the workplace [2], [3].

Using points, badges and other similar types of external
rewards are the most common and can be grouped into a
category of Performance-based elements [4]. Although results
are conflicting in terms of how they motivate users, these tech-
niques have mainly seen positive results in previous studies
[2], [5]. A technique that has gotten less focus is narrative-
based gamification which encompasses storytelling and user
choice. These elements can be classified as Fictional and since
narrative gamification uses storytelling, it also has the ability
to increase motivation in users [4], [6].

II. OBJECTIVE

The aim of this paper is to appraise narrative gamification
elements and compare them with non-narrative elements, in
particular performance-based ones, to see in what ways and
to what amount they can motivate users in language learning.

III. THEORY

There are a few different concepts that are investigated and
compared in this paper. This section gives an introduction to
the concepts of gamification, narrative, motivation and the
learning applications used in the study.

A. Gamification

The common type of gamification is one of structure, where
the focus is to add motivators like stars, badges or similar
objects that give the user motivation in the form of external
rewards [4]. The user can usually obtain these achievements
by completing different objectives.

Since there is more to the concept of gamification than just
stars and leaderboards, many different frameworks and defi-
nitions have been created. This paper will use the taxonomy
proposed by Toda et al. (2019) where the different elements
of gamification can be divided into the following five different
categories [4]:

• Performance
• Ecological
• Social
• Personal
• Fictional
The Performance category references some kind of feed-

back that the user will experience, like acknowledgements
such as stars or the use of progression bars [4]. The So-
cial category focuses more on interpersonal factors such as
teamwork [4]. Ecological focuses on surrounding factors and
the environment, which include subcategories such as chance
and rarity and the Personal category is related more to the
user and focuses on using things such as challenges [4].
The Fictional type is what includes narrative and storytelling,
where a narrative is a variety of events, while storytelling takes
these events and creates a cohesive story [4], [7].

A narrative form of gamification gives more weight to
the content itself and does not necessarily rely as much on
acquiring rewards, but more on telling a story. Examples of this
type is using storytelling through text, images or animations
to motivate the user to complete something or to keep playing.
The potential lack of a narrative or storytelling can result in
the loss of immersion, and for the user to lose understanding
in regards to certain objectives [4].
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B. Narrative

A narrative is a type of story that can take the shape of
many different forms, from literature where a characters arc is
described through text, to a visual narrative shown through a
slide of images [8]. Salen and Zimmerman describes different
styles of narratives as cited in Palomino et al. (2019). One
is embedded narrative which is the content that already is
created and exists before the user has interacted with the
system, and the other is emergent narrative which can be
affected by how a user decides to interact with the system [7].

In video games, cinematic cutscenes are usually a form
of embedded narrative since they further the story that al-
ready existed before the player entered the game. In contrast,
emergent narrative gives the player different choices to further
their character’s story, such as in games like Skyrim. For an
optimal system, both types of narrative should be incorporated
where the embedded narrative gives heft to the story, while the
emergent narrative creates a more dynamic experience [7].

C. Motivation

A big part of why gamification seem to have positive effects
on users is because of the motivational factor. In this context
it is important to separate between intrinsic motivation, that
comes from an inherent enjoyment of doing something, and
extrinsic motivation that comes as a result of something
external, such as a reward [9]. Some people are motivated
to work by earning money, while others feel more satisfaction
in completing a specific assignment. Certain students might be
motivated by obtaining a high grade in school, while others
might enjoy the process of learning more.

Some potential benefits of intrinsic motivation is described
by Lei (2010) and entails things such as increased creativ-
ity, decreased anxiety and increased enjoyment of the tasks
themselves [10]. Extrinsic motivators could be powerful in the
short term since an external reward could be a strong incentive,
especially if the content is not rewarding in itself, but it might
also prevent the user from doing more than the bare minimum
to obtain this reward [10].

A problem with intrinsic motivation is that many situations
in general can be quite uninteresting, and for these purposes
extrinsic motivation can work well or might be necessary to
first get the user motivated [9]. This motivation could also
shift from extrinsic to intrinsic if time spent doing a certain
activity would make the user interested in the actual task [9].
According to Ryan and Deci (2000), a crucial component
of intrinsic motivation is a feeling of user autonomy, where
the person feel like they have a choice and some degree of
competence [9]. Extrinsic motivation can also have varying
degrees of autonomy which could affect how a user would be
motivated [9].

D. Learning applications

There are many different applications that can help with
learning. This study focused on two different types of appli-
cations in learning a new language. The narrative app used
was Beelinguapp, which focuses on storytelling through an

embedded narrative. It offers the user a story and tells it using
both audio and text. The top half of the screen shows the story
being told in the chosen language, and the bottom half shows
the same story in a language the user is familiar with, as seen
in Figure 1. After the story has been read, the user is prompted
to answer a few questions in regards to the material.

The non-narrative application that was used was Duolingo,
where a user can get a step-by-step course in which they
go through grammar exercises with varying difficulties to
learn a new language. The main form of exercise using this
application would be picking correct words correlating to a
certain image and completing sentences, as seen in Figure
2. Each lesson is short and the user gets a few attempts at
completing each exercise, depending on how many hearts are
left.

Fig. 1. The model for the Beelinguapp test with the story (left) and questions
to answer (right).

Fig. 2. Models showing the level of difficulty for easy (left) and intermediate
version (right) of the Duolingo test.
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IV. METHOD

This section will describe the details of choosing a test, find-
ing participants as well as conducting the test itself with the
intention to compare narrative and non-narrative gamification.

A. Choice of study

To get more information about how narrative gamification
could affect motivation, a user test was created with four
participants. The objective was to test two different language
learning applications and how they would affect the user
motivation; One application with narrative elements and one
without. Language was specifically chosen since that area of
learning has benefitted from the use of gamification elements
(see Section I). For each application, the participant com-
pleted three lessons in French and answered a semi-structured
interview afterwards. The motivation behind using French
was that it uses the same alphabet as English and Swedish,
and through media exposure the language is probably not
completely foreign to the participants. This could be beneficial
since the focus of the study was not on learning the language
but on observing the motivation.

For Beelinguapp, storytelling using an embedded narrative
was the main component, so both the easy and intermediate
lessons used the same structure. After the story was told to the
user, the application prompted a few questions. For Duolingo,
this application was used to check user motivation without
a Fictional category, because there were no strong narrative
elements present. The lessons consisted of multiple choice
answers for the easy part and completing a sentence for the
intermediate part, and these were mixed throughout the three
lessons.

B. Defining gamification elements in each application

Table I shows the different categories that were present
in the two applications during the actual test, based on the
taxonomy by Toda et al. (2019). Duolingo does for instance
have a social component of using leaderboards, but this was
not present during the test and thus not noted in the table.
Beelinguapp has a small Performance presence in the form of
progress bars, all other performance components are missing.
The motivation behind checking each category was the impor-
tance to clarify that only one application actually contained the
Fictional category to ease the comparison between the apps,
as well as to note other differing categories that could have
affected the user enjoyment.

TABLE I
GAMIFICATION CATEGORIES PRESENT IN THE TWO APPLICATIONS

DURING THE TEST.

Gamification Category Duolingo Beelinguapp
Performance X X
Ecological

Social
Personal X X
Fictional X

C. Participants

Users were chosen based on the following criteria:

• Being bilingual, since the study was conducted in
Swedish but the applications used English.

• Age group: Between 18-40 years old.
• Being at a novice level of the chosen language, so that

all users would be equivalent in skill.

D. User Test

Before the actual tests took place, a pilot study was con-
ducted to find potential faults with the questions and the order
in which the test was performed. After this, the language
was changed from Spanish to French, some questions were
given scales of 1-10 and the ”easy” Beelinguapp lesson, who
previously was a lesson aimed at children, was changed to a
harder difficulty.

The test was performed in the user’s home using a Motorola
Moto X4 and used the Android version of the respective
applications. The session focused on the user completing
three lessons in one of the applications, and then a following
three lessons for the other application. The order for the two
applications was randomly decided. The user was free to ask
questions during the test in regards to how the applications
worked. This was done to help detect UI differences that might
have affected the user motivation during the test. The study
and interview was conducted in Swedish, but the language test
was done in French and English.

E. Interview

To get both quantitative and qualitative data, a semi-
structured interview was chosen for this study since there
were many varying factors that could have affected the user
enjoyment and motivation. Before the test, the participants an-
swered general demographic questions regarding Age, Gender
and Language Skill.

After the test was completed, the participants answered
questions regarding overall enjoyment, motivation and interac-
tion on a 1-10 scale for each of the applications. In addition,
questions were also asked regarding how active or passive the
applications felt, which of the two was preferred and if they
would recommend either to other people. For each question
using a scale of 1-10 there would be a follow-up question
regarding the topic, asking the participant to elaborate further
why the participant gave a certain number.

To analyze the data, relevant words and phrases were
selected and sorted into categories relating to properties of
intrinsic and extrinsic motivation based on previous studies
(see Section III-C). Enjoyment was used to measure intrinsic
motivation, while external reward and performance were used
to measure extrinsic motivation. External rewards focused
more on acknowledgements like hearts or points, while per-
formance were more inclined towards general feelings to
complete the exercise or questions that did not pertain to
overall enjoyment.
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V. RESULTS

The results show answers from 4 participants between
19-28 years old, with three female participants and one
male. Two participants preferred Duolingo and two preferred
Beelinguapp, although the average score for all categories for
Duolingo were higher. All participants preferred the visual
style of Duolingo while one participant did not recommend
either application, but still preferred Duolingo overall. Figure
3 shows the average score for each category, while Figure 4
and Figure 5 show how the individual participants answered
each category for the two applications.

Fig. 3. The average score for each application.

Fig. 4. Each participant’s score for Beelinguapp.

Fig. 5. Each participant’s score for Duolingo.

Table II and III shows the relevant participants responses
regarding each application, the category it pertains to and its

corresponding type of motivation (IM = Intrinsic motivation,
EM = Extrinsic motivation). Table IV shows other answers
that were given in the interview that could have had some
degree of impact on the user motivation.

TABLE II
RELEVANT PHRASES REGARDING BEELINGUAPP.

Phrase Category Type
”The details of the story immersed me” Enjoyment IM

”Enjoyed the audio book element” Enjoyment IM
”The stories were interesting and fun” Enjoyment IM

”The questions made me want to try and keep going” Performance EM
”Did not feel fun” Enjoyment IM

TABLE III
RELEVANT PHRASES REGARDING DUOLINGO.

Phrase Category Type
”Wanted to improve because the hearts ran out...” External reward EM

”Colorful and fun!” Enjoyment IM
”Became tedious quite fast” Enjoyment IM

”Wanted to complete each question” Performance EM

TABLE IV
OTHER PHRASES REGARDING THE APPLICATIONS.

Phrase App
”Visually pleasing” Duolingo

”Does not really feel like learning” Duolingo
”No problems navigating” Duolingo

”Hard to focus with both languages on the screen” Beelinguapp
”Feedback felt quite poor” Beelinguapp

”Got to hear more language, not just snippets” Beelinguapp
”Passive in play, active in listening” Beelinguapp

”Could focus more on stories I didn’t already know” Beelinguapp

VI. DISCUSSION

The users mostly expressed some form of motivation in
regards to both applications. Even though the votes were split
in terms of preference, the scores for Duolingo were generally
higher. The general consensus regarding Duolingo was that it
was fun and engaging but also could be tedious with each
lesson being so similar. With the exception of one participant,
Beelinguapp was regarded as having interesting stories while
being quite plain visually and regarding its interaction.

Based on the interviews, even though the general enjoyment
seemed to favour performance-based gamification, the type of
motivation for the narrative application seemed to be mainly
intrinsic because of the enjoyment in the stories themselves.
Intrinsic motivation could be more powerful in terms of
learning outcome because of benefits such as task enjoyment
and increased creativity, but if the user is only presented with
a story through an embedded narrative, it could be seen as
both a benefit and a detriment. This is because a story that
the user enjoys will naturally draw them in more while not
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enjoying it at all would make it hard to have any motivation,
since there are no external rewards and nothing in the task
itself that would be enjoyable (see Section III-C).

Figures 4 and 5 shows the lowest scores for both appli-
cations for person 3, and from the interview it seemed that
this was because the Beelinguapp stories were not interesting
enough and as a result, nothing else could ”hook” the user
into wanting to keep playing. The participant did not care for
the structure of Duolingo either, so a reason for these scores
being higher could be that the increased autonomy and external
rewards could have motivated the user enough to keep playing
despite not enjoying it as much.

This emphasizes the importance of combining both
emergent and embedded narratives when using narrative
gamification, since that would increase the user autonomy
and perhaps enable a more active playstyle.

A. Test limitations

The sample size of the user tests was low with four partic-
ipants and even though the qualitative data was interesting
in regards to motivation, the quantitative data is harder to
interpret since one participant strongly disliked Beelinguapp
and thus skewed the average score quite a lot. For the test, the
users did both lessons sequentially and was not divided into
separate test groups due to the sample size. This also could
have had an impact on the results.

There were notable differences between the two applica-
tions, not only in terms of UI differences but also how they
were played. Duolingo was far more active where the user
took part in each lesson, answering multiple-choice questions
or trying to rearrange sentences. In contrast to this, passivity
was more prevalent when using Beelinguapp since the user
was being told a story. These differences could have had a
noticeable effect on the user motivation.

All participants expressed more favourably towards the
interaction and visual design of Duolingo while also noting
some confusion when reading the Beelinguapp stories since
the screen showed the text being read in both languages
simultaneously, and two participants felt it was distracting and
did not know where to look. This disparity could have had an
affect on the user enjoyment and motivation since each story
was relatively short.

In regards to use of narrative, Beelinguapp focused on an
embedded narrative since a prebuilt story was being told and
the user was not given the choice to alter the story. The
only choice was to simply repeat the same text and since
this completely omitted an emergent narrative, the level of
autonomy was much lower and this could have had a major
effect on the level of intrinsic motivation (see Sections III-B
and III-C).

Another factor to consider was the duration of the test
itself, since performance-based gamification may be lacking
in comparison to intrinsic motivation when it comes to the
longer term due to focusing more on chasing external rewards
and not the task itself (see Section III-C). If the test had

been conducted during a longer period of time, it might have
produced a different result.

B. Future works

Future studies should keep comparing different types of
gamification categories, both in isolation but also in com-
bination with others. The focus of this study was on the
Performance and Fictional categories, but including aspects
such as chance from the Ecological category could have some
interesting effects. However, special focus should be put on the
narrative element and how that compares to other individual
categories until it has been studied further.

To avoid the motivation and overall enjoyment being af-
fected by UI/UX differences, future studies would benefit from
creating customized prototypes with similar UI designs. It
would be more resource intense since it would have to be
created from scratch, but it could also be more accurate since
the design could be minimal and identical for the different
prototypes. This would also enable the testing of each specific
gamification category in a more controlled way.

Focus should also be on using more emergent narratives and
combining this with the pre-existing story, since this would be
a key factor in increasing user autonomy. It would be more
difficult to create a prototype with both types of narrative,
but the potential would also be greater. Furthermore, future
studies could also benefit from doing more tests regarding the
combination of gamification components that would yield both
intrinsic and extrinsic motivation at separate occasions. For
instance, using external rewards at the start to catch the user’s
attention, while slowly phasing these out and instead focusing
entirely on the narrative element at a later stage.

VII. CONCLUSION

The focus of this study was to compare narrative and non-
narrative gamification in terms of motivation. An important
factor to intrinsically motivate users is a high quality of the
narratives told, which highlights a strength and a weakness of
narrative gamification. Properly used, it can use storytelling
techniques to immerse users to a great extent. In contrast, a
weak story could lose user interest quite fast.

The tests conducted showed that this form can be used, to
some degree, to increase a user’s intrinsic motivation simply
through an embedded narrative. This was seen through qual-
itative user responses that corresponded with aspects shared
with the properties of intrinsic motivation. However, further
studies in this area need to be conducted in order to confirm
this and to see what degree of motivation the user can achieve.
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Abstract—Since 2018, the GDPR got released in the EU to
give individuals more control over their personal data. This
resulted in a major impact on millions of web services available
in the EU, where data protection and transparency is required
by design. Since then, users have started to acknowledge several
cookie consents that needed to be read and accepted around
the web, however, the design and complexity of such cookie
consent vary. This study investigates if the implemented design of
cookie consents can affect the user’s choices and analyzes what
improvement needs to be done.

This study performs a walk-through interview where the par-
ticipants visits three websites and evaluates their cookie consents.
Resulting in a similar response from the respondents, regarding
each consent design however the respondent’s personality and
personal interest in privacy was a major factor of the decision
making. The conclusion of this study’s investigation and analyses
was that in order to encourage the user to read and go through
the consent, it is important that the consent is inviting and user-
friendly.

Index Terms—GDPR, Privacy, Cookie, Cookie consent dis-
claimer, Interaction design

I. INTRODUCTION

After 2018, millions of web services worldwide were af-
fected by the GDPR, where every available web service in the
EU was required to inform the users about how their personal
data is being processed and improve data protection by design.
After the release, the number of websites that started using
cookie consent increased, where previous studies show that
approximately 62,1% of websites now use cookie consents
[1]. Since then, users have started to acknowledge the usage
of cookie and several consents that needed to be read and
accepted.

However, the design and complexity of such consent vary,
where some provide too much detailed information and others
lack in providing options for the user. Such interactions occur
on a daily basis, resulting in frustration and disengagement.
Interaction design’s (ID) major focus is to reduce the negative
aspects of the user’s experience and enhance positive ones that
support design principles.

II. OBJECTIVE

The objective of this paper is to investigate if the im-
plemented design of cookie consents can affect the user’s
choices according to interaction design theory, and analyzes
what improvements such design need to encourage the user to
utilize the GDPR principle benefits.

III. THEORY

On May 25, 2018, the GDPR (General Data Protection
Regulation) got released in the European Union, affecting
millions of web services worldwide. The GDPR is supposed
to set high and consistent standards of web services that are
available in Europe, by potentially changing their processing
of personal data within the European Union [1].

A. GDPR Introduction

The GDPR got introduced to replace the DPD (Data Protec-
tion Directive), which got introduced in 1995. The objective
is to strengthen the data protection principle and to include
the right to be forgotten, to have data flexibility, privacy, and
much more [2].

Data protection by design and by default is one of the key
requirements made by GDPR, where transparency is required.
The information regarding personal data processing needs to
be presented in ”a concise, transparent, intelligible, and easily
accessible form, using clear and plain language.” [1]. For
the processing of personal data to be lawful, it needs to be
”freely given, specific, informed and unambiguous indication
of the data subject’s wishes[...]” [1]. It means that the user
has to be offered real choice and control, so it is considered
valid consent. That was the way to reintroduce this concept
of cookie consent, to inform the users about the use of cookie
by the website and associated third parties.

B. Cookie and Privacy

A cookie is ”a small piece of software that a Web site
place on a user’s computer to store data about the user’s
activities on the site.” [3]. The website’s privacy policy may
also indicate the user about cookies advantages, such as faster
site navigation, tracking of items placed in the shopping cart,
customised site content, and storage of shipping and credit
information.

Cookies may also track users outside the placed website, by
collecting a user’s anonymous online activities and behaviour,
the website is able to deliver a wide range of advertising
pop-out that targets the user’s interest. Such tracking system
is called adware, which is a tracking behaviour capable of
monitoring behaviour across the internet [3]. . The Spyware
would be considered the extreme version, where it often
gains access to a computer because of insecurity on the
web browsers. However, the boundary between adware and
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spyware is unclear, and can cause issues for users that do not
have an accurate knowledge about online tracking tools.

The language used to inform the user about websites’ data
processing practices remains a challenge, where the studies
have shown that users rarely read the privacy policies because
of the length and complex vocabulary [1]. According to the
GDPR enforcement, the processing of personal data needs to
be freely given by the user, where the user clearly understands
the consent.

C. Cookie consents

The design and complexity of cookie consents can vary,
where some merely state that the website uses cookie without
providing any details or options, while others allow the user
to individually select their options. This diversity has led
users to become fatigued with the consent mechanism, which
automatically leads to data collection without consent [4].

The consent design has a significant impact on the user’s
interaction with the website. Previous studies have analyzed
eight different characteristic that are often used differently on
the consents’ graphical interface. Those eight characteristic are
the following [4]:

• Size: Consents vary on the size it is displayed in the
browser. Taking into consideration responsive web de-
sign, where smartphones and tablets typically lose a larger
percentage of the viewport.

• Position: The consents are often displayed in seven
distinct positions. In one of the corners (6.9%), at the
top (27.0%) or bottom (57.9%), and centered (7.8%).

• Blocking: Some consents prevent the user from interact-
ing with the website before a decision is made, where the
site’s content is blurred out. This mostly happens when
consent is shown in the center of the viewport.

• Choices: Some cookie consents do not offer any options
to the user. Some use confirmation-only, where the user
just gets an ”I agree” choice. Some website uses binary
consent, providing an accept and decline option only.
Others use category-based consent, by offering the user
to choose each category individually. And others use
vendor-based consent, offering even more fine-grained
control to the user.

• Text: The text that informs the user about cookie or
similar tracking technology also varies.

• Nudging & Dark Patterns: Only 57.4 % use interface
design to steer users’ attention towards the consent. Typ-
ical techniques used are highlighted only accept buttons,
hiding advanced settings and pre-selecting choices.

• Formatting: The formatting of consents typically
matches the website underline.

• Link additional information: Where a link to the web-
site’s privacy policy is included.

D. Interaction Design

Interaction design (ID) is all about ”designing interactive
products to support the way people communicate and interact
in their everyday and working lives.” [5].

The focus lays on how to design a user experience based
on a primary objective. A way to identify the objective is
by having usability and user experience goals. Here, usability
refers to ensuring the product is easy to learn, effective to
use, and enjoyable from the user’s perspective [5]. Generally,
effectiveness refers to how good a product is at doing what
it is supposed to do. The user experience goals are usually
determined by establishing desired emotions and experience.

Interaction designers use design principles to aid their
thinking when designing for the user experience. The most
common principles are the following [5]:

• Visibility: The more visible functions are, the more
likely it is that users will be able to know what to do
next. The contrast, position, and size are great factors in
this matter.

• Feedback: The information sent back to the user after
performing an action. Feedback can be presented as
audio, visual, verbal, tactile, and a combination of these.

• Constraints: In order to guide the user to perform a
certain action, the constraint is presented to reduce the
chance of error.

• Consistency: To make a product easy to use, standards
and Heuristics are used so it is easy for the user to learn.

• Affordance: The attribute of an object allows people to
know how to use it. Affordance tells how obvious is it
for the user to know how to interact with the object.

IV. METHOD

To better understand and investigate the user’s perspec-
tive on cookie consents, a walk-through interview was con-
ducted on three websites’ consents. The interview was semi-
structured, so the respondents were able to express themselves.
The procedure was made at a video conference software
(Zoom) with random people, and recorded with their consent
to ensure a high-quality analysis of the collected data. The
interview was conducted with five respondents with different
backgrounds, age and professions. The analysis was construct
validated, where the analysis were based on the interaction
design theory and requirements made by GDPR.

A. Material

The interview focused on gathering insight and thoughts
about different cookie consents designs. For this investigation
a good variety of consent design was needed, where at least
some characteristics from previous studies were included. The
aim was to choose designs that had different positions, choices
and amount of text. For that purpose the following websites
were chosen:

• Fyndiq (fyndiq.se): Fyndiq had consent positioned on
the bottom of the page with a green-colored back-
ground, differentiating from the rest of the page. Pro-
viding confirmation-only choices and information about
the usage of cookie with an additional link for more
information.

• Ahlens (ahlens.se): Ahlens had consent positioned on the
bottom of the page with similar background color as the
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page, however darker. Providing two choices, to accept all
cookies or to individually choose which cookie to accept.
Brief information about cookie and an additional link for
more information is given.

• BBC News (bbc.com): BBC News had consent on
the center of the page, nudging the rest of the page.
Providing good amount of information about cookie and
personal permission and the choices to agree or to manage
individual options. It also provides a read more section
for more information.

B. Interview Setup

The interview started by asking the respondents the per-
mission to record. Thereafter a better understanding of the
respondent’s knowledge about GDPR and their web experience
were established with the following questions:

• How much do you know about GDPR?
• Would you say it has affected the way you interact with

different websites? If yes, how?
The interview proceeded by preparing the respondent and

clarifying that the focus lays on the cookie consent of each
website to be presented. The following question was asked
during the interaction with each website:

• ”What is your thought about the design concerning gain-
ing your awareness, giving you options, and providing
good information in a way you can understand?”

V. RESULTS

To summarize the interview, the respondents had a similar
web experience regarding each consent design, but a unique
knowledge of GDPR as individuals.

For the fact that the interview was conducted with random
people with different age and profession, the knowledge of
GDPR varied based on the respondent’s interest and diversity.
However, all of them knew that it was all about protecting
personal data on the internet, and the majority agreed that it
has affected their way of interacting with different websites.
Most of them got a similar outcome, where they were more
protective and vigilant over their personal data.

A. Thoughts on consent design

The results of each consent design was similar. Below is a
summary of the walk through for each website.

1) Fyndiq: While visiting the Fyndiq website, most of the
respondents just wanted to proceed the interaction by agreeing
to the consent without reading through the information. Some
ignored the consent, for the fact that it didn’t interrupt the
interaction with the website. While others wanted the consent
to disappear, and for this matter they wanted to press the agree
button.

Some of the respondents even mentioned on not having
interest in such website or not trusting the website, and for
this matter they wouldn’t normally press the agree button.

B. Ahlens

While visiting the Ahlens website, the respondents reacted
similarly to the Findiq website. For the fact that the consent did
not interrupt the interaction, most of the respondents wished
to ignore the consent or agree with the consent. However
all of them were positive about having the ability to choose
individual cookie and the fact that there were few options.

C. BBC News

While visiting the BBC News website, the respondents were
a bit overwhelmed by the fact that it was a different approach
compared to the previous websites. The majority thought that
it had too much information right away, and for that matter,
they would just ignore and agree to the consent or just leave
the page.

For those who were interested in news, the response was
a little different. Rather agreed with no hesitation or went
through the individual options by turning off everything.
However, all respondents were overwhelmed by the amount
of option given.

VI. DISCUSSION & CONCLUSION

This paper investigated if the cookie consent impacts the
user’s choice regarding interaction design and analyzed what
improvements a consent needs in order to encourage the user
to utilize the benefits given by the GDPR. The results clearly
show that most of the users ignore cookie consents even
though they have decent knowledge and understanding of
GDPR and cookie.

The investigation showed that the user’s interest and per-
sonality played a big role in their decision, which is an
understandable outcome. However, the cookie consent design
was the second factor that influenced the outcome. For the
fact that most websites position the consent at the bottom, the
user has the opportunity to ignore the consent and continue on
interacting with the website. The advantage of such positioning
is that the interaction does not get interrupted which decreases
the risk of frustration. However, inviting the users to ignore
the consent has its consequences, where the positioning of an
element can describe its importance.

The consents positioned in the center of the page seemed
to be less friendly, for the fact that the user’s interaction
was interrupted. It caused frustration and sometimes the user
leaving the website, however, it was good at informing the
user to establish their desired privacy before interacting with
the website. Unfortunately, this approach reduced the level of
interest of some users that already were not interested in that
website’s category.

Based on design principles for interaction designers, con-
straints will guide the user to perform a certain action, and
that is exactly what the consent designers are achieving with
their design. The majority of the websites investigated in this
study had a higher contrast on the ”agree to consent” button,
which seemed to be more inviting for the user. Even for a
design with more choices, the ”agree” button was still on focus
by having clear visibility and faster feedback. The amount of
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choice given can also impact the user’s choice to ignore the
consent.

The majority of the information provided is also getting
ignored by the user, especially when there is too much infor-
mation and small text. In the majority of the cases, the consent
has relatively succeeded to be transparent with their usage of
cookies, however, not very intelligible and clear language for
the user. According to the GDPR, the information needs to
be presented in ”a concise, transparent, intelligible, and easily
accessible form, using clear and plain language” [1].

A. Conclusion

By analyzing this information, we can assume that the
cookie consent design does indeed influence the user’s choices.
In order to encourage the user to read and go through the
consent, it is important that the consent is inviting and user-
friendly.

Some cookie consents were designed to be fully optimized
during the user’s first visit, which suits the user who wishes to
regularly visit the website. An example of such a design was
the BBC News cookie consent, however, the design seemed
to be very overwhelming to new visitors. While other cookie
consents were designed particularly to consent the visitors that
the website uses cookie, however even for a regular visitor
not much option and reasonable information is given. For that
matter, a good design that suits both regular and new visitors
is something in between formal and user-friendly design.

The design principles can be a guide to a good solution
for this matter. By using the visibility principle, the cookie
consent should have a higher contrast on the ”cookie setting”
option if available, so the user’s focus may be on at least
choosing the alternative data to be collected. This approach
will improve the cookie consent to invite and encourage the
user to be more careful with their personal data. And by
improving the feedback, so the amount of information given is
not too overwhelming to the visitor where the user can get fast
and simple feedback, so the risk of frustration gets reduced.
Such improvement can ensure better transparency in a user-
friendly manner which is required according to GDPR.

Finally, the cookie consent design should be focused on the
user experience and their rights. It should aim at having the
right usability and user experience goals, which could be a
future study.
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Abstract—The streaming platform of Netflix introduces free-
dom when it comes to where, when and what to watch. This
freedom comes with a price and that is that people could
experience issues such as information overload, fatigue and
decreased motivation. This study investigates what the user
themselves think motivates and affects them the most in the
decision process and what issues, if any, they have experienced on
this platform. The investigation was done via a survey distributed
through the means of social media. Findings show the importance
of Netflix own recommendation systems, whether users watch by
themselves or together with someone and what mood they are
in. The mood seems to also be one of the major factors in the
obstacles that the users could identify, that it can be especially
difficult to know what they feel like watching. Lastly, nearly all
users could identify some problems with the platform that takes
away from the experience and almost a third found browsing
Netflix to decide what to watch a frustrating experience. These
findings could be paired together with some further studies on
decison psychology and user experience design to try to decrease
user frustrations related to using streaming services.

keywords: Decision making, Netflix, information overload,
decision fatigue, streaming platform

I. INTRODUCTION

The modern world has come to a point where humans have
the freedom to choose between 20 different brands of cereal
at the store or from 12 different insurance providers. Whether
they want it or not, people of the modern world face making
decisions like these many times a day. Decisions that range
from what to wear, what to get for lunch and what to watch on
Netflix. Making these choices may seem like no big deal but
the abundance of them could lead to mental exhaustion which
in turn makes us suffer from decision fatigue. Decision fatigue
could drive people to take one of two shortcuts. The first
shortcut would be that any decision made from this point on
could see a decrease in quality and affect people around them,
their work life or mood to a greater extension. The second
shortcut would be the ultimate way of trying to preserve that
mental energy that is left and that is by not deciding at all and
avoiding any choice [1].

Making the choice of what to watch on Netflix seems
harmless as it does not depend on anyone else or involve life
threatening situations. However, there are potential negative
outcomes such as that the user spends more time on making
this choice than they intended to or once they’ve decided, are
left with a feeling of missing out on something else [2]. This
paper aims to understand what factors affect the users’ choice
of what to watch on Netflix the most and especially investigate

why it could be hard for some users. These findings could be
used to try and reduce the number of decisions to make for
the user in order to decrease their frustrations.

A. Objective

The objective of this paper is to establish what the top three
factors are that affect users the most in deciding what to watch
on Netflix. Further, this paper aims to identify what some of
the most common issues are that arise in the decision process
on Netflix.

II. THEORY

The theory that this paper presents is useful for understand-
ing the background and defining concepts that are recurring
in this paper.

A. Netflix

Netflix is a streaming service that provides a great number
of tv-shows, movies and documentaries available for users to
watch on-demand. According to a Swedish study [3] from
2020 64% of internet users above the age of 16 pay for a
subscription for Netflix or a similar streaming service. The
same type of study from 2018 reveal that 19% of internet
users of age 12 and up watch Netflix daily and another 20%
watch it at least weekly [4]. This motivates the choice to look
at Netflix in particular.

B. The psychology of choice

In Barry Schwartz’s The Paradox of Choice [2] from 2004
he makes the statement that ”We can now watch whatever
we want, whenever we want to” and refers to programmable
TV boxes of the time . His quote is even more relevant
today with the all the available streaming services such as
Netflix. Schwartz brings up examples of how having more
options at our hands can actually demotivate us. In his book
he introduces the reader to a study in which a food store
presented jars of jam at a table that people could taste and
buy. In one of the parts of the test there was a larger array
of available jams for tasting, 24 different sorts. In the other,
there were 6. More people were shown to be attracted to the
table with 24 jams but the study concluded that in either of
these cases people on average tasted the same number of
jams. The differences were apparent when it came to buying a
jar though, as 30 % of people exposed to the smaller amount
of jams bought one while only 3 % of the ones in the case
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with 24 jams did so.

C. Information overload

Research done decades ago [5] demonstrates the concept of
information overload for the first time. Connections was made
between having too many choices, or too many attributes
per choice, and negative outcomes. When people have too
much information to use in order to make a decision they can
experience information overload which in turn comes with
multiple possible side effects. These people could suffer from
paralysis and delay of decision making, decreased motivation
and perhaps even decreased satisfaction in the end [6].

D. Decision fatigue

Decision fatigue is a rather new phenomenon that is as-
sociated with the mental exhaustion that comes from having
to make an abundance of decisions throughout a longer time
period. The concept is similar to that of information overload
but is essentially decision overload. Social psychologist Roy
F. Baumeister together with his team of researchers conducted
some experiments in 1998 on human willpower. This study
came to be of great importance for the definition of decision
fatigue. In this first paper from 1998 Baumeister et al. [7]
coined the expression ego depletion, which implicates that
whenever us humans have to use ”executive functions” we
use up some vital resources. Examples of these executive
functions are acts of self-control, responsible decision making
and actively making choices. Baumeister claims that doing
too much of these activities drains us and there is need for
replenishing or else people can become more passive or less
persistent.

E. Maximizers and satisficers

Maximizer is a term for people who tend to find it difficult
to make choices since they are often concerned that there is
something better out there if they decide to go with a particular
choice. These people tend to look for the ”perfect” option and
often make sure there is no better option by comparing and
evaluating all other available options. The satisficer on the
other hand settles for something that is good enough and is
not concerned about whether there might be something better
out there. Findings from studies were that maximizers both
take longer to decide when making a purchase and are more
sensitive to feelings of regret or dissatisfaction after making
a decision, than satisficers [8]. One type of regret that occurs
after having made a decision and experience the outcome of
that, is referred to as ”buyer’s remorse”.

III. METHOD

The aim of this paper was to first identify what factors affect
the users the most in the decision of what to watch on Netflix
and second establish what issues the users encounter during
this process. A survey was thought to be suitable for collecting
data on these opinions and information from participants. This

can be further motivated by the fact that a survey would be
able to reach many people which increases the crediblity of
the results. In April 2021 a survey in Swedish was developed
with Google Forms and distributed electronically.

The survey provided quantitative data related to how many
of the respondents had experienced issues or frustrations that
could be related to decision fatigue. The survey also provided
qualitative data regarding what kind of issues the user face or
what in the process they regard is working well. The qualitative
data was analyzed by applying a content analysis and coding
the data into categories based on common themes that could
be detected.

A. Questions

The questions were constructed with intent to simplify the
process of getting data that could respond to the objective. This
was achieved by completing a pilot study with a first edition
of the survey sent out to a few selected participants. After
analyzing the result from the pilot study, necessary adjustments
were made for the final version.

One set of questions in the survey focused on demographics
and gathered information about the participants’ age and
occupation. Along this section was another that aimed to
gather how the participants use Netflix and on which platform.
There was also a question regarding how the person tend to
act before making a purchase, that aimed to establish where
they were on the maximizer / satisficer scale.

A section surrounding their Netflix experience followed and
questions were asked about:

1) How they would rate their experience with the decision
process on Netflix, from frustrating to satisfying and
what frustrations they can identify (if any).

2) What factors the respondents think matter the most when
making their decision of what to watch on Netflix.

3) What issues and obstacles they can identify during the
same process.

4) What makes the decision process smoother for them.

B. Participants

The participants for the study were gathered via social
media groups. They were asked to voluntarily participate
with their anonymity ensured. After one week of officially
distributing the survey in the beginning of April 2021, it was
closed for further participants.

IV. RESULT

A total number of 67 people ended up participating in
the survey, where 2 of these reported that they did not use
Netflix and so in total 65 responses are what makes out the
study. The ages of the respondents ranged between 18 and 60.
58.6% of the respondents were students while a majority of
the rest were employed and two people were on parent leave.
The respondents were divided almost equally between a third
that reported that they only watch Netflix alone, another third
watch mostly together with someone and the last third reported
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that they watch equally as much together with someone as by
themselves.

• 19 people or 29.2% of the total survey participants
responded that their experience of deciding what to watch
on Netflix is more frustrating than satisfying.

• 37 people or 56.9% of the total survey participants
reported that they feel like they spend too much time
making the decision on what to watch on Netflix.

• 33 people or 50.8% of the total survey participants
reported that they sometimes change what they decided
to look at within 15 minutes of putting it on. 4 people
reported that they often do this.

• 57% of the total survey participants gave the response
that was linked to the maximizer behaviour, that leaves
43% with the satisficer response.

A. Frustrations

The 29.2% of respondents that gave responses that they
find the process of choosing what to watch on Netflix more
frustrating than satisfying were asked to expand upon their
thoughts and explain why they think it gets frustrating for
them. Two of these responses:

”There is such a large amount of options and it is
difficult to know what I feel like watching in this
moment”

”It’s a long process where I constantly think that
there is something else more worth watching”

B. Factors for deciding

The respondents were asked to respond to what factors that
they believe affect what they choose to watch next on Netflix.
Note that there was the option to choose multiple options (a
maximum of three). There was space for adding their own
factors if none of the other options fit. The results from this
question can be seen in Table I.

TABLE I
Factors

Factors that affect your choice Part of respondents (%)
Netflix’s own recommendations and
trending content

56.9

What mood you are in 50.8
Whether you are going to watch by
yourself or together with someone

49.2

Family and friends recommendations 35.4
IMDB-score or other reviews 24.6
How much time you got 18.5
External recommendations on the web 3
Other 3

C. Obstacles in the process

The respondents gave answers to the question of what
obstacles they can identify in the process of deciding what
to watch on Netflix. These responses after categorization can
be found in table II.

27.8% of the data in this section was related to the User
experience category. An excerpt from this category:

”They display the same content everywhere, I am
therefore searching through repeating content for
things to see.”

Another 27.8% of the data was related to the Personal
preference category. An excerpt from this category:

”Sometimes I feel like watching something but when
I begin the search I don’t feel appealed by anything”

D. What makes the process easier

Responses regarding when the process of deciding on
Netflix was perceived as easier can be seen in figure 1. A
majority of the answers were related to either having received
a recommendation from friends, times when respondents have
decided what they want to see before going on Netflix or when
they have started a tv-series that they can just watch the next
episode of.

Fig. 1. Overview of results regarding when it is easier to decide

V. DISCUSSION

The top three factors that motivate and affect users when
they decide what to watch on Netflix could be established from
the survey to be:

1) Netflix’s own recommendations and trending content
2) What mood the user is in
3) Whether the user is watching alone or together with

someone else
These options were each chosen by around half of the

participants in the survey. However, it needs to be taken
into consideration that these factors were all preconstructed
in the survey. It is therefore possible that the study would
have yielded other results if these options had not been given
and people would have been more encouraged to think for
themselves.

One interesting find was that people found it important
whether they were going to watch by themselves or together

Session 2: Users choice 35

Proceedings of the 21st Student Conference in Interaction Technology and Design
Ume̊a University June 2021



TABLE II
Categories of obstacles

Obstacle Category description Out of total responses (%)
User experience Related to troubles with the Netflix’ user interface or functionality 27.8

Personal preference Related to the users own liking, current mood or feelings 27.8
Amount of content Related to Netflix’s vast amount of content 17.7
Quality of content Responses that related to the quality or availability of the content on Netflix 12.7

Other/none Could not be connected to any of the previous categories / did not identify any obstacles 11.4
Consideration of others Related to having to consider other people’s preferences when deciding 2.6

with another person. Since the study focuses heavily on
people’s mood and internal emotions when it comes to using
Netflix, it was surprising to see that this was something that
people considered a big influence on their choice.

Almost a third of the respondents found their experience
with Netflix frustrating and linked this to e.g. feeling
overwhelmed with the amount of options at hand or troubles
with the user interface. More than half of the respondents
stated that they think they spend too much time on Netflix
trying to make a decision. From these findings can be derived
that there are obviously situations concerning this process
that lead to frustrating experiences for some users. Especially
the feelings that they spend too much time on Netflix or the
feeling of overwhelmingness could be signs of side effects
that could occur from information overload or decision fatigue.

When it comes to when people find the process smoother
the reasons reported are mostly related to situations when
they don’t have to actively search through content and have
decided before going on to Netflix. This could indicate that
the browsing process is the one that leads to most frustrations
normally. Out of all the respondents most of them stated that
they find difficulties with either the user experience on Netflix
(including the user interface) or that their personal preference
or mood adds to the difficulties. Surrounding the user interface,
some respondents had issues with content that is displayed in
different sections that they never have any interest in seeing
and which they cannot hide from appearing again. The lack of
this kind of functionality could increase the risk for decision
fatigue and information overload in the user. Some excerpts
from the survey can be translated into people finding it difficult
to be satisfied, which could indicate that they experience fears
that are closely linked to maximizer behaviour.

Meanwhile it is difficult to make any connection between
the study’s findings and the concept of decision fatigue. It
is clear that some users experience frustrations that could be
linked to decision fatigue. Granting we know nothing of their
daily life or when during the day they like to watch Netflix for
example, there’s a lack of data for drawing any conclusions
surrounding that.

What the study leaves out is a deeper look into what
differentiates the people that are more prone to experiencing
frustrations from those who are not. The survey tried to
establish whether the participant was more of a maximizer

or satisficer from a single answer to a question. Some
people gave responses that could be indicative of ”maximizer
behavior”. Still, no pattern could be established between the
people who were categorized to be maximizers and that they
suffered more from frustrations or took longer time to decide.
The survey aimed to gather whether ”buyer’s remorse” was
something that Netflix users could relate to by making the
assumption that buyer’s remorse displays in this case as
dropping out of the movie/series that was decided on within
the last 15 minutes. There was no apparent connection that
the maximizers suffer more from ”buyer’s remorse” than
the others. In reality, there is probably not enough data on
whether the respondent is a maximizer or satisficer to draw
this conclusion to begin with. A thorough questionnaire on
maximizers versus satisficers would have been needed to
establish that.

VI. CONCLUSION

From the survey results three dominating factors that affect
people when deciding on Netflix could be determined. These
factors were found to be:

• Netflix’s own recommendations and trending content
• What mood you are in
• Whether you are going to watch by yourself or together

with someone
Almost a third of the respondents found their experience

with Netflix frustrating with claims that they feel overwhelmed
with the amount options, have difficulties with the user inter-
face or the content itself.

More than half of the respondents were of the opinion that
they spend too much time on Netflix trying to make a decison.
Findings also showed that some respondents find it difficult to
truly know what they feel like watching. This could indicate
that the decision-making process is one that leads to friction.

In conclusion, there is room for improvement when it
comes to people’s experience with going on Netflix to watch
something in their spare time. These findings can probably be
attributed to streaming services as a whole, since these issues
are likely not exclusive to Netflix users only.

VII. FUTURE WORK

This study can be considered a background for where Net-
flix can relieve their users of choices to make and improve the
experience. Future work could look further into changes that
could be made to the Netflix user interface to accommodate
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for the issues that was found or look into differences between
streaming services. Another study could be conducted to look
more specifically at whether the found issues could be linked
to decision fatigue by investigating the participants day to a
larger extent.
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Abstract—What we chose to eat affects the food chain’s
environmental impact the most. Due to the ongoing pandemic,
more people are choosing what to eat online and might continue
with that post-Covid-19. Therefore, nudging and design friction
are compared with regards to how they influence a reflective
behaviour and provide the most affected results. Which would
benefit the climate. This study investigates the impact that these
two design approaches have on our decision making process.

The results provided from a case study showed that the partici-
pants preferred prototypes with implemented design approaches
over a neutral prototype. Nudging had great impact on their
decision making process and provided feelings such as guilt if they
did not select the option with the lowest greenhouse gas emissions.
The design approach also provided a reflective behaviour. Design
friction provided a reflective behaviour as well, but had mainly
no impact at all on the participants decisions. Results showed that
even detailed information in the neutral prototype provided an
informative and reflective behaviour, which in some of the cases
had an impact on the participants’ decisions. Due to the usage
of food items in the prototypes, the participants own preferences
had a great influence on the results.

Index Terms—UX Design, Design friction, Nudging, Climate
change, Decision making process

I. INTRODUCTION

Badly designed products can cause frustration and confusion
among their users [1]. How many times have you pushed
a door that was meant to be pulled? How we interact with
doors are caused by their design [2]. User experience is a field
which involves the interplay between technology and people.
According to Norman [1], products should be understandable
and usable with the aim to fulfill human needs. To achieve
that, the entire experience need to be considered, which
includes the design and quality of interaction. To ensure an
enjoyable experience the interaction design need to be based
on principles of psychology, design and human emotion.

Methods can be used to evaluate user interfaces and to find
usability problems in a design. Nielsen [3] introduced methods
to evaluate user interfaces including heuristic evaluation. The
method aim to ensure that each part of the design follows
established usability principles, i.e. the ”heuristics”. Usability
problems can prevent the user from completing a task or
provide delays [4]. One of the 10 usability heuristics involves
error prevention, which should be prevented from occurring
in the first place. Furthermore, designers should understand
the user’s language, know what mistakes and slips that are

most likely and identify the connections between user’s goals
and their actions. Slips can be prevented with constraints and
good defaults. By removing memory burdens, supporting undo
functions and warning the user can prevent mistakes from
occurring [4].

Users can achieve a higher level of understanding and feel
more satisfied with an interaction when there is intentional
added friction to an interface [5]. Therefore, implementing
design friction can improve the user experience [6]. Design
friction refers to elements designed to provide difficulty during
an interaction with technology [6], [7]. When friction is
designed with intention, the interaction can cause a reflective,
informative and safe behaviour among the users [6]. It slows
the user down instead of letting them acting in an automatic
behaviour, rushing forward from one context to another.

One type of design friction is called a micro boundary,
which is used to slow the user down [6]. A micro boundary
can be described as the block of ice surrounding a credit card.
The time it takes for the ice to melt provides a window of
reflection regarding if the money should be spent or not. The
card is still reachable, but the ice can prevent the individual
from acting hastily and regretting the purchase later. Nielsen’s
description of consequences [4] regarding usability problems
such as delays and prevention to complete a task does connect
to the definition of design friction. But, friction can be used to
prevent mistakes [6]. Therefore, from this perspective, design
friction can be explained as a technique to fulfill the usability
heuristic that involves error prevention, if it is designed with
intention.

The definition of a nudge could be described as a part of
a choice architecture that influence people’s behaviour in the
designers preferred way without eliminating any options [2].
Removing junk food in a cafeteria can not be associated to
the definition of a nudge, but placing fruit at eye level does,
according to Thaler and Sunstein [2]. Digital nudges can be
defined as design elements in an user interface that guides
or influences users’ decisions in online choice environments
[8]. Decisions made on a digital device are usually done in
a hasty and automatic manner. Therefore, nudges can be an
effective design approach to guide people’s decisions towards
the preferred [8]. However, there is a golden rule to follow
when using nudges [2]. The guideline involves ethical aspects,
nudges should provide the results that are most likely to be
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in the users best interest and least likely to harm. Thaler
and Sunstein [2] have stated six principles of a good choice
environment and one of them involves to ”expect errors”. A
design that is made well should expect mistakes and slips
from the users and also be as forgiving as possible. Therefore,
nudges can be used as a design tool to achieve the users’
goals and fulfill Nielsen’s usability heuristic regarding that
error should be prevented from occurring.

Nudges can be used to provide errors and mistakes as well,
intentionally or unintentionally by the designer. Dark patterns
are created by designers who use their knowledge of human
psychology to implement parts which will trick the user and
provide results that are not in the user’s best interest [9].
Brignull [9] define a dark pattern as a part of an interface
that is intentionally and carefully created to mislead users
into doing things they do not intend to. The design choices
are not mistakes and do not consider the user’s best interests.
Dark patterns could be described as nudges with the aim to
trick the user or inflict harm instead of helping them. Another
description of a nudge that is used to guide users towards
unwanted choices is called a sludge [10]. A sludge can even
be referred to as wrongly used friction.

Design friction and nudging can be seen as two design
approaches that are opposites to each other with regards of
how the user acts and thinks during an interaction. But both
approaches can provide a good user experience. So, why are
people so conscious with some choices and so unconcerned
with others? Cognitive psychologists and experts [2], [11], [12]
have been involved regarding an explanation of the human
brain’s functioning. The statement is based on two kinds
of thinking, one that is automatic (Automatic System), and
another that is reflective (Reflective System). The gut reaction
is based on the Automatic System and the mindful thought on
the Reflective System. Furthermore, design friction provides a
mindful behaviour, which causes our thoughts to be driven
by the Reflective System. Nudges are used to guide users
towards the most helpful decisions when they are acting in
an automatic manner, driven by the Automatic System. Both
approaches can be used as design tools to prevent errors or
mistakes, but from different perspectives regarding the users’
state of mind.

People make multiple decisions every day, some decisions
are made in an automatic manner and others with a more
mindful behaviour. Sometimes, it is important to inform people
when they are making decisions and guide them towards the
best option. Otherwise, badly made or wrong decisions can
provide consequences that they will regret later. Outcomes of
our decisions can sometimes be better for ourselves and, for
example, the environment.

Food production is responsible for 20-30% of the green-
house gases [13]–[15]. What we choose to eat has the greatest
affect on how large the food’s climate impact will be [15] and
it is even greater than the impact made by the food’s trans-
portation [14]. If people consumed more plant-based food and
fewer animal-based food it would provide big environmental
benefits [13], the climate impact would be half as much in

average [14], [15]. Due to the ongoing Covid-19 pandemic,
the online grocery delivery sector has expanded. In a similar
way, online meal delivery services, such as Uber Eats and
Foodora, have been trending [16]. Some consumers have been
purchasing groceries and food online for the first time because
of the pandemic. Due to this behavioural shift, people might
continue to use these online services after Covid-19 [16].
Therefore, this study aims to evaluate the impact that nudging
and design friction can have on our decision making online,
with regards of selecting the most environmentally friendly
food options.

II. OBJECTIVE

The objective of this paper is to investigate and compare
how nudging and design friction can affect our decision
making process. Which technique does the user prefer and
which will have the most effective impact?

III. THEORY

The necessary concepts are described to provide an un-
derstanding of the theory behind the study of this paper.
Cognitive process, design friction, nudging and dark patterns
are explained.

A. Cognitive process

Kahneman [12] was awarded the Nobel Prize for the
theories behind his book Thinking, Fast and Slow where he
describes his understanding of how humans validate and make
decisions. He has adopted the terms proposed by Stanovich
and West [11]. They describe how our mind consists of
two parts - System 1 (the Automatic System) and System
2 (the Reflective System). Stanovich and West state that
characteristics of System 1 is automatic and unconscious. It
is also undemanding of cognitive capacity. System 2 includes
intelligence and is characterized as a controlled processing.
Furthermore, Kahneman [12] explains when the two systems
are mobilized. System 1 runs automatically while System 2 is
secondary and in a low-effort mode. Most of the time, when
there is no problem and all goes smooth, System 2 does not
interfere with the suggestions from System 1. But, when there
is difficulty, System 2 becomes primary and provides more
detailed processing to solve the problem. Therefore, System
1 controls most of our thoughts and actions, but overrides by
System 2 when difficulty or errors are detected.

Our everyday tasks are mainly made on ”autopilot”, which
is driven by System 1. System 2 provides more conscious
processed when attention is required. People’s behaviour can
be influenced by encouraging a transition from System 1 to
System 2, with the aim to receive more mindful processes [6].
Design friction, e.g. in the form of a micro boundary, can be
used to guide the user’s behaviour towards System 2.

The two systems can conflict with each other due to failure
of basic principles of human psychology in the architecture
[2]. People find the task ”to identify the color of a text” easy
if it is displayed in the same color as the word represent.
Errors increase and the response time slows if the word red is
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displayed in green. The Automatic System (System 1) reads
the word faster than System 2 which decides the color of the
text. In this case, System 1 always win over System 2.

B. Design friction

Design friction are parts of difficulty that emerge when
a user interacts with technology [6], [7]. Design friction
can be used to slow the user down and prevent unwanted
consequences as errors and behaviours that does not align with
the individuals values [6]. Friction can provide positive affects
and prevent mindless interactions [7].

A real world example of design friction is speed bumps,
which can not be avoided and prevents the driver from going
too fast [7]. It is possible for the driver to accelerate or
continue the current speed, but the option of slowing down
is safer and more comfortable. Friction can also be provided
with task lockouts, which prevent the users from proceeding
with a task for a time [6]. Lockouts create a pause that stops
people’s automatic behavior and improves their attentiveness.

Design friction can also be used to reassure users by slowing
down an interaction [7]. A time bar element can indicate the
progress of sending e.g. an email. This design approach can
reassure the user that the email is being sent. Furthermore,
it provides time to regret the action if the email was sent by
mistake or if the user has a quick change of mind.

C. Nudging

Nudging is a design approach where the designer guides the
users’ decisions towards their intended direction [8], [17]. A
nudge can be explained as any part of a choice architecture
that influences people’s behaviour in a predictable way without
eliminating any options [8]. The context in which the choice
is being made, i.e. the choice architecture, has a large impact
on people’s decision. Thaler and Sunstein [2] explain that
a choice architect is someone who indirectly influences the
decisions that people make and therefore has a responsibility.
The designer has to have a good understanding of how people
behave and think to ensure that System 1 does not get confused
[2]. Nudges can be used as a design tool when the decisions
are considered difficult to make, when necessary feedback is
left out or when the context is not so easy to understand [2].

Another perspective of the purpose behind nudging is that
the organization’s goals must be considered when designing
a choice architecture because they define the decision that is
going to be made [17]. A user can for example choose between
the options of subscribing or not to a newsletter. In this case,
radio buttons with a default option can be used as a nudge
[17]. However, the designer must also consider ethical aspects
and the users’ goals when implementing nudges [17].

A previous study [18] states ethical guidelines to follow
when designing nudges. The same study describes a type
of nudge called a ”transparent digital system 2 nudge”. The
nudge can be described as transparent due to that the outcome
of the choice is easy for the user to understand. These nudges
activate the Reflective System (System 2) and do not prevent
or harm the user’s decision making process. A ”transparent

digital system 2 nudge” can be in the form of the additional
information provided when choosing a new password [18].

D. Dark patterns

A dark pattern can be defined as parts of an user interface
that is built to fool the user into performing actions that
they did not intend to [19]. Examples of dark pattern could
be adding users to subscriptions without their consent or
using misleading formulations such as Uncheck here not to
download. Dark patterns can also lead users into involuntarily
accept to share personal information. A study conducted to
find dark patterns in 240 popular mobile apps resulted in 95%
containing one or more forms of dark pattern [19].

IV. METHOD

Due to the ongoing pandemic, more people are and might
continue to choose what to eat online [16]. What people eat
has the greatest impact on the food chain’s environmental
impact [13]–[15]. This study aims to evaluate the two design
approaches, nudging and design friction, with regards to how
they affect our decision making process. What impact do
elements of these techniques have on people’s understanding
and actions regarding the food’s impact on climate change?
Other primary areas are the user experience and how effective
the design approach is. Following study was performed during
the spring of 2021.

A. Constructing the study

The study was carried out as a case study with a com-
plementary qualitative research process with semi-structured
interviews. Three interactive prototypes were created in Figma
with the purpose to compare and analyze from a user perspec-
tive. One was built as neutral as possible (Fig. 1) and the other
two prototypes were separated by the fact that one contained
nudges (Fig. 2) and the other one parts of design friction (Fig.
3). All prototypes contained the same dishes in the same order.
A total of six dishes were presented and the participants were
supposed to chose three of them. The dishes were distributed
over three frames with two of them in each frame for the
participant to compare and chose from.

Each participant went through two of the prototypes, not all
three because of the bias that occurred when they learned the
purpose of the study after going through the second prototype.
Therefore, the participants were divided into two groups: A
and B. Group A went trough the neutral prototype and the
one with nudging. Group B went through the neutral one as
well but also the prototype with design friction. Furthermore,
all participants were asked questions with the purpose to
discuss and receive information regarding the experiences from
interacting with the prototypes.

The study aims to determine how the three prototypes effect
the user’s decision making process and when any reflection
regarding the climate impact occurs. Will the participants go
through the prototypes in an automatic manner driven by Sys-
tem 1 or can a mindful behaviour be provided? Which could
result in more environmental friendly decisions for the climate.
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Fig. 1. Neutral prototype

To provide an answer to these questions, the participants were
asked to ”think out loud” during the interactions. The neutral
prototype was built to provide a control condition and the other
two as for the treatment conditions.

B. Participants

16 participants were recruited from the writer’s acquain-
tances and were contacted by social media or phone. They
were between the age of 20 - 57 years. The only criteria for
the participants were some kind of experience from selecting
and buying groceries in general. Therefore, children were not
appropriate for this study. The case study and interviews were
carried out by using digital solutions and screen sharing over
distance due to the ongoing Covid-19 pandemic. The platform
Zoom and a shared link to the prototypes in Figma were
used. Notes were taken during the sessions and the meetings
were recorded to enable the possibility to analyze the data
afterwards. The conversations and prototypes were made in
Swedish due to Swedish speaking participants. Results and
important parts from the experiments were translated into
English and presented in this paper. The participants are
anonymous in this paper.

C. Material

The purpose of the prototypes was to provide a design
architecture where the participants would select and order
three dishes. Therefore, the participants would have to choose
between six options in each prototype. These options were
divided into three wire frames each consisting of two similar
food options. The main difference between the dishes were
their impact on the climate. There was no guidance in the
neutral prototype, but all of the necessary information needed

to make a decision was included as we see in Fig. 1. In-
formation such as the main ingredients of the dish, cooking
time and the carbon dioxide emissions. There was also an
option to change the selected dishes at the end of the process.
Therefore, the participants made their decisions based on their
own preferences in the neutral prototype only.

The first step for the participants was to go through the neu-
tral prototype. Then, they were asked a few simple questions
regarding the interaction and the choices that they made.

Fig. 2. Prototype with nudging

The next step for group A was to go through the prototype
with implemented nudging, see Fig. 2. That prototype had one
nudge in the form of a default option [17] and another in the
form of additional information regarding which dish that had
the lowest impact on the climate. Additional information to
an option, such as ”Low climate impact”, can be categorized
as a ”transparent digital system 2 nudge” which provides a
more reflective behaviour [18]. These nudges have the ability
to affect the decisions immediately when they are being made.
Group B went through the prototype with implemented friction
as the next step instead, see Fig. 3. That prototype included
a pop-up window and a time bar. The pop-up window slows
the user down and prevents them from acting in an automatic
manner. It was used to inform the user about the climate
impact regarding the selected food options in the end of the
process. The user was provided the chance to change their
choices from the pop-up window. The other part with design
friction was a time bar which provided another opportunity
for an undo and a window of reflection [7]. This was the last
stage before the order was completed.

Afterwards, when the participants had gone through both
prototypes, more questions were asked regarding the user
experiences. Questions regarding the differences between the
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Fig. 3. Prototype with design friction

two prototypes, the preferred one and why they made the
choices that they did this time were asked.

V. RESULTS

Following charts illustrate the results regarding the impact
that the different prototypes had on the participants’ decision
making processes. In each chart, the neutral prototype is
compared to the one with nudging or added design fric-
tion. Furthermore, the participants’ user experience and other
thoughts are described.

A. Overall impact

In Fig. 4 we can see that the prototypes with implemented
design approaches had a greater impact on the participants’
decision making process compared to the neutral prototype.
The amount of participants are clearly increasing along the
x-axis as the prototype with a design approach were used.
Regarding the neutral prototype, the amount of participants
are greatest in the middle and decreases towards the extremes.
When the participants went through the neutral prototype
7 of the 16 participants selected 0 - 1 options with the
lowest climate impact and 9 of 16 participants chose 2 - 3
dishes benefiting the climate. That corresponds to almost a
distribution of 50% between the lower and higher areas of the
chart. The results of the prototypes with implemented design
approaches had 4 participants selecting 0 - 1 options and 12
people choosing 2 - 3 options considering the climate. That
corresponds to a distribution of 25% and 75% between the
lower and higher areas of the chart.

B. Nudging

The results in Fig. 5 contains the result from group A.
It clearly shows that nudging has a great impact on the

Fig. 4. Results of all prototypes, group A and B

participants’ decision making process. The results from the
prototype with nudging can be described as the opposite to the
neutral one, with the highest amount of participants at each
side of the chart. The neutral prototype had a distribution of
50% selected 0 - 1 options and 50% chose 2 - 3 dishes with
the climate in mind. When the prototype with nudging was
used, 1 of 8 participants (nearly 12%) selected 0 - 1 options
and 7 of 8 (nearly 87%) chose 2 - 3 options benefiting the
climate.

Fig. 5. Results of prototype with nudging, group A

C. Design friction

In Fig. 6 we can see that the result for group B is not as
clear as for group A. The results are more spread out and even.
The neutral prototype gave the results with 3 of 8 participants
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selecting 0 - 1 dishes with the lowest climate impact and 5 of 8
chose 2 - 3 options. The same numbers apply to the prototype
with implemented design friction.

Fig. 6. Results of prototype with design friction, group B

D. Preferred prototype

14 of 16 participants preferred the prototypes with im-
plemented design approaches compared to the neutral one.
Everyone in group B preferred the prototype with implemented
friction, but two participants in group A preferred the neutral
one compared to the prototype with nudging.

E. Participants’ thoughts

Almost half of the participants in group A described a
feeling of guilt if they wanted to choose the option with the
highest climate impact when nudging was used. Also, they
described a feeling of trust to the application. These feeling
did not occur among the participants in group B, who were
going through the prototype with implemented design friction.

Almost all of the participants in both groups had a reflective
behaviour regarding the impact on the climate. They described
that they considered the dishes’ greenhouse gas emissions even
in the neutral prototype while ”thinking-aloud”. At the final
follow-up questions, they argued that it had a greater impact
on their decisions when nudging or design friction were used.
They appreciated to be informed regarding the dishes different
environmental impact. The most important and common factor
among the participants when choosing a dish was the taste,
based on their own preferences.

When the participants were asked why they did not change
their decisions in the second prototype compared to the neutral
one, it was cause they are making compromises in other areas
such as taking the bicycle instead of the car. Therefore, they
argued that they could choose the dish with the highest climate
impact because of other environmental compensations. Others
did not want to compromise based on the dishes taste.

It turned out that a lot of the decisions were based on a
compromise between the preferred taste and the green house
gas emissions. However, almost everyone thought that climate
change is something to take into consideration during their
decisions in everyday life. But most of them described that
they normally buy grocery’s which they are use to consume
rather than based on what is best for the climate. Also, some
experience that the information regarding the food’s climate
impact is usually excluded. Other common factors that the
participants explained as generally taken into consideration
when buying food items were organic, locally produced and
season-based.

The participants described the prototypes as simple, easy to
understand and fast to use. The participants did not experience
feelings such as frustration even when design friction was used
to slow down the process.

VI. DISCUSSION

Following discussion includes the design decisions with
regards of nudging elements and parts of design friction in
the prototypes. Furthermore, the impact the design approaches
had on the participants’ decision making processes and the
user experience are discussed. Other factors such as the test
environment and the participants’ personal food preferences
are also explained.

A. Nudging towards lower climate impact

The nudging techniques made the decision making pro-
cess much more effective than the other prototypes. The
added information and default option (see Fig. 2) provided
an architecture for the participants that did not require the
same amount of cognitive workload compared to the other
prototypes. The participants described a stronger feeling of
trust to the application when this technique was used. On the
other hand, when nudging was not used, the plain information
regarding cooking time and climate impact required more of
the participants’ cognitive workload. From this perspective, it
is possible to argue that their behaviour were driven by the
Reflective System. This could be a consequence of the longer
time it took for the participants to select the dishes or that the
prototypes contained the same dishes.

The information regarding the dishes impact on the climate
was highlighted by nudging and design friction techniques in
respective prototype. The aim of the design decisions was
to affect the participants with information or elements that
were supposed to provide a reflective behaviour and guide
them towards the decision with the lowest climate impact. It
turned out that even when that plain information was included,
without any highlighting approach, it had an impact on the
participants. Therefore, it is possible to argue that the ”neutral”
information worked as a nudging technique as well because
of the impact it had on the user’s decision making process.
However, a more reflective behaviour and other deeper emo-
tions were provided with the prototypes with implemented
techniques. In this context, a more reflective behaviour refers
to the participants’ thoughts and actions regarding the dishes
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impact on the climate instead of only choosing the dishes with
the preferred taste in an automatic manner.

B. Design friction improvements

One reason why nudging was a more effective design
approach than design friction could be that the nudges were
implemented in each wire frame and attached to an option.
Design friction was implemented at the end of the process
where the participants might want to complete the order
instead of choosing the dishes once again. The result could
have been different if a similar pop-up window were provided
between each wire frame immediately after the decision was
made. From that perspective, it could appear as a smaller
commitment to change one dish at a time instead of all of
them at the end of the process. This solution might slow the
participants down and provide more effective results, but it
might provide more frustration among frequent participants as
well.

C. Test environment

The environment of the case study reflects on a realistic
situation when a user orders food from home. Then they are
at home in a safe and probably calm environment. But in this
context, they were also focused on doing a fictive test for a
study. How would the situation be if they were traveling and
visiting a fast-food restaurant without knowing that anyone
was documenting their decisions? Maybe they would be more
stressed or hungry. Could nudging or the plain information
regarding greenhouse gas emissions have the same impact on
their decision making process in that context?

D. Personal preferences

The participants’ own preferences regarding food taste
turned out to be crucial for the results. Most of the participants
argued that their decisions were results from a compromise
between what seemed to be tasting good and the dishes’ impact
on the climate. Some participants thought it was too much
difference between the dishes to select from, even if the aim
of the study was to create as similar dishes as possible. In this
case, they did not compromise with the taste regarding the
impact on the climate. Therefore, they chose the dish which
would taste best. However, the participants who thought the
dishes were similar experienced it easier to select the option
with the lowest environmental impact due to the similarity in
taste. Other participants did not care about the environmental
impact in this context and described other areas where they
compensate for their food choices.

Most of the participants described that they usually or never
reflect regarding the climate impact when selecting food items
in general. They usually buy what they prefer in taste or
what they are used to buy. Some of them also described
their experience with regards of other online contexts or
even grocery stores with information regarding the climate
totally left out. Would people reflect more regarding their
food choices if information of greenhouse gas emissions were
included in other contexts as well?

Factors like allergies or diets are considered as well among
the participants in their real-life situations. For this study
they were asked to overlook these aspects. Only a few of
the participants explained a reflective behaviour of the food’s
climate impact in general. But when asked further, it turned
out that organic products, locally produced or season-based
items were recurring factors among the users that could have
an impact on their decisions in their everyday life. Therefore,
most of the participants do reflect on the environmental impact
in general but maybe not specifically the greenhouse gas
emissions.

E. User experience
There was a distinct difference between the emotions and

experience of the prototype with design friction and the one
with nudging. Some participants explained a feeling of bad
conscience if they wanted to change their selection from the
default option with the lowest climate impact to the other
option, when the nudging technique was used. No such feeling
occurred during the situations when the prototype with design
friction was used. These emotions could be the reason for
the effective results when nudging was used. But is it ethical
to give the users a feeling of guilt to make them chose the
preferred option for the climate?

A reflective behaviour was provided by the additional infor-
mation to the option with the lowest climate impact. Due to
the use of a ”transparent digital system 2 nudge” and design
friction in the form of a pop-up window. It turned out to be
easier for the participants to overlook the negative choices
in regards of the climate when design friction was design
in this way. The overall user experience was explained as
understandable, smooth, and effective, even when friction was
used to prevent the participants from acting hastily. Therefore,
the user experience can be interpreted as good.

VII. CONCLUSION

The results show that nudging has the greatest impact on our
decision making process. Furthermore, the discussion shows
that detailed information can have an impact on our decisions
as well. Some participants experienced bad conscience if they
wanted to select the dishes that they were not being nudged
towards. This feeling did not evolve among the participants
who went thought the prototype with design friction. The pro-
totypes with implemented design approaches were preferred in
comparison to the neutral one. The participants appreciated to
be informed about their option’s impact on the climate, which
both approaches contributed to. Design friction can be used
to provide a reflective behavior and inform users regarding
consequences of their actions. Nudging can also contribute to
a transition for our behaviour to be driven by the Reflective
System instead of the Automatic System. Implemented nudges
has an impact on the users decision making process and
provides more of the designers intended results.

VIII. FUTURE WORK

Following questions could be something to take into con-
sideration when continuing carry out studies within this topic.
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Would the results be different if the information regarding
climate impact was not included in the neutral prototype
and only highlighted by nudging and design friction? Which
impact would the design approaches have if the dishes to
choose from were not that similar but instead had a larger
difference regarding the impact on the climate (plant-based or
animal-based)? How would the results be if the participants
were asked to do this case study with different dishes each
week in a month? Would they still reflect regarding the climate
impact or be affected by the nudging technique?
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Abstract—The objective is to create prototype templates for a
mobile user interface, that are suitable for bidirectional reading.
A survey was conducted, targeted towards Right-to-Left native
readers and their perception of some general layout components,
to improve usability for non-Left-to-Right readers. Both standard
elements and commonly mirrored counterparts were included
to gather this data, and the designs were based on Google
Material Design. The results show that the mirrored elements
were less likely to be understood or liked than the standard
ones. One solution is to design components that do not rely on
a certain horizontal scanning pattern, and instead use clockwise
and lateral movement to imitate directional input. The conclusion
is to redesign the standard so that is suitable for any reading
direction, as consistency is a very important concept for usability.

Index Terms—User Interface perception, Reading direction,
Spatial bias, Usability

I. INTRODUCTION

Multilingualism in Human-Computer-Interaction is on the
rise in society today, not only due to migration but more
so because companies are striving towards an international
market [1]. This sets new challenges for user-centered design,
since the cultural context may vary deeply between potential
users. The design standards are many times based on the
context of native language speakers that read Left-to-Right
(LTR). For native Right-to-Left (RTL) readers, UI (User In-
terface) adjustments is made by simply mirroring the layout
even though this is not necessarily what everyday users prefer.
In many RTL languages, certain LTR reading elements are
already a part of their native reading; this makes many of
the UI-standards currently in use incorrect, since they do not
account for bidirectional reading habits [2].

The reading direction of a user does seem to affect the
horizontal spatial bias. Put differently, the habitual reading
direction affects the user’s visual exploration pattern. The
strength of these reading habits seem to be the primary
factor, rather than the native reading direction being the only
influence. By using eye tracking technology it is proven
possible to prime bilingual individuals, that are both RTL
and LTR readers, to a certain visual exploration pattern. Such
experiments confirm that habitual reading direction is the
dominant factor in horizontal spatial bias [3]. Visual attention
can therefore be claimed to be “culturally maintained habits”,
as written language does affect the performance of biased
visual exploration [4].

Design solutions should therefore be focusing on solutions
that are not reliant on a single habitual reading direction,
thus giving more user flexibility in a multilingual setting.
Since usability is commonly based on the user experience of
unidirectional LTR readers, it is not always applicable in the
cultural context of a native RTL reader [5]. The purpose of
this study is to close the gap between the user experience
(UX) of Left-to-Right and Right-to-Left readers, achieved by
including RTL visual exploration habits in the solutions used
for LTR native users.

A. Objective

The main objective is to design UI component prototypes
for mobile applications, that are suitable for both Right-to-
Left (RTL) and Left-to-Right (LTR) reading habits. To achieve
this, analyzing differences in spatial biases for native RTL and
native LTR language users is necessary; design solutions for
native LTR users will be based on Google Material Design
and the testing phase will collect data on native RTL users’
preferences. The component designs are to be constructed
using the combined test result and the design scheme of
Google Material Design; the development of the prototypes
will be based on the Design Thinking process.

Since this study will be carried out in English, a LTR
environment, it is also necessary to discuss the influence of
multilinguality and how it affects the test results.

II. THEORY

This section covers terminology and significant key con-
cepts relevant in the study. Section A starts by defining
Human-Computer-Interaction and multilingualism, along with
how they relate to cognitive processing. Section B covers
some insight into certain Right-To-Left languages and how
bidirectional reading is part of their native reading habits, in-
cluding why reading direction is important to user experience.
Section C is a thorough analysis of spatial bias and visual
perception, further covering some research done in regard to
reading direction.

A. HCI and multilingualism

Human-Computer-Interaction (HCI) starts with the idea of
adapting the computer interface to a language the user can
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understand, and ends with an interactive system [6]. Since
there are at least 13 major languages having more than 100
million speakers each, there are a lot of differences between
the languages of potential users [7]. While there are initiatives
to format and prepare languages for internationalization, there
is not really anything that works for any language [6].

Using Indonesia as an example of a multi-ethnic nation,
usability is still a relatively new concept within the nation
itself. The gap between West and East is very split in regard to
user context, and usability is normally defined only by Western
approaches. The Western usability standards does not really
transcend the cultural barrier, but are utilized anyway even
though they are not necessarily cognitively suitable for Eastern
users [5]. There is therefore a need to discover more about
Eastern usability and rewrite the current cognitive standards
before they are suitable for general use.

The importance of adaptation to several languages can easily
be supported by sheer numbers; English alone has about
370 million native speakers (L1) and 980 million secondary
language speakers (L2), signifying that there are more than
twice the amount of users that have English as a secondary
language than as a primary one [7]. All of these L2 users
can be considered being at least bilingual in a usability
perspective, meaning that a user speaks two languages. A
user is generally considered a bilingual if the proficiency
in both languages are at a similar level, more specifically
defined as a balanced bilingual. A user that is less proficient
in their secondary language is thereby called an unbalanced
bilingual [8]. However, in a usability context a lot of users
are interacting in their non-native language disregarding how
proficient they are in it, thus the term bilinguals will refer
to both balanced and unbalanced users in the context of this
study.

Knowing two languages is considered to improve the high-
leveled cognitive processing of a user, for instance making at-
tention shifting behaviors more likely for a balanced bilingual
than an unbalanced one. A deaf balanced bilingual user, for
example someone that is proficient in both a written language
and a sign language, performs better in tasks that requires a
high cognitive ability than a user that is unbalanced [8]. The
cognitive performance do seem to be directly related to how
many languages a user knows, as it gives more variance of
performance than demographic variables such as age, gender
and education. In individuals over 75 years old, it is probably
the most significant variable in a persons cognitive state [9].
Multilingualism can thus be considered an important cognitive
factor of performance in a usability setting.

The term multilingual users refers to users that speak at
least two languages, and monolinguals are users that only
speak one single language. In Europe, around 65% of adults
between 25 and 64 speaks at least two languages [10], imply-
ing that a large portion of Europe is already multilingual.

B. Bidirectional reading and User Interface

Many languages that originally are read purely Right-to-
Left already includes partially Left-to-Right reading segments
in their native reading language; including strings from a LTR

language in the native writing, instead of translating it, makes
some RTL languages being naturally bidirectional. These kind
of bidirectional languages, for instance Hebrew, gives certain
scanning patterns that are much more complex than just a
mirrored cognitive scanning bias [2], as seen in Fig. 1.

Fig. 1: Example of a bidirectional scanning pattern for Hebrew.
The numbers and arrows mark reading order and direction.

The issues of creating UI standards for such bidirectional
languages does indeed reflect on the inconsistencies that occur
when companies try. Such standards tend to propose mirrored
elements as an adaption for a RTL language, but it is primarily
HCI professionals that do prefer a full RTL adaption by
mirroring. For a normal user, the tendency is to prefer the
LTR layout for common elements they normally encounter in
UI:s. Since many RTL bidirectional users already have gotten
used to certain layouts, it is therefore more reasonable to only
adjust certain parts rather than simply mirroring the whole
application [2].

Using a design solution that is suitable for any reading
direction should directly benefit the overall user experience.
Mandarin, which traditionally is a Top-to-Bottom Right-to-Left
(TBRL) reading language just like Japanese in Fig. 2, has
about 920 million native language users making it the largest
native language in the world [7]. Even though both Chinese
and Japanese are TBRL languages they are often written Left-
to-Right in online environments, probably due to practical
reasons. This gives further credit to the idea of a design
solution that suits any reading direction, as several scanning
patterns are natural for such languages. It also solidifies the
need for standardization, as the interpretation may vary across
same language users unless there is a preset direction for
certain elements.

As internet keeps connecting more parts of the world, UI:s
should adapt for more differences throughout the userbase.
Comparing Mandarin with English, both of the languages
have over 1 billion language users each, where English has
the largest amount of total users [7]. Their sheer amounts
make it sustainable for a design solution to exist solely for
one of these target groups, however such a design would
probably be unintuitive for a large portion of potential users.
As accessibility, usability and inclusion are important aspects
in designing an interactive platform for everyone [11], it
should be natural to include the experience of all potential
users when designing a user interface.

C. Horizontal spatial bias

Spatial bias is the systematic tendency to focus ones eyes
on a specific confined area in a visual environment. Horizontal
spatial bias describes the inclination of this confined area to
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Fig. 2: Example of traditional Japanese writing. TBRL scripts
is read from Top-to-Bottom and starts furthest to the right.

be located more on the leftward or on the rightward side. For
instance, when looking straight into someone else’s eyes, the
preference to look into either the left eye or the right eye can be
described by such horizontal spatial bias. In face recognition
it is very common that users have a leftward bias, and this
usually makes the left side of the face being watched more
closely when perceiving emotional expression [12].

One explanation of horizontal bias can be derived from the
scanning habits of a user, and the leftward bias does align
with the LTR reading direction of Western users [4]. Even
though visual scanning pattern does seem to correspond to
how attention bias is distributed over the visual space [12]
[4], it is not confirmed as being the sole explanation. Another
possible reason is due to the right hemisphere of the brain
being cognitively more suitable for face recognition [12],
and the left side of the visual field is handled by the right
hemisphere of the brain [13]. Such distribution to a specific
side of the brain’s hemispheres is called lateralization, and
the conclusion is that it might not be due to reading direction
but rather due to lateralization of such cognitive processing
[12].

Recent findings show that habitualized reading direction
do affect the pattern of visual exploration [4], and the visual
attention does seem to be connected to scanning patterns. An
example of different scanning patterns is how a person reads
comics; which order the images are meant to be visually
explored in is culturally different depending on the comic.
Try reading the comic strip shown in Fig. 3; reflect on which
reading direction it is adapted to. Even though RTL readers
do not show as strong leftward bias as LTR readers, it cannot
yet be proved that reading direction affect the visual scanning
of a face [12]. It is however possible to prime an individual,
for instance using texts as visual stimulus, to certain image
exploration patterns. The horizontal spatial bias can therefore

dynamically be manipulated by the habitual reading direction,
at least to a certain degree [14] [3].

Fig. 3: Comic strips can be confusing or change meaning
depending on reading direction. Graphic novels are in West
usually read Left-to-Right while manga (Japanese graphic
novels) are usually read Right-to-Left.

The differences between responses from native Left-to-
Right and native Right-to-Left readers can be explained by
exposure to the other reading direction, and native RTL
readers are in general a more diverse group than LTR readers.
Native RTL readers who learns a language with the opposite
reading direction have, in general, a considerable amount of
exposure to the non-native LTR language. On the other hand,
a LTR native reader that has learned a language with opposite
direction lacks this kind of exposure to the non-native RTL
language [14]. It seems that the strength of the habit, regarding
reading direction, makes a person more susceptive to priming,
and therefore the habit has more influence on the spatial bias.
That the lateralization causes a ”naturally existing horizontal
bias” towards leftward attention has yet to be proven, but
even if that is the case the habitual reading direction is strong
enough to overwrite such natural bias [3].

D. Google Material Design

This section contains a brief explanation of some principles
used in Google Material Design. Some of the UI adaptions
for accessibility and Right-to-Left readers are also described
in more detail. The UI-components used in the testing phase
(section III-b) were all based on the design principles of
Material Design.

Google Material Design is a design system based on flat
design, but with some added realism. It is available on several
platforms and available for public use [15]. With three core
principles, Material Design aims to include [16]:

• Physical properties - textures, highlights and shadows.
• Visibility after importance - fonts, color and size.
• Attention, flow and feedback - appearance, transformation

and interaction.
The design system utilizes building blocks, and includes

standardization for common components such as navigation,
action, input, communication and presentation. A lot is built
around the UI layout and to create regions with components
along with custom themes. Google Material Design offers
design kits that can be used with external software, for instance
Figma and Adobe XD. There are also a lot of tools provided
by Google themselves, some of them including: color palettes
and tools, fonts and scaling along with ready-to-use icons
and sounds. Besides starter kits, tools and templates to aid
developers it is also possibly to use communication and
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machine learning properties directly within the system. Google
Material Design is aiming to be a full system of resources for
developers to build a solid user experience [15].

1) Accessibility: In the resources provided by Google Ma-
terial Design is a special section for accessibility, covering
how to improve usability. In general, this section includes
design adaptations for different disabilities regarding vision,
hearing, cognition and motor activity. It covers some key
points for assistive technology (such as screen readers) along
with visibility factors as placement, contrast and fonts [16].
One aspect of this section is especially relevant to scanning
patterns, as the example used in the Visual Hierarchy section
is clearly based on Left-to-Right visual exploration, as seen in
Fig. 4. This do not follow the reading pattern a screen reader,
which would go Top-to-Bottom Left-to-Right (TBLR) [16].

Fig. 4: The scanning pattern proposed in Accessibility section
of Google Material Designs resources [16] follows the stan-
dard pattern of a LTR user.

2) Bidirectional adjustments: The solution suggested for
Right-to-Left reading languages, by Google Material Design,
is mirroring the layout. UI changes include mirroring nearly all
elements, besides numbers and any text written in a LTR lan-
guage. Components such as icons is not necessarily mirrored
themselves, but their placement might be depending on the
alignment. An exception is that icons indicating a direction
should be mirrored, for instance back/forward buttons and
volume adjustment. The progress of a playing media should
however not be mirrored, as well as icons representing items
usually held in the dominant hand (as most people are right
handed) [17].

III. METHOD

The study focused on the experience of users that are
native RTL readers and have learned at least one second LTR
language (English); consequently, data collected is primarily
qualitative. The testing consists of a questionnaire about UI
layout preferences for mobile applications. The layout options
concerned different solutions for horizontal alignment, as
the horizontal spatial bias is the main point of interest. The
UI layouts were based on Google Material Design and some
suggested bidirectional adjustment, as written in section II-d.
Results gathered in the testing phase of this study were
incorporated in these designs, to construct a final prototype.
An important aspect, based on section II-b, is that the testing

phase did not focus on the assumed preferences of a RTL
reader, but rather on the actual experience of the user.

A. Participants

Participants were recruited utilizing social media platforms
such as Facebook; questions regarding age, country of birth
and current living location were included to add a demo-
graphic. The targeted group was between 18 and 40 years,
and test participants did not have any professional knowledge
about UX. All participants were required to be a native
Right-to-Left (RTL) reader, including languages with a Top-to-
Bottom Right-to-Left (TBRL) reading direction. As the study
was carried out in English, any participant knew at least one
LTR language.

Any responses from native Left-to-Right readers were re-
moved from the data set, and the design system summarized in
section II-d were used to represent this specific demographic
instead. Responses from UX professionals were also disre-
garded, since their experience have the tendency to not align
with an everyday user [2].

B. Questionnaire

The questionnaire contains two parts: the first part collected
demographic data as well as made sure the users corresponded
to the correct target group. The second part focused on specific
use cases regarding UI layout preference. Data collected in the
questionnaire were primarily qualitative, as the thoughts and
experiences of the user constitutes the data.

1) Demographic questions: The demographic questions in-
cluded general questions about age, place of birth and current
living location. More specific demographic questions about
language were also included as they are relevant for the results;
such questions regard native language, native script language,
which languages the participant speaks, when the participant
started to learn their first LTR written language, how often the
user reads in their native and non-native language, preferred
reading language, and proficiency in the languages they use.
A question if the participant was a UX professional was also
included, as these are not a part of the target group.

2) UI layout questions: The second part of the ques-
tionnaire gathered the main qualitative data, and consist of
different UI design solutions for specific components. The
UI design were based on Google Material Design, which is
described in section II-d. Each component covered entries
for the common design solution and the mirrored design
solution. The components included were: headers, navigation,
directional buttons, certain icons, input fields, audio settings
and progress indicators. The images mainly consisted of an
empty layout with only a header besides the component,
primarily to not include any priming to a certain bias. The
layouts were based on a mobile UI.

The design solutions used for the questionnaire were Lo-Fi
prototypes constructed by using the prototyping tool Figma.
The designs themselves were based on the Material Baseline
Design Kit for Figma, offered by Google Material Design
[18]. More specifically, the tested components regard many
of the inconsistencies covered in section II-b. To give the
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(a) Header with hamburger
menu on left side.

(b) Header with hamburger
menu on right side.

Fig. 5: Images used for testing preferred horizontal alignment
for a hamburger menu.

(a) Header with tab navigation
starting on left side.

(b) Header with tab navigation
starting on right side.

Fig. 6: Images used for testing preferred horizontal alignment
for tab navigation.

impression of a mobile application, a header with a centered
title were included in all layouts. Since all text components are
written in English the text may in itself be a form of priming
towards a leftward bias, as written about in section II-c. To
avoid any unnecessary priming, the headers used in the layouts
did not contain any components but the title. Images for all
the layout designs used in the questionnaire can be viewed in
Fig. 5-13.

The header layout (Fig. 5), the tab navigation layout (Fig.
6) and the progress bar layout (Fig. 7) simply consisted of a
standard layout and mirrored layout suggested for bidirectional
adaption. For the header and navigation, questions regarded
which one they preferred. Concerning each of the progress
bar layouts, Fig. 7a and Fig. 7b, a question about interpreted
amount of progress was asked. The directional buttons, as
can be seen in Fig. 8, were put as two separate questions
where the test participant may answer if they interpreted the
button as forward or back. A create button and a plus icon
had two layout options, were having the icon to the left side
of the text (as seen in Fig. 9a) is considered the standard, the
participant was asked if they preferred the standard one or
the bidirectionally adjusted one (see Fig. 9b). As a control, a
question each for the refresh icons in Fig. 10 was included
where the participant answered how they interpreted the icon,
since it is usually not mirrored. For the volume slider layout,
the participants were asked if they preferred a standard layout
(Fig. 11a) or a mirrored one (Fig. 11b). The full scale layout
designs in Fig. 12 had one question each, where the participant
may write down their impression of the layout. The images in
Fig. 13 were all included in two questions: the first one asked if
the participant liked any of the layouts including which ones,
and the second asked if the participant disliked any of the
layouts including which ones.

C. UI component prototypes

This section describes the general construction method of
the final prototype, based on the questionnaire result. The
resulting templates should comply with the design scheme of

(a) Progress bar starting from
left side.

(b) Progress bar starting from
right side.

Fig. 7: Images used for testing preferred progress bar direction.

(a) Directional button back for
a LTR UI, and forward for a
RTL UI.

(b) Directional button forward
for a LTR UI, and back for a
RTL UI.

Fig. 8: Images used for testing interpretation of directional
buttons.

(a) Plus icon on left side of the
text.

(b) Plus icon on right side of
the text.

Fig. 9: Images used for testing horizontal icon placement in
relation to text.

(a) Standard refresh button. (b) Mirrored refresh button.

Fig. 10: Images used for testing interpretation of refresh
button, which normally is not mirrored.

(a) Sound settings for a LTR
UI, i.e. slide right to turn up
volume.

(b) Sound settings for a RTL
UI, i.e. slide left to turn up
volume.

Fig. 11: Images used for testing preferred direction of volume
settings.
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(a) Full UI layout for text in-
put, based on a LTR UI.

(b) Full UI layout for text in-
put, based on a RTL UI.

Fig. 12: Images used for testing preferred horizontal layout of
text input fields.

Google Material Design. Since the final prototype is highly
dependent on the result, an adaptive process of designing them
was necessary. Therefore, the new templates were developed
by utilizing the Design Thinking methodology. Normally, the
process consists of empathise, define, ideate, prototype and test
[19], but the testing phase was not included in this specific
study. As the prototypes lack any kind of user testing, the
resulting components should be seen as suggestions, and not
a final solution.

More specifically, the prototypes cover any inconsistencies
discovered in the design of the regular Google Material Design
UI guidelines (section II-d). The emphasize stage were based
on the results of the questionnaire, and the define stage
summarized where Google Material Design need an update.
For the ideate stage, possible solutions to the issues defined
in the previous stage were generated, and some of those
were later refined and turned into a design suggestion in the
prototype stage. As the test stage were omitted, prototype
testing and iteration of the design process may be continued
in future studies.

IV. RESULT

The result consists of two parts: presentation of the data
collected in the questionnaire and a the resulting component
prototypes. The survey includes both the quantitative responses
and a qualitative analysis of the demographical differences.
The prototype incorporates a brief summary of the Design
Thinking process, as well as the resulting design.

A. Questionnaire result

The survey had a total of 10 participants, where all of them
were native Right-to-Left readers and none a UX professional.
All of the participants were between 21-40 years old, where 7
of them were 30 or below. Some of the results are visualized

(a) Alternative 1 (b) Alternative 2

(c) Alternative 3 (d) Alternative 4

Fig. 13: Images used for testing full layout preferences, using
input field layout with popups.

in Fig. 14-18, and the rest of the data is presented in the
following paragraphs.

1) Responses: The native countries of the participants are
shown in Fig. 14a; out of 9 responses, only two of them
currently live in the country they were born in. The native
languages amongst the participants were Chinese, Arabic and
Urdu, and the distribution of the native languages are shown
in Fig. 14b. Only one participant could not write in their
spoken native language, but was able to write in another RTL
language. Seven of the participants were trilingual and three
of them were bilingual, where they all claimed to have good
proficiency in at least two of the languages they spoke. The
reading habits are shown in Fig. 15, and three out of seven
prefer to read in English, whilst three rather read in their
native language, and the last one had no preference. All of
the participants had learned their second language before 15.
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The responses for horizontal alignment in navigation ele-
ments, specifically hamburger menu and tab navigation, are
shown in Fig. 16. The interpretation of the progress bars are
described in Fig. 17, and the preferred icon placement are
shown in Fig. 18. All of the participants thought that the button
in Fig. 8a means back and the button in Fig. 8b means forward.
The refresh button in Fig. 10a was interpreted as refresh by all
the participants, while 80% interpreted the mirrored button in
10b as go back instead. The volume slider in Fig. 11a was also
unanimously preferred over the mirrored one in Fig. 11b. The
impression of the layouts in Fig.12 are displayed as quotations
in Table I and Table II. For the thoughts on the designs in Fig.
13, which design the participants liked/disliked are shown in
Fig. 19.

“All the apps on my mobile are in English, not
Arabic. I get used to this since I was a child. I
don’t think Arabic language is practical on devices,
mobiles.. etc.”

The quote above is what one of the participants wrote when
asked if they had any additions at the end of the questionnaire.
No other comment responses were present.

2) Analysis: As half of the participants spoke a TBRL
language and the other half a RTL one (Fig. 14), an analysis
of the answers across these demographic groups were made.
The TBRL participants originated mainly from China, except
one who was born in Malaysia, while the RTL participants had
various origin in the Middle East and Pakistan. The amount
a participant read in a native language were similar to the
amount they read in a non-native one (Fig. 15), and the
frequency of reading were scattered evenly across the groups.

For the participants that preferred to have the menu on the
right side (Fig. 16), all of them were Chinese and born in
China. As only one participant preferred having the home tab
on the right side, it was insignificant. Regarding those who
interpreted the mirrored progress bar as Roughly 60% (Fig.
17), four of the participants were a native RTL reader and
only one a TBRL. Out of the five, four of them answered that
they read daily in both their native and non-native language.
Mainly the RTL participants preferred having the icon on the
left side of the text (Fig. 18), with four against one. For the
TBRL participants, three choose the right sided one, and one
response each for left or either side respectively.

The input layouts of Fig. 12 were described in Table I
and Table II; the standard layout (Fig. 12a) was given a
good remark by four of the RTL readers where the same
four described the mirrored one as bad. As for the TBRL
participants, only one gave a negative remark of the mirrored
one, as well as one participant described both layouts as
good. The remaining answers are deemed as a neutral remark,
neither being negative nor positive. The distribution of the
answers in Fig. 19 are shown in Table III. When comparing
the like/dislike ratio between the popup designs, the layouts
were with Yes/No (Alternative 2 and 4) alignment were a lot
better than the No/Yes ones (Alternative 1 and 3), as shown
in Table IIIb. Overall, the RTL participants were more biased
than the TBRL ones, as shown in Table IIIa. The background
layouts, Alternative 1 and 2 versus Alternative 3 and 4, overall
had an even distribution of likes and dislikes (Table IIIc). The

(a) The native countries of the participants.

(b) The native language of the participants.

Fig. 14: Native country and language of the participants.

Fig. 15: Reading habits of the participants.

alignment of the Yes/no seem to be the major factor in the
decision as the background has less impact. Alternative 4 (Fig.
13d) was the layout with the best ratio of likes to dislikes,
while Alternative 3 (Fig. 13c) had the largest dislikes to likes
ratio.

B. UI component prototype

This section contains the Design Thinking process of cre-
ating the the final prototypes, which are presented in section
IV-b3. A brief summary of each stage is included, excluding
the test stage as it is omitted.

1) Emphasize: The emphasize stage were based on two
pieces of information:

• The result presented in section IV-a.
• What designers should do according to Material Design,

summarized in section II-d.
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Fig. 16: Preferred layout of the hamburger menu in Fig. 5 and
for the navigation tab in Fig. 6.

Fig. 17: The layout shown can be seen in Fig. 7b. In com-
parison, 100% answered Roughly 60% when asked the same
question for Fig. 7a.

The most confusing component seemed to be the mirrored
progress bar (Fig. 7b); where the participants were very split
on how they interpreted it (Fig. 17). All participants choose the
standard volume slider (Fig. 11a) over the mirrored one (Fig.
11b). Both of these elements should be mirrored according to
the guidelines (section II-d), but the data indicates a preference
towards the non-mirrored version. The refresh button was
proposed to not be inverted by the guidelines, and since the
mirrored one was described as go back (section IV-a1) it aligns

Fig. 18: Preferred horizontal alignment of icon in relation to
text, comparing the designs shown in Fig. 9.

TABLE I: Thoughts of the layout in Fig. 12a

What is your impression of this layout?

Nothing
Nothing special

Normal
Good

Good enough
It is more logic

It looks like a registration page, but I am not sure what it is for
I think it is requested to input some text as requested

Den är rätt (i.e. it is correct)

TABLE II: Thoughts of the layout in Fig.12b

What is your impression of this layout?

Nothing
Nothing special

It looks like a normal registration page
Good

A little strange
Little bit strange

Poor
Name, country, age are on the right side!

This is a graph showing maybe the portion of the names, countries and ages
Den är fel (i.e. it is incorrect)

Fig. 19: The participants were asked, in two separate questions,
to mark the designs they liked and disliked. The alternatives
correspond to the labels of Fig. 13.

TABLE III: Distribution analysis of Fig.19

TBRL RTL

Like Dislike Like Dislike

Alternative 1 2 2 1 3
Alternative 2 2 1 3 2
Alternative 3 1 2 0 4
Alternative 4 2 1 3 0

(a) TBRL vs. RTL native readers

No Yes Yes No

Like 4 10
Dislike 11 4

(b) Popup, yes/no alignment

+ Left Right +

Like 6 8
Dislike 7 8
(c) Input layout alignment
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with the guideline recommendations.
Navigation components, such as the hamburger and tab

menu, seems to be easily understood no matter the design (Fig.
6). This also includes the create button (Fig. 9), as the context
should be clear enough disregarding horizontal alignment. As
for the directional buttons, all of them were perceived as part
of a non-mirrored layout (section IV-a1). If the buttons would
have been mirrored, it would likely have brought a lot of
confusion since it does not align with user exception.

Regarding the input field layouts (Fig. 12), the standard one
had more positive/neutral feedback (Table I) than the mirrored
one (Table II), as discussed in section IV-a2. As a popup was
added to the design, the significant denominator seemed to
be the alignment of the Yes and No prompts, where Yes/No
was the preferred alignment (Table IIIb). The participants did
contradict themselves as the standard input field layout (Fig.
12a) seemed to be the more popular, but when a popup was
added the mirrored layout (Fig. 12b) was used as background
for the most popular alternative (Fig. 19).

2) Define: Based on the previous emphasize stage, some
inconsistencies through user preference and guideline recom-
mendations were:

• The mirrored progress bar was diversely perceived.
• The standard volume slider was preferred over the mir-

rored one.
• Directional buttons were interpreted as non-mirrored.
• Input fields may or may not be mirrored depending on

context.
• Popup prompts (Yes/No) does not need to be mirrored.
The standard layouts were both commonly preferred and in-

terpreted as intended, while the mirrored ones were perceived
inconsistently. Based on the frequency the users encountered
LTR environments (Fig. 16), it is likely that the participants
are more used to the standard UI rather than the mirrored
one, which complies with previous research mentioned in
section II-b. Therefore, rather than creating components that is
dependent on horizontal scanning patterns for interpretation,
elements as these should instead incorporate bidirectional
users by default. As such, the components should be designed
to make sense disregarding reading direction, thus removing
the need for mirroring elements.

3) Ideate and Prototype: The new prototypes cover the
following components: progress bar, volume slider, directional
buttons and input field. For both the progress bar and volume
slider, the idea of making the indication follow a clockwise
direction was the one that resulted in the designs shown in
Fig. 20. The directional buttons could instead be vertically
aligned, as this is already implemented in some mobile UI:s.
For situations when a simple back or forward button are
necessary, it seemed easier to simply add descriptive text than
making new icons that no one understands. The directional
button prototypes are shown in Fig. 21. The idea for input
fields was simply to centralize the descriptive text, as shown
in Fig. 22; then the same layout is usable for both RTL and
LTR environments.

The progress bar sometimes contains a check mark to
signify done, and thus the idea of using a check mark button
for both progress indication and forward navigation (i.e. next

(a) Prototypes of new progress
indicator

(b) Prototypes of new volume
slider

Fig. 20: Prototype designs based on clockwise progression.

step) was used for the prototype. In Fig. 20a there some
examples of how such a design could look. The volume slider
was based on a physical one, as it already utilize the clockwise
motion and can be considered a recognizable element. Two
versions of such a volume slider are shown in Fig. 20b.

Since it is not really possible to create new directional icons,
as it would only cause confusion, it was regarded better to
utilize top-down navigation for a mobile interface. By sliding
between sections using vertical direction, for example as
shown in Fig. 21c, the solution would work for any horizontal
bias. For instances where horizontal navigation are chosen,
clarifying text could be added to avoid confusion (Fig. 21a).

As all the resulting UI components (Fig. 20-22) are untested,
they are merely prototypes that could be developed further to
improve bidirectional usability.

V. DISCUSSION

The major finding was that the LTR based layouts and
component were perceived as expected, while the mirrored
counterparts were both less preferred and had inconsequential
perception. For the directional buttons, the interpretation fol-
lowed the non-mirrored standard exclusively, meaning that a
mirrored layout would be confusing rather than adaptive. As
the participants constituted by two equally sized groups, called
TBRL (Top-to-Bottom Right-to-Left) and RTL (Right-to-Left)
native readers, some differences between the groups were
found. The TBRL participants were more evenly distributed
as a group, while the RTL participants were consistently more
biased in some direction. The preferences of horizontal align-
ment also differed; for instance, 3 out of 5 TBRL participants
preferred hamburger menu on right side while 4 out of 5 RTL
participants interpreted the mirrored progress bar as intended.
For the button icon, the RTL participants generally preferred
the left sided alignment of the icon while the TBRL ones had a
slight bias towards a right sided alignment. The interpretation
did not appear to be directly be related to how much a user
reads in a certain direction, as all participants read frequently
in at least two different languages. However, the differences
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(a) Directional buttons with assistive text

(b) Vertical progression (c) Vertical navigation

Fig. 21: Prototypes of directional button solutions.

Fig. 22: Input field layout with centralized design.

between TBRL readers and RTL readers signify some kind of
perception difference amongst the users.

These findings imply that mirroring a specific set of ele-
ments are more likely to cause inconsistency and confusion,
rather than adapting to user needs. Therefore, elements should
be redesigned to not rely on specific scanning patterns. These
layouts could be used as a unified standard, that works
disregarding reading direction. Such reasoning goes along with
the design process of the final prototypes in section IV-b,
and also align with the findings of other studies mentioned
in section II-b. The mirroring solution is based on that LTR
users make up the usability standard, instead of including a
more diverse group in to create something that works for
everyone. As non-LTR users make up a large portion of
potential users, as noted in section II-a, it should be profitable
to utilize inclusive designs immediately instead of fabricating
an alternate one. As several RTL users, especially TBRL ones,
already incorporate a LTR scanning pattern in their native
language it is not unthinkable to remove the mirroring of
elements beside text. Non-LTR users are already using LTR
layouts due to necessity, and bidirectional UI standards are
probably the way to go. As research in section II-b already
claim, it is more reasonable to adjust certain components rather
than mirroring the whole layout. To simply redesign these
components so they are usable in any layout is therefore a
justified solution to the mirroring issue. Relying on vertical
alignment and clockwise progress are suitable for both RTL
and LTR users, and can potentially remove be used to counter
the horizontal spatial bias (section II-c).

The differences between TBRL and RTL participants could
be explained by their native scanning patterns; TBRL lan-
guages starts at top right and scans vertically instead of
laterally, meaning a top left menu would be at the third visual
block (compare with Fig. 4). A RTL user would instead find
the top left menu to be in the second visual block, making
it closer more a prioritized location than for a TBRL user.
The same spatial bias, further explained in section II-c, could
be why only RTL users interpreted the mirrored progress bar
as intended (section IV-a2). Why users had a more unified
perception of the LTR layouts can be explained by the fact
that they are more familiar with these (section II-a and II-b).
This also strengthens the idea that the most important usability
aspect is standardization, and to comply with the spatial bias
of bidirectional users to facilitate such a process. It might also
be necessary to ease up some of the principles suitable for LTR
users only, and instead aim towards a more general solution
that long term will be natural for any reading direction.

Some limitations with the research is that all participants
had a relative high level of bilinguality and were used to
read in both directions, if the participants had been RTL
monolinguals, and only consumed web applications in their
native language, the result may have been different. Another
issue is that the text used in the layouts might have contributed
to priming towards a leftward bias, as explained in section
II-c, especially since many participants had a high level of
bilinguality. The results would probably differ if the layouts
only utilized RTL text, for instance Arabic, and since mirrored
layouts is usually designed for non-LTR content some of the
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designs are not something a user would encounter with LTR
text. If the result would be similar, then lateralization might
be the reason behind a leftward bias (section II-c). The last
limitation of importance is the fact that there were only 10
participants, so the results are not necessarily representative.

A. Future research
For future research, gathering more data about non-LTR

users and their user preferences should be prioritized. Making
the same kind of questionnaire, but with questions and text
written in a RTL language, for instance Arabic, should provide
valuable data. More specific testing against RTL monolinguals
are also important to research if a certain horizontal bias are
more due to lateralization or scanning patterns.

As the Design Thinking process were not completed in
section IV-b, future research could therefore continue with
iterating through these designs. Testing these prototypes on
both LTR and RTL users are suggested, as they would be part
of a new standardization of UI elements. Both testing, refining
and implementing these might encourage development of new
designs in other non-mentioned components as well.

VI. CONCLUSION

The aim of this study was to design UI prototypes that
includes bidirectional reading as a standard, and gathering
data on Right-to-Left native readers to improve usability
for this group. A survey was conducted regarding their
preferences, including both standard and mirrored elements
part of the Google Material Design recommendations. The
participants generally preferred the LTR UI:s, and had less
issues interpreting them. They were also very split in how
they percieved RTL layouts, while more unanimous for the
LTR layouts. Differences between RTL and TBRL (Top-to-
Bottom Right-To-Left) participants could often be explained
by their scanning patterns, validating that reading direction
affects the spatial bias to some degree. Mirroring is there-
fore not the optimal solution, and designers should instead
focus on creating components that rely on more universal
directions. The solution reached was that vertical alignment
and clockwise rotation could substitute horizontal progress
indication. This study provides such prototypes in section
IV-b, which thus could be more suitable for a wider range
of users. The limitations consists of the small amount of data
collected, along with that the study was conducted in English.
A study with more participants that were conducted in a RTL
language environment would cover most of these insecurities.
Some suggestions for future studies consists of two directions:
validating the test results by conducting the studies in any
RTL language, and continuation of the design process for the
prototypes in section IV-b. The future aim should be to create
designs standards that have high usability, and that disregard
user differences in spatial bias as much as possible.
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Abstract—Considering the spread of disinformation, misinfor-
mation, and fake news, consumers have a responsibility to be
able to validate the information that they obtain. However, there
are ways in which we can design news platforms so that fact-
checking and credibility testing of sources become more natural
and intuitive for consumers.

This study explores different ways of designing news media
websites to encourage news media literacy. A walkthrough of
four news media websites was conducted to get a view of how
the design of current news media is providing context, adding
friction and promoting lateral reading.

The results showed that the examined websites all had a
degree of news media literacy encouragement implemented in
their design. The scroll lengths on their front pages, which could
be seen as a friction element, differed. All websites provided
context by adding hyperlinks in their articles, but most of them
were linked to other pages on their own website. Readers were
not directly encouraged to read laterally on any of the websites,
however, there was either information about the authors or
corporation, which could be seen as a first step in achieving
additional source information.

The findings only represents a very small percentage of the
global media landscape and the spread of news is not limited
to traditional news websites. The topic of news media literacy
goes well beyond what has been discussed in this study, but it is
something that could be strived for by the means of design.

Index Terms—Design evaluation, news media literacy, design
friction, lateral reading.

I. INTRODUCTION

In today’s digital age, the spread of disinformation, fake
news, and false information in combination with revenue
and politics has the potential of putting democracies at risk
[1]. Today, available news sources are not only limited to
traditional news media outlets but ranges from social media
influencers to Facebook friends you have never met. It is now
getting increasingly more important that the information on
various platforms encourage an accurate worldview. This can
be achieved by providing context to the user and aiding users
in their understanding of the role of credibility when it comes
to news sources.

As the term ”fake news” circulated the 2016 U.S. presiden-
tial election, related issues have been brought up to the surface
concerning fact-checking, critically evaluating news sources
and news media literacy in general. For instance, Facebook
has been under investigation for having allowed their service
to be used for manipulating users through the spread of fake

news stories. Additionally, pressure has been put on other large
social media platforms such as Twitter, both for and against
controlling user outputs. Pressure has also been put onto users
to judge the credibility of sources and to educate themselves
into knowing better [2]. According to an article published
in the Journal of Economic Perspectives, we as humans find
utility in information that is either confirmatory or accurate
[3]. This phenomenon makes us more susceptible to inaccurate
information and less prone to fact-checking [3].

But what about designers? Surely, there must be a way to
design in order to aid users in their news media literacy. For
instance, Facebook revisited their design of the News Feed and
sought to design against misinformation by providing context
to users [4].

A. Objective

In order to evaluate how the design of current news plat-
forms contribute to helping readers avoid or unknowingly
accept insufficiently verified information, the objective of this
study is the following:

• To gather information and new insights about how the
design of current news platforms encourage readers’ news
media literacy.

II. THEORY

In the following sections there are explanations of important
concepts and theories that this study is based on.

A. News media literacy

While media literacy concerns the ability to access, evaluate,
interpret, and produce both digital and analogue messages [5],
news media literacy applies these abilities to news content [6].
News media literacy is in the long term about sustaining a
demand for qualitative journalism and information. It concerns
peoples’ attitudes towards the news media and their interpre-
tations of it as well as how they engage with it. Increasing
news media literacy often gets centered around increasing the
act of critical thinking [7].

B. Disinformation, misinformation and fake news

There are a variety of terms used when discussing in-
formation in the news and their accuracy. Disinformation is
false information that is spread with the intent to mislead,
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whereas misinformation is false information that is spread with
or without the intention of misleading the receivers [8] [9].
Another popular term that is used ambiguously is fake news,
which are news stories created to reach a wider audience and
are therefor usually of a more dramatic nature. The production
of fake news oftentimes come with a specific purpose such as
discrediting public figures or companies [10].

C. Designing for critical thinking

Psychologist Daniel Kahneman states in his book Thinking
fast and slow that the brain has two ways of thinking, referred
to as System 1 and System 2. System 1 is fast thinking and
automatic while System 2 is slower and more evaluating in
its response to stimuli. In his Master of Arts thesis, William
Turner concludes that in order to provoke critical thinking we
want to activate System 2. When we are not thinking critically,
we let our automated responses to be in charge of how we
interpret information [11].

Turner additionally presents ways to go about product
design to encourage news media literacy, some of which are
explained in the following subsections.

1) Friction to activate System 2: Turner pointed out that
reading the news is not about having easy access to news and
consuming a lot of it. Rather, news are to be seen as a source
of contextual information that will give readers a more holistic
understanding of the true state of the world.

Friction in design interrupts the flow when navigating an
interface and is sometimes also referred to as cognitive friction
[12]. When designing news media, Turner proposes that we
introduce added friction into the user experience, which might
feel counter-intuitive as designers would normally aim for
designing smooth and seamless user experiences [11]. By
adding friction to the process of consuming news media
content, we induce cognitive strain which in turn will activate
System 2.

An example of a design element that removes friction is the
infinite scroll. It removes the friction of physically clicking
to get to the next page. Although, while creating a smoother
experience, infinite scroll also provides some accessibility
issues, such as not being able to access the footer [13].

2) Context in terms of activating critical thinking: Provid-
ing context in the presentation of news is essentially about
giving the user options to read additional information about
the news topic in an efficient way. These functionalities are
also to be brought to the reader’s attention.

When attempting to redesign the news feed to give context
to news stories, Facebook designers realized the power of
design in where and to what information readers pay their
attention [4]. Providing context to the user in terms of activat-
ing critical thinking is not only about making the information
available, but also about making it easily accessible. For
example, hyperlinks in articles are one way of providing easily
accessible context for the reader as well as a way of offering
transparency and credibility to the given information [14].

3) Lateral reading: Reading laterally means that we read
about the sources to gain awareness of potential biases and to

evaluate the credibility of the sources from which we obtain
information [15]. Lateral reading is the opposite of vertical
reading. Instead of reading vertically about the source on the
source itself, the reader opens additional tabs in the browser
to verify the source’s credibility on other websites [16].

III. METHODOLOGY

The aim of this study was to gather information about
how different news outlet websites are designed in regards
to encouraging news media literacy, independent of intention
or lack thereof. To answer the objective of the study, a walk-
through was conducted by the author examining four different
digital news media platforms from Sweden, the US, and the
UK. The examination consisted of observing the design and
looking specifically at the implementation of friction, provided
context and encouragement of lateral reading on the front page
and the article page of the website. The news media platforms
as well as the specific elements examined are presented in the
following subsections.

A. Collection of data

The study looked at four different news platforms from three
different countries, including public service news media and
private broadcasters. Listed below are the platforms and a brief
description of them.

1) SVT (svt.se: svt.se is a Swedish public service news
website. According to their own website, the service is in-
dependent of political, commercial and other social interests.
The content and website is primarily designed for a Swedish
audience [17].

2) Aftonbladet (aftonbladet.se: Aftonbladet is a Swedish
evening newspaper of which aftonbladet.se is the digital
version. According to their own website their vision since
1830 has been and is still to be ”Sweden’s most engaging
news source that cares about the truth, reviews authorities and
affects your influence through journalism.” While the editorial
claims to be independently social democratic, the newsroom
is said to not be under any specific political influence. 91
percent of Aftonbladet is owned by the Norwegian media
group Schibsted and the remaining 9 percent is owned by the
Swedish organisation LO [18].

3) BBC news (bbc.com/news): BBC is a British public
service broadcaster. According to their own website they are
impartial and independent. Their news is targeted for both UK
based audience as well as for the rest of the world [19].

4) Fox News Channel (foxnews.com): Fox News Channel
is an American news broadcaster supported by the republican
party in the US and it is known as having a more conservative
approach. Fox News Channel is owned by the mass media
company Fox Corporation [20].

B. Examined metrics

The pages initially examined more in depth were the front
page and article page on each news website. Metrics examined
are listed below.
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• Design elements or design choices that create induced
cognitive strain, such as added friction.

• Provided easy access to context, such as related articles
and hyperlinks.

• Content that provokes lateral reading, such as linking to
other independent sources to confirm source accuracy and
legitimacy.

IV. RESULTS

In the following subsections, the result from the walk-
through is presented for each examined metric respectively.

A. Context

All examined websites used hyperlinks in their articles
regularly. These hyperlinks both link to sources on other
websites as well as to their own search page or articles. Related
articles were to be found on every websites’ article page and
all websites except BBC also presented related articles in
clusters on their home page, as can be seen in Table I. Both
Aftonbladet and SVT provided a section with additional facts
on the topic in conjunction with some articles, which could
not be found in examined articles on the other platforms.

B. Friction

Measuring the home page scrolls was done by scrolling
through the home page from top to bottom. One scroll was
measured by keeping track of content on the bottom of the
viewport and scrolling until the same content reached the
top of the viewport. None of the websites had infinite scroll,
however, Aftonbladet had a five times longer home page than
BBC, which had the shortest home page of all, as demonstrated
in Table I. Only SVT had an alternative to show more articles
on their home page by clicking a button.

C. Lateral reading

As can be seen in Table I, Fox News was the only website
that presented author information by clicking the author name
in the article. As for Aftonbladet, SVT and BBC, their
websites did not have information about the authors. Instead,
these three websites had an ”about” page that would present
information about the corporation behind the website and their
intentions.

TABLE I
WALKTHROUGH RESULTS

Aftonbladet SVT Fox BBC

Context

Related articles ap, fp ap, fp ap, fp ap

Hyperlinks yes yes yes yes

Facts section yes yes N/A N/A

Friction

Finite scroll ap, fp ap, fp ap, fp ap, fp

”Show more”

alternative
no fp no no

Home page scrolls 41 12 20 8

Lateral reading

”About us” page or

section
yes yes no yes

Author info no no yes no

ap and fp is short for article page and front page respectively.

V. DISCUSSION

The results showed that hyperlinks in articles were adapted
by all examined news websites, and even though that indicates
that the reader is given context, in reality that does not have
to be the case. In some cases there were sources mentioned
in articles that could be linked but were not for some reason.

The hyperlinks provided were often linked to other related
articles on the same website or to a ”search” page on the
same website. While hyperlinks are providing the reader with
context, the links are more often than not directing readers to
another page within the same website and therefor oftentimes
the context provided is limited.

Some news sources provide information about the authors
of the article as well as information about the corporation
and their internal policies and views, hence giving the reader
direct information about the source. Whether this is to be
seen as lateral reading is debatable since the descriptions are
provided within the same website. However, providing this
type of information could arguably be seen as a prerequisite
to start from when judging a source’s credibility.

Perhaps a more important parameter than those considered
in this study is the quality and depth of information in the
articles. Are they biased? How many different sources are
being referred to? How long is the article? What is discussed
and what is left out of the discussion?

It is also important to address aspects that are outside the
scope of this study relevant to the topic, such as business
models and incentives, national standards, social media, acces-
sibility and user experience as well as mobile user interfaces.

Businesses want to earn money and for a lot of news
platforms the money comes from advertisement revenue. This

62

Proceedings of the 21st Student Conference in Interaction Technology and Design
Ume̊a University June 2021



incentive will probably affect the design choices where de-
signing for news media literacy might not be of interest for
the business.

Another novel obstacle in terms of accurate information
gathering is that more and more people are consuming news on
their phones. This provides yet another challenge for designers
as the screen sizes are smaller and hence, the available space
for information is very limited compared to a standard desktop
computer. Designing for smaller screens and news media
literacy encouragement is a great challenge in an attention
economy.

It can also be difficult to motivate designing friction because
designing for users is also about accessibility and usability.
The user experience should ideally be smooth and effortless,
however, there are both good and bad implementations of
friction. An example of good friction is the popup presented
when you are attempting to close a document that you have
not saved yet. Arguably, in the context of scrolling news feeds,
manual or constrained scrolling should be considered good
friction. But as previously stated, this may conflict with the
overall user experience.

VI. CONCLUSION

This study explored three different ways to design for
media news literacy and examined how these approaches are
implemented in four different news websites of today.

As for encouraging readers to read laterally, the websites
examined either had an ”about us” page or the option to
read information about the author of the article. While none
of the websites had infinite scroll, the lengths of the home
pages differed. Some sources would enable readers to scroll
for longer before reaching the end of the page, indicating a
lack of friction. However, one website had the option to click
a button to show more, indicating added friction. Context is
provided with hyperlinks to related topics, articles and sources
on all examined websites as well as presenting related articles
to readers both directly on the front page and on the article
pages.

VII. FUTURE RESEARCH

As for the future, there might be incentives for all medias
that publish news in some shape or form to follow a certain
standard that will encourage users to not rely on only one
source or sensational headlines. The questions that will have
to be answered are, do these companies have a responsibility
in the matter, and if so, to what extent?

Moreover, this study only examines two Swedish and two
English language news websites, which is far from representa-
tive of the entire global news landscape. It is likely that there

are more ways of designing for news media literacy encour-
agement than discussed in this study, but hopefully the findings
has brought some attention to the design aspect of the issue
as well as some solutions. In the extensive media landscape of
today, the spread of misinformation, disinformation and fake
news in the media has a potential of misguiding readers on a
large scale. The opportunity to design for news media literacy
encouragement is something that needs further research and is
arguably an opportunity that is not to be overlooked.
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Abstract—Dark patterns are usually described as an ethical
phenomenon that occurs on digital platforms where deceptive
design and misleading functionality profits shareholder value over
the best interests of users. This is a problem for ethical reasons
but it could also potentially be illegal.

Studies show that the more popular a website is, the more
likely it is for dark patterns to be in use. The ethical dilemma
of using dark patterns becomes particularly problematic if they
are used on websites of nonprofit organisations that operate for
social, public or collective benefits and rely on donations from
users.

This study examines the use of five specific dark patterns in
the eCommerce platforms of five globally recognised nonprofit
organisations. A comparative mapping is conducted to determine
whether any of the dark patterns: misdirection, confirmshaming,
hidden costs, price comparison prevention and trick questions
can be identified on the selected platforms.

The three dark patterns misdirection, confirmshaming and
trick questions were identified, where at least one of these
patterns were in use on each platform. Notably, all three
dark patterns were used in the same stage of the donation
process for all examined nonprofit organisations. The findings
illustrate the challenging nature of contributing to a social, public
or collaborative benefit while simultaneously operating like a
business.

Index Terms—UX-design, Nonprofit organisations, Dark pat-
terns, eCommerce.

I. INTRODUCTION

With the emergence of digitalisation, marketplaces have
moved online and the exchange of goods and services are
mediated over eCommerce platforms. An eCommerce plat-
form refers to a digital platform on which the transfer of
ownership or right to use goods takes place [1]. This shift
has also influenced the way in which nonprofit organisations
(NPOs) operate. NPOs’ presence on the internet increasingly
take the form of an eCommerce platform that is used to enable
transactions of funds. On an NPO’s website it is common for
the user to be able to donate funds as a one time purchase or
as monthly recurring donations at a cost often chosen by the
user. There are techniques NPOs can use to influence potential
donors online that differ from those used in a physical setting.

Many nonprofit organisations struggle with operating in a
market economy while simultaneously maintaining a contra-
dictory unprofitable social mission [2]. This pushes nonprofits
to act more like regular businesses, and with businesslike
behaviour comes businesslike methods. This may lead to

nonprofits resorting to the usage of dark patterns in their efforts
to receive donations on eCommerce platforms.

Dark patterns are usually described as an ethical phe-
nomenon where designers have used their knowledge of hu-
man behaviour and desires to design deceptive and misleading
functionality that profits shareholder value over the best inter-
ests of the user [3] [4]. For instance, this could entail seriously
hampering the user’s ability to cancel a subscription.

Previous academic publications about this topic are scarce,
but it has been suggested that many of these patterns could
be illegal [4]. Yet, existing research on dark patterns provide
little to no guidance in on how designers can avoid using them
[5].

In order to resolve the problem with the usage of dark
patterns on eCommerce platforms, practitioners must first be-
come aware of the phenomenon and its potential repercussions.
This understanding is particularly important for NPOs, since
the premise of their existence is to provide social, public or
collective benefit by relying on donations.

A. Objective

This study aims to explore the use of dark patterns in
the donation processes on eCommerce platforms of nonprofit
organisations.
What dark patterns can be found in the donation process of
eCommerce platforms of nonprofit organisations?

II. THEORETICAL FRAMEWORK

Literature on eCommerce in NPOs, the psychology of per-
suasion in NPOs, and the use of dark patterns in eCommerce
will be used to theoretically frame this study.

A. eCommerce in nonprofit organisations

An NPO operates for social, public or collective benefit
instead of the usual for-profit organisation that aims to generate
profit for its owners. NPOs are entities that are not owned by
the state nor by a business and enables individuals to contribute
to society in issues and causes that they believe in [6]. The
following organisations was relevant for this study:

1) Amnesty International: A global NPO that began in
1961 as a human rights movement for political prisoners and
that today has evolved to working with upholding the whole
spectrum of human rights [7].
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2) UNICEF: United Nations Children’s Fund is a global
NPO that works for children’s rights and protection in dis-
advantaged parts of the world. They are the world’s largest
provider of vaccines [8].

3) Greenpeace: An NPO that started with the goal of
ending nuclear testing and evolved into an organisation that
aims to expose environmental problems and develop solutions
to them [9].

4) PETA: People for the Ethical Treatment of Animals is an
American animal rights organisation. They oppose specieism
and the abuse of animals in any way [10].

5) Comic Relief (UK): A British NPO founded in 1985
with a focus on raising money to fight poverty around the
world with the help of laughter and comedians [11].

This study focuses specifically on the eCommerce plat-
forms of NPOs. According to VanHoose [1], an eCommerce
(electronic commerce) platform refers to ”using a computer-
mediated electronic network as a mechanism for transferring
ownership or right to use goods and services”. Funds can be
characterised as goods and therefore a donation of funds on a
website belonging to an NPO can be regarded as eCommerce
[1].

B. Nonprofit organisations and the psychology of persuasion

To understand why people choose to donate money, it
becomes vital to understand the psychology of persuasion in
NPOs. A study [12] was conducted that examined the key
factors determining a subjects willingness to donate money
in the case of international relief organisations. Their findings
include factors such as perceived trust for the organisation,
moral obligation, income and past donation experiences that
resulted in a positive effect, based on its intention. A different
study [13] describes some of the psychological motivators
behind helping others as it being a way to show patriotism,
relieve one’s own stress, show one’s civic responsibility, and
relieve the stress of others.

C. The use of dark patterns in eCommerce

The term dark patterns was first coined by Harry Brignull
in 2010 [14] and it has gathered a lot of traction in the last
decade. Bringull describes dark patterns as ”tricks used in
websites and apps that make you do things that you didn’t
mean to” and multiple studies have been conducted that
strengthen his claims [3] [4] [5] [15]. For the purpose of this
study, five out of Brignull’s twelve identified dark patterns
have been selected based on their perceived relevance to the
objective. The five selected patterns are as follows, directly
quoted [14]:

1) Trick questions: While filling in a form you respond to
a question that tricks you into giving an answer you didn’t
intend. When glanced upon quickly the question appears to
ask one thing, but when read carefully it asks another thing
entirely.

2) Price Comparison Prevention: The retailer makes it hard
for you to compare the price of an item with another item, so
you cannot make an informed decision.

3) Misdirection: The design purposefully focuses your at-
tention on one thing in order to distract you from another.

4) Hidden Costs: You get to the last step of the check-
out process, only to discover some unexpected charges have
appeared, e.g. delivery charges, tax, etc.

5) Confirmshaming: The act of guilting the user into opting
into something. The option to decline is worded in such a way
as to shame the user into compliance.

The use of dark patterns on eCommerce platforms has yet
to be mapped extensively. One study [4] that analysed 53,000
product pages on 11,000 eCommerce platforms found 1,818
instances of dark patterns in use. The websites were examined
using automated techniques and a crawler created for the
purpose of finding dark patterns. The study found at least one
out of Brignull’s twelve [14] was in use on 11.1 percent of
the examined websites. The study also showed that the more
popular a website was in terms of web traffic, the more likely
it was for dark patterns to appear on it.

III. METHOD

This research was conducted as a comparative mapping of
five cases, where a case is considered an eCommerce platform
of an NPO. Five NPOs were selected for the examination of
whether dark patterns are used in the donation process of their
eCommerce platforms. The cases were selected based on their
global recognition as well as having an eCommerce platform.

Data was collected through the NPOs eCommerce plat-
forms. The researcher observed and recorded the steps required
to complete a donation on each platform, and subsequently all
visible content was collected.

The data was analysed in two parts. First, different stages
(steps) in the donation process were identified in order to
clarify the processes and enable the comparison between cases.
Each process started on the landing page of the eCommerce
platform and progressed based on instructions to make a
donation.

Second, all visible content was evaluated in each stage based
on a set of inclusion and exclusion criteria. These criteria were,
in turn, based on the dark pattern framework by Bringull [14].
The framework is targeted towards people with UX design
experience and requires previous knowledge of dark patterns to
be understood. Since the researcher has UX design experience
and a sufficient understanding of dark patterns, the framework
was considered suitable as a basis for the criteria.

The cases were first evaluated individually, using the same
set of criteria for each step. Thereafter, the results of each case
was compiled and compared. The donation processes were
mapped out in the form of a table, describing what stages in the
processes could be identified for each case. Special attention
was also paid to the presence of suggested donation amounts.
The visible content was analysed by the researcher by first
making sense of the data and then evaluating it based on the
selected criteria. If any of the criteria were met, or could be
perceived as met, this was identified as a dark pattern.
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IV. RESULTS

The results shows that the donation processes of all five
cases follow the same structure, consisting of two major
stages; click on donate and fill out information. In the stage fill
out information, three dark patterns could be identified where
every NPO used at least one of the three dark patterns. No
dark patterns could be identified in the stage click on donate
for any of the cases. All but one NPO suggested a preselected
amount for donation and the size of the amount varied between
the cases. The results are summarised in Table I.

A. The stages of the donation processes

Each NPO began the donation process on the landing page
of the eCommerce platform. A distinct, colour-contrasting
button on the landing page was found on all platforms. The
button encourages the user to donate money to their cause.
Clicking this button took the user to a page where they were
asked to fill out their information. All visual information prior
to clicking the button belong to the click on donate stage,
whereas all visual information after belong to the fill out
information stage. The information required of the user was
first- and last name, home address, e-mail, phone number,
donation amount, and payment details. Some of the platforms
had boxes that the user was urged to tick, or leave un-ticked
based on the description of what the action performed on the
box entailed.

All platforms but one had a donation amount already
selected in the second step. The amounts ranged from £5.00 to
600SEK with the exception of Comic Relief that did not have
a preselected donation amount in this stage, or in any stage
on their platform. Comic Relief did, however, have multiple
suggested amounts displayed to the user where none of them
where highlighted in any way. The other platforms also had
multiple suggested amounts where the preselected amount was
the either in the mid-range of the suggested amounts or the
lowest. Some of the platforms also had clear descriptions of
what the donation amount could provide in terms of helping
the cause.

B. Identified dark patterns

Based on the set of criteria, three out of the five dark patterns
could be identified. Each case had at least one feature that
matched the description of a dark pattern. Misdirection and
confirmshaming were the two most prevalent dark patterns in
use on the platforms, being found in four out of five cases.
Trick questions were found in two out of the five cases. The
dark patterns: hidden costs and price comparison prevention
were not found on any of the five NPOs’ eCommerce plat-
forms.

An example of the features that fulfilled the critera of dark
patterns include the preselected donation amount found in four
out of five cases that matches the misdirection dark pattern.
Confirmshaming was identified in the form of specific wording
that could be perceived as having the aim of guilt-tripping the
user to opting into, or not opting out of something. An example
of this was the phrase found while evaluating PETA:s

”For just $1.07 more, I would like to cover the
transaction fees and help even more animals”.

Trick questions were identified with tick boxes that had an
unnatural phrasing, perceived to trick the user into interpreting
the text as meaning the opposite of the actual meaning at first
glance, e.g. from Amnesty international:

”We need your postal address to process your dona-
tions. We will also write to you by post, to keep you
updated about Amnesty International’s campaigns,
fundraising appeals, events and the impact we have
together. If you would rather not receive post from
us, please tick this box”.

As can be seen in table I, all identified dark patterns were
found in the stage ”Fill out information”.

V. DISCUSSION

The results show that the donation processes on the differ-
ent platforms follow the same stages, making it particularly
suitable for comparison between cases. Notably, when dark
patterns occurred on these platforms they were all in the same
stage, the fill out information stage. The stage click on donate
occurs on the landing page, and mainly serves a purpose of
navigating the user to the donate-button. This purpose is too
narrow for there to be room for many dark patterns to be
used. From the descriptions of the dark patterns in Brignull’s
framework [14], the situations described usually require more
from the user and usually occur further into a process of, for
instance, signing up for a subscription.

The price range in the preselected amounts in the donation
processes was quite large. With the amounts proving aid to
contrasting causes, this seems justifiable.

The examples of dark patterns were likely not implemented
with malicious intent, since they fit into the digital environ-
ment of eCommerce platforms. It can be argued that the NPOs
practice the psychology of persuasion in aiding their cause.
The description of the dark pattern confirmshaming may be
interpreted as a feature in the psychology of persuasion as it
can play on the psychological motivators described in [13].

Misdirection was one of the dark pattern that was most
prevalent in the results of the study. All but one of the test
subjects used the perceived lack of choice to redirect the
attention of the user. This feature may also fall into the scope
of confirmshaming as the act of ,for instance, choosing a lower
amount to donate may cause negative feelings of shame or
frugality. When considering the business model of nonprofit
organisations, confirmshaming can be interpreted as being a
central part of their persuasion process.

The two most prevalent dark patterns in the results of this
study show that there is an ethical dilemma in how some NPOs
choose to display information to potential donors. Considering
the challenge that many NPO’s face in balancing their social
mission with the need to operate like a business [2] it is
perhaps not surprising that dark patterns were found on their
eCommerce platforms. It is, however, problematic as practis-
ing deceptive design and misleading functionality contradicts
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TABLE I
DARK PATTERNS IDENTIFIED IN THE DONATION PROCESSES OF ECOMMERCE PLATFORMS OF NONPROFIT ORGANISATIONS

Case Amnesty International UNICEF Greenpeace PETA Comic Relief
Dark pattern in

click on donate-stage N/A N/A N/A N/A N/A

Dark pattern in
fill out information-stage

Trick questions Misdirection Trick questions Misdirection Confirmshaming
Misdirection Misdirection Confirmshaming
Confirmshaming Confirmshaming

Preselected amount £5 600kr C50 $35 N/A

NPOs means of operating for social, public or collective
benefit. The results of this study illustrate how seemingly small
features, like preselecting a suggested donation amount, can
be considered a dark pattern, which can help NPOs in making
more informed choices on how to design their eCommerce
platforms. Essentially, NPOs need to become aware of what
dark patterns are, be transparent in their motives, and clearly
communicate with their potential donors.

A. Limitations and suggestions for future research

When comparing the results with the study [4] that exam-
ined the use of dark patterns on 11,000 eCommerce platforms
some differences can be noted. That study found that 11,1
percent used at least one dark pattern on their website whereas
the results of this study points to a much higher percentage,
since 100 percent of the cases were found to use at least one
dark pattern. Such a high difference in percentage may be a
cause for concern. It raises questions about the interpretation
of what dark patterns look like in practice and what role the
method plays in the results of a study.

This study is of an exploratory character where a limited
amount of cases have been selected based on their relevance
for the study’s objective and as such, it does not aim to
represent all NPO eCommerce platforms. In contrast, the other
study [4] is of a quantitative character that looks at a much
greater variety of eCommerce platforms, not solely NPOs. It
becomes difficult to position the results of the two studies
in the same environment as they are so vastly different. In
order to make comparisons, future studies on dark patterns on
NPO’s eCommerce platforms could be of a more quantitative
character and include a greater number of cases. More dark
patterns could also be added to the study to create a broader
view of where NPOs fit into the environment of eCommerce
platforms. In order to increase the validity of the results,
the mapping could be repeated by multiple researchers with
similar experiences and knowledge of the theory of dark
patterns so that the results could be compared and contrasted
from different perspectives.

The limited research on dark patterns has also affected the
study, particularly in relation to dark pattern critera that was
based on an existing framework [14]. Although the framework
is highly cited, the descriptions of what dark patterns can look
like in practice is open to interpretation, with only a few visual
examples on Brignull’s website [14]. This means that the
results are highly dependent on the researcher’s perception of
the description of the dark patterns and requires previous Web

design and UX-design experience. This can also be considered
a shortcoming of the study since it leaves room for potential
bias and difficulty in repeating the study. Future studies could
clarify the descriptions of dark patterns to reduce ambiguity
as well as develop a set of criteria that are more focused on
eCommerce platforms.

VI. CONCLUSIONS

The aim of this study was to explore the use of dark patterns
in the donation processes on eCommerce platforms of five
NPOs. The results show that three dark patterns are used:
misdirection, confirmshaming and trick questions. These dark
pattern were all found in the same stage of the donation
process where the user fills out their personal information.
Considering that NPOs face the conflicting objective of ful-
filling a social mission while simultaneously operating like a
business, it is not surprising that dark patterns were found. It is,
however, problematic since the use of dark patterns contradicts
NPOs goal of contributing with social, public or collective
benefits. By becoming aware of what dark patterns are, being
transparent and improving their communications with potential
donors, NPOs can continue their social mission without the
need for dark pattern usage.

As this topic is still underresearched, only vague descrip-
tions of dark patterns that are open to interpretation can be
found. Thus, more research in needed to create a clear outline
of what dark patterns are and what they look like in practice.
Due to the explorative character of this study, more research is
needed to strengthen the validity of the findings, for example
by conducting a quantitative study at a larger scale. Signs of
the presence of three dark patterns were found in the study
but a conclusion on whether they exist outside the scope of
this study cannot be made.
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Abstract—It is important to understand the end user when
designing an interface, and studies show that a user’s age can
affect how they perceive the design of a graphical user interface
(GUI). This study aims to examine how aesthetic preferences
may differ between age groups regarding GUI’s designed with
two design approaches, flat and neumorphic design. A survey
was distributed to 97 people, where the respondents were asked
to choose between prototypes created with the two approaches.
No final conclusions could be drawn from the results about age
being a factor and it is possible that other factors come into
play in this case. However, the result showed that the oldest
age group had a tendency to prefer flat design for one of the
applications, while the neumorphic prototypes were preferred in
all other cases. Further studies are needed to determine how
age affects people’s preferences regarding flat and neumorphic
design.

Index Terms—Flat Design, Neumorphic Design, Graphical
User Interface (GUI), Aesthetic preferences, Age

I. INTRODUCTION

When personal computers entered people’s lives during the
1980s [1], the usage of both the computers and their graphical
user interfaces (GUIs) had to be learned. A GUI serves as
the platform of interaction between a user and a computer.
Designers turned to skeuomorphism as a way of easing the
user’s entrance into the world of GUIs [1]. The idea was to
create graphic elements that mimicked physical objects in the
real world in both looks and behaviour. One famous example
of skeuomorphism in a GUI is the trash can icon, where
deleting something in the computer symbolises throwing a
physical object into the trash. When Apple later introduced
their first iPhone in 2007, skeuomorphic elements dominated
the interface [2].

As time went by, users became more used to GUIs and the
need for elements that mimicked real world objects dimin-
ished. Flat design increased in popularity as a reaction against
the digital three-dimensional world of skeuomorphism [1]. The
typical gradients, shadows and textures of skeuomorphism was
replaced with flat elements and colors, symbolising a two-
dimensional world instead. Flat design became increasingly
more popular and skeuomorphism within GUIs was in time
deemed obsolete. Apple abandoned their skeuomorphic el-
ements and turned to flat design with the iPhone software
update iOS7 in 2013 [3].

After many years of flat designs dominating the internet,
people seem ready for change. The pendulum is now heading

back towards realism. Neumorphism, a new and more modern
version of skeuomorphism, has been mentioned in more than
one list over the newest 2021 trends within web design [4]–[6].
Neumorphism only includes some parts from its predecessor
and combines this with elements from flat design. The focus
of this design approach is shadows and highlights, which are
used so that elements of the same color as the background
appear to extrude from it.

Common to all the mentioned design approaches is that they
relate to a GUI. A graphical user interface with high usability
is considered easy to use [7]. The design of a GUI affect
how users perceive, interact and perform when using it. In
other words, these different design trends can affect the users
perception of an application.

Previous studies show that older people tend to prefer
skeuomorphic over flat design, while the opposite is true for
younger people [3], [8]. Whether these results extend to a
comparison between flat and neumorphic design is yet to be
examined.

A. Objective

It is important to understand the end user when designing
an interface, and studies show that a user’s age can affect how
they perceive the design of a graphical user interface (GUI).
The aim of this paper is to compare flat with neumorphic
design and examine how aesthetic preferences may differ
between age groups regarding GUIs designed with the two
approaches.

II. THEORY

In this section, the design approaches will be described in
more detail along with other relevant aspects, such as common
criticism of the approaches.

A. Skeuomorphic design

A skeuomorph within a GUI can be explained as an element
that mimics the design of a similar real world object, including
materials, shadows and other details that are specific to the
physical world [9]. A button in an interface that seems to
protrude from the background, and disappears while being
pressed just like a physical button would, is one example of
a skeuomorph. Other aspects of a design such as animations
and sounds inspired from the physical world (e.g. a shutter
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sound when taking a picture with a smartphone) can also be
viewed as skeuomorph features [9].

Apple’s calculator application found in the earlier iOS
versions is an example of a skeuomorphic interface and is
shown in Fig. 1. The typical shadows, reflections and textures
of this design approach are used to create an illusion of buttons
protruding from the interface. Another aspect of its connec-
tions to skeuomorphism is the clear functional resemblances to
a physical calculator [10], a user that has seen a real calculator
should not have a problem understanding the usage of this
application.

Fig. 1. An early version of iPhone’s calculator that includes skeuomorphic
elements such as shadows, reflections and an overall resemblance to a physical
calculator [10].

1) Affordance: Affordances can be explained as the rela-
tionship between the properties of an object and the person
using it [11]. Elements within skeuomorphism are often de-
signed so that they clearly state their affordance, e.g. a button
extruding from the background is telling the user that one
possible action to perform is pressing it. Hence, the button
affords pressing.

2) Criticism: Skeuomorphic design has received criticism
for being unnecessarily complex and cluttered [3]. It is also
said to be harder to scale three-dimensional objects to fit
different screen sizes [1]. These problems could have affected
the shift towards flat design.

B. Flat design

Flat design within GUIs is all about avoiding clutter by
only keeping the bare essentials of an interface [3]. This can
be viewed as a counter-reaction to the more complex nature
of skeuomorphic interfaces. In flat design, blocks of bold
colors are used to fill up white spaces and realistic icons are
replaced by graphic forms. Sans-serif fonts are often used with
condensed or light weight [1], [3], with the goal to minimize
the visual distractions. A typical example of a flat design icon

with no connection to the real world is the so called hamburger
menu [3], an icon which is widely used within web design to
represent an expandable menu. However, some skeuomorphs
are still used within flat design, even though the design has
changed. The trash can icon is one example of this [12].

Flat design was introduced to the iPhone interface with the
iOS7 update. In Fig. 2, the calculator application is shown as
an example of this. Large color block and the lack of shadows
tell us that flat design is used here. This can be compared to the
earlier skeuomorphic version of the same application shown
in Fig. 1.

1) Criticism: It is said that the lack of three-dimensional
properties can make it harder for the human brain to under-
stand an interface [3]. In other words, elements in flat design
lack affordances.

Fig. 2. The iPhone calculator after the iOS 7 update, created with flat design.
Large blocks of color and light weight typography dominate the application
and no shadows or highlights are being used. [10]

C. Neumorphic design

Neumorphism is a rising trend within GUI design. The
word neumorphism comes from combining the words new
and skeuomorphism [12], which reveals the relationship be-
tween neumorphism and this earlier design trend. Similar to
skeuomorphism, neumorphism acknowledges some real-word
features, like how shadows and highlights play around an
object. However, just like flat design, it distances itself from
the skeuomorphic use of materials that mimic physical ones
(e.g. wood, metal or leather) [12]. Other key aspects to this
design approach is the lack of color, the usage of rounded
corners and the overall minimalist look. In other words,
neumorphic design mixes skeuomorphism and flat design in a
successful way. One might say that this combination of design
approaches is a natural progression after many years with flat
designs dominating the internet.

A neumorphic element can be explained as something that
appears to be pushed out from behind the background, or
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placed directly on top of it, creating highlights and drop
shadows around the element itself. Because of this, the back-
ground color can be neither completely black nor completely
white, as both shadows and highlights must be visible against
it. Furthermore, elements often have the same color as the
background. An example of this can be found in Fig. 3, where
a calculator created with neumorphic design is shown. The
black buttons seem to extrude from the black background,
an effect created using both highlights and shadows. It can
also be inverted, as if a piece of the background is missing,
which creates a retraction. This effect is created using inner
shadows and highlights. The top box where all calculations
are performed in Fig. 3 is an example of a retraction in the
interface.

1) Criticism: The only thing that makes neumorphic el-
ements distinguishable from the background are the shadows
they cast. Therefore, the approach has been accused for having
low contrasts resulting in bad accessibility [13]. It is also said
to be harder to scale neumorphic elements [6].

Fig. 3. A neumorphic calculator application created for this purpose. This is
neumorphic design as the usage of colors are kept to a minimum, the shadows
and highlights are creating an effect of extruding buttons and all the buttons
have rounded corners.

III. METHOD

In order to compare mobile applications created with flat
and neumorphic design, and to identify which of the two
approaches users in different age groups prefer and why, a
survey was conducted. Prototypes for mobile applications were
designed according to the respective approaches and used
in the survey. Both demographic data and the preferences,
thoughts and feelings of the respondents were collected.

A. Participants

97 people participated in the survey. The ages varied from
18 to 94 years old. Participants were recruited through snow-
ball sampling, where people of different ages were asked to
respond to the survey and then share it on their social media
channels. This was performed in an attempt to distribute the
survey somewhat equally amongst different age groups.

B. Prototypes

Three types of mobile applications were examined in the
survey. Two non-interactive prototypes were created for each
application, one with flat design and one with neumorphic
design. The two prototypes of an application contain the
same elements. A total of six prototypes were created. The
applications are listed below, presented in the same order
as in the survey. The tool Figma was used to create the
prototypes.

– Music player (Fig. 4)
– Control of the indoor temperature (Fig. 5)
– Weather application (Fig. 6)

1) Application of design approaches: Some steps were
taken in order to create the prototypes in accordance with
the design approaches. A minimalist look was the goal for all
prototypes, as this is in line with both approaches. Arrows and
other symbols, such as play or fast-forward, were used when
needed. For the neumorphic prototypes, the blur and width of
drop shadows followed a 2:1 ratio, which means that the blur
was always twice the amount of the width. For instance, the
blur of an element with a shadow width of 20 was set to 40.
This same ratio was used for inner shadows and highlights.
Further steps taken in order to create with neumorphic design
was the use of round shapes, shadows and highlights, limited
use of colors, and neither black nor white background color.
Important factors when creating with flat design was instead
the use of square shapes, colors, and sans-serif fonts with
condensed or light weight.

C. Survey

The survey was created using Google Forms. It consisted
of two parts and was originally created and distributed in
Swedish, so the questions have been translated for this paper.

1) Design approach preferences: The focus of the first part
was the two design approaches. One application at a time was
presented along with a question. For each application (listed
under III.B), the prototypes developed with the two design
approaches were placed side by side. They were presented
to the user in an alternating order (Neumorphic-Flat or Flat-
Neumorphic) in an attempt to reduce any bias following from
the previously shown application. The respondents were then
asked to choose one of them as a response to the question
”Which of these prototypes would you prefer to use?”.

Data of a more qualitative nature was also collected during
this first part, using the free text field in Google Forms. The
respondents were asked to motivate their choice of preferred
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Fig. 4. Music player prototypes. Neumorphic design to the left, flat design
to the right.

Fig. 5. Temperature controller prototypes. Flat design to the left, neumorphic
design to the right.

prototype as a development of their answer to the question
above. They were also asked describe whether they found any
issues regarding any part of the prototypes, that is, whether
any part of the prototypes was difficult to see, difficult to
understand or unclear in any way. The answers were then
grouped together based on words, phrases and issues so that
they could be more easily interpreted.

2) Demographic data: In the second part of the survey, de-
mographic data was collected from the respondents. Questions
about gender, age, previous and current smartphone usage and
other experiences regarding the topic were asked.

D. Pilot study

A pilot study was performed before the survey was pub-
lished, with the purpose of finding any incorrectly worded
questions and to see if the questions would produce relevant
answers. One person was asked to respond to the survey, after
which both the survey and the answers were discussed. This
resulted in a rephrasing of one of the questions. The survey
was then deemed as finished and ready to be distributed.

Fig. 6. Weather application prototypes. Neumorphic design to the left, flat
design to the right.

IV. RESULT

The responses from the survey are presented as quantitative
or qualitative data. The quantitative data has either been
summed directly from the original data, or produced by further
calculations. The qualitative data was collected through free
text fields in the survey. It has been grouped together based
on words, phrases or issues. Recurring sentences will also be
presented, translated from Swedish.

A. Quantitative

The respondents were divided into age groups (AG), with
a strive to create equally large groups in terms of number of
people. This is presented in Table 1. AG1 (18-34 y/o) and AG2
(35-54 y/o) consists of 33 respondents each while AG3 (55-
94 y/o) consists of 31. Of all the respondents (97 people), 46
percent identified themselves as women and 54 percent as men.
As Table 1 shows, AG1 consisted of more than half women,
while the opposite was true for AG2 and AG3. 82 percent of
AG1 answered that they used a smartphone regularly before
the age of 18 while no respondent in AG2 and AG3 did. All of
the respondents owns and uses a smartphone today. Apple was
the most commonly used smartphone brand, with 74 percent
of the respondents owning and using one today. 15 percent
of the respondents uses Samsung, which makes it the second
most commonly used brand. Huawei is used by 5 percent
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of respondents, while another four phone brands (OnePlus,
Google, Sony and Xiaomi) are used by 1-2 percent each.

TABLE I
PARTICIPANTS, DIVIDED INTO AGE GROUPS

In answer to the question ”Which of these prototypes would
you prefer to use”, 63 percent of the respondents said that they
would prefer to use the neumorphic music player prototype
over the flat one. 65 percent preferred the neumorphic control
of indoors temperature over the flat version, and 64 percent
preferred the flat weather application over the neumorphic one.
This is presented in Fig. 7. When instead summing up the
answers to the same question over all of the prototypes, and
separating the data according to age groups and design ap-
proaches, it shows that AG1 and AG2 prefers the neumorphic
prototypes (59 and 58 percent respectively) while AG3 prefers
the flat prototypes (51 percent), in accordance with Fig. 8.

Fig. 7. Answers to the question ”Which of these prototypes would you
prefer to use?” regarding each mobile application. Calculated over all answers.
Number of respondents is presented under each stack.

When isolating answers from AG1 (consisting of 33 re-
spondents), 64 percent preferred the neumorphic music player
while 36 percent preferred the flat. Exactly the same distri-
bution applies to the temperature control. For the weather
application, 52 percent preferred the flat prototype while 48
percent preferred the neumorphic one. The data for this is
presented in Fig. 9 and the corresponding data for AG2 and
AG3 is presented in Fig. 10 and Fig. 11. While the exact
distribution differs between age groups, the data follows the
same pattern as in Fig. 7. In all age groups, the neumorphic

Fig. 8. Answers to the question ”Which of these prototypes would you prefer
to use?”, added over all prototypes designed with the same design approach.
Divided into age groups.

version was preferred for the music player and temperature
control, while the flat weather applications was preferred.

Fig. 9. Answers to the question ”Which of these prototypes would you prefer
to use?” for AG1. Number of respondents is presented under each stack.

B. Qualitative

After choosing a preferred prototype, the respondents were
offered the option to motivate their choice. Common phrases
of motivation for the different prototypes, split according to
age groups, are presented in Table II, III, and IV. Areas
such as simple design, high usability, and use of colors were
mentioned in all age groups regarding motivation for the
preferred flat prototypes. Common areas of motivation for the
preferred neumorphic prototypes, recurring in all age groups,
were the 3D-effect, the softness, and the modern design.

The respondents were also asked if they found any issues
with the prototypes. More respondents mentioned issues with
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TABLE II
PHRASES OF MOTIVATION FOR PREFERRED PROTOTYPE, AG1

TABLE III
PHRASES OF MOTIVATION FOR PREFERRED PROTOTYPE, AG2

TABLE IV
PHRASES OF MOTIVATION FOR PREFERRED PROTOTYPE, AG3

Fig. 10. Answers to the question ”Which of these prototypes would you prefer
to use?” for AG2. Number of respondents is presented under each stack.

Fig. 11. Answers to the question ”Which of these prototypes would you prefer
to use?” for AG3. Number of respondents is presented under each stack.

the neumorphic music player and weather application proto-
types compared to the flat ones. The opposite goes for the
temperature control prototype, where more people noted issues
with the flat prototype. The most commonly mentioned issues
regarding the flat prototypes are found in Table V. The buttons
in the flat music player prototype were identified as an issue
by 10 respondents, and one respondent felt that ”the different
buttons are not clearly delimited”. In the temperature control
prototype, the most commonly mentioned issue was the history
curve and one respondent felt that is was ”too faint”. The most
commonly mentioned issue with the weather application was
the text, and one respondent expressed that ”the text is too
grey, or maybe it is too thin”.

Table VI contains the most commonly mentioned issues
for the neumorphic prototypes. The respondents mentioned
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low contrast as an issue for all neumorphic prototypes. The
indication for time played was the most recurring issue re-
garding the music player prototype. One respondent felt that
”the indicator for time played is somewhat hard to see”.
Regarding the temperature control, the low contrast was the
most commonly mentioned issue and one respondent said that
”the buttons are not really visible”. The issue of low contrast
was mentioned by 17 respondents regarding the neumorphic
weather application. Phrases like ”everything looks the same”
and ”different elements blend together” were recurring.

TABLE V
THE MOST COMMONLY MENTIONED ISSUES WITH THE FLAT PROTOTYPES.
THE NUMBERS REPRESENT ”NUMBER OF RESPONDENTS MENTIONING THE

ISSUE”.

TABLE VI
THE MOST COMMONLY MENTIONED ISSUES WITH THE NEUMORPHIC

PROTOTYPES. THE NUMBERS REPRESENT ”NUMBER OF RESPONDENTS
MENTIONING THE ISSUE”.

V. DISCUSSION

The majority of respondents in all age groups preferred the
neumorphic music player and temperature control. However,
the results are opposite when it comes to the weather applica-
tion, where the majority preferred the flat one. Thus, no design
approach were consistently most preferred by all respondents.

When instead looking at preferences within the separate age
groups, AG3 was the only one were flat design was generally
most preferred, with a 51/49 percentage ratio. In AG1 and
AG2, the neumorphic prototypes were preferred 59 and 58
percent of the time. Even though this may indicate that people
belonging to AG3 tend to prefer flat design, it is not possible

to determine with certainty based on this data due to the small
differences. The voluntary motivations behind the preferences
did not show any clear differences between age groups either,
as many comments were mentioned in all three groups.

As mentioned above, a larger part of all the age groups
preferred the flat weather application over the neumorphic
one. This was however least evident in AG1 where only 52
percent (17 respondents) preferred the flat prototype over the
neumorphic one, which can be compared with AG2 and AG3
where 67 (22 respondents) and 74 percent (23 respondents)
preferred the flat one. This could indicate that people belong-
ing to AG2 or AG3 are more likely to prefer flat design under
these circumstances, but again, this can not be determined with
certainty.

The reason behind the deviating result regarding the pre-
ferred flat weather application could be that it displays the
most color of all prototypes, especially in comparison with
the neumorphic version. The entire background color was
changed in this case, while color changes were limited to
smaller elements and buttons for the other mobile applications.
The more extensive use of color was mentioned by all age
groups as a motivation for choosing this prototype over the
neumorphic one. Another possible explanation is that the
neumorphic design approach could be harder to apply to GUIs
containing many smaller elements and a lot of information.
The characteristic shadows and highlights of neumorphism
require space around an object, and this is in conflict with
all the information used in the weather application. The out-
come was a low-contrast interface with elements that blended
together, according to the respondents. More defined shadows
and highlights could have been used for the smaller elements
in order to create a neumorphic interface with both a lot of
information and higher contrasts, for instance by not following
the 2:1 ratio mentioned in section III.B.1. This was however
not examined further in this study.

Low contrast was one of the most commonly mentioned
issue regarding the neumorphic prototypes, while this was
never mentioned in connection to the flat ones. The text was
named an issue for two out of three flat design prototypes,
while it was never mentioned in connection to the neumorphic
ones. Fonts with condensed or light weight are used within
the flat design approach, which resulted in lower readability
in some cases. Both of these identified issues are consistent
with the critique of the design approaches.

The effects that different smartphone brands in use could
have had on the result is not examined in this paper. The
majority of the respondents use Apple’s iPhone, which has
utilized flat design since 2013, resulting in these respondents
being exposed to the design approach daily. Neumorphism is
however not nearly as commonly used in the more popular
mobile software. Possible effects following from this can not
be ruled out.

A. Improvements and future work

With 97 respondents in total, the number of respondents in
each age group was quite small. A larger number of respon-
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dents is needed for presenting statistically significant results
when comparing age groups. A more even gender distribution
within the groups is also an important factor. Furthermore,
only three types of mobile applications were included in this
study. It is possible that other or more types would have
given different results. It is also possible that a different
application of the design approaches would produced clearer
results. Based on the effect that colors in the flat weather
application seems to have had on the results, colors should
be applied with careful thought. Other ways of displaying
shadows and highlights in the neumorphic prototypes is also
something to consider.

VI. CONCLUSION

The aim of this paper was to compare flat with neumorphic
design and to examine how the preferences may differ between
age groups regarding GUIs created with the two design
approaches. However, no significant proof of age being a
factor was found. One possible conclusion is that there are
other factors that come into play when it comes to aesthetic
preferences for the two design approaches. Furthermore, it
proved challenging to create a neumorphic user interface
containing a lot of information and smaller elements, as in
the weather application, without users expressing issues with
low contrast. This may indicate that flat design is more suited
in these cases.

Further studies are needed within this area in order to
determine if age affects people’s preferences regarding flat and
neumorphic design.
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Abstract—Chat bots have become popular for businesses to use
as customer support agents due to their ability to imitate human
communication. The chat bots may have different human traits
to give the user a feeling of talking to a human. These traits may
influence the users experience with the chat bot and give human
stereotypes a way of influencing the interaction. The aim of this
study is to test if an assigned gender of the chat bot affects the
perceived user satisfaction of the service.

A test chat bot was created and assigned a male or female
name and user tests were performed where the resulting
user satisfaction was measured. A two tailed t-test analysis
on the user satisfaction from the two chat bots resulted in
that no significant difference was found. However a small
difference in the user satisfaction could be noticed and with a
higher number of user tests may be able to be statistically proven.

Index Terms—Chat bot, user satisfaction, Wizard of Oz,
Customer support, Gender bias

I. INTRODUCTION

Chat bots have become an increasingly more common
thing to encounter in our digital world and especially as
customer support agents. The popularity stems from their
ability to communicate effectively with thousands of users
at the same time and do so independently without need for
human intervention. It is widely used as a way to give quick
and reliable information to users without the need for a human
employee.

The tasks performed by these bots vary greatly and a few
examples might be simple messaging bots, educational bots or
customer support bots. The design and how humans interact
with these differ with their given task and decides how the chat
bot and its answers are presented to the user. Communicating
with a chat bot gives the interaction a human like nature and
traits that are factors in human to human interaction also affect
the interaction with the chat bot. These anthropomorphic traits
in the chat bot have an impact on how the human experiences
and interacts with the chat bot. A few different traits could
be if the bot is named, has a gender, has an avatar/face or
is neutral/non-neutral in its responses. These traits all impact
the interaction between human and bot and should be given
consideration when designing the chat bot to best suit its task.

II. OBJECTIVE

The objective of the study is to examine if a users experience
with a customer support chat bot is affected by the bots gender.

III. THEORY

A. User satisfaction in customer support

The user satisfaction of a service in customer support de-
pends on many different aspects with the perceived quality of
the service being a main factor. [1] The perceived quality can
be divided into three parts which add up to the effectiveness
of the system, which in a customer support system can be
seen as the user satisfaction. [2] The three types of quality are
informational quality, system quality and service quality. This
relationship is illustrated in figure 1. Informational quality is

Fig. 1. Model of the factors behind user satisfaction in customer support

the users perceived value of the information given from the
system. [3] The value can come from informative factors such
as the reliability and relevance of the information but also
from entertainment factors such as how fun and enjoyable the
output is. [4] The system quality comes from how reliable,
responsive and easy to use the system is for the user. [3] The
third factor of the user satisfaction in this model is the service
quality which is the perception the user has of the systems
given service. [3] This can be simplified to the expectation the
user has of the service and what the service actually offers, a
match between the two gives the user a good service quality
and a clash a bad one. [2] The expectation of the service
comes from the users past experiences, what is advertised of
the service and the needs the user has. [2] The past experiences
of the user includes all its culture, beliefs and norms which can
differ greatly between people from different nations, cultures,
ages and gender and even from person to person within the
same groups. [1] Trying to match the actual service with the
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past experiences of the user is essential to giving the best
possible service quality and in turn have the most satisfied
users. [2]

Gender stereotypes is a part of the users past experiences
and can influence the perceived quality of the service. [5]
Certain industries and job positions are regarded as gender
stereotypical domains where often the vast majority of the
workers in that job or industry are from a certain gender
and/or that has been the case historically. [5] In these jobs
a worker from the other gender might face mistrust and get
its accomplishments devalued in comparison to a worker with
the gender that fits the sterotype. [6]

B. Chatbots

Chatbots are an emerging field of technology quickly being
popularised in many avenues of the web and our digital
services. A chatbot is a software system that gives a commu-
nication experience by imitating how humans communicate
in the medium by using AI and language processing. [7] This
communication can be in different mediums such as textbased,
voice or graphical. Textbased chatbots see much implementa-
tion on websites and messenger platforms as customer support
agents that give service to the companys customers. [8]

Instead of static responses from a frequently asked questions
page the chat bot gives live replies to the customers questions
and guides them through their need of support, similarily as
a human customer support agent would do. [9] Compared to
a human customer support agent the chat bots bring a few
advantages. They can serve a huge number of customers at
the same time, be of service all hours of the day and bring an
uniform service to all customers seeking support. [7]

In a study from 2018 24% of asked companies with more
than 500 employees had already implemented a chatbot in their
business and another 16% had plans to have them implemented
in the next year. [10] This shows that chat bot usage and
development is in full action and predicts that they will be
even more prominent in our lives in the future.

C. Anthropomorphic traits in chat bots

In earlier research it has been shown that humans associate
human traits in non-human entities, such as animals, plants or
even their smart phone. Chat bots are very much subject to
this as they try to mimic human conversations. The user often
sees the chat bot as a real social agent giving it antropomorphic
traits such as gender, personality and intentions. [7] Even in
other human-computer interactions where the computer part is
not as social as in the case of chat bots, such as TV:s or PC:s,
we attribute human like characteristics to them. [11] It has
been shown that the users trust of the chat bot is connected to
how humanlike it is, how it presents itself and its professional
appearance. [12] This predicts a push for making the chat bots
as humanlike as possible as that increases the users trust and
satisfaction when using the service. [13]

With the chat bots being seen as real social agents, and
even being able to identify and answer to emotional statements
from the customer almost as well as a human agent would, it

can also be subject to being judged on the users social biases,
prejudice and emotional connection instead of its effectiveness.
[13] [14]

An often applied trait to artificial agents, such as chat bots,
is a gender. This can both easily be done on purpose by the
designer of the chat bot by giving it visual cues such as a
bow tie or a hair ribbon or by audio with a masculine or
feminine voice. [15] It can even happen automatically by the
user interpreting the agent to be a certain gender even when
no direct cues are given. [16]

D. Wizard of Oz testing

Wizard of Oz testing is a good way of testing complex
systems without having to develop a fully functioning system.
The name comes from the classic story The Wizard of Oz
where the wizards impressive magic is nothing but a machine
controlled by the wizard. The same principle applies when
using this testing method, the user is led to believe that the
system is ”real” but is in fact just a dummy controlled by a
test leader, the wizard. [17] Wizard of Oz testing is popular in
applications where a system needs understanding of language
and human dialogue which fits well with the topic of chat
bots. [18]

IV. METHOD

A. User test

The data for the study will be collected by user tests. First
step in the test the user will provide demographic background
such as age, gender and earlier experience with chat bots.
Then the tester will be given a task to complete using one
of two randomly assigned chat bots, the difference between
them being one having a male name and the other a female
name. The chat bot is controlled by the wizard that interprets
the user messages and chooses a reply to send back. After
the task is completed the user is asked to rate its satsifaction
with the service on a 5-point rating scale. The user test is then
concluded.

The task given is to book a table on a local restaurant called
”Restaurang Pronto”. The booking is to be for the user and
whatever company he/she wants to bring for the evening.

The collection of the demographic background and the
rating of the service is done on Google Forms.

B. Wizard of Oz chat bot

To emulate the chat bot with The wizard of Oz method, and
have an as similar as possible experience for all test users, a
predetermined set of replies was created that were to be used as
far as possible. If the test user gave replies that did not conform
to the these predetermined answers the wizard could also give
a new answer in the same manner as the predetermined replies
as to ensure a fluid use of the chat bot to the test user.

The chat between user and bot is done on a Facebook page
created for Restaurang Pronto on Facebook messenger.
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C. Analyzing results

The main result from the user tests is the rating of the
satisfaction on the 5 point rating scale. The values from the
answers will be statistically analyzed with a two tailed T-test to
see if there is an significant difference between the ratings of
the male and female chat bots. [19] The mean of the male and
female data sets will be calculated, µm and µf , and then tried
on the hypothesises h1 and h2 with a 0.05 level of significance.

h0 : µm − µf = 0

h1 : µm − µf 6= 0

If the resulting p-value from the t-test is below our signifi-
cance level of 0.05 the hµ0 hypothesis will be rejected and the
chatbots gender is affecting the satisfaction of its users. The
T-test will be calculated with the Microsoft Excel data analysis
function t-Test: Two-Sample Assuming Unequal Variances.

D. Creating the wizard replies

When creating the predetermined replies for the Wizard of
Oz testing three pilot tests were performed to find out what
kind of questions would be asked by the test person and
understand the flow of the conversation.

The only capability of the chat bot is to allow the user to
book a table for X amount of people on their requested time
and date. Any other questions that doesn’t lead to a this the
chat bot will reply that it doesn’t understand and politely ask
it to book a table.

Pilot test number one brought up some problems with the
way the questions was asked and the first set of replies was
redone based on the feedback from that test. Pilot tests two
and three went flawlessly and the replies and test format was
set. As no more changes were made these two pilot tests were
used in the results as they were performed in the same way
as the other user tests.

The flow of a user test conversation and the predetermined
replies for the Wizard of Oz can be seen in the example
conversation below. The user answers are examples based on
the answers from the pilot tests.

Bot Hi! I am Sarah/Eric, what can I help
with?

User I want to book a table.
Bot To create your booking I need to know

what day and time you want.
User Saturday 8 o’clock
Bot For how many people?

User Saturday 8 o’clock
Bot Should the booking be in your name?

User Yes please
Bot Thanks for your booking! Welcome to

Restaurant Pronto on Saturday 8 o’clock.
V. RESULTS

The results will be presented in three parts. First the
demographic of the test users will be described. Then the user
satisfaction part of the data will be visualized in graphs and
lastly the result of the t-test will be presented.

A. Test users demographic

A total of 17 user tests have been performed with 10 of the
test users being men and 7 women. The majority of the testers
were in the age interval 20-30 years with two outliers in the
age interval 30-40 years.

Fig. 2. Bar graph with the test users previous experience of chat bots

As can be seen in figure 2 most of the test users rated their
previous chat bot experience with a 2 or 3 which represents a
medium amount of earlier experience.

B. Data visualization

The gathered user satisfaction data from the user tests are
presented in the graphs below. The data is presented both as a
whole and split up with only the male and female test person
answers.

Fig. 3. Bar graph with the ratings of the chat bots from the test group as a
whole.

Figure 3 shows that all the chat bot ratings were either the
highest rating or the second highest. Eric has 9 ratings of
which 6 of them are the highest rating and 3 on the second
highest. Sarah has 8 ratings with only 3 on the highest and 5
on the second highest.
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Fig. 4. Bar graph with the ratings of the chat bots from the women test users.

Figure 4 shows the test result from only the female test
persons. A total of 7 female user tests were done and both
Sarah and Eric received 3 of the highest rating with Sarah
also getting one rating of the second highest.

Fig. 5. Bar graph with the ratings of the chat bots from the men test users.

Figure 5 shows the test result from only the male test
persons. A total of 10 male user tests were done and both
Sarah an Eric received 3 of the second highest rating. Eric
also got 3 of the highest rating while Sarah only got one.

C. T-test

Fig. 6. Table with the result from the t-test

The result of the T-test analysis can be seen in figure 6. The
resulting p-value of 0.26 is bigger than the needed p-value of
0.05 to reject the h0 hypothesis. A slightly higher mean value

of the Eric chat bot, 4.67, can be observed compared to the
Sarah bot with a mean of 4.38.

VI. DISCUSSION

The results showed a small difference between the mean
of the user satisfaction from the two bots but not significant
enough to reject the h0 hypothesis. All user satisfaction
answers were 4 or 5 which tells us that the chat bot performed
great regardless of its gender. A higher number of user tests
are needed to get a significant difference on the small spread
of the answers on the user satisfaction.

It is possible that the difference that is hinted at in the user
satisfaction mean is hidden behind the small spread of the
answers. A possible solution to this is allowing the user to set
a more precise rating, with either a wider rating scale such
as 1-10 or perhaps a continuous scale to get a wider range
of ratings. Another way to tackle this problem would be to
make the bot a bit worse. This could be done by making it
perform a mistake in all user tests to make the rating a bit
more controversial.

As brought up in the theory part only the service quality
factor of the user satisfaction is tested when switching between
the male and female chat bot as the information quality and
system quality stays the same. If we accept the results as valid,
even though the tests performed are too small, it means that
the gender of the chat bot doesn’t affect the user satisfaction
in this part of the restaurant industry. This tells us that the
chosen industry might not have the gender stereotypes issues
described in the theory. An industry in more of a gender
stereotypical domain could be chosen to better examine if the
user satisfaction is affected by the chat bots gender as it is in
these industries with human employees.

There is quite a difference in the answers between the male
and female test persons. The women seem to be more likely to
rate the chat bot the highest rating for both the Eric and Sarah
bot while the men seem to rate the Eric bot higher with the
Sarah bot getting only one of the highest rating. It is therefore
hinted that men might prefer the male bot while women don’t
have any specific preference but there are to few answers to
draw any conclusions on this.

From conversations with the test users after completion of
their tests it can be concluded that the Wizard of Oz method
was a success. Almost everyone was certain that they were
speaking with a chat bot and not a human which fits the theory
presented about the method. Only one person suspected that
it might not be a bot but was not certain about it at all. This
validates that the results are applicable to a real chat bot as
the test persons believed that they spoke to one.

VII. CONCLUSION

A small but not significant difference in the mean of the
user satisfaction between the male and female chat bots could
be found. Men seem to prefer the male chat bot while the
women don’t have any specific preference of the chat bots
gender. The method of testing seems to be working but some
suggested modifications in the discussion should be done to
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get a wider spread of the results. More user tests should be
performed to get a better result as the few tests done greatly
limits the reliability of the results from the study.
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Abstract—This study evaluates the effect of virtual reality in
treatment of phobias, more precisely fear of public speaking.
Today there are successful treatments for different type of
phobias that include virtual reality exposure, but the efficiency
of virtual reality as a stand alone treatment is yet to be explored.
To evaluate this a case study was conducted to see whether
people suffering from fear of public speaking, can experience
discomfort in a virtual environment. Three different virtual
reality environments were created in the game engine Unity,
where at least one should trigger fear of public speaking. These
environments were tested on 4 participants, where they rated
how much discomfort they experienced in each environment. The
results showed that a majority of the participants did experience
discomfort, producing promising results for future research.

Keywords: Virtual reality exposure therapy (VRET), Social
anxiety disorder (SAD), Fear of public speaking (FoPS), Virtual
reality, Phobia treatment.

I. INTRODUCTION

Social anxiety disorder (SAD) is characterized by emotions
like fear and anxiety, and appear in social environments
associated with some sort of social performance. A person
with SAD can experience discomfort in one or more sit-
uations/environments, as it differs from case to case [1].
Triggering situations could include talking on a meeting,
answering a question in class or meeting new people. There
are many examples of situations that could trigger discomfort
in a person suffering from SAD; The level of discomfort and
how it manifests itself can vary between people [2].

SAD is classified as a common anxiety disorder and is
estimated to have a worldwide prevalence of 5-10%, according
to epidemiological studies [1]. An additional estimate showed
that SAD has a lifetime prevalence of 12.1% [3]. The impact of
SAD can be so great that people choose to completely avoid
certain social situations, which results in a negative impact
of their life. Important parameters where meeting new people
is involved can be affected, such as dating, employment and
friendship [4]. There is research suggesting that SAD could
be divided into different sub types, where one of them is fear
of public speaking. The sub type fear of public speaking will
be the focus of this study [5] [6].

Depending on the phobia, there are different methods of
treatment [7]; a common approach in phobia treatment is a
therapy called Cognitive behavioral therapy (CBT). In CBT
one common method involves gradual exposure of the trig-
gering factor/factors. It starts with low exposure exercises that

gives a small amount of discomfort and increases gradually
to exposure that from the start would have triggered a lot of
discomfort [8].

The use of Virtual Reality (VR) as a part of phobia treatment
has in recent years become an increasingly popular method.
Combining VR with CBT has proven to be an effective method
on many different phobias [7]. Two of the most common
phobias is fear of heights and fear of spiders, where this
technique has been applied for a couple of years now. Research
with the use of VR is also being conducted on SAD and
its different sub-types, where virtual reality exposure therapy
(VRET) has produced promising results.

A review stated that the efficiency of treatments that in-
cluded VR, could be compared to the efficiency of classic
CBT, but an important aspect is that there is a clear need to
investigate the efficiency of VRET as a stand-alone treatment.
This refers to not only measuring the efficiency of treatments
where VR is a part of other methods [9].

A. Objective
Research shows that treatments including VR can be ef-

fective, but it remains to examine the efficiency of VRET as
a stand-alone treatment. The aim of this study is to evaluate
whether people with SAD, limited to people suffering from
fear of public speaking, experience discomfort in a virtual
environment.

II. THEORY

The relevant theory for this study is an explanation of how
the VR environments should be constructed to be scientifically
valid, and also how to create them. The environments should
be of a nature that feels uncomfortable for people suffering
from fear of public speaking. The two sampling methods
Convenience- and Snowball selection that were used to recruit
participants will also be described.

A. Basis for VR environments
Environments that can be experienced as difficult for a

person with SAD include interaction with other people. It
could for example be talking to your boss at a meeting [2].
For fear of public speaking, there are also several different
environments that triggers the phobia, where the common
denominator is that you stand in front of an audience or are
in the center of attention in a group of people [10].
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B. Unity
Unity is a game engine that is free to use up to a certain

income level on your unity projects. You can create 2D, 3D,
VR and AR environments for games, movies, architecture
and much more. Unity is a multi-platform development tool,
which means that projects can be develop for several different
platforms, such as PC and mobile.

C. Convenience selection
Convenience selection is a selection technique where the

first available data source that fits for the research is used.
Convenience sampling is said to be effective during an explo-
ration/early stage of a research area. Multiple test subjects can
be recruited through this method [11].

1) Snowball selection: is a type of Convenience selection,
where participants who already is taking part in the study
recruit other participants [12].

III. METHOD

To investigate whether fear of public speaking could be
triggered in a VR environment, a case study was conducted. In
summary, the study involved three different VR environments
that where shown to the participants, where at least one of
them should trigger discomfort. The following subsections
presents relevant information related to the case study and
more detailed explanations of each part.

A. Selection of test subjects
To recruit participants for the study a questionnaire regard-

ing the persons experience with fear of public speaking was
conducted. The recruitment criteria was that the participant
needed to suffer from fear of public speaking, but does not
need to be diagnosed with neither fear of public speaking or
SAD. To ensure that speaking in front of an audience actually
was a problem for the participants, those who rated 7 or
higher on the scale for how difficult/anxiety triggering it is
to speak in front of a group were included. Participants were
recruited through Convenience selection followed by Snowball
selection.

B. Construction of test environments
Three different VR environments were created, where the

participants would rate each environment according to the
possibly experienced discomfort in the three levels: not trig-
gered, a bit triggered/triggered or very triggered. The
environments were created in Unity and was built based
on the theory according to what should be experienced as
discomforting. One environment corresponding to each choice
was created, i.e. one environment that should not trigger, one
that can trigger and one that should trigger. The environment
that should not trigger does not include any people. The
environment that can trigger includes people but they are
not focusing or giving attention to the test subject. Finally,
the environment that should trigger includes people that are
focusing the test subject, making the VR-user being in the
center of the attention. Figure 1-3 shows screenshots of the
three different environments.

Fig. 1. Screenshot of environment 1

Fig. 2. Screenshot of environment 2

Fig. 3. Screenshot of environment 3

C. Execution of the test

The experiment was executed with VR googles which
showed the participants one environment at the time. The
participants assessed whether/ or how much, they experienced
discomfort after each environment. At the end of the test after
all environments had been shown the participant answered
general questions regarding the test and VR.

1) Hardware: The VR environments were run on a PC,
with a Fatboy RX590 8GB Graphics Card, AMD Ryzen 7
3700X 3.6GHz processor and 16GB of RAM. The VR headset
that were used was Oculus Quest 2.

2) Physical test environment: The case study was con-
ducted in physical test environment in a (30sqm) living room.
The test leader and test person were the only people present
when the test was conducted. Since this case study was carried
out in person, measures against Covid-19 was taken. No
physical contact, the VR-headset was firmly cleaned between
every session, hand disinfection was available and the test
leader was sitting behind a transparent glass window.
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3) Execution script: The test was carried out in the follow-
ing order, the participants:

• Answered a short questionnaire regarding how the par-
ticipant felt before the test.

• Wore the VR glasses that showed the first environment
that should not trigger discomfort.

• Removed the VR goggles and rated environment 1.
• Wore the VR glasses that showed the second environment

that can trigger discomfort.
• Removed the VR goggles and rated environment 2.
• Wore the VR glasses that showed the third environment

that should trigger discomfort.
• Removed the VR goggles and rated environment 3.
• Finally, answered general questions regarding the test.

4) Follow-up questions: After the environments had been
shown, 5 follow-up questions were asked. The questions were
open-ended, meaning no alternatives, to gather the participants
own thoughts and understanding of the test experience. The
following questions was asked:

• How did you experience the whole test situation?
• Did you feel more nervous or anxious than usual when

you conducted the test?
• How did you experience the VR experience in general?
• How do you think more high-resolution characters would

have affected your experience?
• Other comments / Comments on the test

5) Exclusion of test data: If any of the participants expe-
rienced anxiety before the test started or experienced the test
situation itself as triggering their data was excluded from the
study. This was checked through a questionnaire before the
test began.

IV. RESULT

The following section present the relevant data to the
study obtained through the questionnaires and the case study.
Information regarding the participants and a summary of the
data from the case study will be presented.

A. Participants

A total of 4 participants where recruited, in the age range
20-32 where the distribution between men and women was
50% as seen in Figure 4. Figure 5 shows distribution for SAD,
where 50% answered that they suffered from it, 25% maybe
and 25% did not. Regarding fear of public speaking, 100%
stated that they suffered from it. Figure 6 shows an estimate
of how many people there can be in an audience before the
participant experience anxiety. On the scale for how they
experience talking in front of a group of people, where 1 meant
”No problem at all”, and 10 meant ”Very difficult/Triggers a
lot of anxiety”, 75% rated 10 and 25% rated 8. Lastly Figure
7 shows answers regarding previous experience with VR, 75%
stated that they had tested VR before, while 25% had not.

Fig. 4. Pie chart with gender distribution of the participants

Fig. 5. Pie chart of SAD distribution of the participants

Fig. 6. Bar chart that shows an estimate of how many people there can be in
an audience before experiencing anxiety.

Fig. 7. Pie chart of previous experience with VR

B. Case study

The case study was conducted over a total of 2 days,
taking about 1 hour per participant. Table 1 shows how the
participants rated each environment during the experiment.
The participants are numbered 1-4.

Env. 1 Env. 2 Env. 3
1 Not triggered Not triggered A bit triggered/triggered
2 Not triggered Not triggered A bit triggered/triggered
3 Not triggered Not triggered Not triggered
4 Not triggered A bit triggered/triggered A bit triggered/triggered

Table 1: Rating of environments
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1) Data from follow-up questions: After the environments
had been shown and rated by the participants, the follow-
up questions were presented. The participants all stated that
they experienced the test situation in general as good with
clear instructions. None of them stated that they experienced
the test situation itself as discomforting, but only experienced
discomfort in the VR environments. The VR experience in
general was perceived well, all of them thought it was fun to
test VR, even though it triggered discomfort. Regarding how
high-resolution characters would have affected the experience,
3/4 stated that higher resolution characters probably would
have triggered more discomfort. Meaning that their fear of
public speaking would probably have been triggered more if
the characters were of higher resolution.

2) Exclusion of test data: No test data was excluded from
the study, since the criteria for exclusion was not met. None of
the participants stated that they felt more anxious or nervous
than usual before the test started.

V. DISCUSSION

The results from the case study showed that a majority of the
participants experiences discomfort in the VR environment. In
Table 1 it can be seen that none of the participants rated Very
triggered, but three out of four rated A bit triggered/triggered
on the last environment. Since a certain level of discomfort
was experienced by a majority, the produced results looks
promising. An interesting thing to point out is that among
all the participants, the youngest, who also was the only one
who did not have previous experience with VR, experienced
the most discomfort, and the oldest experienced the least
discomfort. To draw any conclusion from that, testing on a
bigger scale needs to be done, but it is still interesting to point
out.

A. Limitations

This study has some limitations that may impact the result,
which mainly relates to the participants and VR environments.
The case study had in total 4 participants, which made the
collected data a bit narrow, and hard to draw general conclu-
sions from. It would be interesting to see what conclusions
could be made on results based on more participants. Age is
also a limitation, the participants where in the age span of
20-32 years old, which is a relatively close gap. It would be
interesting to test on a broader age group, to identify possible
differences depending on age.

The VR environments also have some limitations. Even
though they where created according to theory that should
trigger fear of public speaking, they can be made in many
different ways. Details such as good lightning, well-thought-
out interior and the characters are examples of things that
are left open for interpretation and can vary in quality. To
summarize this, the quality of the VR environments can have
possible impact of the result. In this study, the experiment was
limited to three different environments, and there may be other
environments that fulfills the requirements from the theory and
triggers more discomfort than those used in this experiment.

B. Future research

This study opens up for further research, as there are several
interesting aspects yet to be explored. As stated earlier, it
would be interesting to test this on a bigger scale with more
participants, in the pursuit to draw more general conclusions.
With factors like a wider age range, different levels of expe-
rience with VR and more participants, it might be possible to
identify differences between participants depending on these
factors.

Another aspect to explore is how different resolutions might
affect the VR experience. When developing in Unity it is
possible to create environments in different resolutions. A low
resolution environment that obviously looks like a game, might
not have the same effect as a environment in high resolution
that looks more real. This also applies to the characters in
the environment, as a low resolution character will include
different flaws like visible pixels, while a high resolution
character might be perceived more life like, and probably have
a greater effect. For future research it would be interesting to
test if the different resolutions can have impact on the result.
This can also be seen in the results under section B1, where 3/4
participants stated that they probably would have experienced
more discomfort if the characters were of higher resolution.

VI. CONCLUSION

Based on the gathered results it is seen that a majority of the
participants was experiencing discomfort in the given VR envi-
ronments. This means that it is possible for people who suffers
from fear of public speaking to experience discomfort in VR
environments. To draw general conclusions about whether or
not discomfort can be triggered in VR, more research needs
to be conducted.
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Abstract—Social robots have been increasing in recent years.
One type of such robots has rendered faces. Some of these
have more emoticon-like characteristics. This study aimed to
research weather such rendered emoticon-like faces could express
compound emotions. Six emotional rendered face prototypes were
made. Three from the six basic emotion and three from the
compound emotions. A semi structured interview was conducted
with six participants. The result was mixed with one basic
emotion and two compound emotion not conveying the intended
emotion well. But a finding showed that the human participants
had the potential to quickly learn what the compound faces
expressed. Further research to investigate the effect of changes
in facial details in emoticon-like faces is recommended.

Index Terms—Human-Robot Interaction (HRI), rendered
faces, emoticons, compound emotions.

I. INTRODUCTION

The field of human robotics interaction (HRI) has seen an
increased interest of emotional interactions between humans
and robots. Most of these studies focuses on getting the robots
to recognize which emotion the human user is showing. Most
of the time this is done by analysing facial expressions. But
a smaller amount of the studies has focused on how to make
robots express emotions to humans.

Two methods are often used to give social robots faces,
rendered faces and mechanical faces. Mechanical faces are
robotic faces that uses machinery to represent the motions
created by human muscles. These faces sometimes attempt
to replicate the human facial muscles with small mechanisms
often under a synthetic skin like material. But these faces are
costly, both in money and time to produce. A less expensive
option is rendered faces (sometimes called virtual faces).

These faces exist virtually and are shown on computer
screens attached to the robots. A common trend in the industry
of robots using these faces is that they are often look like
cartoony emoticons [1] . As these rendered faces are more
cost effective it would be desirable if these can showcase
the emotions needed for the future of social robotics. A
recent study [2] investigated if emoticons could be used to
express the six basic emotions. This study showed that the new
emoticons created for the study preformed better than pictures
of human faces in conveying emotions. This would suggest
that emoticon-like rendered faces could possible perform better
than other types of robotic faces. A possible issue is that
studies on more complex emotional expression in robots than
the basic six emotions seem to be non existents. This poses a

problem as this is likely to be a future requirement of social
robots.

II. OBJECTIVE

This study aims to find weather it is possible for emoticon-
like rendered faces to express complex emotions. The research
questions are the following: 1) Can rendered faces that are
stylistically like emoticons be used to express emotions? 2)
Can a human distinguish a combination of two basic emotions
(compound emotions) from other emotions using rendered
faces? 3) What are the participants overall impression of
robots with rendered faces?

III. THEORY

As previously mentioned, emotional expression of robots is
not as well researched area as emotional recognition of humans
in HRI studies. But there is research relating to these topics
in other relevant areas such as social psychology, applied
psychology, and general human computer interaction (HCI)
research.

A. Emotional recognition by facial expressions and compiled
emotions

Emotional recognition through facial expressions has been
a controversial topic within psychology. The difficulties arise
because it is hard to generalize facial expression beyond
culture. But six emotional expressions have been popularly
established as probably being universal. The expressions are
those of happiness, surprise, fear, anger, sadness, and disgust.
A series of studies [3], [4] has also argued that combinations
of two of these emotions could also establish another 17
compound expressions. They define these compound expres-
sions as happily surprised, happily disgusted, happily sad,
sadly fearful, sadly angry, sadly surprised, sadly disgusted,
fearfully angry, fearfully surprised, fearfully disgusted, angrily
surprised, angrily disgusted, disgustedly surprised, appalled,
hatred and awed.

B. Facial action coding system

How studies [3]–[5] define the relative difference between
the different facial expressions is usually with something
called the facial action coding system (FACS). In this coding
system facial movements are coded into action units (AU). AU
is a measurement of activity in certain facial muscles causing
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certain local facial movements [3]–[5]. As an example, these
AUs can be the cluster of muscles that causes a person’s inner
eyebrows to rise. A study [5] investigated the reliability of the
AUs as psychometric and found a favourable result for the
coding system.

C. Rendered faces in robots.

Companion robots are a branch of robots with the task of
providing companionship to human users. The use area for
such robots has mostly been within elderly and childcare.
Something that has grown increasingly common with compan-
ion robots is the use of rendered faces instead of mechanical.
This becouse the faces are cheaper to produce and more
flexible. A study from 2018 [1] looked at various rendered
faces in social robots and compared them to each other. A
surprising finding was that some of the more cartoon and
emoticon-like faces outperformed the more human like faces
in several positive categories like perceived friendliness. This
finding might suggest that the rendered cartoon faces might be
a better standard than mechanical ones. This is surprising as
most academic literature focuses on human like robotic faces.

D. Emotional recognition of emoticon-like faces

Another finding was recently made in the field of HCI and
emotional recognition. The study [2] wanted to estimate how
well humans can recognize the six basic emotions from that
of emoticons. To estimate this the study used a set of custom-
made emoticons, facebooks emoticons, apples emoticons, and
sets of pictures of humans depicting the six facial expressions.
The outcome was interesting in that the emoticons from
facebook and apple performed on average worse in expressing
emotions than the pictures of the humans. But the custom-
made emoticons outperformed the human faces.

IV. METHODS

The chosen methodology of this study was to create some
prototypes, pictures, of rendered faces and interview the par-
ticipants on them. An interview was chosen as the objective
of this study was relatively novel and the ability to investigate
unaccounted possibilities was desirable.

A. Participants

Six people were interviewed. Three men and three women.
Ages ranged between 23 – 76. The participants were a
convenient selection recruited with the researcher social media
apps.

B. Materials

Virtual low fidelity prototypes were created of rendered
faces that represents the following emotional states: neutral,
happiness, disgust, surprise, happily surprised, happily dis-
gusted, and disgustedly surprised, fig 1, and four variations, fig
2. The monitors which render these faces were the participants
home computer.

C. Design of the rendered face prototypes

The rendered face design for this study takes inspiration
from several studies [2] [3] [1]. Overall, the design of the faces
was based on the AU data from research on compound facial
expressions [3]. This was done to provide the most detailed
account for the expressions. A noticeable design decision from
the study on emoticons [2] was the over exaggeration of
the emoticons facial design that preformed well as emotional
indicators. This suggest that the design of the rendered faces
should be significantly different from one another. Meaning
that the AUs probably also needs to be exaggerated. Another
interesting point is that the successful emojis included the
wrinkles that are associated with the facial movements. This
was also added too the rendered faces of this study. Lastly the
a tongue was added to the disgusted face and the compound
variants. This because it was also present in the study [2]. The
final design of the rendered faces can be seen in figure 1.

Another four rendered faces prototypes were made too test
different details. These can be seen in figure 2.

Fig. 1: (A) The neutral face was decided to be two dots
representing the eyes and a straight line representing the
mouth. This as this is a common neutral face for emoticons and
the resting face of humans tend to vary a lot. (B) The happy
expression has activity in the AU 12 (lip corners up), 25 (lips
parted). (C) The disgusted expression has activity in the AU
9 (wrinkling nose), 10 (raised upper lip) (D) The surprised
expression has activity in the AU 1 (raised eyebrow, inner),2
(raised eyebrow, outer), 25 and 26 (Dropped chin/open mouth).
(E) The happily disgusted expression has activity in the AU
10, 12 and 25 (F) The happily surprised 1, 2, 12, and 25 (G)
The disgustedly surprised expression has activity in the AU 1,
2, 5 (raised upper eyelid) and 10

D. Interview structure

The interviews were performed online by video chatting
with screen share functionality. They were structured as semi
structured interviews conducted in swedish. Before the inter-
view started the participants were informed on the purpose of
the study and some background on what rendered faces are.
Two pictures of blue frog robotics, Buddy robot was shown
as an example of a social robot with a rendered face. The
participants were also asked for consent to record the interview
to analyse the result.
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Fig. 2: (H) Is a variation of disgust fig. 1 C. This version
has no tongue. (I) Is a variation of disgustedly surprised fig.
1 G. This version has a mouth that is more open and has a
shorter width. (J) Is a variation of disgustedly happy fig. 1 E.
This version has lowered inner eyebrows. (K) Is a variation
of disgustedly surprised fig. 2 J. This version has no smaller
facial lines.

The interview had four sections. The purpose of the first
was to inquire what the initial intuition of the participants
when the rendered faces in fig 1 was shown. As such the
participants were informed that they would be shown a series
of rendered faces. These faces would try to convey emotions
that they were to identify. Before each facial expression they
would be shown a neutral expression, fig 1 (A), that they
were told to try to pretend was the robots face when nothing
special was going on around it. For all other faces, fig 1 (B-G),
they would answer three questions. These questions were: (1)
What emotion do you think this rendered face show? (2) How
certain are you at a scale from 1-10? Were 1 is a little certain
and 10 is vary certain. (3) Do you have any alternatives you
think the rendered face could depict?. The faces were shown
in the order happy, disgusted, happily disgusted, disgustedly
surprised, surprised.

The purpose of the second part was the inquire the initial
intuition of the participants when the rendered faces in fig 2
was shown. As such the participants were informed that they
would be shown another series of rendered faces. They were
told that the rendered faces might look similar and that they
should still answer as their intuition indicates. Weather this
would be the same as a previous emotion or not. The three
questions from part one where repeated for each face. The
order was given fig 2 I, H, J, then K

The purpose of the third section of the interview was to
inquire the details on the topics of the quality of the design,
if they were able to learn the intended emotion and the
participants attitude towards robots. As such the participants
were informed that they would see all the previous faces
once again. But this time they would be told what the design

intentions were for each face. They were also reminded that
the study was to evaluate the rendered faces and not them. This
section of the interview had more open questions and follow
up questions then the previous. But if the participant had not
identified the intended emotion in part 1 and 2. They were
asked consistently if they now perceived the facial expression
differently. If they identified the intended emotion previously.
They were asked about the details making up the face and
what they thought of them. When the participants came to
the faces illustrated in fig 2 they were told that they would
be shown two faces at once. They were the face of from fig
2 with the corresponding face from fig 1. They were then
noted on the difference between the two. This to make sure
that all participants noticed the difference. They were then
inquired about preference, and perceived emotional difference
between the two. After this they were asked questions on their
perception of robots. They were first asked if they would like
a robot with the same type of rendered face as in the study.
They were then asked if they would consider having a social
robot with a rendered face taking care of their (hypothetical)
children? Then they were asked if they would consider the
same for (hypothetically) elderly parents?

Lastly in part 4 the participants were inquired on their age,
gender, social media habits, emoticon usage and how much
cartoon media they consumed regularly.

E. Analysis

The analysis consisted of compiling the data from the
first part and second part counting how many designs were
successful. And what was common misgivings about them.
The third part of the interview was analysed by coding the
data and looking for information that was repeated between
participants interviews. One participant was excluded from this
analysis. Thereby not contributing to the result. This due to
technical difficulties with the recording of the interview. Lastly
the fourth part was used to see if any participants that answered
similarly there also answered similar elsewhere.

V. RESULT

TABLE I

Facial expression tra pca ac cm(nmb)
Happy 6 – 7.5 fake smile(3)

Disgusted 3 – 8.0 angry/annoyed(3)
Surprised 6 – 7.7

Happily disgusted 0 0 5.6** teasing(4)
Happily surprised 3 2 7.3 –

Disgustedly surprised 0 4 5.8 –

tra = times correctly answered, pca = partially correctly answered*, ac
= average confidence, cm(nmb) = common misconceptions (number
of participants)
*For the compound emotions. If one of the two emotions were
expressed as being present
**One participant choose not to answer. Average was calculated with
the remaining 5.

The result from the first part of the interview can be seen
in table 1. The answers from the question, Do you have any
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alternatives you think rendered face could depict?, were mixed
and no participant expressed the same.

TABLE II

Facial expression tra pca ac cm(nmb)
No tungue disgust 0 0 8.3 angry(6)

Disgustedly surprised alt. 1 3 6.3 –
Happily disgusted alt. 0 1 7.2 teasing(2)

No lines 0 3 6.0 –

This table represents the result from the second part of the interview.
(1) No tungue disgust = fig 2 H. (2) Disgustedly surprised alt. = fig
2 I. (3) Happily disgusted alt. = fig 2 J. (4) No lines = fig 2 K.

The result of the second part of the interview can be seen
in table 2. On the question, Do you have any alternatives
you think rendered face could depict?, participants answered
differently and no relevant result was found. The result from
the third part was the following. On the question about weather
their perception changed after being informed on the intended
emotion of the face, the following was common answers. All
participants answered that they could see or understand what
was intended in the design off the faces. But four participants
expressed that they still felt some of the faces gave another
intuition. Some common critiques were that the tongue could
give multiple different impressions. The tongue could therefore
cause some uncertainty. Another critique was that three of
the participants felt that the eyes were not expressing enough
emotion. They missed the inclusion of pupils. And two felt
that there should be more changes in the shape of the eyes.
For example, more squeezing off the eyes when smiling.

On the design alternatives, see fig 2, the participants some-
times expressed indifference. but when they saw a difference,
it was the following. Without the tongue their disgusted
face looked angrier. with lowered inner eyebrows the happily
disgusted face looked angrier or more teasing. The disgustedly
shocked face with higher upper lip was thought by some to
look more surprised. Half of the participants thought that deal
lines indicating facial wrinkles help with the expression. But
some thought the opposite.

On the last part of section three a coupe of things of note
were repeated by several participants. The participants were
mostly in favour of a robot with a rendered face like the
one in the study. Three participants expressed scepticism with
having them look more human like. All participants expressed
an understanding for the function of social robots, but several
expressed that they didn’t wish to have one of their own. Most
participants expressed that they do not wish to see robot taking
over social spaces that humans are supposed to occupy. An
example being that the robot shouldn’t replace the role of a
parent. No relevant connection between social media usage,
emoticon usage, texting usage and the rest of the result was
found.

VI. DISCUSSION

The purpose of this study was to investigate weather an
emoticon-like rendered face could express emotions and in
particular compound emotions. The result indicate that this

might be possible. But certain things need to be considered.
The first is that the basic emotion disgusted was hard to iden-
tify. This became harder for the participants when removing
the tongue. It is possible that the face wasn’t representative
enough of the relevant AUs to convey the emotion consistently.
But it cannot be concluded for certain. But it does seem
likely that the same issue is correlated too the two disgusted,
fig. 1 (E, G), compound emotions result. It is also important
to note that the happily surprised facial expression faired
well. This also indicates that it might be that the disgusted
expression was hard to recognize, the other two compound
facial expressions also became harder. This makes it hard to
truly analyse how well the emotions were conveyed in general
as this study didn’t look at enough of them. But another
finding would suggest that it is worth pursuing this type of
rendered face. That result is that all participants seemed to
be able to see what the design intended after being told what
the intention were. This indicates that so long that a social
robot with an emoticon-like face says aloud what their face
is displaying. It is possible highly possible that the human
would learn the meaning quickly. And after time not needing
the prompt. This would require a separate study to confirm.
But given this study’s result it seems promising. This mean
that independent of a human’s intuitive ability to recognize
compound facial expression it is still likely that a human can
learn these expressions relatively fast. Another thing to note is
that this study used early prototypes and cannot therefore be
considered in anyway conclusive. This as it is still unknown
if the result would remain the same in an actual use case.

Certain aspects of this study can be improved for a better
result. The first is to use an actual robot with a rendered
face on in a controlled environment. The second is to ani-
mate transitions from the neutral face to an emotional face.
Instead of asking the participant to imagine it. It could also
be interesting to try different random configurations of AU
activity too see what emotions the participants identify and
if there are any patterns in them. It would also be good to
collect quantitative data on a particular rendered face ability
to convey an emotion. Lastly it is important to take note
of the user’s attitude towards the concept of social robots as
the rendered face robots falls in this category. All participants
brought up that they did not want robots to replace humans
socially. This is of course a larger ethical concern with social
robotics. This could of course be considered a strength with
the emoticon-like face. As it is not too like humans but still
retains a certain amount of social capacity. It might not give
the same feeling of being a human replacement as a human
like face might. This also require its own study.

VII. CONCLUSION

In conclusion this study found that it seems possible for
humans to recognize emotions from emoticon-like rendered
faces. This becouse the result gave good result on 2 of the
basic emotions and the difficulties with the last one can be
explained by design errors. The compound emotions showed
some promise. If not immediately, they can probably be learnt
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by the users. Lastly the participants showed some concerns
regarding robots replacing humans. These concerns might
cause hindrances in HRI settings. It should therefore be a
questioned continued to be researched. The continued research
of the subject could be fruitful given the possible advantages
an emoticon-like face might bring in HRI. But further research
needs to be done before making any deeper conclusions.
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Abstract—This paper explores what makes up an ideal smart
home and the different methods of smart home interactions, in
the present, and the future. With the help of an online survey,
data were gathered to research users’ thoughts on the subject.
The question of whether users are positive towards interacting
with one’s environment through gestures, voice, and thoughts
were answered upon with hesitation. This were discussed in
the paper, and argued that there were too little context to the
questions asked for the users to answer with certainty. In the
final part of the paper a conclusion were drawn that there must
be more smart home experience research performed to fully
understand how the user wants to interact with their machines
in the home.

Keywords— Smart homes, interactions, technology

I. INTRODUCTION

Home technology and the internet of things (IoT) has for too long
been viewed with an innovation-first perspective, meaning companies
have been focusing on the technology aspect when developing new
IoT-products, and not the experience of interacting. Companies build-
ing these products can launch cool tech-first products, but will have
problems answering basic human-centric questions like “Who are
the customers for the future homes? What do they really want? How
do we overcome strong concerns about how their data is collected
and used?” The vision of future homes have always been similar
to the scenarios we see from sci-fi movies. An AI controlling your
home robots and taking care of cleaning and cooking, an interface
in your bathroom mirror telling you about your schedule, and an
interactive hologram on top of your dinner table allowing you to
choose what movie to watch. Today, instead of this utopia, we have
a tech hub filled with different unconnected devices, clunky apps,
and badly designed products. [1]

“The future home is an attitude, not a technology”, as Accenture’s
research center, The Dock, expressed in their research article from
2019. Smart homes are more than connected devices and protocols,
it’s an attitude, and to reach that utopia of a seamless home-
experience, we must understand what complex emotions drive our
motivation in the home. In the article, test subjects were asked which
words they would use to describe their homes, and the top three
words that turned up were “comfort”, “safety”, and “control”. What’s
funny about these words, is that they don’t correspond well with what
companies are thinking when designing smart-home products. [1]

II. OBJECTIVE

The aim of this paper is to investigate different methods of
interaction in the smart home, and to survey what users think of
these methods. A specific focus will be put on security, since safety
and security is one of the main pillars when speaking of a home.
[2] A conclusion will hopefully be drawn from the results allowing
further research in the smart home to be conducted with a more
human-centric approach.

III. THEORY

The following theoretical section will define what a smart home
is, and then outline the different major smart home interactions.

A. The home
The home as a concept have long been been discussed, but poorly

researched. The discussions have mainly been revolving around when
a house becomes a home, and whether it is a place, feeling, or
practice. In an article by Kirsten Gram-Hanssen and Sarah J. Darby
[2], the concept of home is broken down into four categories:

• The first one is security and control. One´s home is often
considered to be a safe haven - regardless what’s outside the
door, a home is always safe och controlled by it’s residents.

• The second one views homes as a site of activity, meaning
it’s where people perform everyday-life activities, like cooking,
cleaning, and sleeping. It’s the best place for life-activities and
ideas.

• The third one is relationships and continuity. Home is where
our family resides, have resided, and/or will reside, thus it’s
continuous and a place for relationship to prosper - or decline.

• The fourth and final one is identity and values. The outside
of our home sometimes indirectly tells other people about our
socio-economic status, and the inside of our homes tells the
people of our personal identity and values, through decor. It’s
a place to express our values, and to tell a story of who we are
as individuals.

However, in a more globalized society the concept of home might
change. When communications withing the home reaches to several
sources outside the home, like the internet, neighbours, and cities, our
understanding of where we are at ”home” could turn in to something
else. [2]

B. The ”smart” home
One of the earliest definitions of a smart home, made by Lutolf

in 1992 [3], might give a picture of how they were viewed when
the concept was starting to get born: ”The smart home concept
is the integration of different services within a home by using a
common communication system. It assures an economic, secure and
comfortable operation of the home and includes a high degree of
intelligent functionality and flexibility.” It’s clear that Lutolf had a
sense of that IoT would become a thing, but a the same time it’s
also clear that there was barely any thought of machine learning or
an intelligently controlled home. An article made in 2012 defines
another more modern definition of the smart home: ”Considering the
current trends in smart home research, we can define the smart home
as an application of ubiquitous computing that is able to provide user
context-aware automated or assistive services in the form of ambient
intelligence, remote home control or home automation” [3].

The internet of things (IoT) is largely used in smart homes. IoT
systems mainly use technologies like radio frequency identification
(RFID), sensor technology, nanotechnology, and intelligence embed-
ded technology. Smart homes with IoT-technology can be divided
into an architecture of usage areas:

• Security service
• Medical service
• Data service
• Entertainment service
• Business service
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The different services can be viewed as applications that the smart
home is aiming at to fulfill. Fulfilling all or some of these areas
with intelligent technology, like previously mentioned IoT, in a home
environment should then be considered a smart home environment
[4].

C. Control

A seemless smart home experience may seem simple and smooth
on the outside, but processes an immense amount of information on
the inside and uses a lot of different frameworks to handle the data.
This makes IoT systems complex in the sense that the privacy, and
security, protocols tends to fall short on the developer side. Research
and methods to integrate security-enhancing measures in the design
is yet to be outlined, meaning being able to analyze whether a system
is resilient to attacks, such as, authentication, access control, and user
privacy. The difficulty to ensure secure IoT systems is, in fact, one
of the top barriers when producing smart home experiences [5].

In psychological security, being certain that you have control is
one of the most important dimensions. Loss of control could alter the
user’s perception, change their behaviours, and affect their physical
and mental health. To enable an optimal smart home experience,
having optimal control over the environment is a crucial factor [6].

D. Controlling the environment with voice

One product that seems to have reached many milestones in home
technology is digital voice assistants (DVA). According to Juniper
Research, usage of DVA’s are projected to have grown 1000% by
2023. [7] Three keywords that are leading the usage of voice
assistants are “productivity”, “communication”, and “entertainment”.
In the research paper by Accenture, people who use DVA’s were asked
to describe how they had incorporated them in their day-to-day life.
Some families have bought several DVA speakers and placed them
in different rooms to act as walkie-talkies. Some use them to act as
virtual cooking assistants in the kitchen, and some simply use them
to control lighting, heating, and alarms. The question now is how
do other products follow this narrative to become a relevant part of
people’s lives and routines? [1]

E. Controlling the environment with gestures

Motion detection and gesture interaction have been around for
a long time. For consumers, there have been technology around,
mainly entertainment systems the consumer could interact with using
a controller that follows the movements of the user and projects the
interactions on a screen [8]. This technology were using inertial
sensors, which are sensors often used in aerospace to measure
movements. Examples of inertial sensors are accelerometers, which
measures movement and acceleration of an object, and gyrometers,
which measures positioning of an object [9]. Inertial sensors in
gesture controls were limiting because the user had to use a remote
controller, which felt unnatural and inconvenient. Later, to solve said
problem, consumers could use technology based on visual sensors,
or cameras, to get all necessary input from the user’s hands. This
technology, as well, were limiting because it depended on the cameras
ability to see the hands without interference from different lighting
conditions and cluttered backgrounds [8].

The study from 2014 described a research project where the
technicians were able to reach a very high accuracy in recognising 4
different hand gestures using depth imaging sensors (advanced cam-
eras). The researchers let five test subjects interact with a graphical
user interface to change channel, adjust volume, etc. using these hand
gestures. The results were 98,50% accuracy and thus proving that
consistent and efficient hand gesture-interaction is possible in home
environments [8].

F. Controlling the environment with brain waves

Although mind-control sounds like something you read about in
fantasy or sci-fi fiction novels, it might be a technology consumed
in the not-so distant future. Researchers have been able to read brain
waves accurately for long time now, but these methods are regarded
shallow and limiting. To fully read a brain’s intent, invasive methods,
such as inserting threads deeper inside the brain, need to be used.
Neuralink is a neurotechnology company developing implantable
brain–machine interfaces (BMIs), founded by Elon Musk. They
successfully implanted more than 3000 strings in a rhodent’s brain,
and been able to fully read and interpret its brain signals, both deep
and shallow [10]. Even though Neuralink states that they aim to use
this technology primarily for the disabled and movement impaired,
other researchers are bringing to light the fact that BMIs can be
used in smart home implementations to control home appliances. In
an article from 2016, the authors tested their BMI on a number of
test subjects, some disabled, and let them perform different home
environment-tasks, like turning on the light, lowering the blinds, and
switching in the television. With test subjects accomplishing the tasks
with a 77% accuracy, the authors concluded that using BMI in a smart
home environment is feasible but requires further study [8].

G. Letting go of control

According to European Robotics Network (EURON) there’s a high
priority of personal assistance robots in the home environment. In
their roadmap they mention that in around 15 years, domestic chores,
like cleaning dishes and washing clothes, can be something of the
past. Bill Gates, one of the founders of Microsoft, envisions a future
where robots will become a nearly ubiquitous part of our day-to-day
life - ”We may be on the verge of a new era, when the PC will get up
off the desktop and allow us to see, hear, feel and manipulate objects
in places where we are not physically present” [11].

Personal robots in the home environment can be divided in to three
different classifications.

• Wheeled driven mobile robots which is the most common one.
It depends on wheels to move around in the environment. One
common example is the vacuum-cleaning robot many people
have in their homes.

• Biped humanoid robots is a more advances robot which mimics
humans advanced mobility with the use of two legs to navigate
through complex terrain.

• Climbing assistance robots are basically wall-mounted robotic
arms that mainly assists movement impaired users with chores
like brushing teeth etc.

[11]
The Robotic Assistance System (RAS) is a wheeled driven mobile

robot developed mainly for the elderly. It help with day-to-day tasks
that would sometimes be hard for elderly people with cognitive
inability. For an example, if the user is supposed to eat breakfast at a
specified time, but doesn’t, the RAS can identify this error and will
notify the user that he/she should be eating breakfast It will even
show a video of what ”eating breakfast” is, in case the user can’t
remember. The RAS is an example of personal assistance robots
potentially used in future smart homes. In a study about the RAS
from 2018, the authors concluded that even with advances sensors,
the RAS had trouble identifying humans in environment due to factor
like lighting conditions etc. [12].

IV. METHOD

The method of choice is to use a questionnaire to ask test subjects
how they feel about controlling their home environment with different
interaction methods, and whether they would feel safe doing that.
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A. Questions
The questions in the questionnaire, a part from age and interest,

are mainly about different interactions with entertainment systems,
and home appliances. It’s then asked whether the test subject feel if
these interactions are safe. Some examples from the questionnaire:

• Would you want to be able to control your entertainment
systems with your voice?

• Would you want to be able to control your entertainment
systems with gestures in the air?

• Would you want to be able to control your entertainment
systems with your brain?

• Would you want to let robots control your home appliances?
• Would you feel safe letting them do that?
• How much control over entertainment systems and/or home

appliances would you want in your home?

B. Target
People who uses smart home products in their home, or would

like to, could hypothetically be anyone between the ages 8 to 100.
That’s why, in the questionnaire, the age span is set to be in
a continuous interval. Another question stated is whether the test
subject is interested in IoT products. This is to get a more nuanced
understanding of what different people think of smart interactions in
the home.

C. Data
The questionnaire-data subtracted from each smart home inter-

action will be put in comparison with each other. Which is more
preferred? Which feels more safe? It will also be measured what
different people think of the interactions, according to their age, and
their interest in IoT products.

V. RESULTS

A total of 15 people participated in the survey. Following are some
important notes about the participants.

• 86,7% were between ages 19 and 31, and 13,3% were between
the ages 45 and 65.

• 46,7% of the participants were interested in IoT products, and
33,3% were not.

• 86,7% thinks that safety is important in their homes, and 13,3%
don’t think so.

• 53,3% answered a 4 out of 5 on whether they feel safe at home.
40% answered a 5, and 6,7% (one person) answered a 3.

Following is a table showing the different interaction methods. The
columns consists of ”Entertainment systems”, ”Home appliances”,
and ”Safe”, which are the different subjects investigated for each
interaction method. The table cells consists of percentages in the form
off ”Yes / No / Maybe”, and corresponds to the participant’s answers
in the survey. The column ”Safety” tells us what the participants
thought of each interaction method in regards to safety. Here, only
the majority response is shown.

TABLE I
TABLE SHOWING THE INTERACTION METHODS IN COMPARISON WITH

EACH OTHER. NUMBERS ARE PERCENTAGES IN THE FORM OF ”YES / No /
MAYBE”

Interaction methods Entertainment systems Home appliances Safety
Voice 33,3 / 20,0 / 46,7 20,0 / 26,7 / 53,3 No

Gestures 33,3 / 60,0 / 6,7 26,7 / 66,7 / 6,7 No
Brain signals 26,7 / 53,3 / 20,0 26,7 / 53,3 / 20,0 No

Robots 20,0 / 53,3 / 26,7 20,0 / 66,7 / 13,3 No

Some important points to be taken from this data are:
• The only interaction method that had more ”Yes” than ”No”

were Voice control, when interacting with entertainment sys-
tems.

• The majority of participants did not think that any interaction
method felt safe when controlling entertainment systems or
home appliances.

• There were a lot of ”Maybe”.
• Gestures seems to be the least ”popular” method of interaction.
The two older participants that were between the ages 45 and 65

had identical answers to the survey but not much different from the
rest of the participants.

The one participant that answered a 3 on whether he/she feels safe
in his/her home answered ”No” on every question.

VI. DISCUSSION

In the questionnaire the questions are asked with the word ”con-
trol” in center of attention, as the examples in the method section
show. Control is related to security, as we can see from the ”Control”
section, and to enable control in a smart home, you must interact with
the object you want to control. An interaction performed without
knowing exactly what the outcome will be, can be regarded as
not having control, and therefore a feeling of not being safe, can
occur. This is why we digest that having a seemless smart home
experience, is having complete trust in your actions and interactions
with your environment. Not feeling safe when performing tasks via
interactions could be a result of not having a good relationship with
the IoT products you are interacting with. As we have covered in the
Introduction, IoT companies tend to no be as accurate in the user part
of product development, and that is why incorporating user-centric
design in IoT development must be crucial to creating a seemless
experience.

The results from the questionnaire were rather negative towards
the different interaction methods described in the theory section. It’s
apparent the participants does not prefer entrusting control to anything
else than products they know with certainty will do what they expect
them to do. The alternative ”Maybe” were also chosen a lot from the
participants. This might have been a result from how the questions
were asked. The participants were probably thinking that answering
”Yes”, or ”No”, depends on more factors. For an example, it might not
be a question of whether someones wants to control home appliances
with voice, but rather how the interaction would play out. Because
of this, the results from the questionnaire are possibly biased when
control is interpreted by each and every participant’s own view on
interaction technology.

There was a pattern in the answers from the questionnaire in-
dicating that people who are more interested in IoT products also
answered more positively towards the different interaction methods.
This might be rather obvious since new tech gadgets are primarily
bought by tech enthusiasts [13], but this fact also makes it more
obvious that something needs to be done about IoT products being
produced for IoT enthusiasts.

VII. CONCLUSION

From the results, we can see that people are in general sceptic
towards unfamiliar technology, unless the user is tech entusiastic and
already familiar. The reason for this is that companies are developing
smart home products with a focus on hardware and not experience.

In the not-so distant future, companies that develop IoT products
for smart homes must put the user in center. In order to achieve this,
further research about seemless user-centric smart home experiences
needs to be conducted.
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Abstract—The main topic of this report is to examine the
difference between screen interaction and voice interaction also
gain knowledge of people’s usage of voice assistants(VA). Both
approaches were analysed using a music system of the partici-
pants choice.

A survey and a case study were assembled to gathered data
regarding the usage and the attitude towards VAs. Twenty-two
people was recruited on the survey, and the result showed that
eight of them did not use VAs at all. And from the fourteen that
used VA only one uses it regularly to control music. The results
also shows that the participants preferred screen interaction over
voice interaction. The main things that VAs lack, according to
the participants, is the sense of control for the user, the feedback
from the voice and the screen are not enough to satisfy the user.
A majority also find screen interaction smoother and easier to
manage, because VAs are more prone to error and tasks take a
longer time to execute on the VA.

Keywords— voice assistants, screen interaction, voice interaction,
music control

I. INTRODUCTION

Voice assistants(VA) began their journey in the early ’60s when
IBM developed an experimental machine that performed arithmetic
on voice command. It could understand sixteen spoken words and
had a dimension of a shoebox [1]. Hugely improvements have
been done since the ’60s, only in the last decade technology has
developed rapidly. VAs today, such as Google Assistant, Siri, and
Alexa, are becoming an increasingly current way of interacting and
were used by over forty percent of US adults in April of 2018
[2]. Currently integrated into almost all smart devices and therefore
hugely accessible. Today is VAs not reliant on a limited vocabulary
but stores words and phrases in a cloud. That makes it possible for
the user to speak in a more relaxed manner than before.

When addressing VAs you can separate them into voice-first and
screen-first. Screen-first is devices, for example smartphones, tablets,
and televisions, which are enhanced with additional voice control
systems. Voice first is a device, for example smart speakers, enhanced
with one or multiple screens, the Echo Show, Google Home to give
two examples.

To interact with a VA, it requires an interface, non like graphic
interfaces, these interfaces are auditory. Interactions typically include
voice input from the user and receive a verbal or a nonverbal response.
A non-verbal output could be symbols or displaying the data that was
requested [3], this type of interaction is called voice-first with a screen
as an assistant aid.

With VA being vastly developed and accessible currently, how are
people adapting it into their everyday life? Music control is the focus
of the study when music application includes multiple interactions
and is commonly used in the target group.

II. OBJECTIVE

The purpose of this study is to analyse young people’s habits
regarding voice. The aim is to compare voice interaction with screen
interaction regarding controlling music-systems.

III. THEORETICAL FRAMEWORK

A. What is a Voice Assistant?
Most of us has used voice assistant in the past. The interaction

is so easy that we do not even reflect on how it works. How is it
possible for a user to get tasks done just by talking to their smart
device? Hopefully, it will be clearer after this section.

To start using a voice assistant a trigger word is required, often
consisting of a greeting and the VA’s name. The assistant then listens
through the mic and use natural language processing. Generally, the
VA connect to a neural network via the internet. Neural network and
artificial intelligence aid the assistant to understand human language
and the context. The VA will utilize Machine Learning to recognize
the user and their behaviour. From combining all these technologies,
the VA will process the question and produce an answer to the users’
question [4].

B. What is a screen interaction?
Pressing the screen of your phone or other touch screen device

will trigger a tiny electrical charge that is transferred from the finger
to complete the circuit, creating a voltage drop on that point of the
screen, which makes it possible for the screen to detect where you
press [5]. Of course, there are lots of different screens, but this is
how the most common type of touch screen work. When you perform
these action in a sequence, that is what is consider screen interaction.

C. Background of Voice Assistants
When thinking of VA’s the brain may wander to Siri, Google Home

and Alexa, voice assistants that are all developed and released during
the last decade. But the history of voice assistants is far more complex
than that.

In the beginning 1870’s Thomas Edison [1] invented the first
working dictation machines. This machine was able to record sound
and play it back to the user, processing of words was not available
yet [1]. Not something that would be consider a VA today, but need
to be mentioned in the history of VA’s.

In the early 1950s, researchers at Bell Laboratories built Audrey,
the first device that could truly recognize speech. Audrey understood
digits 0-9, if the speaker paused between numbers, but it was crucial
for Audrey to adapt to each user before use [1].

In the 1960s the shoebox was introduced, it understood ten digits
and six words - plus, minus, total, subtotal, false, and off — so it
was able to calculate and answer basic math problems. And was the
first of its kind to understand spoken words [1].

The following 30 years plenty of upgrading were done to the shoe-
box, but then, in 1997 Dragon brought NaturallySpeaking software
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into the game. This software could recognize and transcribe natural
human speech, meaning that the users could speak in a more natural
way and did not have to pause in between every word. This program
was made more available to the crowd when it was able to download
for 695 US dollars [1].

And then came Siri, in the fall of 2011, and according to CNN, the
web freaked out [6] . For the first time, the user could ask the VA to
put events into the calendar and Siri could locate the user’s position.
Siri was the first of a kind and since then all the larger companies
such as Google and Amazon have developed their own.

D. Usage right now
In previous research trends can be identified regarding the usage

of VA’s and that is:
- After searching, music controls the most common voice-

controlled task. Almost twenty-five percent of the task made by voice
control were music related.

- People use their VAs at higher rate for non-private things.
-Participants of that study also preferred to enter confidential

information by text
From this research it has become clear that the users experience

problems when using VA. For example, to play your own playlist,
the interaction to start it is smooth but then user feel like they lose
control and have no overlook. The VA did not in all cases perceive
what the user was saying because the music was too loud, or the user
expressed them self in a form that the VA did not recognize [7].

E. Interaction cost
In an ideal world the user only needs to open a website and locate

their answer right in the centre of the screen in capital letters. That
would be what is defined as zero interaction cost and is something
to strive for in the interaction-design field.

To achieve zero interaction cost is nearly impossible when website
most often offer the user more than one thing. Things that should
be minimized to attain lower interaction-cost is clicking, scrolling,
typing etcetera all those things that puts time between current location
and the goal.

Interact and design of the components, buttons with unique de-
signs, can be helpful to the interaction cost. For instance, if the
buttons are bigger, the user does not need to search for it for as
long, and if the tabs are named in a correct manner the user know
where to find the correct information [8].

F. The design of voice assistant interface
The expectation for voice user interfaces is that the interaction

provided will be more similar to communication than managing tech-
nology. And therefore, to be able to produce a positive experience,
an understanding of how people communicate and voice-interact is
of greatest interest.

Given a graphical user interface lists and menu options can be
clearly viewed. An uncomplicated task for the screen interface but
often a challenge for the voice user interface. Another challenge for
the voice user interface is to grasp all the contextual factors and
presumptions in a quick exchange. Things that may be clear when
communicating to a human, but next to impossible for machines to
acknowledge.

Feedback and affirmation are crucial when designing a voice user
interface. When a user asks for the current weather forecast, the voice
assistants answer is probably ”The current weather is 12 degrees and
rainy” than just ”12 degrees and rainy”. This affirms to the user that
is has understood what has been asked and what it answers to [9].

G. The attitude towards voice assistants today
Voice assistants are powerful tools that are more developed than

most people believe, but the human language is as well. When
communicating in the daily life we use facial expression and body
language to express ourselves, aspects that the VAs cannot notice.

In previous studies they have examined the communication be-
tween human and voice assistants. Most people know they need to be
clear when talking to a VA and very well-defined expectations about
what tasks the agents could complete. One thing that the VA lack is
the ability to detect feelings and respond regarding that. Frustration
is a common feeling among the users, a feeling that stay undetected
can cause even more frustration [10].

A common action among users is to refer to the VA as a ”she”
or ”he”. This phenomenon is called anthropomorphism when human
traits is applied to non-human entities. It has showed effect that if
the users think of the receiver, in this case the VA, as a human the
user is more willing to cooperate [11].

IV. METHOD

A survey and a case study were conducted to receive an under-
standing of how people use their VA’s. The survey will collect how
people use their VAs on their phone and what kind of information
they share with their device and what their main usage is.

The case study will compare screen interaction with voice inter-
action via different tasks given to the participants.

The test and the survey took place during May 2021. The target
group of this study is young people in the age interval of 15 - 30
years old, namely, born between 1992 to 2005. This target group
is chosen due to being introduced to voice control at an early age,
therefore may been more easily adapted to it.

A. Surveys
A survey was assembled to receive quantitative data and a general

understanding of how people use VA’s, which include a part focused
on their use of VA in combination with music systems. The cloud-
based questionnaire Google Forms was used for the collecting of data,
the test was conducted in English, but the participants were given the
opportunity to answer in Swedish. The survey was distributed through
social media to people that we knew was in the correct age interval.

A pilot test was done to check language and understanding of the
survey, it resulted in feedback and changes was made in the survey
to prevent misunderstanding.

B. Case study
The case study was utilized to collect data on people’s voice

and screen interaction when controlling their music system. They
were provided with given tasks to compare how the interactions
differentiate. The result shows how they experienced the interaction.
Three friends was recruited for the case study, due to the current
pandemic, we decided not to conduct case studies with people we
had never met. Digital case studies were an alternative, but after
doing a small pilot study, realized it was too challenging.

The set of tasks arranged was:
Play a certain song (dancing queen with Abba).
Play a certain playlist (Happy Hits from Spotify).
Play the next song.
Play a certain artist (Kiss)
Play a podcast episode (Alex och Sigge’s Podcast).
Firstly, they were asked to perform a task by using screen interac-

tion, subsequently do the same task, but by using voice interaction,
and finally compare the two approaches.

V. RESULTS

A. Result of survey
Twenty-two people between the ages 15-30 participated in my

survey.
In Figure 1 it is stated that 36.4 % of the asked never used voice

assistants in any manner. After responding that they never used it,
they did not have to finish the survey, but were sent to a question
asking why they never used it. And the top reasons were:

1. I do not have one.
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Fig. 1. How often do the participants use voice control

2. It does not work in the way I want; I do not feel like I have
control.

3. It is just easier to use the screen.
It was eight of the participants that did not use voice control, so

in the following questions fourteen participants answered.

Fig. 2. What device they use it on

Among those who consumes voice control the majority uses their
phone (64.3 %) (Figure 2), and second most common is smart-
speakers, Google Home or Alexa for example.

When questioning about what they use it for, a tendency can be
noticed in Figure 3 that it is popular to use it for phoning or texting.
In the following part of the survey, the question specific asked about
how they consume their VA when using a music system. The result
revealed that only one of the fourteen participants used their VA
regularly, and nine never used it for music control.

Among the participants that uses VAs for music control is shows
Figure 4 that phone is used in the vast majority of the cases.

The group that used VAs for controlling music was asked what
types of music-related tasks they performed. And only three types of
demands were used, as stated in Figure 5

As a closing question, the participants were asked if they in some
aspects or scenarios find that voice control is easier to use. The
answers were not cohesive, but among the participants who consider
it easier, it was mentioned that if you do other things with your hands,
like dishes or driving, VAs are a colossal aid. And if the task is a
”longer” task, like searching for a song or likewise, but less suitable
if you are going to pause the music. Many of the asked participants
said, however, that screen interaction was the easier interaction. The

Fig. 3. What tasks do they complete with VA

Fig. 4. What device they use it on to control music

Fig. 5. What music related commands do they perform with VA
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reason for that was, among others, that the voice assistant was prone
to error, they do not use it and therefore do not feel comfortable with
it, they prefer screen interaction, or that screen interaction is faster.

B. Result of case study
The case study composed contained questions and tasks for the

participants. Three people were recruited from my closes group of
friends, because Corona certain restriction needed to be followed.
The test took place at a home setting, and in Swedish, the quotes
found are therefore translated from Swedish to English.

The first questions were demographical questions about age,
education, level of technical knowledge, and how often they used
VA’s. To briefly summarize that: The participants consisted of two
24-year-olds and one 23-year-old, said they were an eight on the
technical level (0-10), was undergoing an education in cognition
science, economics, or engineering, and that they were not frequent
user of VA (a two on the 0-10 scale).

In the following tasks, the participants were asked to perform the
tasks firstly with screen interaction, and later perform the same task,
solely using their VA’s. Two of the users used Siri (Apples VA) on
Apple phones, and one user used Google Assistant on a Sony phone.
All used Spotify as their main music application.

Play a certain song
The screen-interaction was all executed in the same manner they

clicked on Spotify and on ’Search’ and put in the title of the song.
All found the song easily and succeeded with the task.

When using their VA’s, they either had a button they pressed or
needed to trigger their VA with ”Hey Siri”. They all succeeded with
this task, by saying this.

”Play dancing queen with Abba”.
”Play dancing queen with Abba on Spotify”.
”Hey Siri” ”Play dancing queen with Abba on Spotify”.
An aspect to observe is the participants that used Spotify were

forced to say ”on Spotify” or else the phone wanted to play it on
Apple Music, which none of them uses.

No comments were made, they found both interactions similarly
smooth.

Play a certain playlist
Screen interaction was an effortless task, and they all finished the

task within seconds by simply searching on the name of the playlist.
Before saying their commands, all users had to reflect a bit on

what they need to say to get understood by the VA. Everyone was
successful with this task as well.

”Play spotify list happy hits from spotify”.
”Play happy hits”.
”Play playlist happy hits on spotify”.
The experience of this voice interaction was a bit mixed. One

person thought it worked out better than expected. The other reckoned
both interactions (voice and screen) were equal. Whereas another
user believed they would never use voice interaction when screen
interaction is so much easier in their opinion.

Changing to the next song
A simple screen interaction that all the participants solved by

clicking on their shortcuts on their phone’s homepage.
The interaction with the VA also showed similarities.
”Siri change song”.
”Change song”.
”Play next song”.
They thought it was a pleasant voice interaction, but they probably

would prefer screen interaction if the phone were in their hand. Two
of the participants also mentioned they did not feel like they were
in total control, is the songs changing in ”shuffle” - mode or strictly
following the playlist?

Play a certain artist
Here the screen interaction differed a bit, some searched after the

artist and clicked on the artist and played it through the artist site.

Where others searched on the artist, and directly from the search
view clicked on a song.

Here the commands were also almost identical:
”Play a song by kiss on spotify.” (x2)
”Play a song with KISS.”
The voice interaction was successful for everyone. One main issue

that accrued here was that because they have not used VA in a huge
extent, they had a problem with how to express oneself. Here also
some irritation around needing to say ”on Spotify” grew. If the user
did not mention that they wanted it played on Spotify, the device
automatically played it on Apple Music, an app that the user does
not use for music.

Play a podcast episode
They used their screens to search for ”Alex and Sigge” and could

play an episode within seconds.
Voice commands used, here we had some failed commands:
”Play an episode of Alex and Sigge podcast on spotify ”.
”Play alex and sigge on spotify ” (Failed).
”Play an episode of alex and sigge on spotify” (Failed).
”Play ’Hjälten Alex’ on Spotify” (Failed).
Here only one of the participants succeeded with the whole task.

One came to the start page of the podcast but failed in making it play
an episode another tried but failed. It was set out to be a harder task,
and the user mentioned if the voice interaction would fail, they would
not continue their attempt. One of the participants noticed a text
was displayed at the bottom of the screen, telling the user what was
currently playing. The participant thought that was pleasant, because
it gave her feedback that it played the correct episode.

VI. DISCUSSION

When controlling music, most of us have shortcuts for it on our
home screen. So, the only thing we need to do for the music to start
playing is to unlock our phone and press one time. Depending on the
task required, the user might need to go into the app and press the
search bar or similar, but it is still at a low interaction cost.

When using voice interaction, especially when not used regularly
before, it is necessary to know how to express oneself to the VA. So
even though it is not required to click on any buttons, the process of
formulating a command needs to be taken into consideration.

Feedback and affirmation were a crucial part of the participants
experience. The sensation of not being in total control or the amount
of control achieved by screen interaction is something that is not
optimal. Some of the participants also complained about the VA not
being able to know what they are saying or understanding the context.
Found during my case study was that if the VA failed to recognize
what has been said, the user reformulated themself or said the same
thing in a clearer voice. That together with the VA not being able to
refer to previously conversations limits the interaction and makes it
less similar to a human-to-human conversation.

One thing observed was that participants never questioned if the
task would be possible with VA, their expectations were high. And
in some cases, the participants in the case study blamed them self
for not saying the appropriate sentence, and in some cases chuckled
because the VA interpreted the command wrong.

From previously case studies done, music control was the most
common voice control task, something that was not true when doing
my research. This may have something to do with the fact that
the previous case study was done in the USA, and mine was done
in Sweden. One thing that they had in common was that the user
experienced absence of control when using the VA.

And if VA are the future of interaction? Hard to know, only time
can tell, but from my perspective, we do believe that voice interaction
will be a bigger part of people’s lives in the future.

It is important to remember that this study is done in Sweden and
on Swedish people, the culture surrounding VA may differ in different
countries. The viability and reliability would have increased if the
number of participants were more. Due to the small number of people
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that used VA on a regular basis the study may be significant different
from a study that is done on people that uses it more regularly. But
also, important to remember that this study’s aim was to investigate
about the habits surrounding VAs, and if people do not use it, then
that is the answer.

VII. CONCLUSION

From my survey and case study, it has become apparent that the
regular use of voice assistants is uncommon. To use VA to control
music apps was almost non-existent, only including around nine
percent of my participants. The most common to use for VA are
texting or phone calls.

From my case study, we gained the impression that the users feel
like they lose control when using voice interaction compared to when
using screen interaction. More feedback on screen would have been
helpful. Especially when using music applications, the participants
sensed like they were not confident if they put on a shuffle or if the
app were to play one song. Something that they feel is obvious when
using the screen.

But the attitude towards VA in the future is positive, and they
believe voice control would probably grow and become bigger and
more universally used.
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Abstract—This study investigates how people who play video
games and people who do not play video games rank the
colors used for conveying rarity in video games. The study was
conducted through an online survey that let people rank seven
different colors on a valuableness attribute. Each color was also
paired up against every other color and the participants were
asked to pick the more valuable of the two. The results show,
that although some of the colors were ranked differently between
gamers and non-gamers, most of the colors were ranked the same
between the groups.

Index Terms—video games, colors, rarity, valuable

I. INTRODUCTION

Many modern video games use a color-coding system for
the rarity of items. An example of this is weapon rarity in
shooter games, where green, blue, and purple-tinted weapons
might mean that they are common, rare, and very rare weapons
respectively. These and a few other colors and rarities have
become a standard in many video games. Color-coded items
has been part of video games for about 25 years at this
point, with the first game to use color-coding to convey rarity
being Diablo [1] released in 1996. In an interview with game
informer, senior designer of Diablo, David Brevik, stated that
the idea of color-coding was taken from a text-based game he
used to play called Angband [2], which has some similarities in
the color-coding system to the one games use today [3]. Today
a popular example is Fortnite [4], a battle royale-style game
with color-coded items that can be found around the map. The
items can be a variety of different things, but some examples
from the game mentioned are different kinds of weapons and
healing items, such as band-aids. The color coding is used to
easily and effectively convey a message to the player, how rare
the item is, and in most cases also how good it is. But how
well does this work in practice? Are the color conventions
used in modern video games intuitive to people who do not
play a lot of games?

There has been much research done on color psychology
and how people react to color, and some on color in video
games. Color has been shown to convey meaning to some
extent [5] and to change the way we see people based on the
color they wear or are in the proximity of [6]. Color has also
been shown to impact the feelings a player feel when playing
a video game [7].

Despite all the research done on color, there is yet to be
concluded if the color scheme introduced in Diablo a long

time ago have any scientific backing or if it is time for the
game industry to introduce a new system to convey rarities to
players.

A. Objective

The objective of this study is to investigate how people
who play video games (gamers) rank the colors used in the
”standard” color scheme; grey, green, blue, purple, and orange,
compared to people who do not play video games (non-
gamers).

II. THEORY

The theory section in this report will cover the color-coding
conventions, color psychology in regards to value and color
meaning. Necessary terminology will also be covered in this
section.

A. Color coding conventions

This report will focus on the color-coding conventions
used in modern video games and not the games themselves,
but some games which use a very similar convention when
it comes to colors are Fortnite, Call of Duty Warzone [8]
and Borderlands 3 [9]. All these games use the convention
white/gray for common items, green for uncommon items,
blue for rare items, purple for very rare items, and gold/orange
for legendary items. In all these games the items get better the
higher the rarity goes, for example, a gray, common, gun deals
30 damage with each bullet, and an orange, legendary, gun
deals 37 damage with each bullet. The color tint of an item
is there to tell the player how good the item is. A recreated
example of the colors from the game Fortnite can be seen in
Figure 1. Usually in these types of games, the rarity of an
item is often correlated with how good the item is, the rarer
the better. This leads to rare items being more valuable to the
players.

Fig. 1. The rarities of an assault riffle in the game Fortnite
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B. Color terms

This section will go over the necessary color terms used in
this paper.

Hex codes: A hex code is a hexadecimal way of represent-
ing the red, green and blue values in a color and is widely used
in graphics design. For example the hex code for a specific
shade of purple might be #A944D7. Where A9, 44 and D7 are
the values of red, green and blue respectively in hexadecimal.

Hue, saturation & brightness: Hue is the shade of a color
and is what makes it possible to classify different colors.
Saturation of a color can be changed by mixing more or less
white light with the color, a high saturation color has little
white light in it [10]. Brightness refers to the lightness (or
darkness) of a color. Every color can go from black, meaning
no brightness, to white, full brightness [11].

C. Color psychology

To begin with, color psychology is a very broad and deep
subject but one of the main interests of this study is to
find which colors are associated with valuableness in video
games. It has been shown in previous studies that color
can be associated with other attributes, such as expensive -
inexpensive or masculine - feminine [12], this was done by
letting participants rank colors based on these attributes, from
feminine to masculine, and then rank objects with the same
colors in the same manner. In most cases the ranking of the
plain colors and the colored object were the same, for example,
that the red bottle and the color red were both ranked as more
feminine, implying that red is more feminine than masculine.

D. Color meaning

The meaning of colors differs a bit from culture to culture.
A paper [13] from 2000 compared the color meaning of 10
different colors in 8 different countries from around the world
and they found that for example the colors blue, green, and
white often had the same meaning within a country but that
the meaning of these colors differed between countries. These
three colors were associated with ”peaceful,” ”gentle,” and
”calming” in all countries, but also associated with ”beautiful”
in Brazil and with ”pleasant” in Austria. Although the authors
say that there is more research to be done and that the
number of subjects was quite low (about 30 subjects from
each country), this shows us that colors have slightly different
meanings in different cultures. Also mentioned in the same
paper is that blue, green, and white were associated with words
like ”calming” and ”passive”. Red was on the other side of
the spectrum and associated with ”active” and ”vibrant” while
the colors orange and purple were somewhere on the middle
ground.

III. METHOD

This study aimed to compare how gamers and non-gamers
rank the colors in the ”standard” color coding convention.
This convention, which can be seen in Figure 2, assumes
that gray would convey the least value to the player and that
orange would convey the most value. This assumption will be

tested and other colors will also be tested in combination with
these colors to see if other options are seen to convey some
information of value better.

It would be impossible to test all colors, so this report will
focus on the colors that are already used in games today and
two other colors, red and yellow, which can be seen in Figure
3, because they are both primary colors in the color wheel.

Fig. 2. The standard color scheme used in many modern video games

Fig. 3. The two other colors tested in this study

Fig. 4. Screenshot from the final question in the survey

A. Survey

To test the different combinations of colors and how people
rank them on the value attribute a survey was created. A survey
was used because it makes it easy to collect a lot of statistical
data with relatively little effort from the subjects. The survey
was created in Google Forms.

The first questions in the survey were regarding personal
information about the subjects. The information gathered here
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was; age, gender, nationality, if they play video games or not,
how much they play, and what genre of video games they play.
Then the subjects got to rank colors on perceived value. This
was done by presenting pairs of colors and letting the subject
decide which of the colors they perceived as more valuable.
Every color was tested against every other color, meaning that
there were 21 pairs of colors tested. Finally, the subjects got
to rank all the seven colors in an order they felt suitable for
conveying value, Figure 4.

B. Participants

To get participants to partake in the survey it was shared
on Facebook and on a Reddit forum called r/SampleSize.
Anyone that wanted to could take part in the survey and no
requirements had to be met by the participants.

C. Choice of colors

As mentioned earlier the colors that were tested in this
study are; gray, green, blue, purple, orange, red, and yellow.
Although these are the colors from the games mentioned
earlier (plus two extra colors) they usually differ a bit in
hue, saturation, and brightness, but to keep the tests consistent
and short the colors tested all have the same saturation and
brightness.

IV. RESULTS

479 participants answered the survey and a total of 51
countries were represented by the participants, with 39.5%
being from the United States, 8.1% from the United Kingdom,
7.5% from Sweden and 6.5% from Canada.

There were a total of 440 participants that answered the
survey and stated that they play video games. Their average
age was 22.8 with a standard deviation of 6.8. 56.8% males,
36.1% females, and 7.1% other/prefer not to say. The results
from the rankings of the gamers are presented in Figure 5.

There were a total of 39 participants that answered the
survey and stated that they do not play video games. Their
average age was 24 with a standard deviation of 8.1. 28.2%
males, 69.2% females, and 2.6% other/prefer not to say. The
results from the rankings of the non-gamers are presented in
Figure 6.

The results from the color pairs test for both groups are
presented in Table I.

In the color pairs test from the gamers, purple got the
majority of votes against every other color and orange against
every other color except purple. For the non-gamers, this was
the other way around and orange was seen as slightly more
valuable than purple. In the ranking test purple got the highest
percentage of votes from both groups as the most valuable
color. Orange, gray and green got the same percentage (12.8%)
of votes as the most valuable color from the non-gamers, with
purple being seen as their most valuable color by 43.6%. For
the gamers, orange (22.3%) and red (17.7%) were right behind
purple (35.5%) as their most valuable color.

TABLE I
ALL THE COLOR PAIRS AND THE WINNERS FROM EACH GROUP FOR EACH
PAIR. DIFFERENT WINNERS FROM THE TWO GROUPS MARKED AS BOLD.

Colors Winner: Gamers(%) Winner: Non-Gamers(%)
Green vs Gray Green (91.1) Green (84.6)

Green vs Purple Purple (85.9) Purple (74.3)
Green vs Blue Blue (73.4) Blue (58.9)
Green vs Red Red (62.9) Red (53.8)

Green vs Orange Orange (74.1) Orange (64.1)
Green vs Yellow Yellow (54.8) Green (61.5)
Gray vs Purple Purple (92.9) Purple (76.9)
Gray vs Blue Blue (90.5) Blue (79.5)
Gray vs Red Red (83.6) Red (58.9)

Gray vs Orange Orange (90.6) Orange (87.2)
Gray vs Yellow Yellow (80.0) Yellow (66.7)
Purple vs Blue Purple (82.0) Purple (74.4)
Purple vs Red Purple (60.0) Purple (74.4)

Purple vs Orange Orange (51.1) Purple (51.3)
Purple vs Yellow Purple (67.3) Purple (66.7)

Blue vs Red Red (52.3) Blue (66.7)
Blue vs Orange Orange (64.1) Orange (56.4)
Blue vs Yellow Blue (55.0) Blue (66.7)
Red vs Yellow Red (62.0) Red (71.8)
Red vs Orange Orange (53.6) Orange (61.5)

Orange vs Yellow Orange (65.4) Orange (71.8)

V. DISCUSSION

The results from the test shows that gamers and non-gamers
rank the colors similarly, with only a few differences between
the groups.

From the color pairs test it is obvious that out of the seven
colors, gray is seen as the least valuable, not getting the
majority of votes from gamers or non-gamers against any other
color. Gray was also ranked as the least valuable color in the
ranking test by the majority of both groups.

In the color pairs test the groups agreed on the majority of
the colors, having different winners on only three pairs; Green
vs Yellow, Purple vs Orange and Blue vs Red. Yellow won
against green for the gamers, which could be a result of green
usually being a low rarity color in many games. Orange won
against purple for the gamers, which could be because orange
usually is of higher rarity in many video games. It’s worth
mentioning that this pair had a close score for both groups
and are seen as pretty equal in valuableness. Red won against
blue for the gamers, which could also be because blue is seen
as a fairly low rarity in many video games.

An explanation to why the gamers rank the colors the way
they do could be that they have learned the rankings through
the different games they play. A slight indication for this can
be found in the color ranking test (see Fig. 5), where gray got
the most votes for least valuable color, green for second least
valuable color, and blue for third least valuable color. This is
the same order of the first three colors as in the ”standard”
color scheme. The non-gamers agreed on gray and green, but
put red as the third least valuable color instead of blue.

As to why the gamers and non-gamers rank the colors so
similarly, could be because of cultural heritage, a majority of
the people that answered the survey was from the Western
world (Europe, Americas & Australia), which may, as stated
in section II-D, have impacted the results. It could also
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Fig. 5. The rankings of all colors for the gamers, from 1(least valuable) to 7(most valuable)

Fig. 6. The rankings of all colors for the non-gamers, from 1(least valuable) to 7(most valuable)
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be because of some historical heritage, meaning that, for
example, purple and orange have been seen as valuable colors
historically.

A. Improvements and further work

This study focused on seven colors commonly used in video
games. Even though gray seems to be a color that many people
see as having a low value and purple as valuable, other colors
that are used in video games could be studied further.

Although value (or rarity) is often conveyed through colors
in video games, it is not the only way to convey value. Sounds,
animation, and symbols are often used in combination with
color to convey the rarity of items in video games and their
impact on the value attribute could be studied further.

Further work could also include why some colors are seen
as less or more valuable relative to each other.

VI. CONCLUSION

When creating a rarity color scheme for a video game, gray
is best used to represent the least valuable items, and purple
or orange to represent the most valuable items. The rest of
colors tested in the survey sits somewhere in between and the
findings suggest that it does not matter all that much in what
order they are placed.

The ”standard” color scheme from Diablo still holds today
and some of the colors from it conveys information on the
valuableness attribute whether one plays video games or not.
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Abstract—The smartphone market is booming and consumers
are constantly being introduced to newer and better phones,
meanwhile the earth’s resources are running thinner. A lot
of weight for a more sustainable future falls on the newer
generations, where Gen Z currently gets a lot of attention. This
study focuses on people’s consumption of the physical phone,
more precisely on how long a phone is being used before it is
exchanged to a new one, and how that affects the environment.
The study is based on a survey among Gen Z in Sweden.

The results showed that the average life cycle of a smartphone
in the hands of a Gen Z roughly stands at 2.67 years. It also
showed that 70% of old smartphones end up in drawers which
means there are a lot of rare earth materials and minerals wasting
away.

Index terms: smartphones, waste, Gen Z, consumption

I. INTRODUCTION

Mobile phones have become a central part of people’s lives
all over the world. Smartphones, that gives users access to
the internet and millions of smart applications, has become
so vital that almost 50% of smartphone users describe it as
something they could not live without [1].

To keep up with competition, phone manufacturers keep
releasing new devices. Customers can expect at least one new
phone from the biggest manufacturers each year which quickly
adds up. A quick look at Wikipedia show that over 70 phones
were introduced in 2020 [2]. It is a consumers market and
customers are encouraged to constantly renew their phones.

In a survey about mobile phone use in Australia, over 33%
of the respondents mentioned that they changed or disposed
of their old mobile phones while it was still working [3]. This
kind of behaviour is wasteful and unsustainable.

Generation Z is generally described as people growing up
in the turn of the millennium. In Sweden almost 100% of 16-
25 year-olds have mobile phones [4]. The new generation,
Generation Z, has a great responsibility going towards a
sustainable future, but how does it stand in regards to mobile
phone waste?

A. Objective

The objective of the study is to explore how long mobile
phones are being used, before they are replaced, by Generation
Z consumers in Sweden. The study also aims to establish what
happens to the old phones once they have been replaced.

II. THEORY

In order to better understand the topic there are few theo-
retical things that needs to be addressed.

A. Generation Z

Generation Z (Gen Z) are people growing up in the turn of
the millennium. There is not a clear definition on the subject
which in turn has lead to different opinions regarding what
age span a person needs to be born in, in order to be seen as
a part of Gen Z. A general description of Gen Z are people
being born between 1995 and 2010 [5]. This study however
will focus on the mid to older part of Gen Z, 15-26 year-olds.
This is mostly due to the fact that the study tries to explore
phone consumption behaviour, which benefits from a target
group that has had the time to actually use phones for a few
years.

According to an article from GreenBiz, 81% of Gen Z
desires to change their lifestyle to be more environmentally
friendly [6]. With this information one could assume that the
majority of Gen Z are doing what they can to do just that.

B. Sustainable Development

UN’s description of sustainable development has been de-
fined as development that meets the needs of the present
without compromising the ability of future generations to meet
their own needs [7]. To achieve this there are three core
elements that needs to harmonize: economic growth, social
inclusion and environmental protection. While all three are
important for a sustainable future, this study will focus on
environmental protection.

C. Waste and CO2 emission

Waste is described as an unwanted matter or material of any
type, especially what is left after useful substances or parts
have been removed [8].

When talking about sustainability, carbon dioxide (CO2 )
emission is used as a way to measure environmental impact.
It is one of the greenhouse gases that causes global warming
and it is widely know that humans need to lower their CO2
emissions for a sustainable future. In Sweden, the average
person emits 10 tons of CO2 each year [9].

With phones, and mainly its production, they do not bring
that large a number to the total CO2 emission of a person in the
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Fig. 1. Life cycle of smartphones between 2016 and 2018 with EU5 being
the five European countries: France, Germany, Great Britain, Italy and Spain

[12]

grand scheme of things. Apple states in their environmental
report that the IPhone 12 contributes to around 70kg of
CO2 emission over its lifespan, where 83% of the emission
comes from extraction of materials and manufacturing, so
roughly 58kg of CO2 [10]. One important thing however, when
addressing mobile phone waste, is that it is also needed to
consider all discarded materials after the phone’s main use.
This is important since mobile phones today use multiple rare
earth materials such as yttrium, terbium and dysprosium [11].
Furthermore mobile phones use materials such as gold, copper,
silver for wiring and cobalt and lithium for batteries.

D. Current trends regarding phone use

In 2016 the average life span of a smartphone among
consumers in Europe (data gathered from 5 countries: France,
Germany, Great Britain, Italy and Spain) were 23.4 months
[12]. In 2018 that number had increased to 26.2 months which
indicates a trend of consumers hanging on to their smartphones
a little longer. Data also shows that people from Europe use
their phone longer than people from USA and China. The life
cycle length of smartphones from 2016 - 2018 in Europe, USA
and China can be seen in figure 1.

III. METHOD

In order to answer the given objective, see Objective, a
survey was conducted. The survey worked as a way to get
quantitative data regarding Gen Z’s phone usage. The main
focus was to explore how long a phone is being used by
the target group. The survey also asked questions to better
understand why phones are exchanged to see if there is a
certain pattern behind the consumption.

A. Target group and gathering responses

The target group for the survey were, as the objective
suggests, phone users in the ages between 15-26. The survey
was only taken by people that owned their own phone, as the

study focuses to answer questions regarding phone usage and
consumption.

In order to gather as many replies as possible, the survey
was made digital and distributed through the social media
platforms Facebook and Instagram. Since the sampling was
not random, oversampling was set as a goal to increase the
survey’s validity. In order to raise the survey’s validity even
more, demographic data about the respondents was gathered
alongside the survey as well.

B. Pilot study

Before the survey was sent out, a first draft of the survey was
tested. The test survey gathered responses from three different
people from the target group. The results was not the focus
for this test survey, but rather the respondents comments about
the survey questions.

The test survey showed that the survey took around 3
minutes to complete. The only changes that were made were
some added instructions for some of the questions, as one
of the respondents suggested that some questions could be
misinterpreted.

C. The survey

The tool used for creating the survey was Google Forms.
The finished survey was divided into three parts: Questions
about the respondent’s current phone, questions about the re-
spondent’s phone consumption habits and lastly demographic
data about the user. The questions about the respondent’s
current phone was placed first in the survey and designed
as a way to get the respondents drawn into the topic. Even
though the results of this section of the survey did not have a
big priority, some of the results could still be used as a way
to see patterns in the respondents consumption behavior. One
question for example, was what brand the respondent’s current
phone was. This question draws the respondent towards their
phone and the question has therefore served its purpose, but
the result could also be used to see if there is a certain pattern
behind consumers of a specific brand.

Fig. 2. The survey respondent’s age distribution.

D. Demographic Data about the respondents

The respondents that completed the survey were 57% female
and 43% male. The age distribution, seen in figure 2, were a
bit heavier on the older side of the target group, with one
respondent being one year too old. As this respondent’s age
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Fig. 3. The survey respondent’s occupation.

lies so close to the target group, its results were decided to be
included in the study. Lastly the respondent’s occupation can
be seen in figure 3.

IV. RESULTS

There were 100 respondents that completed the survey and
this section will cover the results.

A. Survey results

The objective of the study was to explore how long a
phone is being used as well as what happens to the phone
once it has been replaced. Figure 4 displays the amount of
time respondents use a phone before getting a new one. To
summarize: Only one respondent, 1%, renew their phone every
year. Around 50% use a phone for at least 3 years which means
the other half renew their phone within the first 3 years of
usage.

When it comes to the old exchanged phones, around 70%
of the respondents say that it usually ends up in some drawer,
13% hands the phone over to a sibling or a friend and another
13% either sell or recycle their old phone. Among the 70%
that ends up in some drawer, a few respondents stated that
they usually keep the phone as a backup for themselves or a
relative.

Regarding the respondent’s current phones, 81% either
bought or got it new, whereas 19% got it second hand.

The average lifetime of a smartphone in the hands of a Gen
Z in Sweden, according the the survey, is 32 months or 2.67
years. Since 24% stated that they use a phone for 3 years
or more (see figure 4) 3.5 years was used as a base for the
calculation for those 24%.

Fig. 4. The amount of time a phone is being used before it is exchanged for
a new one.

V. DISCUSSION

A quick search on the world wide web shows that a
smartphone is expected to last somewhere around 2-4 years
depending on the brand. Compared to the results of the survey
this fact checks out very well.

An average life cycle of 2.67 years for a smartphone is
an increase of 6 months compared to EU5 2018 in figure 1.
According to the results of this study, the trend seems to be
holding on, with longer life cycles for smartphones overall,
which is small step in the right direction for the environmental
aspect of the UN’s plan for a sustainable future.

The results from the survey shows that around 70% of Gen
Z’s old smartphones end up in some drawer. Let us say that
those 70 % holds true for the entire population of Sweden
and make a quick math example out of it. There are around
10 million people living in Sweden. Among those there are
around 8 million people over the age of 20 [13] and for the
sake of this math example we will use this as a base for
the calculation: 70% out of 8 million is 5.6 million. If the
average life cycle of a smartphone from the survey is used
(2.67 years/32 months), that would mean that 5.6 million
smartphones are wasted every 2.67 years. That adds up to
almost 21 million phones, wasting away in drawers, in 10
years. Now, it is important to note that these are very rough
numbers and a larger study is needed in order to validate this
kind of assumption, but it put things in greater perspective
especially since this is an example of a small country like
Sweden.

Having smartphones rotting away in drawers, should be
agreed to be wasteful. Not only due to the CO2 emission of the
production of new smartphones, but especially because of the
materials that are wasting away in non recycled smartphones.
Smartphones are built using multiple rare earth materials, as
mentioned in section II-C, and minerals like copper, silver and
gold. Gold has long been seen as expensive and extravagant
which is why it is perfect to paint yet another picture. What
most people do not really now is that each smartphone carry
around 25 milligrams of gold [14]. That does not sound like
much but multiplied with the 21 million smartphones from the
previous example (10 years time) those 25 milligrams turns
into 525 kg of pure gold. That is half a ton of gold wasted
every 10 years for a small country like Sweden. Now think
about the amounts for a bigger country, like America or China,
and that really put things into perspective.

Regarding the CO2 emission, the production of a new
smartphone does not add up to that much in comparison
to a person’s yearly CO2 emission. The production of one
IPhone 12, as stated in section II-C, stands at 58 kg of CO2
which is 0.58% of a person’s yearly emission. So buying a
new phone every year does not look that bad seen from a
single person’s perspective. The thing with CO2 emission is
that every emission adds up. If everyone in Sweden over 20
bough a new phone every year instead of every three years the
difference in the total CO2 emission from production would
be (calculated using the IPhone 12 as an example) almost 1
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million tons of CO2 .
As mentioned in section III-C, some questions were asked

with a chance of providing interesting connections to some
of the results. These questions were questions about phone
brands, service providers and also the demographic data. As it
stands, there were not enough responses to see any connections
between users of specific phone brands or service providers.
The only thing worth mentioning were the difference between
male and female respondents regarding how long a phone is
being used. The male respondents had an average of 2.51
years and the female respondents 2.78 years. Even though this
might point to some interesting results, more data needs to be
gathered in order to draw a final conclusion.

A. Future work and improvements

The most prominent improvement would be to gather more
data. This would not only validate the study further, but also
open up for more conclusions to be drawn about the why
(why Gen Z use a phone for 2.67 years on average). As a
complement to answer the why, around phone consumption,
interviews could be held as a way to gather more qualitative
data.

Another direction would be to look further into the differ-
ence male and female consumers, regarding phone consump-
tion. This study showed a small difference between the two
and there might be more conclusions to be drawn from that.

VI. CONCLUSION

The results show that the average lifetime of a smartphone
in the hands of a Gen Z in Sweden is 2.67 years. This bodes
well for the future as it is a significant increase compared to
past years. The fact that 70% of Gen Z do not recycle their old
phones, by leaving them in some drawer, however show either
a lack of knowledge or just a lack of trying, since most of Gen
Z state that they want to be more environmentally friendly.
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Abstract—An increasing amount of people suffers from daily
stress and designers should take further responsibility to
make stress-less design. This considering the fact that Human-
Computer-Interaction (HCI) is associated to many daily-life
services, and therefore also probable recurring stressors. To do
this, the amount of potential stressors should be decreased.

This study aimed to determine factors that might induce stress
within web forms. Exploratory interviews were preformed with
six participants, ages 20-60 years old. The interviews began
with questions about the participants’ prior experience regarding
stress. Further, three web form prototypes based on existing web
form guidelines were subjectively rated by the participants.

The main probable stressors were (1) Too much, insufficient or
unclear information, confusing the participant what was expected
of them. (2) Being asked personal questions (e.g. personal
number, phone number). (3) Labels formulated as questions.
(4) Interactions such as creating a password. (5) If the form
seemed serious (government forms). (6) If the form felt too long
or tedious. The most calming elements were identified as (1)
Help-fields within the form itself. (2) A clear overview. (3) Clear
information regarding input formats. (4) Clear feedback upon
errors. (5) Being able to show the password.

Index Terms—Web Forms, Stress, HCI, Stress-less Design

I. INTRODUCTION

Part of the fundamental core of User-Experience Design
(UX-design) is to empathise and connect with users’ needs and
emotions [1]. To achieve this, the designer needs significant
knowledge of psychology and human behaviour [1], including
the topic of stress [2]. An increasing number of people are
feeling stressed [3] and further consideration towards the topic
within UX-design is needed. Despite services often being
described as designed for ”usability”, they can cause daily
hassles [4] and therefore also subsequent stressors [2], [5].
According to A. Hancock and J.L Szalma [6] the task demand
level can be designed, which means the designer can control
the user’s stress levels.

Hundreds of articles regarding the topic of stress were
published only the past few years [7]. However, the amount of
research made in various areas differs. For instance, the part
of chronic stress in ageing has received further attention than
the area of workplace stress [8]. There is also less attention
put on the effects of daily stressors on a long-term basis [9].

Stress is a subjective experience [5]. However, it has been
shown that chronic stress with continual exposure to stres-

sors does generally cause damage [3], [5], [10]. In studies
made with distressed workers experiencing burnout, symp-
toms including cognitive fatigue and changes in attention
and daily task performance were reported [8]. This could
potentially cause HCI-tasks such as filling out web forms
to be challenging [11]. Forms contain several fields of input
and steps of interaction, which demands the user to keep
several tasks in mind, often during a short time span. This
induces an increasing amount of workload, which is closely
linked to stress [2]. Furthermore, forms are often used in
daily life use-cases [12] or where the user needs to apply
for something, submitting important information [13]. This
demands extensive amounts of error-handling [12] and user-
feedback touch-points which are seen as probable stressors [2],
[5].

II. OBJECTIVE

Few empirical studies have been preformed to evaluate
existing usability guidelines regarding forms [14], [15]. In
addition to this, the factor of stress needs to be considered
and reviewed further within design research. Therefore, this
study aims to determine factors that might induce stress within
web forms to build on the framework of Stress-Less Design.
Specifically, cases where users need to submit personal infor-
mation.

III. THEORETICAL FRAMEWORK

The theoretical framework used in this study consists of a
general background on stress and stress in connection to HCI.
The final section consists of a summary of existing web form
frameworks.

A. Stress

Stressors are what generates distress and can be caused by
different things, such as major life events or smaller daily
hassles [16]. Life events such as the death of a relative, illness,
or business failure are judged as being more stressful [16].
However, in a study made by Charles, Susan T., et al. [9] it
was shown that daily stressors affects mental health on a long-
term basis. Furthermore, chronic stress with persistent stres-
sor triggers increases the risk of illness, including cognitive
fatigue, depression and heart disease [3] [8].
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In a study from 2020, the Public Health Agency of Sweden
[3] found that stress levels among the population increased
during the period of 2006-2020. In 2020, 14% of the popu-
lation by the age of 16-84 reported feeling stressed. Stress is
a highly individual experience [2], [5]. Various theories and
frameworks have been formulated, where cognitive workload
is defined as one dominant link to stress [2], [17], caused by
factor including underload or overload [6].

B. Stress within HCI

”Calm Technology” is a concept introduced 1995 by Weiser
and Brown, as cited by A. Case [4]. They formulated a
forecast on how technology will have to be calm, elegant
and unobtrusive for future generations [4]. Today, in the era
of ”Ubiquitous Computing”, technology is used everyday.
Often several devices serve one user. However, as it is today,
technology often adds friction to our lives rather than removing
it [4]. HCI can cause a stressful atmosphere with notifications,
sounds, a constant connection to the outside world and feelings
of being overwhelmed. Today, the concept of ”Calm Technol-
ogy” seems to be close to forgotten [4].

Stress is an important factor within HCI, however it could
be stated as a contradiction within HCI research [2], [5].
Systems designed to perform for ”usability” and to reduce
cognitive workload often impose greater amounts of stress
instead of decreasing it [2], [4], [5]. In broad terms, cognitive
workload could be described as depending on how much
information there is and how much available time there is to
process the information [2]. Furthermore, workload is often
associated with stressful tasks- including extensive or in-
extensive amounts of information [2], [5], [6].

Performance in relation to workload and stress has been
described in different ways, and it is not always the case that
performance decreases in relation to increased workload. Not
all concepts mention that stress effects the cognitive system
[2], [17]. Chronic stress has been seen to affect decision
making in some cases, as well as our ability to perform every
day tasks [8], [18]. Moreover, when users feel relaxed and
reassured they are also more likely to finish tasks within the
service and understand given information [18].

To decrease stress in HCI tasks, strategies including ser-
vice automation and personal skill development have been
mentioned [2]. However, users cannot be expected to train
for tasks and existing user interfaces need to be made stress-
less. In broad terms, stress might in some cases affect users’
cognitive abilities which then demands interfaces to use clear
information and allow quick information extraction [2], [6].

The following segments contain a collection of general
guidelines for Stress-Less design. The base structure is mainly
based on ten heuristics from a review article written by N.
Moraveji and C. Soesanto [5], and it is then further connected
to various other sources in order to further expand the view
of Stress-Less design.

1) General elements:
• Reduce amount of information- Too much information

might induce overwhelm and increase the cognitive load

[2], [5], [6], [18]. Overwhelming amounts of information
might cause users to dismiss information that might seem
irrelevant, and a challenge for the designer is to bring
important information to the user [6]. This risk could be
reduced by breaking down the user-flow [18]. However,
too little information could also be a source of stress,
causing an ”underload” (which also has connections to
boredom) [2]. Also, information should be aimed do be
collected and not dispersed [6].

• Using perceivable graphics and elements- Abstract ele-
ments, e.g. not explained action steps, buttons without
labels, are sources of confusion [5]. Furthermore, when
the user experience difficulties perceiving information
due to cognitive workload, clear graphics could help the
user getting immediate feedback and understanding [6]
(as cited by [2]). A clear example of this are emergency
signs in real life in extreme life-or-death situations [6].

• Controlling interruptions- In a study performed by S. T.
Iqbal and E. Horvitz [19] (as cited and reviewed by [5])
interruptions such as pop-up messages have been shown
to shift users’ focus from their main task. A couple of
the mentioned implications of this are that users spend
quite a lot of time switching tasks, or responding to the
interruptions [19]. According to the heuristics [5], the
user should be able to control such interruptions, e.g.
using personalised settings. This could also be related
to automation and learning within the service mentioned
in [2], e.g. the service learns which time a day pop-ups
should be blocked. According to the principles of ”Calm
Technology”, devices should require the smallest amount
of attention, not distracting from the user’s main goal and
avoiding friction in daily tasks [4].

• Avoiding abstract instructions- Abstract texts confuse the
user and do not give any clear sense of direction. As a
result, the cognitive load is increased [18]. To commu-
nicate in a clearer way, simple and practical language is
preferable [18]. The instructions should be formulated in
such way that it calms the user [4].

• Disabled actions- Users might experience stress when
they are not able to perform certain actions. If something
is disabled, e.g. a button, it should be described why that
is the case [5].

• Helping the user to notice new information- A guideline
according to A. Hancock and J. L Szalma [6], says that
users that work under stress and high workload are in the
risk of discounting new information. If the information
is of importance, it should be linked to other data that is
processed.

• Giving the user a clear overview- The designer should
aim to give the user a clear overview of the system when
it is possible, preferably on one page [6].

2) Emotion and social aspects:

• Emotion- Emotion is perceived as being closely associ-
ated with stress [20], (and Lazarus (1999) as cited by [2]).
Feedback to the user is one element where fitting tone and
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emotion should be used, e.g. in error-messages [2], [5].
Humans might also project emotion onto the computer or
technology at hand, forming a sort of Anthropomorphism
[21] (as cited by [2]). Users might refer to their devices as
they do other humans, which sometimes result in blaming
or other strong expressions when the device is seen as a
barrier to managing the task [21]. In these cases, users
were shown to want answers from the device they were
talking to [21]. Also, as previously mentioned, ”Calm
Technology” should be unobtrusive [4].

• Similarity attraction hypothesis - In a study performed
by C. Nass et al. [22] it was seen that users preferred
if the computer had the same perceived personality as
themselves, based on dominant or submissive traits. The
study only used differences in style within the interface,
indicating that the design affect different user personali-
ties differently.

• Social impact and feeling safe with ”relatability”- Ele-
ments including quotes, reviews and videos, could reas-
sure the user by giving them ”social proofs”, and making
the service feel more human [18]. In ”Calm Technology”,
technology should be designed to be human and bring out
the best in the users and the technology itself [4].

• Positive Feedback- Often feedback is given on mistakes,
e.g. errors, and rarely for success [5]. Positive feedback
could also be used when making tasks more enjoyable
and ”fun”, making the service seem supportive and re-
assuring instead of ”reluctant” or ”hostile” [2]. Users
usually do not use devices that are seen as an ”enemy”
[21]. Moreover, common mistakes can be pointed out in
a larger perspective to reduce the risk of affecting the
user’s confidence [5]. This connects to prior point on
using ”relatability”, including quotes and videos from or
with other users [18].

• Natural and calming elements- In case of needing to
use sound or animations, calm sounds and naturalistic
animation could be preferred when designing stress-less
interfaces [5]. Animations and sounds should be mutable
and optional though, since they can cause nausea or
discomfort [23], further mentioned in section C. Con-
necting reassuring design to accessible design- avoiding
movements, blinking and animations.

• Respecting Social Norms- According to the principles
of ”Calm Technology”, technology should respect social
norms to avoid causing stress [4]. This also connects to
the previous point on Emotion- humans often refer to
their devices as human [21].

3) Time:

• Time Limits- The case of using time limits on certain
interactions might induce stress. This connects to work-
load, which is affected by the amount of information at
hand and the available time to handle the information [2].
Moreover, according to a study performed by C. Harrison
et al. [24] (as cited in the review by N. Moraveji and C.
Soesanto [5]), progress bars might not always show time

as it is experienced. According to this study, progress bar
behaviour could be adapted in some cases to enhance the
users experience [24]. For instance, progress bars pausing
closer to the end of the process might be a potential
stressor, since participants in this study preferred when
the progress seemed to have a rapid conclusion [24].

C. Connecting reassuring design to accessible design

WCAG (Web Content Accessibility Guidelines) is a legal
requirement for web-accessibility [25]. Along with this, to be
able to achieve reassuring design for everyone, these require-
ments should be considered together with possible stressors.
For instance, a user not being able to easily navigate the
interface using a screen reader might get stressed. However,
an important notice made by WCAG is to use progressive
improvement. This means that if something is made more
accessible, it should not decrease the accessibility for other
user groups [26].

WCAG includes numerous guidelines and rules and cannot
be summarised easily. All users rely on individual strategies
[11]. Therefore, it is important to note that the following
section only mentions a few potential connections between
what could be reassuring design and parts of WCAG’s existing
guidelines.

• Consistency and structure- There are users who rely on
structure within the interface, including consistency of
components and predictability [11]. For example, buttons
should be kept at predictable places and menus should be
easy to overview and navigate through.

• Keyboard functionality- To make sure that users only
using the keyboard are comfortable and reassured within
the interface, all parts and tools within the service should
be reachable by only using the keyboard [23].

• Using word suggestions- When users fill in fields or do a
search request, dynamic word suggestions (e.g. Google’s
search field) can aid the user. Though, this can also cause
stress for recurring keyboard-navigating users, when they
need to click many times to reach the search results [26].

• Dynamic search interaction using screen readers- Screen
readers can update the user whenever the page is being
updated. This can result in a constant stream of informa-
tion and a short delay on 0,5 seconds can be implemented
to avoid the page being read after each press of a button
[26].

• Distinguishable content- To make sure that the user
can access information effortlessly, aspects including
contrast-ratios, size-adapted components, and re-sizeable
texts need to be considered [23]. Another aspect is that
colour should not be used as the only way of understand-
ing the content. Furthermore, it should be easy to listen
to the interface without any interference from other audio
sources. If there exist any auto-play audio sources, the
volume should be easily adjustable and mutable [23].

• Avoiding movements, blinking and animations - The user
should have the possibility to turn off animations, blink-
ing and distracting content [11], [23]. Changes in light
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and moving content in general can be both aggravating
and stressful, but it can also cause other physical reactions
and seizures [23].

• Avoiding accidents and providing the ”undo” function-
The user should be able to feel safe and in control, and it
should be difficult to activate functions and components
by accident [23]. Fine movements and complex gestures
should also be avoided, providing as simple interaction
patterns as possible. Further connecting this issue to emo-
tion; where users might project emotion onto technology,
accidents might induce feelings of the technology actively
working against the user.

• Help within forms- Forms need to have clear instruc-
tions and added help texts for corrections and errors.
Furthermore, users should be able to review, reverse and
correct before sending information [23]. Users might
forget sequences and users that are not able to see or
hear might not receive all cues [23].

D. Dark Patterns

Part of the ethical challenges of UX-design is implementing
interfaces based on knowledge about psychology and human
behaviour. There are cases where the designer’s knowledge
could be misdirected to implement ”Dark Patterns” which
might be used for good or bad causes [27], causing conscious
or subconscious stressor damage. According to the review
article by N. Moraveji and C. Soesanto [5], aspects such as
unanticipated interface behaviour and loss of control could
cause stress. Therefore, the designers choice of implementing
”Dark Patterns” might also increase the amount of stressors in
several online services.

E. Web form usability guidelines

Forms can be defined as a web page or segment of a web
page, which includes input fields where the user can type in
information. Sometimes forms also includes checkboxes, radio
buttons and drop-down menus [13], [15]. They can be applied
to a variety of use-cases, including user-registration, logins,
booking-services, online banking and social networking [13],
[15], [28]. They could also be designed with complex re-
quirements, which potentially cause demanding user scenarios
[12]. According to previous studies [12], [13], such scenarios
often include difficult questions, overwhelming amounts of
questions, or confusing instructions. All of which connect to
probable stressors mentioned in section B. Stress within HCI.
A clear example of this are government forms [13]. Therefore,
there are parts of usability that are needed to be taken into
consideration when designing a web form, and consequently
several WCAG guidelines [29].

There are many stated guidelines for web form design [15].
The following guidelines were derived from WCAG design
guidelines and articles on usability and web form design. A
short summary of the section can be seen in Table I.

1) Title and introduction:
• The form should have a clear title which corresponds

with the meaning of the form [13], [28], [30] The title

should be as short and accurate as possible, preferably
using verbs [30].

• In the introduction, it is important to write out infor-
mation regarding what might be needed to fill out the
form [28]. This information should not be hidden behind
links [14]. This is further connected to the guideline of
Stress-Less design saying that the designer should aim not
to disperse information [6]. Avoid having instructions in
between fields within the form [31].

2) Form content and layout:

• According to eye-tracking studies- labels that are placed
above the input fields enable a quicker interaction se-
quence [14], [15].

• Placeholder texts (within input fields) can be used to aid
some users, but they should not replace lables, since these
are not read by some screen-readers [32].

• Instructions should be placed above fields of input, not
to the right of the form or behind links [14].

• Accordion layouts should be avoided within forms [14].
• Forms can include a variety of input fields. Including

fields for typing, radio buttons, check-boxes and drop-
down lists [13], [28]. Check-boxes should only be used
for answers that allow several answers [15].

• Radio buttons should be changed to lists if there are more
than four options [15].

• The form should not be designed with several columns
[15]. However, to create additional and necessary breaks
to structure, subtitles can be added to the form [28].

• To create a relationship with the user [13], questions and
input fields need to be put in a logical and intuitive format
and sequence, creating a familiar situation for the user
[13], [15], [29]. In addition to this, lists of options, e.g.
drop-down lists, should contain information in a logical
order, e.g. numerical, alphabetically, week days [15].

• Some users do not want to give any personal information
unless they experience trust within the relationship with
the service [13].

• The form should work as a conversation with the user
[13]. This dialogue should not feel like an interrogation
[28]. The forms should feel easy and controllable, being
as short as possible [15].

• Seemingly how an interview would be performed, it is
also important to ask one, clear question at a time and
only placing one question per row [15].

3) Error handling, help and validation:

• Mark obligatory questions, e.g. with the use of an as-
terisk [15], [28], [33]. However, according to WCAG
guidelines, a picture of an asterisk is preferable [33]. In
addition, this marking of obligatory questions should be
stated in the beginning of the form [33].

• For questions demanding directed answers, and to avoid
getting mistyped or misinterpreted answers; should radio
buttons, checkboxes or drop-down lists be used [15].
Another clear example of these are date boxes.
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• Forms should contain some type of validation [13],
[28]. Validation should not be based on only colour,
e.g. red/green borders [23]. Validated fields should be
shown with a combination of colour, icons and text [15].
Validation should only be applied to fields where it is
necessary [28], to avoid a cluttered interface.

• The form should contain options for help. The help
should be easy to find and not hidden in long files
or text-segments. Sometimes direct answers to common
problems can be placed right next to a field [13], [28] (e.g.
Where to find the CVC code on a credit card). However,
questions which need specific and applied formats inform
the user about this before the user begins to input [15].

• Connecting to previous theoretical frameworks for Stress-
Less design and accessibility; error messages should use
polite language, feeling human and using a fitting tone
[2], [5], [15], [34].

• It is important to avoid forcing the user to retype infor-
mation [13], [15], [29], e.g. in case of an error. If an error
occurs, the reason for it should be stated [34]. If several
errors occur, the form should show them all at once [15],
[34].

• Questions that do not have a clear format should allow
an answer in any format [15]. To further aid the user, the
size of the input fields should correspond to the expected
length of the answers [15], [35].

• If the form has a reset button, it should be designed with
less visual importance to avoid mistakes [15]. However,
it is important to follow contrast ratio guidelines [23].

4) Submitting the form:
• When the form has been submitted, the user should re-

ceive a clear feedback message, also by email if possible
[15], [28].

• To avoid mistakes and misclicks it is important to disable
the submit button after submission [15].

The guidelines are summarised in
Table I.

IV. METHOD

This study aims to determine potential stressors within web
form guidelines. The following segments describes how the
study was constructed.

A. Construction of the study

The method consisted of a qualitative research process with
semi-structured interviews, as described in [36]. The interview
duration was between 40 minutes to one hour. The interviews
were conducted in Swedish and the summarised results were
translated into English. Each interview was recorded and
transcribed using a transportable microphone (not internet
connected), and the recordings were deleted after the result
section was finalised.

The interviews were performed with a funnel approach, be-
ginning with general questions on stress and HCI experiences,
including web forms. Following, the participants reflected and
gave subjective ratings upon three web forms. The web forms

TABLE I
WEB FORM GUIDELINES

(L) Layout, (C) Content,
(E.H) Error Handling, (V) Validation, (H) Help

Nr. Guideline Section Sources
1 Clear, accurate title Title [13], [28], [30]
2 Accurate introduction(...) Intro [14], [28], [31]

3 Labels placed above
input fields (L) [14], [15]

4 Placeholder-text does not
replace labels (L),(C) [32]

5 Instructions above
input fields (...) (L) [14]

6 Avoid accordions layouts (L) [14]

7 Check-boxes only
for multiple options (C) [13], [15], [28]

8 No radio-buttons for
more than 4 options (C) [15]

9 Not more than one column (L) [15]

10 Accurate subtitles to
divide and structure (L) [28]

11 Questions in
logical order(...) (C), (L) [13], [15], [29]

12 Only relevant
questions (...) (C) [13]

13 One question at
a time, per row (C), (L) [15]

14 Marking obligatory
questions (*) (E.H) [15], [28]

15 Avoid mistyping
by using checkboxes etc.(...) (E.H) [15]

16 Only use validation
where necessary(...) (V) [13], [28]

17 Validate with colour,
text, and icons(...) (V) [15], [23]

18 Contain options
for help(...) (H), (C) [13], [15], [28]

19 Polite, fitting and
describing errors(...) (E.H), (V) [2], [5], [15], [34]

20 Do not force retyping (E.H) [13], [15], [29]
21 Show all errors at once (E.H) [15]

22 Size of input fields
should correspond(...) (H) [15], [35]

23 Avoid misclicks on
reset button (...) (H) [15], [23]

24 State clear confirmation
on submission(...) (V) [15], [28]

25 Disable submit button
after submission (E.H) [15]

followed the guidelines mentioned in the theory section E. Web
forms and usability, summarised in Table I. The forms were
showed in a randomised order for each participant, using the
following pattern: 123, 231, 312, 213, 321, 132.

B. Participants

The six interviewees were anonymous and are from this
point referred to as participant A-F. The interviews were
conducted over video-call due to the ongoing pandemic as of
the writing of this study, spring of 2021. Participants were
recruited through written contact on general social media
platforms and were between 20 to 60 years old. In the
recruiting process, the participants were informed that the
interview would be about the topic of stress in connection
to digital interfaces and web forms.
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C. Material

The forms are shown in the figures 1,2 and 3. They are
written in Swedish. All of them covers the case of creating an
account to a (made up) service.

The material did not cover all usability guidelines shown in
Table I. Some guidelines were not applicable to only design,
but demanded implementation or a high fidelity prototype.

Each form was shown to the participant in an empty
state. The forms themselves were only visual prototypes (not
interactive). However, the third form did also show an error
state with some examples on filled out fields.

Each form and their corresponding list of tested guidelines
are listed in table II, together with the total of not applied
guidelines. The base structure for the interviews is shown as
the formulated questions in Table III and IV.

V. RESULTS

The following sections contain the participants answers with
each correlating question (documented in Table III and Table
IV) noted within parentheses. A summary of the results can
be seen in Table V and Table VI.

A. Interview- Part 1

To begin, each participant is described using their general
opinion and experience with HCI and stress, creating a back-
ground for their opinions on the prototypes.

1) Participant A: The participant said they feel comfortable
using technology (A1). They might get stressed when using
their computer when things happen that they cannot affect,
change or fix themselves (A2). They also get stressed if they
cannot find information regarding specific tasks (A2). The
participant gets calm when doing tasks connected to daily life
and routine (A3). They often choose their own settings to ”take
control over the system and turning it into a tool”, including
sound or tab settings in the browser (A3).

TABLE II
APPLIED AND NOT APPLIED GUIDELINES IN TESTING-MATERIAL

Form Case Applied
guidelines

Not applied
guidelines

1

Creating account.
Asking for personal info.
Subtitles.
Labels + placeholders.

1, 2, 3,
4, 5, 6,
9, 10, 11,
12, 13, 14,
22, 23

7, 8, 15,
16, 17, 18,
19, 20, 21,
24, 25

2

Account registration.
General car firm.
External information
(car details),
not only personal info.
No placeholders.
Checkbox field.

1, 2, 3,
4, 5, 6,
7, 9, 11,
12, 13, 14,
18, 22, 23

8, 10, 15,
16, 17, 19,
20, 21, 24,
25

3,
errors

Creating account.
Asking for personal info.

Error list.
All errors at once.

1, 2, 3,
4, 5, 6,
9, 11, 12,
13, 14, 17,
19, 20, 21,
22, 23

7, 8, 10,
15, 16, 18,
24, 25

Total: 8, 15, 16, 24, 25

TABLE III
PART 1- INTERVIEW QUESTIONS

Nr. Question Topic

A1. How would you define your experience with
technology? General

A2 What is stress to you in connection with
technology? Stress

A3/A4 Is there any type of interaction that makes you
calm/stressed? Stress

B1. What do you think of web-forms? Forms

B2. How do you handle info-text within forms? General,
forms

B3. Is there any type of form you find easier/more
difficult?

Specific,
forms

B4. Think back to the last time you were supposed
to submit a form, what would you do?

Specific,
forms

TABLE IV
PART 2- INTERVIEW QUESTIONS

Nr. Question Form
C1. What are your thoughts when you see this form? 1, 2, 3

C2. How much time would you estimate that this form
would take to fill out? 1, 2

C3. Is there anything with this view that makes you
stressed or calm? 1, 2, 3

C4. If you think back to previous times you have
received such errors, what are your usual thoughts? 3

The participant’s general opinion of web forms is that they
generally do not cause any problems. Though, it is important
with a clear general overview and flow if there are many
fields to fill out. Furthermore they said; ”It is important that
there is information that you can look through, that is actually
understandable. I think such things are very important, when
something happens there should be a very clear help-page, that
is user-friendly and which does not demand me to have any
special education- it should be adapted for everyone” (B1).
They also think it is convenient with help functions, such as
expandable fields or help-icons directly within the form (B1).
The participant said they usually double check the input fields
to make sure they understand what should be filled out, and
if the information is divided into subsections and not too long
(B2). ”There you have a stressful aspect; when I read what
should be my help, but I still do not understand it” (B2).

The participant considered government forms to be more
difficult to fill out, because of the amount of fields that
”might have to be filled out” and how they might write out
information. They do not enjoy complex wordings. ”Auto-
matically, it makes me have to call to the service centre to
get help to understand what I am supposed to do” (B3). ”I
would absolutely feel less stressed if the text was easier to
understand”.

Further, they also feel more stressed when the forms are
longer, and they pointed out the solution of using tabs within
the form, so that they would know where they are in the
process and be able to determine what parts they need help
with (B3). Another solution they mentioned was that the form
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should update itself during the process- fields that sense that
they do not have to be filled out should be inactivated. Lastly,
they do not like cluttered forms; ”It is important that they are
very clean.” (B1, B3)

2) Participant B: The participant said they feel used to
technology, using their devices (mobile, computer) every day
for documentation and communication (A1). It depends on the
situation if they would get stressed on not, ”if there is not any
time limit, I do not get as stressed” (A2). They find it stressful
if dependent services at work stops working (A2). A specific
type of computer interaction that makes them stressed is when
connections through important video calls do not work (A4).
They get calm when using their devices for fun in their free
time (A3).

They said web forms are ”something you just do” and they
do not usually find any problems with them (B1). They usually
read the texts within the forms very quickly and not in detail.
They pointed out ”many things, such as the way they handle
personal information is standardised” (B2). They do not find
any type of form to be particularly difficult (B3). They never
submit any information without re-checking it, however ”I do
that always, I take the time and it is not a stress factor” (B4).

3) Participant C: The participant said they feel used to
technology, but actively chooses not to keep or do anything
on their mobile phone (A1). They say that they use their
devices by their own rules (A2). Furthermore, the participant
gets stressed when their devices do not work; ”All types of
computer hassles, no matter the device, causes stress, and
definitely when I receive emails, such as spam” (A2).

The participant thinks web forms are good since ”they create
greater chances that users answer”, (instead of physical forms)
(B1). However, they mention the importance of saving the
information that is filled out, especially in longer surveys
or web forms (B1). Further, the participant said they read
the information texts quite thoroughly (B2). ”It is important
that the text is well worked-through, so that it can not be
misunderstood or misinterpreted in any ways” (B2).

The participant said they quite often reflect on some web
forms that feels more difficult, particularly government forms
(B3). ”You have to be rather ’sharp’ in many situations.
Since, you have a working memory, and you cannot force
too much information in too quickly” (B3). Lastly, they think
the ”classic data-hassles” causes them more stress than web
forms themselves.

4) Participant D: The participant said they are used to
working with their computer and digitally; ”The computer and
other digital aids are in all parts of my life” (A1). Further,
they thought it can be stressful to communicate digitally, and
”You are always connected, and per definition you are always
accessible” (A2). However, the use of technology can also
help them out to keep focused during the day (A2). They also
mentioned that it is easier to gain a good overview using digital
tools, including schedules and information (A3). Although,
they do not like to have sound or vibration on their devices
since they cause a probable source of distraction (A4).

The participant described web forms as the following:

”They are annoying, since most often when I need to register
somewhere, name and mail is not enough. It feels like they
want me to fill out my whole life, and that is annoying.
Sometimes it is not clear why they need that information about
me, it is not always relevant, I think.” (B1). They also do not
like long text blocks of information without any sectioning or
bold words. ”Then it is easier with many sections, or bullet
lists; ’we want this information because of A B C, and the
rest X Y Z’.” Furthermore, they do not like when they have to
think about what to type; ”(...) that is the worst thing I know.
Since, it demands so much thought, and it is not clear for me”.
Unclear instructions are therefore a blockage (B1, B3).

5) Participant E: The participant’s experience with their
computer and mobile phone were described as ”rather heavy”.
They said; ”It [the phone] is the last thing I look at night and
first when I wake up” (A1). They said that they get stressed
when not using their devices, rather than when they are
using them (A2). Specifically notifications and always being
connected and accessible makes them stressed (A2), while
music and games relaxes them (A3). Generally, the participant
thought that forms, which take more time to finish, felt
more laborious to fill out (B1). They said they usually ”skim
through” the information before deciding if it is important
and needs further reading (B2). Furthermore, they feel like
government forms ”are more real, and in some ways they feel
more precise.” This compared to an online survey, which they
said felt least difficult (B3). Therefore, they said government
forms also induces more stress than online survey forms or
registration forms (B3).

6) Participant F: The participant said they are very used to
technology (A1). Their own behaviour when working on the
computer, performing many tasks at once, can stress them.
They said: ”I do not focus well when I have many things
to do”. They have also turned off notifications on social
media to get less stressed, and get stressed in case they
leave messages on hold (A2). They especially get stressed
when having to interact with strangers through their devices
(A3).The participant said that web forms ”felt okay” when they
are designed well (B1). However, they do not like forms that
are directly translated from paper forms (B1). They usually
read the information within the forms thoroughly, but might
rush through them in case they want to finish a task quickly
(B2). They think government forms are more difficult since
”it feels like it takes longer getting the overview that you
might get in other forms. They might have compressed the
form, which makes it more difficult noticing what information
is in there” (B3). Lastly, they always read their input before
submitting the form and if there is no option to show the
password they ”often re-write the password several times,
making sure that I am typing it correctly” (B4).

B. Interview- Part 2

Following is an overview of the participants collected an-
swers for each prototype.

1) Form 1 (see Fig. 1): Participant A thought the subsec-
tions and markings of obligatory questions were good (C1).
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Fig. 1. Form 1.

They thought the form would not take long to fill out, however,
they would prefer to type their date of birth instead of ”having
to scroll through the choice of years, especially when you
get older, then you need to scroll, scroll, scroll...” (C2). They
thought the form in general was ”standard” and would not get
stressed by anything (C1, C3). The overview made them calm
(C3).

Participant B thought the prototype was ”nothing special”
and nothing about it would make them stressed (C1, C3).
However, they would prefer the labels to be shorter and would
prefer them not being questions; ”That is something that would
take some time to read. I am one of those that wants it to go
fast, and so for me ’name’ and ’last name’ would have been
enough.” (C1). They said they did not want much information
at all in the page, and they would want to perform their tasks
without anything disturbing them. ”It should be clean, and
fast” (C1, C3).

Participant C found the form to be ”quite ordinary”, how-
ever, ”I do not understand why there are some things that are
not obligatory- why do they keep them in then? Then you can
start to think why would they start to use that information?”
(C1). Further, they thought the wording ”Identification” as a
subtitle was too formal; ”I would start to, ’what is that?’. What
am I writing my name to, what will they use it for?” (C1).

They thought the form would not take too long to fill out, with
the password taking most of the time (C2). They thought that
nothing about the form would really cause any stressors (C3).
However, they thought the layout would be ”less messy” in
case each input field would be the same width; ”I think, for
the calmness in the layout itself- the fields should be equal in
width.” (C1).

Participant D thought the subsections of Form 1. were good
in order to get a good overview (C1). They would not get
calmer by having less text within the form, but ”I get calmer
if I get a good overview and it is clear what parts that are
included, what parts are expected of me” (C3). They also
thought that a clear asterisk symbol would be preferable over
the text ”obligatory” since they might skip reading that text.
However, they thought that would be the case for forms with
many fields, and if there were not ’too many’ input fields it
could say obligatory instead of using the asterisk icon (C1).
Further, they thought it was good that ”there are indicators on
what the format [of input] should be” (C1). The participant
thought it would be a rather quick process to fill out the form,
”But also, by the first looks of it I would feel like it would
take longer since there are so many questions. Then it feels
like there is a lot that I need to think about, and the impression
would then be that it would take longer” (C2). They mentioned
them having short working memory, and that they would get
stressed by all labels being formulated as questions (C3).

Participant E experienced the form to be more serious
because of the service asking so many questions about their
personal information (C1). ”They want to know where I live,
and that is quite hard/annoying. That is not really a problem
but it is more like I do not want to get anything wrong
(...) it gets a bit more serious when you have to type all of
these things.” (C3) They would not enter their phone number
(optional field) and thought the form would take ”a little bit of
time to fill out” (C2). Since they thought the form was long;
”It reduces the chance that I will stand to register. It depends
what I do, if I really want to.” (C3)

Participant F said they are more used to direct formulated
labels, not questions. However, ”It also makes me feel kind
of safe when they are referring to me as a person”, but they
thought the direct formulation would be better still (C1). They
thought it would take some time to fill out the form because
they would have to re-read the labels several times to make
sure they got the exact meaning of the label correct, since
the labels were put as questions (C2). The participant thought
the form made them feel calm, however depending on the
situation, the longer labels (questions) might cause them stress
if the task had to be quick (C3).

2) Form 2. (see Fig. 2): Participant A liked the reduced
amount of input fields (C1). They also liked that they were
given the opportunity to choose how they could be contacted
(email/phone), and the help-icons (C1). They thought it would
be a rather quick process, ”depending if their profile name was
taken or not” (C2). According to the participant, this was one
probable stressor (C3).

Participant B thought the form seemed rather ”basic”; ”Here
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I can not see any problems, I have filled out similar forms
before.” (C1). They thought it was ”very good” to be able to
click on the eye-icons to see their passwords. They thought
the process would be fast (C2) and they would not stress over
this form (C3).

Fig. 2. Form 2.

Participant C noted that the label ’profile name’ was a ”very
odd word”, and thought it was not connected to the service
itself (C1). Further, they did not approve on one of the check
boxes in the form already being activated; ”Why is ’mobile
phone’ activated? Why? That should not be the case, then they
are controlling me. I want as little information as possible in
my mobile phone.” (C1). According to the participant, this
caused a stressor (C3). The asterisk markings were noted as
being too small, and they thought the text ’obligatory’ would
be clearer (C1). They thought the form would take around five
minutes to fill out, and they noted that it is very important to
fill in the car registration plate correctly, since there could not
be any type of validation on it in the form (C2). Lastly, the
participant pointed out the importance of feedback and being
able to change information after submitting (C3). ”It is human
to make mistakes, and then it can not depend on one typing
everything correctly, since one can slip on the keyboard.” (C3).

Participant D’s first thought was that they would prefer
more important input fields (name, address, phone number in
this case) to be further up in the hierarchy (C1). They also
thought the red asterisks to mark obligatory questions were
”very easy to miss” (C1). They would also like there to be
clearer information on why the service needed some personal
information (C1) and that they would prefer the labels not to be

questions, since they experienced that questions indicated that
they would have to think (C1). The form itself was ”basic” to
the participant and would be filled out fast (C2). They thought
the most probable stressor would be to think of a profile name
and password (C3). They thought the information segment
(stating what would be needed to fill out the form) was ”very
good”, since such obstacles could break their ”flow” and even
make them stop the process or procrastinate the registration
(C1, C3).

Participant E said they would prefer if the fields for creating
a password would be placed right after writing their name
(C1). They liked the help-icons (C1). However, they thought
the form ”felt long” (C1) but it ”would not take too much time
to fill out” (C2). Having to fill out both their phone number
and email-address stressed the user; ”Like, having to give out
so many ways to them for them to contact me... I do not like
doing that. Getting email spam or get called. That is probably
what makes me most stressed.” (C3).

Participant F thought the black asterisks felt ”nicer”, how-
ever the red ones were easier to spot. The red asterisks made
them feel a bit stressed ”they almost make me feel like I need
to hurry, a bit like the [red] error fields” (C3). They preferred
if there would be input-field placeholders, making them feel
surer about the input (C1). They liked the help-icons, and
thought the colour of the icons made them pleasant, almost
making them more inviting and providing ”a feeling of calm”
(C1). The form would take some time to fill out, according to
the participant, since the information would have to be double-
checked several times (C2).

3) Form 3 - error fields (see Fig. 3): Participant A said;
”Usually when this happens, I think, okay, what happened
now?” about the errors (C1). The participant then said that
clearer information causes less irritation (C1). Furthermore,
they said: ”However, surprisingly, there are many cases when
it is difficult to identify what the problem is. If it says, ’write
the area code’, but how should i write the area code?” (C1,
C4). ”Then if I am getting errors again, then I get really
stressed, I tell you.” (C3, C4). Finally, they liked the eye-
icon on the password input-field and said that there should be
specifications on what the password should contain (C1).

Participant B thought the info-box describing the errors was
”very good” (C1). They said: ”In some pages you have to
search for the mistakes yourself” (C4). They also thought one
or two times of receiving errors would not be a problem, but
after that they would get irritated (C3, C4).

Participant C said error fields themselves do not cause stress,
but mentions that they are very careful with ever writing out
their personal number, and they would never write it out for
general purposes (C1). Previous times when they have received
errors, e.g. when doing online shopping, the participant said
that ”If there are any hassles, I will use the quick checkout
instead” (C4). Further, they did not think the form would cause
them any stress, and that they preferred the form being on one
page (C3). Lastly, they thought the form generally was ”rather
boring”, and that it is important to keep track on the colour
contrasts (C1).
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Fig. 3. Form 3 - error fields.

Participant D’s thoughts upon seeing the error fields; ”That’s
a pain. I have to go back. Yeah, no that is the first thought
’what went wrong’, no.” (C1). Previous times upon receiving
error messages they said their reaction ”depends”, if the error
is easy or difficult to fix (C4). Further, they thought the form
was ”rather basic. Not much room to get really stressed” (C3).
They appreciated the listing of errors and pointed out that the
placement of the text matters, reducing scrolling (C1, C4).

Participant E pointed out that they would start from the
bottom up when reading the errors, and therefore the listing
of errors might or should be at the bottom (C1). They said than
on previous occasions when receiving errors that ”You get a
bit shocked, because obviously I have missed something, and
when I have clicked ’Create account’, then I am certain I have
filled out everything correctly” (C4). They thought the service
seemed more serious when being open about how they handle
personal information (C3). Lastly, they pointed out that the
colour of red was very strong and could be perceived as an
accusation (C3).

Participant F thought the overview was good; ”It makes it
clear I only have to change those parts, without re-reading
everything” (C1). They noted that previous times when re-
ceiving such errors, it is most often because of creating an
invalid password. They thought that it is especially irritating
when they have to create variations of their passwords to make
them pass (C4). Otherwise, they thought it was nice to feel
that the fields were properly checked (C3).

C. Summary

A summary of the results can be seen in Table V and Table
VI.

TABLE V
SUMMARY OF PROBABLE STRESSORS WITHIN WEB FORMS

Description Mentioned by
participant(s)

Government forms A, C, E, F
Too much information B, C, D
Longer forms A, B, E
Labels formulated as questions B, F, D
Questions about personal information A, E, D
Not relevant fields D, C
If the form takes too long to fill out B, E
Profile name, password A, D
Difficulties finding errors A, B
Recurring errors A, B
Complex/formal words A, C
Red asterisks D, F
Hassles causes no sign up at all A, E
Directly translated paper forms F
Time limits B
Scrolling in long lists A
Different field width (messiness) C
Wordings that does not fit the service C
Already checked checkboxes C
Being unsure of the error handling C
Unclear instructions D
Many fields A
Order of questions (important questions further up) D
No input-field placeholders (unsure about input) F
No information about password requirements A
Laborious errors D
The colour red on errors E
Having to create new passwords F

TABLE VI
SUMMARY OF PROBABLE CALMING FACTORS WITHIN WEB FORMS

Description Mentioned by participant(s)
Clear information A, F, C
Clear overview A, F, D
Help icons A, E, F
Clear information about errors A, B F
Clean forms A, B
Subsections within the form A, D
Being able to show password A, E
If the form updates itself A
Saving input (drafts, errors) C
Marking of obligatory questions A
Clear asterisks rather than ”obligatory” D
”Obligatory” clearer than asterisks C
Good indications of input format D
Less input fields A
Being able to change way of contact A
Being able to change information afterwards C
Clear help page A
Information before on
what needed to be filled in D

One page form C
Feeling safe with handling
of information E

Error handling at all F
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VI. DISCUSSION

The following sections covers some of the identified stres-
sors (summarised in Table V). Probable calming factors are
summarised in Table VI, and are further mentioned in Con-
clusions.

The results show that the participants often refer to the
text-information within the forms to be a main source of
probable stressors. Participants reported feeling stressed in
cases where they do not find information, get enough/sufficient
information, or if they do not understand what is expected
of them to fill out (see summary in Table V and Table VI).
This implies that web form guideline Nr. 1 Clear accurate
title and Nr. 2 Accurate introduction (see Table I) are web
form guidelines of great importance, since unclear information
evidently causes stress. This further validates and connects to
the Stress-Less design guideline Reduce amount of information
and Avoiding abstract instructions in the context of web forms.
There is a possibility that the users sense blockages within
the flow of the service if they do not know what or why they
should fill out certain information.

Participants questioned why non-obligatory questions were
put in the forms in the first place (see Not relevant fields(...) in
summary Table V). This connects to the web form guideline
Only asking relevant questions (see guideline 12 in Table I).
The user might also perceive that the form contains too much
information, or that it is too long. This could either make
the user quit the process completely, or make them feel the
need to scan and identify the questions of greater importance,
increasing the cognitive load. Once again, this confirms the
Stress-Less design guideline Reduce amount of information,
and the fact that information ”overload” in web forms causes
stress. Users in risk of experiencing overload might also be
dismissing information, which will likely cause them to miss
important information or input-fields, and consequently get
more stressed and confused about what is expected of them.
The results further show that small visual differences could
help the user identify important information, and which input
fields are obligatory and not. Connecting to guideline 14
Marking obligatory questions (*), some participants found the
label ”obligatory” to be clearer, and if the asterisk was used
it should be a bit larger in font-size. In addition to this, using
the colour red when marking obligatory questions (or error
messages) could in some cases cause stress (see Red asterisks
or Red error fields in Table V).

Three (out of six) of the participants did not feel comfortable
having to type in any personal information (see Questions
about personal information(...) in summary Table V), when
they were not sure why the service needed the information.
This connects to the web form guideline where some users
have been reported not wanting to give their personal infor-
mation in case they did not trust the service [13]. This might
result in the fact that web forms that are asking users for more
personal information might be more prone to cause stressors.
This once again connects to the the web form guideline only
asking relevant questions (see guideline 12 in Table I).

Another factor brought up by the participants was that they
did not prefer labels which where formulated as questions
(see Labels formulated as questions in summary Table V).
This connects to the Stress-Less design guidelines Avoiding
abstract instructions, and the web form guideline saying that
the form should work as a conversation with the user, while
feeling short and controllable. Writing labels as questions
increases the amount of information, and some participants
noted that it would take too much time to read through. Longer
labels could also be perceived as overwhelming. Further dis-
cussing this point in connection to Stress-Less design; there is
a mentioned aspect in making the users less stressed by making
the service feel more human. However, in the case of web
forms, making the questions feel less like a harsh interrogation
by writing labels like natural questions might cause more stress
than keeping it as simple and straight forward as possible.
Writing labels as questions or a sentence might cause some
users to feel like it takes too long to read, or that the input
needs to be more ”thought through”. For instance, creating a
password would demand some thought, and therefore ”Create
a password” might be preferred instead of ”Password”. On
the other hand, a label saying ”Name” rather than ”What is
your name?” or ”Write your name” might be preferred, since
a name does not need as much thought.

Guideline 12 in Table I, Size of input fields should corre-
spond to the expected length of input, was questioned by one
participant. Their point was that it made the form look less
”clean”. This is up for further testing if this would hold in a
quantitative study.

VII. CONCLUSIONS

Web forms are important gateways of communication to a
service and many users are used to them. However, web forms
contain elements that are probable stressors. Designers with
control of such elements should aim to decrease the occurrence
of such stressors. To do this, this study identified the following
aspects which need to be worked through when designing a
web form:

• Simple and practical information- Avoid unclear, com-
plex/formal, too much or too little information, making
the user unsure what is expected of them.

• Always state input formats- Input fields that do not state
exact input formation, e.g. phone numbers, could cause
stress and recurring errors.

• Make it possible to update information- And inform the
user that it is possible to change information after the
form has been submitted

• Only ask relevant questions- It is often the case that the
user gets stressed if the form contains questions that are
not obligatory or too personal. This paper therefore argues
that if possible, remove all non-obligatory questions.

• Keep questions as short and direct as possible- Only use
labels formulated as questions when the user might have
to think thoroughly to formulate their answer. Simple
input-fields, e.g. ”Name” should not be formulated as
”What is your name?”.
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• Keep it short and give the user a clear overview- Keep
the form as clean and short as possible, preferably only
one page with as few input fields as possible. Use clear
segmentation and think through the hierarchy of the
questions.

• Clear information/feedback upon errors- Participants ap-
preciated a clear listing of errors, and disliked having to
look for errors.

• Make it easy to get help- Participants appreciated help-
icons within the form and reported feeling stressed in
case of needing to search or call the service for help.

• Save input- Participants reported feeling calmer when
knowing input was saved, in case of errors or wanting
to go back to the form later.

• Remove time pressure- Time limits could cause stress.
• Avoid pre-checked checkboxes- Give the user a sense of

control.
• Make it possible to show the password- Avoid unneces-

sary errors and re-typing.

VIII. FUTURE WORK

This study asked for subjective ratings on designs and
did not test the guidelines by letting participants fill out
implemented forms. For future work, high-fidelity prototypes
or a quantitative study should be performed in order to further
validate the identified stressors.

This study does not cover complete WCAG guidelines.
For future work, Stress-less design needs to be further built
with accessibility research.
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det behövs,” https://webbriktlinjer.se/riktlinjer/55-skapa-tydliga-och-
klickbara-faltetiketter/#skriv-utforliga-instruktioner-fore-formularet-nar-
det-behovs, 2014.
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Abstract—The vast majority of people living on our planet
have daily interactions with digital interfaces. The design of those
interactions made by User Experience Designers can therefore
affect behaviour on a huge scale. At the same time there are
loads of contemporary sustainability issues in the world.

This study aims to gather theories that can be used by UX
Design practitioners in their daily work to tackle those issues
and map the theories to the user-centered design process. A
literature study was made, extracting five theories emerging
from behavioural psychology. These theories was discussed in
interviews with experienced UX Designers who concluded that
they do seem useful in daily practice. The study also conclude
that one single theory cannot be mapped to a single stage of the
user-centered design process, but some theories seemed to match
better in early stages of the process and some in later stages.

Index Terms—User Experience Design, User-centered Design,
Design for Sustainability, Design for Behaviour Change, Be-
havioural Psychology

I. INTRODUCTION

People eat, move, stay warm and consume in a manner
which has led us to use 50% more resources than Earth can
provide. If we keep the same track it will be doubled by
2030 [1]. The need of reduction in CO2-emission for a more
sustainable society is massive 90%. It is clear that the way we
eat, move, stay warm and consume must change.

A study on the evolution of Design for Sustainability shows
that in the last decades, design has become a primary function
for sustainable innovation [2]. The study shows that early
sustainable innovations were insular technological products,
but that approach solely will not be effective enough. To meet
the drastic requirements for a sustainable future, impact of
innovation will leverage by shifting focus towards systems and
people. Thus, in order to create a sustainable future, design’s
influence on peoples behaviour will play a fundamental role.

Design for Behaviour Change, a field within design research
that tries to understand and influence user behaviour [3], began
in the mid-2010s when scholars picked up theories from the
behavioural sciences [4]. There are a many different models
on behaviour in the behavioural sciences which has led to
many different theories, methods, toolkits and frameworks
to influence behaviour developed by design researchers [5].
Still a huge amount of this research is unknown among
design practitioners [6]. Thus, there is a gap between design
researchers and designers practitioners that need to be filled.

II. OBJECTIVE

This paper aims to gather research on Design for Behaviour
Change in order to make it more accessible for design prac-
titioners. Further, this paper will investigate which of these
theories do designers find useful and at what stage of the
design process.

III. THEORY

This section will start by describing background concepts
that lay a fundamental base for this study - user-centered
design, behavioural psychology and a try to define the term
Sustainable UX.

When the base is explained, five theories from Design for
Sustainable Change research will be described. Starting with
two theories (section D, E) that many design practitioners
are familiar with, Nobel prize awarded Nudge theory [7] and
best selling popular book Hooked [8]. These theories will be
followed by three less recognized theories (section F, G, H),
cherry picked from a study that spotted 31 different theories
within the field [9].

A. User-centered Design

User-centered design is an iterative process that focuses
on an understanding of the users and their context in five
stages [10], [11]:

1) Empathise: Research the users’ needs.
2) Define: State the users’ needs and problems.
3) Ideate: Create many ideas in ideation sessions.
4) Prototype: Create a hands-on prototype.
5) Test: Test the prototype.

B. Behavioural Psychology

Behavioural science is an umbrella term containing dis-
ciplines that in some way address human actions, such as
sociology, anthropology and psychology [12]. Theories in this
paper draw solely on the psychological aspects of behaviour
that aims to understand how behaviour is affected by an
individual internal processes - their cognition. For example
attitudes, thoughts and habits [9].
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C. Sustainable UX

User experience (UX) design can be summarized as “all
aspects of the end-user’s interaction with the company, its
services, and its products” [13]. By designing these end-user’s
interactions to not compromise on social or ecological issues,
the user experience can be defined as Sustainable UX.

An important note is that the theories described in this paper
is not sustainable per se - they aim to affect human behaviour,
see III-B. What makes the theories sustainable is the designer’s
intent. It is only when a designer use the theory to affect end-
user’s behaviour to be more sustainable, the theory can be
considered as sustainable.

D. Nudge Theory

Choices made by individuals can easily be affected in a
predictable way without forbidding any options. Affecting
human behaviour in this way is defined as a nudge [7].

In the context of design for sustainability a nudge can be
implemented by e.g. giving one of two buttons extra color and
contrast to make it more visible, see Fig.1. The other button is
still there and the user is equally free to click that button, but
the nudge theory states that such a small thing as increased
visibility can affect human behaviour. In this example, if the
colored button will lead to a more sustainable option, the user
is nudged to a more sustainable behaviour.

Fig. 1. Example of how the nudge theory can be implemented.

E. Hooked Model

A four-step model that describe how to build habit-forming
products [8]. By building sustainable habits the hooked model
can be used to facilitate sustainable behaviour, such as in the
following example of eating dinner.

1) Trigger: The user is feeling a need, such as an itch or
the feeling of hunger.

2) Action: The user feel like eliminating the itch or hunger
and need to take action to do so. This can be done by simply
scratching the itch or deciding what to eat for dinner. In this
step the designer can increase the probability that the action
taken is sustainable by e.g. make it easy to decide a sustainable
dinner.

3) Variable Reward: Reward the action taken in form
of likes, leveling up or praise the choice of a sustainable
recipe for dinner. The reward should not be predictable, since
variability will keep the user’s interest over time.

4) Investment: By letting the user save the recipe in the
app, the user invest in the app. Next time the hungry feeling
appears the user can ”scratch the itch” by going back to the
saved recipe or look for a new one. The user has loaded a new
trigger and thus the circle is complete.

F. Mindful Design

Mindfulness is defined as the optimal interaction between
attention and awareness [14]. Finding this balance is not an
easy thing, which leads people to forget and act in a different
way than they would have acted being completely attentive
and aware. In design, mindfulness can be facilitated through
a three-step process [15]:

1) Identify lack of mindfulness: This could be the user is
intensively scrolling an app.

2) Identify mindful solutions: If the goal is to remind the
user of her sustainable intent and if the above case is a recipe
app, a mindful solution could be a reminder of which groceries
are sustainable.

3) Implement mindful solution: In order to make the user
mindful she must be disrupted and forced to reflect. A disrup-
tion can be made by a prompt. Reflection can be triggered by
offering choices, adding complexity or trigger emotion. Fig.2
shows an example of a a prompt that causes disruption and
reflection.

Another term used that aim to facilitate mindful behaviour
is Design friction [16]. Since the terms have the same goal,
one can argue they can be used interchangeably.

Fig. 2. Example of how the mindful design theory can be implemented.

G. Theory of Interpersonal Behaviour

A cognitive model, see a graphical representation in Fig.3,
that claims that the individual’s intention is the core factor
behind human behaviour [17], [18]. The intention is created
by the individuals beliefs, social norms and emotions. Habits
triggers the intention and facilitating conditions restrict what
behaviours is possible.

In design for sustainability the TIB-theory can be used to
understand which cognitive processes the designed artifact
should affect to increase the probability of a sustainable
behaviour.

In a context when the user has realised that he or she should
decrease energy consumption at home, he or she has made up
an intention. Facilitating conditions must make it possible to
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Fig. 3. The Theory of Interpersonal Behaviour.

decrease warmth at home, by e.g. make sure radiators’ heat
can be steered. If the facilitating conditions are there, but the
user still consume more energy than intended, the TIB-model
states that the missing factor is habits and thus that is what a
designed solution should focus on.

H. Transtheoretical Model of Behaviour Change

A model that define the six stages people pass from the
moment they start thinking about changing their behaviour to
the moment the change is durably achieved [19], [20].

1) Pre-contemplation: At this stage the user don’t value
the perceived benefit over the perceived cost of changing
behaviour. The design should in this phase help the users
evaluate their previous choices and place them in a new
perspective. The taste of meat is nice, but might saving the
life of a creature create an even better feeling?

2) Contemplation: When the user has begun to think of a
possible behaviour change, the design should focus on raising
awareness of the importance and benefits of changing. Plant
based food decreases the risk of heart diseases and has lower
carbon footprint. Your life will be longer and your descendants
will live in a better world.

3) Preparation: When the user has gained insight, the
design must empower the user to create an action plan. By
facilitating information of what is sustainable food the design
prepares the user to take action.

4) Action: In this stage the design should support the user
to take correct actions by e.g. only suggest food options that
is considered sustainable.

5) Maintenance: By e.g. reward the user with points, the
design encourage the user to keep up with the new behaviour
and prevent relapse.

6) Termination: Is the user ready to sustain the new be-
haviour by her own? The design can help with this by use
less reminders if sustained behaviour is tracked and slowly
diminish.

IV. METHOD

In order to answer the first part of the objective ”gather
research in order to make it more accessible for design

practitioners”, a literature study was made extracting the five
theories in subsections D-H in section III.

In order to answer the second part of the objective ”which
of these theories do designers find useful and at what stage of
the design process”, in-depth qualitative data collection was
considered as the most proper method. Therefore the main
source of data collection was made through interviews with
three experienced UX Designers.

To prepare the interviewees a short survey were sent out
prior to the interviews along with an article describing the
theories under investigation.

A. Participants

This paper revolve around active design practitioners and
their relation to Sustainable UX and therefore it was of
greatest weight to recruit interview participants that mirror
the general UX Design workforce. Two attending participants
have the work title ”UX Designer” and state that their daily
work practise is based on user-centered design. Their work
experience within the field of UX Design is two and eight
years. The third participant was an aspiring fourth-year UX
Design student.

B. Survey

Prior to the interview every attendee filled a short survey
where they were asked to describe their view on UX Design
relative to sustainability. The survey also asked if the partici-
pant were familiar with the theories mentioned in section III.
Lastly the survey redirected the attendant to an article that
describe the theories in section III so that the attendee had
a chance to create opinions on unfamiliar theories before the
interview.

C. Interviews

The interviews were conducted in a semi-structured manner
to give the attendees as much space as possible to express their
individual thoughts. One theory was brought up at a time and
was followed by the questions: What is your opinion about
this theory? What is your opinion on this theory relative to
Sustainable UX? Do you find the theory useful? In the user
centered design process, at what stage would you use this
theory? The interviews were held via online meeting software
and a shared screen with a description and an example of the
theory in focus were present at all time. Each theory were
discussed in approximately four minutes.

D. Pilot

In order to verify that the survey, article and interview struc-
ture were easy to comprehend one pilot test was conducted.
The pilot test confirmed that the survey, article and interview
structure was properly constructed. The pilot led to minor
modifications in the graphics that was shown on the shared
screen during the interview.
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Fig. 4. Numbers showing how many interview participants placed a certain theory in a certain stage of the user-centered design process.

V. RESULTS

Results showing in which stage in the user-centered design
process each theory were placed are displayed in Fig.4.
Detailed motivations on the placements of the theories will
be presented in sections A-E while more general answers will
be described in section F. Citations will be encoded in numbers
(1,2,3) to remain the anonymity of the interview participants.

A. Nudge Theory

All of the attendees knew about this theory prior to the
interview. The participants agreed on that this theory could be
a part of the whole process. ”There is no point to nudge if
there is no user interest to be nudged in empathise” (1) But
where the theory is most eminent is in later stages. ”One can
start to think of nudge theory in the beginning of the process,
but in the end it is in ideate and prototype stages it will be
used” (2).

B. Hooked Model

Two out of three attendees knew about this theory prior to
the interview. Two participants agreed on that if the hooked
model is going to be used in a design project, it should be
encountered through every stage of the process. ”It is like
the user centered design-process but from another perspective”
(2). The third participant also stated that it is probably useful
through the process, but most eminent in empathise since we
must know the users need in order to trigger that need. It is
also prominent in ideate since ”In ideate we need to come up
with how to trigger the need and how to reward the action”
(3).

C. Mindful Design

No one of the attendees knew about mindful design prior to
the interview, but two of the participants were familiar with the
comparable concept of design friction. The theory was placed
in later parts of the user centered design-process, ”No matter
what the designer wants to mediate, mindful design is a tool
to implement that message and that tool should be used in the
prototype phase” (2). But also in empathise, ”One must know
the users values in order to slow the user down and remind of
them” (3).

D. Theory of Interpersonal Behaviour

No one of the attendees knew about this theory prior to the
interview. The participants agreed on that this theory fits best
in early stages of the process by stating ”This theory can be
useful during research” (1) and ”This is a perfect theory to
define the information collected in the empathise phase” (2).

E. Transtheoretical Model of Behaviour Change

No one of the interviewees knew about this theory prior
to the interview. This theory seemed primarily useful in early
stages of the process, ”It is a part of understanding the user and
thus it should be used in the early stages of the process” (2).
But the theory could be useful at every stage, ”I think this
theory is really useful for a designer to always have in the
back of the mind” (2). This theory seem to be less generically
applicable than other theories, ”It feels like it should be a very
specific product if this theory is going to be useful” (3).

F. General answers

In the survey prior to the study all the interviewees stated
that they would not use any specific theory or method when
approaching sustainability in their UX Design, with motiva-
tions like ”There are to many parameters to consider” (3) and
”It totally depends on the prerequisites” (1).

All the attendees agreed on the fact that it was helpful to
map the theories to the user-centered design process. But one
theory can not be mapped to one single stage, because ”User-
centered design is so much back and forth, so it is impossible
in that sense to limit one theory to one stage” (1) and ”If I
had enough time I would probably find a way to apply the
theories in every stage” (3).

The term dark patterns, which is a collection of tricks to
make users do things they did not mean to, was brought up
by all the interviewees when discussing Hooked model and by
two interviewees when discussing Nudge theory.

VI. DISCUSSION

It is clear that, as mentioned in section I, a lot of research
related to Sustainable UX is unknown by design practitioners.
The only theories the interviewees were familiar with prior to
the interview was a Nobel Prize winner, Nudge Theory (100%
knowledge) and a global best selling popular book, Hooked
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(67% knowledge). It might be considered as a brave conclusion
to draw on the limited sample size of only three, but with their
cumulative experience and the previous research on the topic
[6], it should be considered as a valid statement. If the problem
lays in the fact that the other theories have not reached out
to design practitioners, mapping the theories to the process
all of the interviewed UX designers use seems to be a step
in right direction to enlighten them. This is because all the
interviewees follows the same process in their daily practice
and they stated that mapping the theories to the process was
useful.

Even though all the interviewees stated that all of the
theories can be useful, the results does not answer if they want
to use more theory nor if they would benefit if they did. The
designers use the user-centered design process - a process that
focus design decisions on what the users tell them and not on
what theory tell them about the users. In that sense it might
be a contradiction to map theory to a process that at its core
don’t want to rely on theory.

But if the designer wants to base design decisions on theory,
the results of this study seems to come useful. If there is a
complex problem to be solved, it might be hard to find and
organize proper theory. The absence of structure, as illustrated
in Fig.5, might lead to an overwhelmed mind, abandonment
of theory, less motivated design decisions and in the end bad
results.

Fig. 5. Usage of different theories in design, without structure.

While a presence of structure, as illustrated in Fig.6, could
help the designer to organize ideas and thoughts which in the
end facilitate more motivated design decisions and thus better
results. This is exactly what the mapping in this study helps
out with.

Even though the result tells that one cannot map one theory
to one single stage in the user-centered design process, Fig.4
indicates that some theories are better fitted in the beginning
or in the end of the process. This means that the result will not
give a strict result as in Fig.6, but it does help with creating
a structure that is towards that direction.

Lastly, an interesting tendency that showed up in the inter-
viewees is that all of the participants connected some of the
theories to dark patterns. As mentioned in section III-C, the
theories themselves are not sustainable per se - they are only

Fig. 6. Usage of different theories in design, with structure and where Theory
1 represents the user-centered design process.

sustainable when that is the designers intention. It is of high
importance no empathise this so that these theories will not be
used in wrong ways - such as affect users to act in a way in
solely commercial purposes. Also, it is important to not label
a theory itself as a dark pattern if the theory just as well can
be used for good purposes.

VII. CONCLUSION

Design practitioners do not seem to be aware of and are
therefore not using available theory related to Sustainable UX.
They state that all the theories seems useful when mapped
to the user-centered design process, but there is a distinction
between stating that a theory is useful and actually use it in
practise.

Future work should investigate if UX design practitioners
really would use the theories in this study to facilitate sustain-
able behaviour if they were fully aware of them. Secondly,
future work should investigate if design practitioners would
benefit from using those theories instead of purely focus on
the user-centered design process. Future work could map more
of the 28 remaining theories mentioned in section III to the
user-centered design process. Lastly, future work could explore
if there is a better way to make theory related to Sustainable
UX accessible for design practitioners.
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Abstract—This study evaluates if and how the function Time
Limits (within the feature Screen Time in iPhones) works as
a motivation for users to decrease their time spent on their
phones. Ten participants joined in on an experiment during
two weeks where they tested the function. After the two weeks,
semi-structured interviews were held to get further thoughts and
evaluations of the experiment. From the results, it was clear
that the majority decreased their screen time within their top
three used applications but they did not completely stick to
their time limitations. Several of the participants expressed mixed
feelings where a positive effect was the increased awareness whilst
negative effects were the growing anxiety and stress. Further
more, a conclusion was made that the function motivates users
to decrease their screen time but that it operates through negative
motivation, leading to more stressed and bothered users.

Index Terms—Screen Time, Time Limits, User Experience,
Motivational UX.

I. INTRODUCTION

During the last decade, screen time has become an increas-
ingly interesting topic. This might not be that peculiar due
to the 21st century digital boom of smart devices and the
increasing availability of the internet. The fact is that in 2020,
94% of the inhabitants in Sweden between the ages of 16-
85 had access to internet [1]. If you look beyond to other
countries such as the United States, it is clear that the usage
of smart devices starts early. The majority of all American
four year old’s have their own smart device and use it daily in
order to watch videos or do similar activities [2]. All of these
new technological solutions and devices bring forth easier and
different types of living but it is not solely positive feelings that
come out of it, especially for social media users. According
to a study, time spent on social media applications correlate
with depression [3].

With discoveries like these popping up at a constant rate, it
is not completely unexpected that several smartphone compa-
nies have developed their own applications or systems in order
for the users to control their time spent on the smartphone
devices. An example of a company where this has been done is
Apple. They have created a feature called Screen Time where
the user can choose to get reports concerning their time spent
on the device. The user is also able to gain more control with
the tool called ”Time Limits”. The purpose here is to set limits
on certain applications that may be used to a higher extent than
others, for instance social media applications [4].

A. Objective

In this study, the objective is to explore the function Time
Limits in the iPhone feature Screen Time. More specifically,
the intention is to evaluate if and how the function works as a
motivation for the users to decrease their screen time. If not,
why is that so?

II. THEORY

Before going in to the study further, knowledge about a
couple of different concepts will be needed and therefore they
are provided in this segment. A deeper explanation about the
feature Screen Time will also be given in order for the reader
to fully comprehend its functionality and features.

A. User Experience

User Experience, also called UX, is a broad concept which
includes several different things and therefore it may be hard
to define. Even so, it can be explained in a wider scope. UX
is centered around the users demands and needs, the aim is
to create a good experience for the users where they find
the product intuitive, satisfying and perhaps enjoyable. It is
possible that UX might appear to only focus on the design but
that is not the case. UX also includes functionality, branding
and more [5].

B. Bad User Experience

It might seem simple and intuitive to create good websites
and applications where the focus is on the users experiences
but that is not always the case. Every now and then, users come
across quite horrendous examples of UX and the resulting
thoughts and emotions from these experiences might affect
them in future encounters. One common thing that may happen
is that the users will blame themselves or feel guilty if they
can’t seem to achieve their desired goal. Further more, this
leads to stress and a potential urge to leave the application
[6].

C. The iPhone feature Screen Time

Screen Time is a feature available for Apple products such
as iPhones, iPads and more. It is not like an application that
you download, instead it is always accessible through the
settings. Within settings you can simply enable the feature.
From there, several options open up. One option is to not do
any further decisions and just let it be, in this case the device
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will simply gather all the information and then present it at the
end of the week. Another option is to limit the time spent on
chosen applications or to add ”downtime” (which disables the
use of all applications during a certain amount of time except
for a couple chosen ”allowed” applications) [4].

When the users creates their time limits, they are presented
with a choice concerning where to set the limit. It can be
everything from a couple of minutes to several hours. The
point is that it is the user that makes his/her own choice. When
the time limit is reached, a black screen appears with the text
signaling that the application should be closed down. As a
user, here you have the possibility to either postpone the limit
a bit (or to simply remove the limit for the day) or to cease
the activity within the application [4].

D. Usage of social media

Social media is getting increasingly more popular and
spread around the world. Currently, over half of the world’s
population are using some type of social media and the
numbers are expanding. Everyday these social media users
spend around 2.5 hours on their different applications but of
course it varies from person to person. For instance one user
might ignore social media applications during a whole day
whilst another one spends over 6 hours on them [7].

E. Psychology of phone addiction

Another thing to ponder could be why users get addicted to
their phones. What is the psychology behind it? A proposed
answer to this question is that the phone contains several
different types of usage areas. It acts like a communication
tool, game device, search engine and more. This makes it
a useful tool to possess, which in turn increases the global
demand for the device. Due to this type of dependency that
occurs, the addiction can flourish. Users might feel obliged to
carry their phone around in case something happens, perhaps
they receive an important email or so on. This obligation is
very important to notice because if the users feels obliged to
constantly have their phone close by, it also means that they
are addicted. An addiction could then lead to a change in the
behavior of the users, for instance that they get more tense or
anxious [8].

III. METHOD

A two-week experiment was conducted so as to achieve
an understanding for the users and their attitude towards the
function Time Limits within Screen Time. After the experi-
ment, semi-structured interviews were held with the purpose
of obtaining information concerning the potential correlation
of motivation and the use of Time Limits.

A. Participants

During this experiment, ten people between the ages of 22-
26 decided to participate. Due to the study focusing on the
function Time Limits (which resides within Apple products)
and phone usage, the participants were naturally required to
possess an iPhone. They all had knowledge about Screen

Time and three out of ten had an awareness of Time Limits.
The participants were contacted through the social media
application Facebook, there they received a document which
explained the experiment thoroughly and also informed them
of their rights if they would decide to participate.

B. User study

The user study was divided into two different stages where
each stage took place over a week. The time span was chosen
so that the participants hopefully would not contemplate
excessively over the fact that their phone usage was being
logged.

During the first stage, the participants were required to turn
on their Screen Time function and then refrain from doing
any further actions within it (for an example, they were not
allowed to turn on any Time Limits for certain applications).
The aim here was to observe how the participants usually use
their phones when there are no limitations. Another thing to
add is that the participants had no knowledge of what the
second stage would mean except for the fact that alterations
were going to be made. After a week, the participants were
asked to share their logged phone usage which they received
from Screen Time.

When the first stage was over, the second stage began with
some alterations. Each participant’s logged usage was eval-
uated and investigated. After the evaluation, the participants
were required to set Time Limits on their three most used
applications, respectively. The Time Limit was decided to be
set to half of the time spent on the applications during the
previous week. The purpose behind the limits was that it
hopefully would lead to the participants coming across the
feature at least a couple of times during the second stage.
After completing the second week, the participants were again
asked to share their logged phone usage and interviews were
carried out.

C. Interview questions

In order to understand the participants experiences and
thoughts about the feature, a semi-structured interview per
participant was held after the end of the experiment with
the aid of phone calls and they lasted about 15 minutes. 11
questions were thoughtfully prepared with the intention that
they would not be biased. The questions were related to phone
usage in general, phone addiction and more specific questions
concerning Time Limits and Screen Time. For instance, the
participants were asked if any feelings erupted during the
experiment, whether or not they would use Time Limits again
and if they could mention a couple of positive and negative
aspects concerning the function. Additionally, they were also
asked if they had any thoughts of improvement.

Follow-up questions were added depending on the partici-
pants answers, in many cases the follow-up questions were
”how, when, why” etc. The purpose for these follow-up
questions were to understand the participants even more and
to get potentially more elaborated answers.
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D. Material

In this study, the required material was an iPhone per
participant in order to complete the Screen Time experiment.
It was also needed for the interview due to the participants and
the research conductor all being located in different locations
around Sweden.

IV. RESULTS

Within this segment, the results from the experiment are
presented. It is divided into two different sections, the sta-
tistical results from the Screen Time experiment (which are
presented in text together with figures for visualisation) and
the answers from the interview.

A. Results from Screen Time

First of all, five out of ten participants decreased their total
time spent on the phone, this can be viewed in Figure 1. Out
of these five, there was one participant who increased his/her
time in the top three used applications. In total, seven out of
ten participants lowered their time spent on the top three most
used applications, three out of these held their time limitations
as can be seen in Table I. For all of the participants, the social
media Instagram was one of the most used applications. The
other most common applications were Snapchat and Safari.

Fig. 1. The weekly statistics for participants 1 to 10.

B. Interview

The interview consisted of 11 questions and the participants
answered all of these, therefore there’s a total amount of 110
answers. In order to present the result, the answers have been
analyzed with the purpose of finding common ground between
the participants. These common grounds will be put forth
together with quotes extracted from the answers.

First and foremost, the participants were asked about their
feelings towards their phone usage and whether or not they
would claim to be addicted to their personal smartphone. The
majority answered that their phone usage varied periodically

TABLE I
THE MINUTES SPENT ON EACH PARTICIPANT’S TOP THREE APPLICATIONS

and that they utilized their phones in a larger extent when they
were bored. Concerning the potential dependency, nine out of
ten claimed themselves to be addicted to their phone. Further
more, seven out of ten participants declared that they had
thought about decreasing their screen time. Below, a statement
from a participant is presented, the quote refers to the subject
of phone addiction.

”It’s a forced addiction, I’m thinking of applications
which are quite necessary such as bank applications,
email, notes, camera. They are useful and they are
the reason I still want to have a smartphone, but it’s
not these applications that take up the majority of
my screen time.”

The interviews continued with questions concerning the
feature Screen Time, the function Time Limits and the partic-
ipants thoughts about the experiment. A couple of them found
the feature intrusive and stressful whilst others found it useful
and said that it increased their awareness about their phone
usage. A common thing that appeared amongst the participants
was planning, the majority said that they started planning when
they could use their three most used applications in order
to maximize their time. In the following quote, a participant
expressed his/her thoughts concerning the second week of the
experiment and the time limit that was set on Snapchat.

”I was a bit stressed because I wanted to keep up
with so much. I socialize through Snapchat so it was
difficult when I didn’t have time to answer. It was a
bit restraining in that way.”

All of the participants came across the function Time
Limits and ignored its notifications at least once, meaning
that they continued the usage of the application after the time
limitation had been reached. The participants were also asked
if they could state any positive and negative aspects about the
function, several concluded that it increased their awareness
and that they had started to think more about their screen time.
Another positive aspect was that you had the option to continue
with the usage of the application. A prominent negative aspect,
which several participants noted, was the stress and feeling
like a failure if the time limit was reached and passed. A

Session 6: Designing for interactions 2 143

Proceedings of the 21st Student Conference in Interaction Technology and Design
Ume̊a University June 2021



couple of the participants also noted that it was too easy to
turn off or ignore the time limit and that it could have been
more motivating, an opinion was that the function should give
more encouraging words to the user. In the quote below, a
participant has expressed his/her thoughts about the function.

”If you use zoom on the phone, then Screen Time
will say that you have used your phone for perhaps
seven hours per day which will lead to anxiety for
the user. But the reality is that the user have been
sitting in meetings. It can therefore give a negative
picture but as a matter of fact the user isn’t using
the phone for ’bad purposes’, he or she is just doing
their job.”

Finally, the interview ended with questions of potential im-
provement for the function and whether or not the participants
would consider to continue the usage of Time Limits. The
majority concluded that they would in fact continue using
Time Limits but with some alterations, amongst other that the
time limit would be less strict and not set on applications
used for communication. Further more some suggestions of
improvement were: a limit for the total amount of time spent
on the phone, more notifications so that the user knows how
much time is left on the application, making it harder for the
user to continue the usage of the application after reaching
the time limitation, and more motivation. Considering the
motivation, one participant stated the following:

”It feels like the function could be a bit more
motivating in a way. Right now it’s just notifying the
time, it doesn’t ask me what I want to do with my
time, if I want to decrease my usage or something.
It could have said ’you’re using your phone a lot
less during the day, great!’, been more motivational
and supportive.”

V. DISCUSSION

When going through the results from the experiment, it
seems clear that phone addictions, at least within the age span
of 22 to 26, are a common thing. One of the participants
mentioned that it felt like a forced addiction and this cor-
responds very well to the given theory about this subject. A
phone has several usage areas, ranging from communication to
search engines, which makes it quite necessary and valuable to
possess. Moreover, the participant comes forward with more
information, the fact that the most valuable applications are
perhaps not the ones that users spend the most time on. The
majority of participants use other applications such as social
media apps when they are bored and the fact that seven out
of ten have thought about decreasing their screen time might
be a sign of an unhealthy extent of usage, and the possible
importance and need of a screen time limitation function.

Further more, the statistics tells us that seven out of ten low-
ered their screen time on their top three most used applications
but only three of these participants stayed completely within
their time limitations. It can be presumed that in total, Time
Limits motivated them in decreasing their time but perhaps it

was not motivational enough to make the users stay within
their limitations. Additionally, the majority of participants ex-
pressed a stress and anxiety of failing whilst using this function
so one of the reasons behind the participants decreasing their
usage might be due to negative motivation. Another reason to
the expressed anxiety could be that the predetermined time
limitations were set on too low numbers which might have
caused further pressure. Even so, the way in which the function
motivates might need an alteration in order to lower the users
anxiety levels.

If we go along the same lines, we can see that the users
seem to think that the function is intuitive and easy to use
which entails that the user interface is beneficial. On the other
hand, as already mentioned, the participants got stressed and
anxious which might mean that the overall experience was
quite bad. One explanation to this could be that the user
experience concerning the interface is satisfactory whilst the
psychological UX is poor.

A. Future work and improvements

There are several ways to improve and continue with this
study. Firstly, it needs more participants in order to make
stronger conclusions. It would also be good if the experiment
lasted longer so as to see how the participants would behave
in the long run concerning Time Limits. Perhaps they would
grow accustomed to the limitations or the complete opposite,
ignore it more and more. Another thing that can benefit the
experiment would be to have ”pre-interviews” beforehand in
order to determine the participants relationship to their phone
and Screen Time. Perhaps they actively want to decrease
the usage of a certain application. In this experiment, some
participants were content with their usage and therefore there’s
a possibility that they struggled more with the time limitations.

Moreover, it would be interesting to do a study and compare
the stress levels from using Time Limits vs using the smart-
phone in a longer extent. As mentioned in the introduction,
depression correlates to time spent on social media so it would
be fascinating to compare the effects. Perhaps the expressed
stress from using Time Limits is just a transition phase and
that the stress level decreases after a couple of weeks.

VI. CONCLUSION

Finally, conclusions can be made and the objective can be
answered. The objective was to investigate Time Limits within
Screen Time and look further into if and how the function
motivated the users to decrease their screen time. In order to
make a precise conclusion more participants would be needed,
but even so a conclusion can be made from the data that has
been retrieved and it can be applied to the contributors from
the experiment. The function seems to work as a motivation
due to the fact that the majority of participants decreased their
screen time, but the motivation is likely based on negative
motivation which means that the motivation works through
giving the users anxiety and stress. In order to improve the
function and get more users to appreciate and follow it, a
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change should be made concerning how it motivates the users
to decrease their time.
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